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ABSTRACT

A rhodium carbene intramolecular cyclization—cycloaddition cascade was employed as the key reaction in the synthesis of the nucleus of the
cytotoxic diterpenoids pseudolaric acids A and B.

The root bark ofPseudolarix kaempfefsordon (Pinaceae), ties, a number of synthetic studies on the pseudolaric acids
a tree native to China, has been a traditional medicinal herbhave appeared in the literatute

called tujinpi for the treatment of dermatological fungal Our strategy retroanalyzed the target molecules back to a
infections as early as the 17th centtisrom this preparation, ~ common precursor, enol triflag from which both pseudola-

a family of diterpenoids called the pseudolaric acids have ric acids A and B, with methyl and carbomethoxy groups,
been isolated. Pseudolaric acid B (1b) has been determined€spectively, at the {position, can be derived via transition

to be the main antifungal component and has been evaluatednetal chemistry (Scheme 1)This retrosynthetic analysis

to have antimicrobial activity comparable to that of ampho- Permits flexibility of substitution at & as well as at g, to
tericin B against a number of fungal stramb vitro tests
of pseudolaric acid Ala) and pseud(_)laric acid B) have Scheme 1. Retrosynthetic Analysis of Pseudolaric Acid
demonstrated that they are cytotoxic to several cancer cell A and B

lines at sub-micromolar levels, while being relatively non-

toxic in vivo.**3 Characteristic of the pseudolaric acids is o8
the unusual perhydroazulene skeleton beatmagsfused 0 oTf
acetoxy and lactone groups, which is an extremely rare HOzCK/\ : by
arrangement for naturally occurring hydroazulenes. The Nt H
installation of four contiguous stereocenters, of which three o 2

12 R=Me Pseudolaric acid A
are quaternary, and the compactness of the molecule add to 1, g_co,Me Pseudolaric acid B
the synthetic challenge posed by this structure. Owing to U
their intriguing architecture and promising biological activi- _OBn

0

(1) (&) Zhou, B. N.; Ying, B. P.; Song, G. Q.; Chen, Z. X.; Han, J.; Yan,
Y. F. Planta Med 1983 47, 35. (b) Hamburger, M. O.; Shieh, H. L.; Zhou,
B. N.; Pezzuto, J. M.; Cordell, G. AMagn. Reson. Chem 989,27, 1025.

(2) Li, E.; Clark, A. M.; Hufford, C. D.J. Nat. Prod.1995,58, 57.

(3) Pan, D. J.; Li. Z. L.; Hu, C. Q.; Chen, K.; Chang, J. J.; Lee, K. H.
Planta Med.1990,56, 383.

10.1021/0l0159165 CCC: $20.00 ~ © 2001 American Chemical Society
Published on Web 05/05/2001



append different substituents for the synthesis of pseudolaricthis reaction. We synthesized another model substrate that

acid analogues. Enol trifla2can be obtained via a reductive
elimination from the oxatricyclic keton8&, in which the

bears a methyl substitueatto the carbonyl group and found
that the cyclizatior-cycloaddition sequence produced com-

tertiary acetate or alcohol has been masked as an oxygerpound7 as the major diastereomer with a selectivity of about

bridge. This oxatricyclic keton® was envisioned as the key

4:1. Gratifyingly, oxatricyclic produc? has the substituent

intermediate that could be constructed by a reaction cascadéR= Me cis with respect to the bridgehead substituent=£X

initiated by the decomposition of an appropriately function-
alized acyclic diazoketond. The metal carbene would
undergo cyclization intramolecularly with the carbonyl group
to form a cyclic carbonyl ylide, followed by intramolecular
[3 + 2] cycloaddition with the 2,2-disubstituted olefin to
give the oxatricyclic intermediaté.

CH,0BnN), as required for the synthesis of the pseudolaric
acids (Scheme 2¥. With these preliminary results in hand,
we proceeded to the enantioselective synthesis of the
pseudolaric acids via a chiral synthesis of precursor

The optically pure cycloaddition precursdr was as-
sembled as shown in Scheme 3. (2-Chloromethyl-allyloxy-

Previous studies in this area have established that the

tandem metal carbene cyclizationycloaddition sequence
produces an addué, in which the bridgehead substituent
(X = H) and the oxygen bridge ateans(Scheme 2} Our

Scheme 2. Preliminary Studies on the
Cyclization—Cycloaddition Cascade
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aRef 11a.P Ref 13.

OBn
Ao o
preliminary studies with a model substrate confirmed that

the cyclization-cycloaddition cascade afforded cycloadduct
6, in which a substituent (X CH,OBn) that can be oxidized
to give the required carboxylate atdds alsotrans with
respect to the oxygen bridge. Thus ttians-arrangement
of the carboxylate at {g and the acetoxy group at,@ the

Scheme 3 Synthesis of Precurse®
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aReagents and Conditions: (a) LiBr, Aliquat 336, €D, 2 h,
97%; (b) 1ZnCHCH,CO.Et 9, CuCN, THF, DMA, rt, 88%; (c)

pseudolaric acid nucleus should be attainable via this cascadéNaOH, MeOH, 98%; (d}-BuCOCI, EgN, DMAP, (S)-4-benzyl-

reaction.

However, it was not clear to what extent, if any, was the
directing effect exerted by a substituentto the carbonyl
group of acyclic compound on the diastereoselectivity of
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(10) Reviews: (a) Padwa, A.; Weingarten, M. Chem. Re»1996,96,
223. (b) Doyle, M. P.; McKervey, M. A.; Ye, Modern Catalytic Methods
for Organic Synthesis with Diazo CompoundisWiley & Sons: New York,
1998; Chapter 7, pp 397416.

(11) Leading references: (a) Padwa, A.; Hornbuckle, S. F.; Fryxell, G.
E.; Stull, P. D.J. Org. Chem1989,54, 817. (b) McMills, M. C.; Zhuang
L; Wright, D. L. Watt, W. Tetrahedron Lett1994,35, 8311. (c) Dauben,
W. G.; Dinges, J.; Smith, T. Cl. Org. Chem1993,58, 7635.

1722

2-oxazolidone, THF,-78 °C to room temperature, 80%; (e) (i)
n-Bw,BOTS, EtsN, CH,Cl,, 0 °C, (i) CH;CHO, =78 to 0°C, 1 h,
67%, (92% based on recovered substrate); (f) MEMCI, DIPEA,
CH.Cly, rt, 93%; (g) (i) LIOH, HO,, THF—H,0, 0°C, (ii) Na;SG;,
70%, 16 also obtained in 21% vyield. (h) EtSH, DCC, DMAP,
CH,CIy, rt, 91%; (i) CIMg(CH,)sOMgCI 17, Cul, THF, 77%, (93%
based on recovered substrate); (j) PDC, DMEOH75%; (K)(i)
i-BUOCOCI, EgN, THF, —20 °C, (ii) CH2N2, ELO, 0°C to room
temperature, 72%.

methyl)benzen¥ underwent halide exchange under phase
transfer catalysis to afford bromide The zinc homoenolate
9 was then alkylated with allylic bromid&to give an 88%
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results.
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yield of the homologated estet0. The alkylation of to give, in one step, the oxatricyclic prod&in 66% yield
homoenolated also proceeded with 2-chloromethyl-allyl- as two diastereomeBaand3b, in a ratio of 1.25:1 (Scheme
oxymethyl)benzene as the electrophile, albeit with a 50% 4).

yield.

The absolute stereochemistry of insubstituent it was
installed by an enantioselective aldol reaction with acetal-
dehyde via Evan’s auxiliary methodolodyThus esterl0
was hydrolyzed and activated to couple wis){4-benzyl-
2-oxazolidone. The acylated oxazolidinattewas converted
to the boron enolate, which underwent the subsequent aldol
condensation at 78 °C with acetaldehyde to provide aldol
adductl2 as one diastereomer in 67% yield, with recovered
11in 27% vyield!® The hydroxyl group of the aldol adduct

Scheme 4. Rhodium-Catalyzed Cyclization—Cycloaddition 4f

was efficiently protected with the MEM group to give 4 Catalyst Yield 3a 3b
compound13. Rhy(OAc);, 66%  1.25 S

. . % . : 1
The subsequent cleavage of the chiral auxiliary encoun- Rha(cap),  69% 11

tered some unanticipated hurdles. Our initial intention was
to extend the carbonyl terminus of compouh8d by the )
addition of a three carbon nucleophile to its Weinreb amide N metal carbene reactions, the fact that the metal catalyst

derivative. Although conditions have been developed for the is still associated with the carbene after diazo decomposition
direct transamination of the acylated oxazolidone to the IS evidenced by the modulation of the chemoselectivity of

Weinreb amide via treatment with alkylaluminum amide carbene reactions using metal catalysts of varying strengths
reagentd? these methodologies failed with the hindered and by the ability of chiral catalysts to induce enantioselective
substrated 2 and13.8 The products resulted predominantly carbene reactior$:>* Therefore, variations in the ligands of
from the attack of the amide at the oxazolidone carbonyl the rhodium catalyst could influence the stereochemical
group. Fortunately, the hydrolysis of acylated oxazolidone Outcome of the cyclization—cycloaddition c_ascadg. The use
13 via lithium hydroperoxide was more successful and gave Of another catalyst, Rtcap), was attempted in the intramo-
a 70% yield of acidl4, although a 21% yield of alcohaB lecular tandem cyclization—cycloaddition of diazoketone
derived from oxazolidone carbonyl attack was still obtaitfed. COMPound4. The reaction rate was noticeably slower than
The plan to homologate acit# via its Weinreb amide ~ With rhodium acetate as a result of the ligands being less
was again thwarted by the inefficient conversionldfto electron-deficient lactams. In the event,fdap), gave the
the amide?® The chain extension was finally accomplished C€Yclizeéd producB in a comparable yield, with the ratio of
via thioesterl5, which could be prepared from acld in diastereomers being slightly more in favor of the minor

excellent yield. The thioester proceeded to undergo chaindi@stereomesb than with Ra(OAC).. _
extension via the cuprate derived from Grignard reag@it The elucidation of the structures of the diastereomers was

to afford alcohol1822 Oxidation with PDC in the presence ~nampered by the difficulty in separating the two compounds

of water generated acith. The preparation of the diazoke- ©f Similar polarities. Furthermore, thié1 NMR signals of

tone 4 was accomplished by activation and treatment with the key protons kland Ho overlapped with the peaks of
diazomethane. other protons in the molecule (Scheme 5). Derivatization of

Treatment of the chiral precursdmith rhodium acetate 3¢ @nd 3b was done by deprotection of the MEM group
induced the decomposition of the diazoketone and initiated followed by oxidation to produce diastereomeric diketones

the tandem intramolecular cyclizatienycloaddition cascade ~ 20aand20brespectively. When the 2-D NOESY spectra of
these pure diketones were obtained, enhancement was

(15) (a) Cowden, C. J.; Paterson{rg. React1997,51, 1. (b) Evans,
D. A. Aldrichimica Actal982,15, 23. (c) Evans, D. A,; Takacs, J. M.;
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1981,53, 1109. Scheme 5. Structure Elucidation o8a and3b via 20aand20b
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799. (c) Shimizu, T.; Osako, K.; Nakata, Tetrahedron Lett1997,38,
2685.
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Weinreb amide. periodinane O 20a
(19) Compound12 is presumably derived from the attack of the + —_—— +

oxazolidone carbonyl by peroxide, reduction by sufite to the acyl carbamic MeOH CHCly H

acid, and decarboxylation. reflux _{"/OOBn
(20) Using either DCC or BOP as coupling reagents, amide formation Hzo z

required 3—4 days and resulted in product yields of 44% and 36%, 1

respectively. 0 0
(21) Normant, J. F.; Cahiez, G.; Alexakis, Aetrahedron Lett1978, H™

33, 3013. A 20b
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observed for protons Hand Hyp in the spectrum of  directed toward completing the synthesis by the opening of
compound20aderived from the major isomer. On the other the oxabicyclic core and the addition of a diene nucleophile
hand, the spectrum of pu20b showed the absence of an to Cy;;. These results will be reported in due course.

NOE cross-peak between the corresponding protons, thereby
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