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A novel synthetic path to a potential intermediate for the synthesis of pseudomonic acid B was established by employing enantioselective
deprotonation of a meso-cycloheptanone derivative bearing hydroxy groups at the 3,4,5,6-positions with lithium (S,S")-o.,a’-dimethyldibenzylamide
as a key step.

The enantioselective deprotonation strategy has been recogeeprotonation strategyln connection with our continuous
nized as a powerful synthetic tool for introducing a chiral interest in developing synthetic methods through the use of
center to meso or prochiral compouridehis methodology
has often been applied to five- or six-membered cycloal- a chiral synthesis of a potential intermediate for pseudomonic
kanones generating the desired chirality with high enantio- acid B starting from anesecycloheptanone derivative, where
meric excess, aimed at the synthesis of biologically active : ,
compounds, including natural products. However, little qeSnation of simple eycloheptanone derivatves has been published. For
attention has been paid to the introduction of chirality into cyclooctanone derivatives; see: (a) Berkowitz, W. F.; Wu).YOrg. Chem
simple seven-membered cycloalkanones by application of £1715% 52, 0, 000anias ¥ K uelnes .S Sk s,
this Strategy, prObably due to their conformational ﬂeX|b|I|ty. P.; Tafi, A. Tetrahedron Lett2002 43, 2195. For bicyclo[3.2.1]Joctanone

Therefore, it is very interesting to investigate a further a’stgﬁ: see: G(d)zcsox'|P&"}§§lmfl;i§1s’fN?nlem§9]j 32;_- (E)k!\/laje&vslg.
. - . . . . n L. n . nn Y m n . o
applicability of the enantioselective deprotonation strategy Sp’avolg St vy Chem_(%ocf’ Perkin Trans 193 3113,

to cycloheptanone derivatives to develop its usefuldess.  (g) Bunn, B. J.; Simpkins, N. S. Org. Chem1993 58, 533. (h) Bunn, B.

i ; ; J.; Cox, P. J.; Simpkins, N. S.etrahedron1993 49, 207. (i) Majewski,
Recently’ we have been involved in the SymheS|S of M.; Lazny, R.Tetrahedron Lett1994 35, 3653. (j) Majewski, M.; Lazny,

biologically active compounds using an enantioselective R.J. Org. Chem1995 60, 5825. (k) Coggins, P.; Gaur, S.; Simpkins, N.

enantioselective deprotonation reaction, we are interested in
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all the carbon units of cycloheptanone should be incorporated
into the target compound. Scheme %

Pseudomonic acidda—d, produced by a strain of OTBDMS OTBDMS OTBDMS
Pseudomonas flourescerss a member of a class of . i
C-glycosides, are known as competitive inhibitors of iso- — —
leucyl-tRNA synthetase, and pseudomonic acid A is used R OR BnO "OBn  BnO” “oBn
clinically for the treatment of bacterial skin infectiohs. HO  OH °><°
Interestingly, these natural products not only possess anti-  —a2Rr=H 4 5
bacterial activity against Gram positive bacteria but also ‘L3R =8n

. . S OH
display exceptional potency toward multiresist&taphy- i
lococcus aureugMRSA) strains® In view of their attractive M v

biological activities and also the challenging structural BnO~ “OBn BnO~ “OBn

features embodying a tetrasubstituted pyran nucleus, a
number of chiral syntheses and synthetic approaches to
pseudomonic acids have been developed to Watbere 6 7

Carbo.hydrates have.mainly been em_ployed as Fhe starting aReagents and conditions: (i) BnBr, NaH, TBAI, THF, reflux
materials, after the first total synthesis of racemic pseudo- (g495): (i) 0sQ, NMO, THF—H,0, rt (68%): (iii) 2,2-dimethoxy-
minic acid C by Kozikowski et al.Our own interest in the  propane p-TsOH, rt (92%); (iv) TBAF, THF, reflux (99%); (v)
synthesis of the target compounds grew out of a desire toPCC, NaOA¢4 A MS, CHCly, rt (94%).

find a new route for the synthesis of 2,3,4-trisubstituted

pyran-5-one, a potential intermediate for the synthesis of
pseudominic acid B. Although various conformations were considered for the

cycloheptanone derivativewe used lithium $,9)-o,0-
dimethyldibenzylamid€~ as the chiral base for the enan-
tioselective deprotonation of in order to investigate the
mode of enantioselectivity.

Treatment of7 with lithium (S,9)-a,a’-dimethyldibenzy-
lamide in the presence of trimethylsilyl chloride in THF at
—78°C afforded the corresponding silyl enol etl&iSince
the enantiomeric excess 8tould not be determined at this
stage,8 was further subjected to oxidative bond cleavage
reaction. Ozonolysis @, followed by reductive workup with
triphenylphosphine, gave aldehy@lewvhich without purifica-
tion was further reduced with sodium borohydride to yield
alcohol 10 in 92% vyield from7.

- Esterification of acidLO with iodomethane in DMF in the
(b)(ﬂo(r?()j :OT”d"I"erka';'lg‘“;a }'zgnglheng’;’t‘; g?e}g&o&mﬂfgﬁnga ., Presence of potassium carbonate furnished dstewhose

Heterocycled996 42, 109. (c) Honda, T.; Ono, S.; Mizutani, H.; Hallinan, €€ was determined to be 96% by HPLC analysis with the

K. O. Tetrahedron: Asymmetr§997 8, 181. (d) Honda, T.; Endo, K; chiral column CHIRALPAK AD.

Ono, S.Chem. Pharm. Bull200Q 48, 1545. (e) Honda, T.; Endo, K. . . . .

Chem. Soc., Perkin Trans.2001, 2915 and references therein. Although the absolute configuration was still obscure, this
(4) (a) Chain, E. B.; Mellows, GJ. Chem. Soc., Perkin Trans.1B77, result obviously revealed that enantioselective deprotonation

g?flc(:?eﬁi%%ncqre BS@E}S?!_%}'Q 'SZi.L(%I)(’é;y?oorﬁ ej%’ﬂ'gggj‘o@ﬁf- is an effective method for introducing a chiral center into

P. J.; Rogers, N. H.; King, T. J. Chem. Soc., Perkin Trans1982 2827 even a relatively simple cycloheptanone derivative.

Sd)lé)g'ga;é%? P.J.;Rogers, N. H.; Tyler, J. W.Chem. Soc., Perkin Trans. To construct a 2,3,4,5-tetrasubstituted pyran ring system,
(5) (a) Fuller, A. T.; Mellows, G.; Woolford, M.: Banks, G. T.; Barrow, ~ @lcohol11 was treated with 3 equiv of sodium hexameth-

K. D.; Chain, E. B.Nature1971, 234, 416. (b) Basker, M. J.; Comber, K. yldisilazide at—78 °C in THF, affording two cyclization

R Clayton, J. . Hannan, b. C., Mizen, L. W.. Rogers, I\ T:;t;.s(':ogr?gr"be’ products12 and 13 as a mixture of diastereoisomers at the

Thus, we applied an enantioselective deprotonation strat-
egy to amesecycloheptanone derivative having four oxygen
functions at the 3,4,5,6-positions that was prepared as
depicted in Scheme 1.

Benzylation of diol2,2 readily accessible from tropone,
gave dibenzyl etheB, which upon dihydroxylation with
osmium tetroxide furnished pentaoxygenated compatnd
After protection of the newly introduced diol system as
acetonideb, the silyl group was removed by treatment with
TBAF to give alcohol6. Finally, oxidation of6 with PCC
in the presence of sodium acetate gave the desireso
cycloheptanond.

Chemother1979 1, 471. (c) Hughes, J.; Mellows, @iochem. J1978 2-position, wheres-elimination of the benzyloxy group,

176, 305. (d) Hughes, J.; Mellows, G.; SouthtonFEBS Lett198Q 122 ; it ;

322, (e) Hughes. J. Mellows, @iochem. 11980 191 209. followed by Michael addition of the primary alcohol to the
(6) For a review, see: Class, Y. J.; DeShongCRem. Re. 1995 95, resultinga,3-unsaturated ester, took place simultaneotfly.

1843 and references therein. For recent syntheses and synthetic approaches, To determine the stereochemistry of the products, includ-
see: (a) Balog, A.; Yu, M. S.; Curran, D. Bynth. Comm1996 26, 935. . . . . R
(b) Khan, N.; Xiao. H.; Zhang, B.; Cheng, X.; Mootoo, D. Retrahedron ing their absolute configurations, deacetalizatiori@fand

1999 55, 8303. (c) Marko . E.; Plancher, J.-MTetrahedron Lett1999 13 by acid treatment was carried out to afford di@l and

40, 5259. (d) Mckay, C.; Simpson, T. J.; Willis, C. L.; Forrest, A. K.; ; 0 ; ;
O'Hanlon, P. JChem. Gommur200Q 1109, (e) Sugawara, K.. Imanishi, lactone15 in 67 and 24% yields, respectively. Thus, the

Y.; Hashiyama, TTetrahedron: Asymmetr200Q 11, 4529.

(7) (a) Kozikowski, A. P.; Schmiesing, R. J.; Sorgi, K.L.Am. Chem. (9) Allinger, N. L.; Chen, K.; Rahman, M.; Pathiaseril, A.Am. Chem.
Soc 1980 102, 6577. (b) Kozikowski, A. P.; Schmiesing, R. J.; Sorgi, K.  Soc 1991, 113 4505 and references therein.
L. Tetrahedron Lett1981, 22, 2059. (10) Similar Michael addition was reported in the enantioselective
(8) Johnson, C. R.; Golebiowski, A.; Steensma, D. H.; Scialdone, M. A. synthesis of pseudomonic acids; see: "S&mberger, B.; Summermatter,
J. Org. Chem1993 58, 7185. W.; Ganter, CHelv. Chim. Actal982 65, 2333.
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aReagents and conditions: (i3MeOH—-CH,Cl,, —78°C, then
PPh, from —78 to 0°C; (ii) NaBH,, MeOH, rt (92%); (iii) Mel,
K,CO;s, DMF, 1t (92%).

major product 14 was confirmed to have the desired
stereochemistry. Lactors was further converted into the
enantiomer of the known didl6 by hydrogenolysis over
palladium hydroxide. The spectroscopic data of lactbée
were identical with those reportéiMoreover, the sign of
optical rotation of our synthetic compourdd corresponds
to those of the antipodé,[o]p +163.6 € 0.1, HO) (lit.1?
[a]lp —159.7 € 1.3, HO)); therefore, the absolute stereo-
chemistries of both pyrari? and13are now unambiguously
determined as depicted in Scheme 3.

Scheme 3

12 13
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aReagents and conditions: (i) NaHMDS, THF78 °C (73%);
(il) p-TsOH, MeOH, rt (67% fol.4, 24% for15); (iii) H 2, Pd(OH},
EtOAc, rt (92%).

RO,C.# o

Pseudomonic acid A 1a R = (CHp)gCOoH, R’ =H
Pseudomonic acid B 1b R = (CH2)gCO2H, R’ = OH
Pseudomonic acid D 1d R = (CHz)4CH=CH(CH3),CO2H, R’ = H

OH OH
HO. =

HO,C(H,C)g0,C~ o !
Pseudomonic acid C 1¢

Figure 1.

transition structure$jncluding mainly the conformers TS-1
(twist-chair) and TS-2 (twist-boat), it would be assumed that
TS-2 seemed to be favorable relative to TS-1, where
unfavorable 1,3-diaxial interactions are observed as depicted
in Figure 2%2 This speculation regarding the conformational

TS-2 chiral base

Figure 2.

changes would be consistent with the observed enantiose-
lectivity for prochiral cycloalkanones on the basis of
consideration of the previous works.

The major compound4 was further transformed to the
known potential intermediate for the synthesis of pseudo-
monic acid B® as shown in Scheme 4.

Treatment ofL4 with cyclohexanone angttoluenesulfonic
acid gave cyclohexylidene derivativier. After hydrolysis
of esterl?in the usual manner, the resulting carboxylic acid
18was treated with methyllithium at T to give the desired
methyl ketonel9 together with its epimer at the 2-position,
probably arising via a retro-Michael reaction, in a ratio of
3:1. Esterl7 was therefore transformed to Weinreb amide
20 prior to introducing a methyl group. Again, treatment of
amide 20 with methylmagnesium bromide afforded the

(12) We have examined the conformational stability of compotiadd

Although it was considered, on the basis of examination its relatives without acetonide or benzyloxy groups by MM2 and MOPAC

AM1 methods; however, those calculations revealed that twist-chair

of r_nolecu_lar m_0d6|5 of a SUbStre_‘te having substituents with conformations are more stable than those of twist-boat forms, as already
a cis-relationship at the 4,5-positions of cycloheptanone, thatreported by Allingef. Since those calculations are inconsistent with our

enantioselective deprotonation could proceed through variou

(11) Kall, P.; Wernicke, A.; Kovas, J.; Lizen, A.J. Carbohydr. Chem.
200Q 19, 1019.
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S,

experimental results, we are currently investigating the relationships between
the conformational stability of cycloheptanone derivatives, including
substitution effect and the mode of enantioselectivity.

(13) (a) Curran, D. P.; Suh, Y.-Getrahedron Lett1984 25, 4179. (b)
Curran, D. P.; Suh, Y.-GCarbohydr. Res1987 171, 161.
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Scheme 4 Scheme 8
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a Reagents and conditions: (i) cyclohexanone, CypIsOH, aReal PSR- ;
T Y . gents and conditions: (i) Me(OMe)MEl, n-BuLi, THF,
benzens, rt (97%); (ii2 N KOH, MeOH, rt (93%); (iii) MeLi, —78°C (91%): (i) MeMgBr, THF, 0°C (92%); (iii) H,, Pd/C,
ELO, 0°C (42%). MeOH, rt (59%): (iv) AgO, EtN, DMAP, CH,Cly, rt (95%).

desired methyl keton&9 as the sole product in 92% vyield.
Finally, debenzylation 019 under catalytic hydrogenation
conditions, followed by acetylation of the resulting alcohol
21 with acetic anhydride, furnished the known aceta®e
whose spectroscopic data, including the specific optical
rotation [o]p +1.3 (€ 0.2, CHC}) (lit.*3* [a]p +1.3 (€ 1.15,
CHCly)), were identical to those reporté¥ Since this acetate
was assumed to be a potential intermediate for pseudomonic Acknowledgment. This work was supported by the
acid B} this synthesis provided an alternative approach to Ministry of Education, Culture, Sports, Science and Technol-
this type of biologically important natural product. ogy of Japan.

In summary, we were able to prove that enantioselective
deprotonation was an effective method for introducing
chirality into even a relatively simple seven-membered
cycloalkanone; we also established a novel synthetic proce-
dure for a potential intermediate in the synthesis of
pseudomonic acid B by application of this strategy toese 0L027192I

cycloheptanone derivative. Further utilization of this proce-
dure in the synthesis of other biologically active compounds,
including natural products such as shikimic acid and cyclitols,
is in progress in our laboratory.

Supporting Information Available: Experimental details
and compound characterization. This material is available
free of charge via the Internet at http://pubs.acs.org.
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