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The structurally intricate alkaloid stemofoling)((Figure 1) 0_\0 N
was isolated from stems and leaves of the Asian 8tsmona ’\E@Va H
japonicaby lIrie et al. in 1970. Single crystal X-ray analysis of N

the hydrobromide sdltrevealed a rigid pentacyclic core with a

pendant conjugated butenolide. The complex hexacyclic frame-

work of this alkaloid, which is reported to exhibit insecticidal —
properties, has attracted considerable synthetic intetegery g
recently theE-alkene isomer ofl, isostemofoline Z), has been
isolated from variousStemonaspecies in the laboratories of

Professor Yang Yé. Scheme 2
We now report the first total synthesis af)-isostemofoline. ol o
Our retrosynthetic analysis (Scheme 1) proceeds by initial —~hoon 2 N omom
disconnection of the butenolide and opening of the pentacyclic 4 oMoM
core to aldehyd8. Appropriate functional group interconversions c 0 de dv\/
suggest thaB could arise fromo,-unsaturated ketoné. The o , omom [ N\
latter would result from sequential, stereocontrolled enolate HJKrH | BOC
chemistry starting from the substituted nortropin&@nevhich in NI ~ N._ -~ 9
turn could be assembled by a formal {4 3] cycloaddition b 8 Y
reaction upon the alkoxypyrrolé aReagents: (a) 13% aqueous NaOCI, HOAc, 65%; (b) MOMEI, (
Selective oxidatiohof 1,2-hexanediol followed by protection ~ PreNEt, CHCl,, 0° — RT, 93%); (c) KOEt, 80%; (d) Ng5,04, EtOH,
of the primary hydroxyl as the MOM ether provided ketGhia H20, 90°C, 35%; (e) BOGO, 4-DMAP, CHCN, 72%.
50% yield (Scheme 2). Regiospecific condensation of kefbne
with the monoN,N-dimethylhydrazone of glyox&bprovided the Scheme 8
dienone8 in 80% yield. Reductive cyclization of dieno@ewith OMOM . MeO.C BOC
sodium hydrosulfite in refluxing aqueous etharanid protection (/—ﬁ\/\/ N
of the resulting unstable pyrrole as the tert-butyl carbamate EOC °TBSCOM ts0”  \
,Me

provided the desired pyrrol@”

Assembly of the requisite nortropinont2 was best ac-
complished by the elegant Davies equivalent of the conventional
[4 + 3] cycloaddition. Reaction of pyrrolewith vinyl diazoester
10 and RR(OCO(CH)sCHz)4 provided bicyclic adduct1in 90%
yield (Scheme 39.Cleavage of the enol silane withBu,;NF and
exo-specific hydrogenation, followed by nucleophilic decarbo- 12 13
methoxylatioR® gave 12'* in 60% yield. Numerous variants of

(1) Irie, H.; Masaki, N.; Ohno, R.; Osaki, K.; Taga, T.; UyeoJSChem. -
Soc., Chem. Commuth97Q 1066.

(2) Sakata, K.; Aoki, K.; Chang, C.-F.; Sakurai, A.; Tamura, S.; Murakoshi,
S. Agric. Biol. Chem1978 42, 457-463.

(3) (a) Kercher, T.; Livinghouse, T. Am. Chem. S0d.996 118,4200—
4201. (b) Thomas, E. Epec. Publ.- R. Chem. Sd®94 147,223-237. (c)

Beddoes, R. L, Davies, M. P. H.; Thomas, E.JJ.Chem. Soc., Chem. aReagents: (a) rhodium octanoate dimer, pentane, reflux, 90%:; (b)

Communl1992 538-540. (d) Thompson, W. J.; Buhr, C. A. Org. Chem. . .
1083 48,2769-2772. (€) Buhr, C. ADiss. Abstr. Int. BL986 47, 1551. (f) BWNF, THF, 65%; (c) H, 5% Pd/C, MeOH, 90%; (d) D, DMSO,

Coates, H. MDiss. Abstr. Int. B1991, 51, 4342. 150°C, 90%; (e) furfural, NaOH, MeOH, #D, reflux, 90%; (f) LIHMDS,
(4) We would like to express deep gratitude to Prof. Yang Ye, Shanghai 1.1 equiv DMPU, THF, 0°C, then allyl iodide, rt, 91%; (g) toluene,

Institute of Materia Medica, Chinese Academy of Sciences for providing reflux, 86%.

authentic samples of stemofoline and isostemofoline and their corresponding

400 MHz 'H NMR spectra. . . ,
(5) Stevens, R. V.; Chapman, K. T.; Stubbs, C. A.; Tam, W. W.; Albizati, enolate chemistfy were explored to create the-axial-o'-

K. F')?eirahedron Lett1982 4647-4650. . equatorial substitution pattern exemplified by aldehydeNe
6) (a) Severin, T.; Supp, W.; Manninger, Ghem. Ber1979 112,3013- i i
3022. (b) Severin, T.; Poehlmann, Bhem Ber.1977 110,491-499. found tr?at NaOMe Cataldyzked C%nsd.ens;'égnlqmthl furflljr?I
(7)9: yellow oil; LRMS (El) calcd for GsH2sNO4: m/z= 283. Found: gave t ea,ﬂ-unsatura_te eton n 6 yield. Its olefin
m/z= 283. geometry was determined to be as shown by nOe enhancement
(8) An alternate procedure was developed using the chemistry described
by Mann: (a) de Almeida Barbosa, L. C.; MannSynthesi€1996 31—33. (10) Krapcho, A. PSynthesis982 893-914.
(b) Mann, J.; de Almeida Barbosa, L. &.Chem. Soc., Perkin Trans1992 (11)12 colorless oil; HRMS (FAB) calcd for gH3iNOs: m/z= 341.2273.
787—790. Found: m/z= 342.2272 (MH).
(9) (a) Davies, H. M. L.; Ahmed, G.; Churchill, M. RB. Am. Chem. Soc. (12) Alkylation of 12 was attempted with LiIHMDS, LDA, and KHMDS
1996 118,10774-10782. (b) Ueda, Y.; Roberge, G.; Vinet, &an. J. Chem. with allyl iodide. The only products isolated were axial and equatorial
1984 62, 2936-2940. C-allylation products at the methylene distal to thbutyl group.
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Scheme 4 Scheme 5

MOMO
20 2 24
aReagents: (a) OsQ, NalOs, EtO, H0, rt; (b) Zn(BHy),, THF, aReagents: (a) THF-78 °C, 56%; (b) DessMartin periodinane,

—10 °C, 52%; (c) TIPSCI, imidazole, DMF, 93%; (d) 2.2 MeLi, 1.1  CH,Cl,, 61%; (c) (1) CECO.H; (2) saturated aqueous NaHG®7%;
DMPU, E£O, —40 °C, 85%; (e) BuUNF, THF, 90%; (f) TsCl, pyridine, (d) THO, CHCl, 2 12%, 24: 14%.
CHCls, 90%; (9) Q, CHxCly; MesS, 65%; (h)i-BuOCOCI, N-methyl-

holine, THF, OC; (i) NaBHs, MeOH; (j) D Marti iodi . . L
gggglf 'gg% ovérall.‘(l) aBH,, MeOH; () Dess-Martin periodinane, acid, followed by adjustment of the pH to 10 resulting i@adem

triple cyclizationto give a 67% yield of stemofoline hydrat28
showing only 1765 cm' butenolide carbonyl IR absorption and
four separate butenolide carboA§C-resonances, suggesting that
all four possible diastereomers &3 were present in ap-
proximately equal amounts.

Dehydration of 23 proved surprisingly difficult, typically
leading to a retro-aldol scission giving the pentacyclic lactone
24.25 However, (CESQ,),0 uniquely led to loss of water from
23 and appearance of the characteristic chromophore at 295 nm.
Chromatography produced, in addition24, asingleconjugated
butenolide having a UV spectrum and HRMS consistent with
stemofoline 1) but differing slightly in the high field proton NMR
from that published by Irie and also provided by Ye. The richly
detailed*H NMR spectrum of our product was however indis-
tinguishable from that of isostemofoling)( kindly provided by
Professor Yé&¢ TLC analysis (silica gel, 95:5 Ci€l,:MeOH)
showed that our product co-eluted with natural isostemofoline
with an Rr = 0.30, while stemofoline had aR; = 0.36. This
route comprises the first total synthesis df){isostemofoline.

of the furan protons upon irradiation of the proximal bridgehead
proton. Alkylation of13 using LIHMDS, DMPU, and allyl iodide
occurred in 91% vyield to give a 2.4:1 mixture df4:15.
Stereoselective Claisen rearrangerfiesitenol etherl4 afforded
desiredo,f-unsaturated keton&5 in 86% yield.
Oxidative cleavage of the terminal alkeneliBwith potassium
osmate/Nal@* followed by selective Zn(Bl), reductiort® of
the aldehyde gave a hemiketal intermediate which was converted
by TIPSCl/imidazolé® to the TIPS-protected keto alcohb in
50% overall yield (Scheme 4). We could introduce the missing
C-methyl group by reaction df6 with methyllithium/DMPU in
ethet” at—40°C to provide 1,4 adduct7 as all single compound
having the desired methyl stereochemistif At this point
O-desilylation and tosylation of the primary alcohol gah&?°
and subsequent ozonolysis gave atfilin 56% overall yield.
The delicate conversion of aci® to the aldehyde was achieved
through the mixed anhydrid@, selective sodium borohydride
reductiord? and Dess-Martin oxidatiort® to give aldehyd&0in
30% overgll yield. . . . Acknowledgment. T.L.S. wishes to thank the Sherman Clarke
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5) to the aldehyde2Q) to provide a 2:1 mixture of separable fellowships. The authors thank Dr. Rene Lachicotte for collection of the
diastereomeric alcohol21) which with Dess-Martin oxidation X-ray data and solution of the crystal structure 2
each gave the same 2:1 mixture of diastereomeric ket®d?@s

36% overall yield. Ketoneg2 were stirred with trifluoroacetic Supporting Information Available: = Experimental procedures and
spectra for key intermediates (PDF). A crystallographic file in CIF format.
(13) (a) Rhoads, S. J.; Raulins, N. Rrg. React.1975 22, 1-252. (b) This material is available free of charge via the Internet at http://pubs.acs.org.

For stereochemical rationale, please see: Fleming, I.; Kemp-Jones, A. V.;

Long, W. E.; Thomas, E. I. Chem. Soc., Perkin Trans.1876 7—14. JA991528A
(14) Pappo, R.; Allen, Jr., D. S.; Lemieux, R. U.; Johnson, WJ.rg.

Chem.1956 21,478-479. (24) (a) Pelter, A.; Al-Bayati, R. I. H.; Ayoub, M. T.; Lewis, W.; Pardasani,
(15) Ranu, B. C.; Chakraborty, Retrahedron Lett199Q 31,7663-7664. P.; Hansel, RJ. Chem. Soc., Perkin Trans1987 717-742. (b) Knight, D.
(16) Ogilvie, K. K.; Thompson, E. A.; Quilliam, M. A.; Westmore, J. B.  W.; Pattenden, GJ. Chem. Soc., Perkin Trans.1D75 635-640.

Tetrahedron Lett1974 2865-2868. (25) 24: colorless crystals (recrystallized from hexane), mi10-111
(17) Seebach, D.; Locher, Rngew. Chem., Int. Ed. Endl979 18,957— °C; *H NMR (400 MHz, CDC}) 6 4.34 (br s, 1H), 3.45 (br s, Ih), 3.17 (m,

958. In contrast, MgCulLi failed to react withl6. 1H), 3.05 (m, 1H), 2.78 (dq, 1H,= 7.5, 19.7 Hz), 2.67 (d, 1Hl = 6.0 Hz),

(18) The stereochemistry about the methyl center was determined from 1.98 (m, 3H), 1.83 (m, 2H), 1.59 (m, 2H), 1.43 (m, 1H), 1.35 (qu, 2Kk
the X-ray crystal structure of pentacyclic lactob# The structure revealed 7.2 H),1.26 (d, 3HJ) = 7.2 Hz), 1.23 (m, 1H), 0.92 (t, 3H,= 7.2 Hz) ppm;
the methyl group to be equatorial as in the natural product. Homonuclear IR (CDCly) 2956, 2875, 1800, 1457 cth HRMS (FAB) calcd for GeHaa-

decoupling of the methyl group revealed a coupling consiant 11.3 Hz NOgs; m/z= 277.1740. Foundm/z= 278.1772 (MH). Reaction of23 with
between the bridgehead proton and the methine proton, further confirming p-TsOH, TMSOTf, PhNCO, DCC, BfELO, HCI, or Martin sulfurane
the assigned stereochemistry. produced?4; hot SOC} or P,Os or Burgess reagent gave no reaction. Direct

(19) Molecular modeling suggested that tag-unsaturated ketone should addition of the lithium enolate of the butenolide to lact@devas unsuccessful;
be oriented to preferentially allow attack from the bottom face of the alkene. the retro-aldol equilibrium favors the lacto2d.
The steric bulk of the TIPS protecting group may also have helped direct the  (26)2: off white solid; *H NMR (400 MHz, CDC}) 6 4.29 (s, 1H), 4.12

approach of the nucleophile from the bottom face. (s, 3H), 3.49 (m, 1H), 3.20 (m, 2H), 3.03 (m, 1H), 2.73 (d, IHs 5.2 Hz),
(20)18: thick colorless oil; HRMS (FAB) calcd for £H4/NO,S: 633.3940. 2.05 (s, 3H), 2.00 (m, 2H), 1.84 (m, 1H), 1.74 (dd, 2H+ 3.6, 10.8 Hz),

Found: 656.2870 (M- Na'). 1.58 (m, 3H), 1.46 (d, 3Hj = 6.4 Hz), 1.36 (qu, 2HJ = 6.8 Hz), 1.28 (m,
(21) Vaughan, J. R., Jd. Am. Chem. Sod. 95, 73, 3547. 1H), 0.92 (t, 3HJ = 6.8 Hz) ppm; IR (CDGJ) 2956, 1736, 1691, 1619 crh
(22) Ishizumi, K.; Koga, K.; Yamada, S. Chem. Pharm. Bull1968 16, UV (EtOH) Amax= 295 nm € = 22500). HRMS (DEI) calcd for &H,9NOs:

492-497. m/z= 387.2045. Foundm/z= 387.2044. In our hands authenfiaid not

(23) Dess, P. B.; Martin, J. d. Org. Chem1983 48, 4155-4156. isomerize to2 after 36 h in excess GEO,H—CH,Cls.



