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ABSTRACT

The functionalized ABC ring system of micrandilactone A was successfully constructed in 14 steps. The key reactions in this synthesis are
the intermolecular Diels —Alder reaction (IMDA) and the eneyne ring-closing metathesis (RCM) reaction.

In our previous communicatiohwe discussed a convergent [ NN NI

synthetic strategy for the total synthesis of micrandilactone
A (1)? (Figure 1) and reported the synthesis of the FGH
fragment3, using a Co-TMTU catalyzed PKRand a Pd-
thiourea catalyzed carbonylative annulation reactiGiearly,

our next goals were to find efficient ways to construct the
ABC fragment2 and to assemble the polycyclic central unit
of micrandilactone A.

We report herein our recent progress on the construction
of the ABC ring systen2 by an intermolecular DielsAlder
reaction and an eneyne RCM process. The reported strategy
has allowed the synthesis of this fragment (Scheme 1) with
complete stereochemical control of the stereogenic centers
and has demonstrated the feasibility of using the eneyne
RCM reactiofl for constructing the ABC ring system of
micrandilactone A.

Figure 1. General retrosynthetic analysis.

(1) Tang, Y.; Zhang, Y.; Dai, M.; Luo, T.; Deng, L.; Chen, J.; Yang, Z.
Org. Lett.2005,7, 885.

2) Li, R.; Zhao, Q.; Li, S.; Han, Q.; Sun, H.; Lu, Y.; Zhang, L.; Zheng, .
Q,(O|)'g_ Leu,zoos,é? 1023. Q 9 g Eneyne RCM has become one of the important methods

(3) Tang, Y.; Deng, L.; Zhang, Y.; Dong, G.; Chen, J.; YangQOfg. for constructing cyclic molecules of various sizes in recent

Lett. 2005,7, 593. )
(4) Dai, M. Wang, C.. Dong, G.; Xiang, J.; Luo, T.. Liang, B.; Chen, years® Because ruthenium carbene compléxast only

J.; Yang, Z.Eur. J. Org. Chem2003, 4346. exhibit high synthetic efficiency and activity but also tolerate

10.1021/0l052630h CCC: $33.50  © 2006 American Chemical Society
Published on Web 12/13/2005



a range of functional groups, we therefore decided to We also envisaged that lact®icould be derived from its
synthesize the ABC fragmert via this approach. With  precurso® by a two-step sequence involving stereoselective
regard to our target molecul? we hoped that its seven- oxidative insertion of a tertiary hydroxyl group and selective

membered ring could be formed either by eneyne R&din reduction to the lactol. The conversionXdto 9 could easily
substratet or relay eneyne RCRfrom substraté (Scheme be achieved by first treating ketoestérwith MeMgCl and
1). then effecting an intramolecular lactonization. Thus our

proposed synthesis was reduced to the construction of

] ketoester101! an important building block withtrans
Scheme 1. General Strategy for the Construction of dicarbonyl groups, which was expected to be available
Functionalized ABC Rin@ through the intermolecular DietsAlder reaction of diene

11 with dienophilel2.
Scheme 2 summarizes the synthesis of compauriche
intermolecular Diels-Alder reaction of diend 1 with dieno-

Scheme 2. Synthesis of Intermediaté
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Retrosynthetically, we believed that substradeand 5
could be generated from the same aldeHyd® olefinations;
6in turn could potentially be derived frofvia ozonolysis. ~ Phile 12 was carried out with TiG(THF), complex as a
Thus the stereoselective construction of tricyclic lactdne ~ catalyst;? and productlO was obtained regioselectively in
would be a crucial step. We expected that the reaction of 79% Yyield. Reaction of keton&0 with MeMgCl in THF
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resulted in the formation of lactorgein 76% yield through || NN

an intramolecular lactonization process. Scheme 3. Synthesis of Compound
To introduce the tertiary hydroxyl group, lactoBenas
first treated with KHMDS and then reacted with, @ the
presence of P(OEf to generatd 3in 82% yield. To obtain
the tricyclic product7, compoundl3 was first selectively
reduced to lactol8 with LiAIH 4 and then reacted with
(EtOXP(O)CHCOOEt in the presence @&fBuOK to give
the desired produétin 50% yield. The reaction course was
believed to proceed through a tandem process involving
intermediate8aand8b (Scheme 2).The stereochemistry of
compound? was determined byH NMR and NOE experi-
ments (Figure 2).

Figure 2. Diagnostic NOE Data for ABC ring.

With compound? in hand, construction of the target
substrate2 proceeded expediently, as shown in Scheme 3.
Ozonolysis of compound, followed by reduction with MgS
gave keto aldehydé in 93% yield. Reduction o6 in the
presence of Raney Ni catalyst in THF furnished an alcohol
(90% vyield), which was converted to TBS ethet by the
action of TBSCI-imidazole (imid) in 79% yield. Ketoriet
was then treated with lithium TMS acetylide in the presence
of a catalytic amount of Ceght —78 °C to give a tertiary
alcohol, and the latter compound was converted into its_
acetatel5in 43% vyield for the two steps. Desilylation &b :
with TBAF/ACOH resulted in the formation of a primary ~Scheme 4. Attempted Synthesis df by the Relay Enyne RCM
alcohol, which was converted into the aldehydié by RCM
treatment with DessMartin periodinane (DMP) (86% yield o
for the two steps). Coupling of the ylide derived from

We now started to investigate the proposed eneyne RCM
and relay eneyne RCM reaction. Upon treatment of com-
pound4 with the first generation Grubbs catalyst, the starting

1. Ph,P=CHCOOAIlyl (17)

CH,Cl,, rt
phosphonium salt RRCH;Br (t-BuOK, THF) with aldehyde Hr, 58% (E/Z =9:1)
16 gave the desired olefid in 49% yield. The low yield OBn 2. TMS—=, THF
was presumably caused by enolization of the aldehyde moiety a n-BuLi, CeCl,
in compoundl6 due to the basicify of the Wittig reagent 6 o -78°C, then Ac,0
used (53%)
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material was recovered. However, when the second generaof the ABC fragment of micrandilactone A); The key steps
tion Grubbs catalyst was employed, the desired pro@uct are the intermolecular Diels—Alder reaction and the eneyne
was formed in 84% yield. RCM reaction. Model studies to assemble the polycyclic
We then started to evaluate compousigis @ substrate  central unit of micrandilactone Al are currently underway
for obtaining2 by the relay eneyne RCM reaction. To this i, qur lab and will be disclosed in due course.
end, compound was treated with the Wittig reagedf
(Scheme 4) and then reacted with lithium TMS-acetylide,
followed by acetylation with AgO. Then, after removal of Acknowledgment. We gratefully acknowledge financial
TMS, the generated eneybevas treated with the catalysts  support of this work by the National Science Foundation of
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In summary, we have achieved a stereocontrolled synthesis
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