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ABSTRACT
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Diastereoselective oxidative dearomatization of benzopyran 5 to the corresponding
scyphostatin's polar epoxycyclohexenone moiety as demonstrated by the preparation of its palmitoyl analogue 16 (R

p-quinol 9b allows a fast, efficient, and versatile entry to
= (CH2)14CH3).

Neutral sphingomyelinase (N-SMase) has emerged as ato the polar moiety of the molecule, while the fatty side chain
promising pharmacological target for the treatment of was blamed for its short half-life in the solid state, even when
inflammation and immunological and neurological disorders. stored at-20 °C. Interestingly and in order to elucidate the

Among the many low molecular weight N-SMase inhibitors
of naturaf or synthetic origif known to date, scyphostatin
(1, Scheme 1) stands out as the most potent and specifi
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Scheme 1. Transformation of Scyphostatii)(to Ketal 3 by Scheme 2. Retrosynthetic Plan for Scyphostatin's Polar Core
Ogita and Co-workers
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aPIFA = [bis(trifluoroacetoxy)iodo]benzene.

absolute stereochemistry of the hydrophilic head moiety,

Ogita and co-workers have succeeded in converting scy-different conjugation, would exhibit different reactivity, thus
phostatin to hemiketa2 and ketal3.*2 allowing regioselective epoxidation. Concerning the stereo-
In light of its significant biological activity and structural  selectivity of this transformation, we planned to exploit the

novelty, it is not surprising that scyphostatin, and in particular directing effect of the tertiary hydroxyl group at C4. This
its polar moiety, has attracted considerable attention either left us with the challenge of controlling the stereochemistry
as a target for synthetic studtesr as a prototype for the  of 4, hopefully by diastereoselective oxidative dearomati-
design of novel N-SMase inhibitof8.¢" Recently, an elegant  zatior? of benzopyrarb. Such benzopyranes can be easily
total synthesis of {)-scyphostatin has been disclosed by prepared from 2,4-dihydroxybenzaldehyd.{
Katoh and co-worker& However, more than 20 synthetic Thus, the required aminobenzopyraBa (R! = Bn,
steps were required to establish the fully functionalized core Scheme 3) was easily prepared, in analogy with the known
starting fromp-arabinose. This prompted us to disclose herein aminobenzopyrangb (Rt = Me)? in three steps and 61%
an alternative, shorter approach to the fully functionalized overall yield from 4-benzyloxy-2-hydroxy-benzaldehyde
polar core of scyphostatin. (7).2° To explore the feasibility of our strategy, we chose
Key to the conception of our retrosynthetic plan was the palmitic acid as a surrogate for the fatty side chain of
realization that the transformations of scyphostatin to hemiket- scyphostatin and decided to utilize racemic aminobenzopy-
al 2 and ketal3 are in principle reversible. Thus, ketal rane8a.!! Hence, coupling of amin8a with palmitic acid
(Scheme 2) could serve as an advanced key intermediateand subsequent hydrogenolysis of the benzyl protective group
The introduction of additional oxygenation at C7 led us to furnished phenob in 83% yield.
envisionp-quinol 4 as a suitable precurséiVe anticipated Attempted oxidation of this substrate, employing [bis-
that the two double bonds present4nby merit of their  (trifluoroacetoxy)iodo]benzene (PIFA) in wet acetonitrite,
was disappointing in that an almost equimolar, yet at least
(4) (a) Tanaka, M.; Nara, F.; Suzuki-Konagai, K.; Hosoya, T.; Ogita, T. separable, mixture of diastereomeric quingéésand9b was
% Aglzﬁﬂfﬂ‘ons;gjg; 1&127113 7A8r?t|2b|g)bt)1’\£‘a%r§ 5':2 g;‘;f‘é‘go'v'(c)k,'\?;&ya formed in 43% combined yield. The relative stereochemistry
F.; Tanaka, M.; Masuda-Inoue, S.; Yamasato, Y.; Doi-Yoshioka, H.; Suzuki- Of the two isomers was initially assigned on the basis of the
Konagai, K.; Kumakura, S.; Ogita, T. Antibiot. 1999 52, 531-535. (d) comparative analysis of théit NMR and NOESY spectr

Saito, S.; Tanaka, N.; Fujimoto, K.; Kogen, Brg. Lett.200Q 2, 505— L . . ..
506. J 9 ¢ Not satisfied with the observed lack of diastereoselectivity,

(5) For syntheses of the scyphostatin side chain, see: (a) Hoye, T. R;;
Tennakoon, M. AOrg. Lett.200Q 2, 1481-1483. (b) McAllister, G. D.;
Taylor, R. J. K. Tetrahedron Lett2004 45, 2551-2554. (c) Tan, Z.;
Negishi, E.-i.Angew. Chem., Int. ER004 43, 2911-2914.

(6) (a) 1zuhara, T.; Katoh, TTetrahedron Lett200Q 41, 7651-7656. Scheme 3. Preparation of Phend
(b) Gurjar, M. K.; Hotha, SHeterocycle®00Q 53, 1885-1889. (c) lzuhara, OBn OR’
T.; Katoh, T.Org. Lett.2001, 3, 1653-1656. (d) Runcie, K. A.; Taylor, R. 1. Palmitic acid, EDC,
J. K. Org. Lett.2001, 3, 3237-3239. (e) lzuhara, T.; Yokota, W.; Inoue, 3 steps HOBT, (iPr),EtN,
M.; Katoh, T.Heterocycle2002 56, 553-560. (f) Takagi, R.; Miyanaga, Ref.9 CH,Cl,/DMF,
W.; Tamura, Y.; Ohkata, KChem. Commur2002 2096-2097. (g) Fujioka, OH O 0°Cto rt (85%) (0]
H.; Kotoku, N.; Sawama, Y.; Nagatomi, Y.; Kita, Yetrahedron Let2002 CHO 2. H,, 10% Pd/C,
43, 4825-4828. (h) Eipert, M.; Maichle-Mossmer, C.; Maier, M. E. EtOH/THF (98%)
Tetrahedror2003 59, 7949-7960. (i) Murray, L. M.; O’'Brien, P.; Taylor, 7 NH NHCOR?2
R. J. K.Org. Lett.2003 5, 1943-1946. (j) Kenworthy, M. N.; McAllister, . 2 5
G. D.; Taylor, R. J. KTetrahedron Lett2004 45, 6661-6664. (k) Inoue, 8a: R’ =Bn )
M.; Yokota, W.; Murugesh, M. G.; Izuhara, T.; Katoh, Angew. Chem., 8b: R' = Me R® = CH(CH,)15CH,

Int. Ed. 2004 43, 4207-4209.
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Scheme 4. Diastereoselective Oxidative Dearomatization Scheme 5. Final Synthetic Steps to the Fully Functionalized

OH 0 0 Polar Core of Scyphostatin
PIFA, CH3CN/H50,
o 0Ctort M o + o NaBH, PPTS MeOH or OR?
18% (9a), 25% (9b) HO" HO OCeCIS, MeOH PPTS PMBOH, o
HO 0°C, 98% THF MS4A HO
NHCOR NHCOR NHCOR
NHCOR' NHCOR‘ NHCOR'
9b 12a: R? = Me (79%)
PIFA 12b: R? = PMB (63%)
CF3CH3OH PPTS, THF/H,0, TBHP, VO(acac),,
18 h then K>COg, 12 h, MS 4 A, PhH,
37% from 5 o
° DDQ, CH,Cl, 0°Ctort,24h
71% (from 14b)
aR = CHz(CH2)13CH3.
NHCOR'! NHCOR!
14a: R? = Me (33%) 13a: R2 = Me (33%)

we decided to investigate the use of 2,2,2-trifluoroethanol,
a polar but not nucleophilic solveft,and were rewarded o 6' O
by formation of10. Treatment with pyridiniunp-toluene-

14b: B2 = PMB (43%)  13b: B2 = PMB (43%)

sulfonate (PPTS) in wet THF at ambient temperature for 18 Ac,0, Pyr

h followed by addition of powdered CO; achieved the NHCOR1 " CH,Cl,

hydrolysis of the oxazine ring dfO to furnish quinol9b in 78%

37% overall yield. Thus, a diastereoselective route to this Montmorlllonlte K10

key intermediate was secured, and at the same time our initial CHzc'Zv n, 55% NHCOR’ NHCOR’
assignment of the relative stereochemistry at C4 was

confirmed. aR! = CH,(CHy)13CHa.

To our dismay, however, all attempts to introduce the
epoxide ring at this stage were met with complete failure,
making the question of the regio- and diastereoselectivity N0 consequence, since subsequent ketal formation was
of this transformation irrelevant. Thus, we were forced to accompanied by dehydration. Thus, treatment of the mixture
reconsider the timing of the planned transformations toward of diastereomers of didl1 with PPTS in anhydrous methanol
3. The issue of epoxide introduction was postponed, and we furnished ketall2ain 79% yield and as a sole diastereomer.
proceeded to reduce, employing Luche conditions, the keto To achieve stereo- and regioselective epoxidation of diene
functionality of 9b.* Diol 11 (Scheme 5) was obtained in 12a we resorted to the use dkrt-butylhydroperoxide
excellent yield as a 2:1 mixture of diastereomers, provided (TBHP) in the presence of catalytic amount of vanadyl
any acid treatment was avoided during its preparation andacetylacetonate, a reagent combination known to be best
purification. The observed low diastereoselectivity was of suited for such transformatio#¥ Nonetheless, in our case,
although the regioselectivity was excellent, the observed
(7) (@) In the course of our work, the potential utility gtquinol stereoselectivity was disappointingly low, and epoxitida

derivatives for the construction of scyphostatin’s polar core has been gnd 14a were obtained in 1:1 ratio and in 66% combined
postulated; see ref 6h and: Magdziak, D.; Meek, S. J.; Pettus, T. R. R. . Id 15b.16 | . h i
Chem. Re. 2004 104, 1383-1429. (b) For other quinol-based approaches  Y1€1d.7™ .Even more alarming, however, was our failure to
to ?g))/?h)ogatin‘s I_\’core,Ase\e/ reés 3h ar':zi GKf. < b Tetrahed achieve final deprotection of epoxiddaor 13atoward our

a ama Rao, A. V.; Gurjar, M. K.] arma, P. trahedron : . s
Lett. 1991, 32, 6613-6616. (b) McKillop, A.: McLaren, L. Watson, R. J.: targgt. A yarlety of k_etaI errotecqon conditions were t(_ested,
Taylor, R. J. K.; Lewis, N.Tetrahedron Lett1993 34, 5519-5522. (c) but invariably epoxide ring opening was observed prior to
Wipf, P.; Kim, Y. J. Org. Chem1993 58, 1649-1650. (d) Mejorado, L. ic i 7
H.; Hoarau, C.; Pettus, T. R. Rarg. Lett.2004 6, 1535-1538. ketal hydrolysis, if any:

(9) Boye S.; Pfei, B.; Renard, P.; Rettori, M.-C.; Guillaumet, G.; Viaud, In an attempt to circumvent this obstacle, we decided to
M.-C. Bioorg. Med. Chem1999 7, 335-341 and refs therein. retrace our Steps and rep]ace methanol with 4-methoxy-

(10) Mendelson, W. L.; Holmes, M.; Dougherty,Synth. Comml996
26, 593-601.

(11) Closely related aminobenzopyranes have been successfully re- (15) (a) Sharpless, K. B.; Verhoeven, T. Rdrichim. Actal979 12,
solved: Hammarberg, E.; Nordvall, G.; Leideborg, R.; NyM.; Hanson, 63—71. (b) For other examples where this methodology gave poor

S.; Johansson, L.; Thorberg, S.-O.; Tolf, B.-R.; Jerning, E.; Svantesson, G. diastereoselectivity, see: Hoveyda, A. H.; Evans, D. A.; Fu, GCliam.
T.; Mohell, N.; Ahlgren, C.; Westlind-Danielsson, A.; Gsgh, I.; Johans- Rev. 1993 93, 1307-1370 and references therein.

son, R.J. Med. Chem200Q 43, 2837-2850. (16) The indicated relative stereochemistry was assigned to epb&ale
(12) Kita, Y.; Tohma, H.; Kikuchi, K.; Inagaki, M.; Yakura, T. Org. on the basis of analysis of its NOESY spectrum; cross-peak H-8, H-lax

Chem.1991, 56, 435-438. indicated that the NHCOR moiety is axial, while cross-peaks H-5, H-3eq
(13) The following cross-peaks appear in the NOESY spedtPaH-2, and H-5, H-3ax are in accordance with the indicated relative stereochemistry

H-3eq; 12b H-5, H-3eq and H-2, H-3ax. Furthermore, the amide proton of the oxirane ring.

signal of 12b appears downfield (7.02 ppm) compared with thatlga (17) For example, treatment with montmorillonite K 10 led solely to

(5.90 ppm), indicative of an intramolecular hydrogen bond. epoxide ring opening, while treatment with acidic (oxalic acid) silica led
(14) Wipf, P.; Kim, Y.J. Am. Chem. S0d.994 116 11678-11688. to concomitant epoxide ring opening and ketal hydrolysis.
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benzyl alcohol (PMBOH) as the nucleophile at the ketal-
ization step. Thus, treatment of the mixture of diastereomers gcheme 6. Diastereoselective Epoxidation of Compoutb?
of diol 11in dry THF with PPTS in the presence of 5 equiv

of PMBOH and powdered activatet A molecular sieves OPMB MCPBA, Na,HPO, o) OPMB
formed ketall2b in 63% yield as a single diastereomer. HO ¢] CH,Cl,, 0°C, 5 h, 89% HO o
Subsequent epoxidation, in analogy to did2e, furnished

epoxidesl3bandl4bas a 1:1 mixture of diastereomers and NHCOR NHCOR
in 86% combined yield® The formation of acetal5, upon 12b 14b

treatment of ketall4b with 2,3-dichloro-5,6-dicyano-1,4-

benzoquinone (DDQ), allowed assignment of the relative
stereochemistry of ketdl2b and paved the way for the final _ .
deprotection step. Thus, further treatment of acg&falith In conclusion, the presented synthetic route to scypho-

montmorillonite K 169 afforded in 55% yield the targeted, statin's pol_ar core provides a short an_d_efficit_ant en_try tq
fully functionalized, unprotected palmitoyl analogue of scyphostatin analogues. Furthermore, it is flexible, since it

scyphostatin16. All NMR data for 16 and its acetyl not only has the potential for producing analogues bearing

derivativel7 were in accordance with the corresponding data vr?nous fatty_amd f5|de C(;‘a'f‘s (tj:)ut n anltlon |s§menable o
reported in the literature for the polar core of scyphostatin the preparation of any desired enantiomer or diastereomer.

and its acetyl derivative 'brhe 'prepar.ationf of adqoiltiqzal r;nglogueds r?f scyT)holstatir:c
Having established the viability of our approach toward earing various fatty acid side chains and the evaluation o

the fully functionalized polar core of scyphostatin, we turned the'rltb'OI(_)l?'gal aCt'VLt'ZS_ arde currently in progress, and our
our attention to the problematic epoxidation step. Models results will be reported in due course.
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