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Abstract Starting from an appropriate unsaturated phengigbl-derived oxazolopiperidone lactam,
the synthesis ofH)-16-episilicine is reported, the key steps beirgjegieoselective conjugate addition, a
stereoselective alkylation, and a riofpsing metathesis reaction. This represents thet fi

enantioselective total synthesis of an alkaloithefsilicine group.



Introduction

The ervatamine-silicine alkaloitisonstitute a relatively numerous group of Coryhaanh-typé 2-
acylindole alkaloids with a rearranged skeletont tlecks the characteristic tryptamine moiety
(Ind—-Cs—Cs-N)* present in most indole alkaloids, having an unui$u@Cs—C16~Cs—N connectivity

instead (Figure 1).
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FIGURE 1. Representative alkaloids of the ervatamine-sii@roup.

Biogenetically, these alkaloids derive from secaltig via a vobasindl-oxide equivalent, which
undergoes a fragmentation reaction and then azeywn to form the central carbocyclic seven-
membered ring characteristic of these natural ptsd{Echeme 1). As a consequence of their biogeneti
origin, the configuration of the C-15 stereoceritethese alkaloids is usuall$ (H-153),* the same
configuration as in C-15 in secologartitowever, they differ in the relative stereochenyistk C-16 €is

or trans C/D ring fusion) and C-20 (there are also CE26thylidene derivatives), the oxidation level at

C-6 (some are 6-oxo derivatives), and the presenoet of a C-16 methoxycarbonyl group.

SCHEME 1. Biosynthetic Pathway to Ervatamine-Silicne Alkaloids. The Absolute Configuration

of C-15
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The alkaloids of the ervatamine-silicine group haeeeived scarce attention from the synthetic
standpoint and, with the exception of our preliminary refam the synthesis ofJ-16-episilicine, no
enantioselective total syntheses for these alksloave been reported so far.

Ervatamines and silicines can be envisaged asieparg¢ 3,4,5-trisubstituted piperidines (the former
with an additional methoxycarbonyl substituent) ttleenbody an ethyl substituent and a seven-
membered carbocyclic ring fused on th&ide of the heterocycle.

Bearing in mind the versatility of aminoalcohol-gded oxazolopiperidone lactams as chiral building
blocks for the enantioselective construction of pter piperidine-containing derivativéshe above
structural features prompted us to explore thatytdf these lactams as starting scaffolds for the
synthesis of ervatamine-silicine alkaloids. Scheétneutlines our synthetic strategy, whose key steps
would be i) the stereoselective conjugate additbma vinyl residue to an unsaturated lactam already
incorporating the ethyl substituent present in tiadural targets; ii) a stereoselective alkylation t
introduce a 2-vinyl-3-indolylmethyl fragment; ariij & ring-closing olefin metathesis (RCM) reacflion
to construct the carbocyclic seven-membered C Bhsequent oxidation-reduction and protecting-
deprotecting steps would complete the synthesenaitamines. The alcoxycarbonyl substituent in the
starting lactam would not only facilitate the sulpsent conjugate additidrand alkylation steps but

could also be removed in advanced stages of thesis to provide access to the silicine series.
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SCHEME 2. Synthetic Strategy
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Results and discussion

The knowrl® lactam1 was selected to carry out our initial studies. Thejugate addition of the vinyl
group was accomplished in excellent chemical yagld completexcfacial selectivitycis with respect
to the ethyl substituent. The subsequent alkylatibthe resulting mixture of C-6 epimeric lactagts
with 3-(bromomethyl)indole3'? took place stereoselectively on the most accessiate of the
piperidine ring providing derivativd in excellent yield (84%) as a single stereoison&ahéme 3).
Surprisingly, treatment oft with the seconggeneration Grubbs catalyst in refluxing toluene ted
hexacycle5 (33% vyield), resulting from an intramolecular Diefdder process?® instead of the
expected ring-closing metathesis product. A simisult was obtained using the Hovey@Gaubbs
catalyst. As might be expected, hexacyslevas also obtained (60% yield) when a solutiordoh

toluene was heated at reflux in the absence of ld R&lalyst.

SCHEME 3. First Synthetic Approach. An Unexpected [ls-Alder Reaction
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To evaluate if the failure of the ring-closing ntasis reaction could be attributed to the deatitiga
effect of the ethoxycarbonyl substituent on theylmmole moiety, we turned our attention to died)e
which bears an unsubstituted vinyl substituenth@nindole ring. This diene was prepared in excellen
overall yield by alkylation of the 1,3-dicarbonyrivative2 with 3-(bromomethyl)indol®, followed by
Wittig methylenation of the resulting 2-formylindol (Scheme 4). However, heating a toluene solution
of 8 in the presence of the secegéneration Grubbs catalyst did not lead to the egering-closing
metathesis product either, giving the Didl&der adduc® instead.

SCHEME 4. Second Synthetic Approach
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At this point, we reasoned that the failure in ttlesure of the seven-membered ring of the target
alkaloids by a RCM reaction could have a confororal origin due to the steric crowding caused by

the benzyloxycarbonyl substituent on the quatermcampon. For this reason, we decided to prepare
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diene 14q i. e. thetert-butyl ester analog o8, from which thetert-butoxycarbonyl group could be
easily removed under non-reductive conditions withaffecting the carbon-carbon double bonds. The
synthesis ofl4a was performed as outlined in Scheme 5, followingyathetic route similar to that
previously developed in the above benzyloxycarb@eyles but starting from the unsaturated lactam
11a This was readily accessible by sequential treatrotlactam10a* with (TMS)NLI, di-tert-butyl
dicarbonate, and PhSeCl, followed by oxidatiorhef tesulting mixture of selenides. Both the conjega
addition of the vinyl residue and the alkylationtbé resulting lactam2a* (mixture of C-6 epimers)
took place in excellent chemical yield and completiereoselectivity. A subsequent Wittig

methylenation of 2-formylindol&3aled to the new key intermediatda

SCHEME 5. Third Synthetic Approach
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Removal of the C-@ert-butoxycarbonyl group fromi4a was accomplished by treatment with TFA
followed by heating of the resulting keto acid @fluxing toluene to give 6,#ans oxazolopiperidone
15ain 81% yield. Only trace amounts of the correspogd-epimer were detected.

Gratifyingly, as we had assumed, diett& underwent a ring-closing metathesis reaction eatinent

with the second—generation Grubbs catalyst in xaftytoluene, leading to the desired pentacyda
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in 86% vyield. The absolute configuration dfta was unambiguously established by X-ray
crystallographic analysis (Figure 2), thus confmgnboth the stereochemical outcome of the conjugate
addition reaction, which leads to the unnaturalfigomation at C-15 (H-1&), and thetransC/D ring

fusion.
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FIGURE 2. X-ray crystal structure of pentacycle8aand16b.

In fact, the conjugate addition of organocupratesitisaturated oxazolopiperidone lactams is highly
stereoselectiVe as a consequence of the conformational rigiditshefbicyclic system, occurring under
stereoelectronic contrdf, axial to the electrophilic carbon of the conjugateuble bond and,
consequentlycis with respect to the adjacent pseudoequatorial stliystituent (seg&lain Scheme 6).
To obtain the natural (H-J3 absolute configuration at C-15, an obvious solutivas to start from the
enantiomeric lactarent11a which would be accessible from tBghenylglycinol-derived lactarant

10a However, taking into account the availabilitylattam10b,'’ to access the natural C-15 absolute
configuration we decided to use the unsaturate@dad1b, which presumably would also undergo a

stereoselective conjugate addition ultimately legdo H-13 isomers. This lactam incorporates a C-8
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ethyl substituent with the absolute configuratiequired for the synthesis of 16-episilicine, amabiid

isolated in 1975 fronPandaca caducifolid®

SCHEME 6. Control of the C-15 Configuration
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The synthetic sequence for the preparation of #ae iktermediatel6b starting from lactaniOb is
outlined in Scheme 7 and parallels that previodslyeloped starting from the diastereoisomeric facta
10a As expected, the conjugate addition of the vigndup to the unsaturated lactdrhb took place
stereoselectively leading to teeoisomerl2b (mixture of C-6 epimers). A subsequent alkylatvaith
the N-protected indole derivative afforded13b in 75% yield as a single sterecisomer, thus corfign
the facial stereoselectivity of the conjugate daddireaction. Witttig methylenation df3b followed by
removal of thdert-butoxycarbonyl group gave die@8b in 58% overall yield. Minor amounts (10%) of
the C-6 epimer (@prl5b) were also isolated. The crucial rirghosing metathesis ol5b was
efficiently performed using the secofgeneration Grubbs catalyst under refluxing toluengive the
transfused pentacyclé6b in 87% yield. Quite unexpectedly, a similar treatifrom 6epi15b led to
the anticipatectis-fused pentacycle 16pi16b in only 24% yield, the main product (50%) beiing t
Diels-Alder adduct21 (Scheme 8). As in the failure of the RCM reactifmmsn dienes4 and8, the
different behavior ofl5b and 6epi15b under RCM reaction conditions can most probablgX#ained
on conformational grounds. The absolute configaratf 16b (Figure 2), coinciding at €15 with the
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natural configuration (I%H), and 21 were unambiguously established by X-ray crystafipyic

analysis.
SCHEME 7. Enantioselective Total Synthesis of-16-Episilicine
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SCHEME 8. RCM Reaction from Diene 6epi-15b
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Once the tetracyclic ring system of the targetlaikia with the requiredrans-Cy5-Ci6 andcis-C15—Cyo
configuration, was assembled, to complete the ggmhfrom16b we only needed to remove the chiral

auxiliary and the indole protecting group, and dguat the oxidation level. Catalytic hydrogenatimin
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the carbon-carbon double bond1b followed by treatment with LiAI#AICI3, which brought about
both the reduction of the lactam carbonyl group #redreductive opening of the oxazolidine ring, gav
tetracycle17 in 64% overall yield. Deprotection of the indoletragen under smooth conditions,
followed by a catalytic debenzylation in the presenf (Boc)O led to theN-Boc protected piperidine
derivative19. A chemoselective oxidation withQs'® installed the 2-acylindole carbonyl group. Finally
removal of the Boc protecting group followed by mation furnished <)-16-episilicine, thus
completing the first synthesis of this natural prod

The 'H and **C NMR data of our synthetic 16-episilicine were damplete agreement with those
previously reporte®for the alkaloid. However, the specific rotationafr synthetic material o>
=20, ¢ 1.0, CHC})}, although coinciding in its absolute value withat reported for 16-episilicine
{[a]o??*+20,c 1.0, CHCH)},*® had the opposite sigfi.Taking into account that the C-15 configuration
(S 133-H) of our synthetic 16-episilicine stems from theray crystallographic analysis of the
advanced intermediafisb, the discrepancy in the sign of tlgd{ values is striking since it might point
to an uncommon IbH absolute configuration for the alkaloid 16-elesne, which would be the
enantiomer of the structure depicted in Figure dvesver, this would need to be confirmed with new
material isolated from natural sources.

Conclusion

In summary, we have accomplished for the first tihme enantioselective total synthesis of an alkialoi
of the silicine group, thus further illustratingetipotential and versatility of phenylglycinol-dexd/
oxazolopiperidone lactams in the synthesis of eopunte piperidine—containing complex natural
products. The unexpected behavior of diedeand 8 under RCM reaction conditions represents a

serious drawback that precludes the applicatiah®feveloped strategy to the synthesis of ervaiami

alkaloids.

Experimental Section
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(3R, 7R,8S,8aR)-6-(Benzyloxycarbonyl)-8-ethyl-5-0x0-3-phenyl-7-viyl-2,3,6,7,8,8a-hexahydro-H-
oxazolo[3,2a]pyridine (2). LiCl (906 mg, 21.3 mmol) was heated at 80 °C fdr &hder vacuum (10-
15 mm Hg) in a three-necked 500 mL round-bottonteskf Then, Cul (5.6 g, 29.1 mmol) and THF (40
mL) were added at room temperature, and the mixtia® stirred at rt for 5 min. The suspension was
cooled at —78 °C, and vinylmagnesium bromide (InMHF, 29 mL), TMSCI (3.7 mL, 29.1 mmaol),
and a solution of the crude unsaturated lactdh{2.88 g) in THF (100 mL) were successively added.
The resulting mixture was stirred at —78 °C forn23he reaction was quenched with saturated aqueous
NH,4CI, and the aqueous layer was extracted with EtGAe. combined organic extracts were dried and
concentrated. Flash chromatography (4:1 hexane—&tOA:1 hexane—EtOAc) gave lactafhand 6-
epi2 as a 4:1 mixture (2.80 g, 90% yield from the crudeaturated lactart). 2 (major epimer): IR
(NaCl) 1664, 1735 cil; *H NMR (CDCls;, 400 MHz, COSY, HETCOR) 0.99 (t,J = 7.3 Hz, 3H, CH
ethyl), 1.36-1.46 (m, 1H, CiHethyl), 1.74-1.87 (m, 1H, Chethyl), 2.24-2.31 (m, 1H, H-8), 3.02 (dH,

= 7.6, 3.6 Hz, 1H, H-7), 3.50 (d,= 1.2 Hz, 1H, H-6), 3.99 (dd,= 9.2, 1.2 Hz, 1H, H-2), 4.12 (dd=
9.2, 7.2 Hz, 1H, H-2), 4.55 (d, = 10.0 Hz, 1H, H-8a), 4.91-4.95 (m, 1H, H-3), 5826 (m, 4H,
CH,CgHs, CH,=), 5.83 (dddJ = 17.2, 10.4, 7.6 Hz, 1H, CH=), 7.19-7.35 (m, 1@H); °C NMR
(CDCl;, 100.6 MHz)3 10.9 (CH ethyl), 20.5 (CH ethyl), 40.4 (C-7), 41.0 (C-8), 52.5 (C-6), 59G+ (
3), 67.0 (G2CeHs), 73.9 (C-2), 90.1 (C-8a), 118.2 (CH=), 126.4d)c127.4 (Cm), 128.0 (Cp), 128.2
(C-0), 128.4 (Cm), 128.5 (Cp), 134.1 (CH=), 140.6 (ChH, 162.0 (NCO), 169.7 (CO); épi-2 (minor
epimer): IR (NaCl) 1664, 1735 ¢h*H NMR (400 MHz, CDC4, COSY, HETCOR) 1.04 (t,J = 7.4

Hz, 3H, CH ethyl), 1.36-1.46 (m, 1H, Ctethyl), 1.74-1.87 (m, 1H, GHethyl), 2.24-2.31 (m, 1H, H-
8), 3.11 (ddd,J = 10.4, 6.4, 4.0 Hz, 1H, H-7), 3.56 @= 6.4 Hz, 1H, H-6), 4.05 (dd,= 9.2, 1.2 Hz,
1H, H-2), 4.13 (ddJ = 9.2, 7.2 Hz, 1H, H-2), 4.67 (d,= 9.6 Hz, 1H, H-8a), 4.91-4.95 (m, 1H, H-3),
5.02-5.26 (m, 4H, CkCsHs, CH,=), 5.73 (dt,J = 16.4, 10.8 Hz, 1H, CH=), 7.19-7.35 (m, 10H, ArH)

13C NMR (CDCk, 100.6 MHz)5 10.9 (CH ethyl), 20.9 (CH ethyl), 42.6 (C-7), 44.4 (C-8), 53.9 (C-6),
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59.7 (C-3), 66.8 (ChCeHs), 73.7 (C-2), 89.5 (C-8a), 120.1 (@), 126.4 (Ce), 127.4 (Crr), 128.0 (C-
p), 128.2 (Ce), 128.4 (Cr), 128.5 (Cp), 132.4 (CH=), 135.4 (@ 162.3 (NCO), 168.4 (COO);

HRMS calcd for [GsH27NO4+ Na]: 428.1832, found: 428.1837.

(3R,6R,7R,8S,8aR)-6-[(1-Benzenesulfonyl-24f-ethoxycarbonyl)vinyl-3-indolyl)methyl]-6-
(benzyloxycarbonyl)-8-ethyl-5-oxo0-3-phenyl-7-vinyl2,3,6,7,8,8a-hexahydro43-oxazolo[3,2-
alpyridine (4). NaH (60% dispersion in mineral oil, 60 mg, 1.51 ninveas slowly added at 0 °C to a
solution of lactam® (513 mg, 1.26 mmol) in dry DMF (18 mL), and thextare was stirred at 0°C for
1 h. Then, a solution of bromomethylind&@¥ (850 mg, 1.9 mmol) in DMF (6 mL) was added at 0°C,
and the resulting mixture was stirred at room temnajpee for 24 h. The mixture was poured into water,
the aqueous layer was extracted withCEtand the combined organic extracts were dried and
concentrated. Flash chromatography of the resulbiihd9:1 hexane—EtOAc to 1:1 hexane—EtOAc)
afforded pure compound (820 mg, 84% vyield): IR (film) 1659, 1715 ¢n'H NMR (400 MHz,
CDCl;, COSY, HETCORY 0.72 (t,J = 7.2 Hz, 3H, CHethyl), 1.12-1.18 (m, 2H, CHethyl, H-8), 1.37

(t, J = 7.2 Hz, 3H, E;CH,CO), 1.48-1.54 (m, 1H, CHethyl), 2.94 (dd, = 10.8, 4.4 Hz, 1H, H-7),
3.56 (d,J = 14.8 Hz, 1H, Chtind), 3.66 (d,J = 14.8 Hz, 1H, Chtind), 3.92 (dd,J = 9.0, 1.2 Hz, 1H, H-
2), 4.00 (ddJ = 9.0, 6.5 Hz, 1H, H-2), 4.28-4.36 (m, 2H, &H#H,CO), 4.62 (dJ = 9.2 Hz, 1H, H-8a),
4.82 (d,J = 6.5 Hz, 1H, H-3), 4.92-5.03 (m, 4HHZC¢Hs, HC=CH,), 5.57-5.67 (M, 1HHC=CH),
6.26 (d,J = 16.4 Hz, 1 H, CH=BCO), 6.69 (m, 1H, H-6 ind), 7.06-7.46 (m, 11H, A5 ind), 7.65
(dd,J = 8.4, 1.2 Hz, 1H, H-7 ind), 8.05 (d~ 16.4 Hz, 1H, €EI=CHCO), 8.11 (dJ = 8.4 Hz, 1H, H-4
ind); *C NMR (CDCE, 100.6 MHz)3 10.5 (CH ethyl), 14.3 CHsCH,CO), 20.1 (CH ethyl), 29.7
(CHz-ind), 43.4 (C-8), 46.0 (C-7), 59.9 (C-6), 60.2 3-60.8 (CHCH,CO), 67.1 CH,CgHs), 74.2 (C-
2), 88.7 (C-8a), 114.20H=CHCO), 120.1 (HCEH,), 121.4 (C-7 ind), 121.7 (C-4 ind), 124.6 (C-3
ind), 124.9 (CH€HCO), 126.0 (C-2 ind), 126.7 (C-6 ind), 126.9 (@nH), 127.5 (Ce), 128.1 (Cm),
128.2 (Cp), 128.5 (Ce), 128.6 (Cm), 129.0 (Cp), 130.4 (Ci), 132.9 (HC=CH,), 133.9 (C#), 135.0

(C-), 135.2 (Ce), 136.3 (Crr), 137.9 (C-3a ind), 140.9 (C-7a ind), 165.8 (COD§5.9 (COO), 170.4
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(NCO); [0]*%5 —58.3 € 1.0, CHC}). Anal. Calcd. for GsH.4N-OsS: C, 69.93; H, 5.74; N, 3.62; S, 4.15.

Found: C, 69.93; H, 5.69; N, 3.55; S, 4.05.

Attempted RCM reaction from 4. Seconetgeneration Grubbs catalyst (2 mg) was added tdutico
of compound (60 mg, 0.08 mmol) in toluene (20 mL) and the l&sy mixture was heated at reflux
for 16 days, with an additional 2 mg of catalysinigeadded each 24h. The solvent was evaporated and
the resulting residue was chromatographed (99:2CGGHEtOAC) to yield hexacycl® (20 mg, 33%
yield): IR (film): 1678, 1730 cit; 'H NMR (400 MHz, CDC}, COSY, HETCOR; see Supporting
Information for the numbering syste@d).99 (t,J = 7.4 Hz, 3H, CHethyl),1.31 (t,J = 7.1 Hz, 3H,
CH3CH,CO), 1.36 (d,J = 15.6 Hz, 1H, H-15), 1.65 (d,= 15.6 Hz, 1H, H-15), 1.79-1.87 (m, 1H, H-8),
1.89-1.99 (m, 2H, CHethyl), 2.13-2.19 (m, 1H, H-10), 2.46-2.53 (m,, H#8a, H-9), 2.96-3.01 (m,
1H, H-7), 3.08 (ddJ = 9.6, 4.8 Hz, 1H, H-8b), 4.07 (d= 4.0 Hz, 2H, H-11), 4.17 (d,= 6.4 Hz, 1H,
CH3CH,CO), 4.21 (d,J = 6.4 Hz, 1H, CHCH,CO), 4.77 (tJ = 4.0 Hz, 1H, H-12), 4.88 (d,= 6.0 Hz,
1H, H-9a), 5.06 (dJ = 12.0 Hz, 1H, €,CeHs), 5.16 (d,J = 12.0 Hz, 1H, ©,CeHs), 6.38 (d,J = 3.6
Hz, 1H, H-6), 6.56 (dJ = 7.6 Hz, 1H, H-1), 6.75 (ddd,= 8.8, 7.6, 1.2 Hz, 1H, H-2), 7.11 (dbi= 8.4,
1.2 Hz, 1H, ArH), 7.16 (dd] = 8.4, 1.2 Hz, 1H, ArH), 7.32-7.44 (m, 13H, ArH)50 (dd, J=8.8, 1.2
Hz, 1H, H-4), 7.77 (dd) = 8.8, 0.8 Hz, 1H, H-3}**C NMR (CDC}, 100.6 MHz)312.9 (CH; ethyl),
14.2 CH3CH,CO), 24.3 (CH ethyl), 25.2 (C-8), 39.7 (C-7), 43.0 (C-9), 43G34a), 44.0 (C-15), 49.7
(C-8b), 53.2 (C-15a), 58.1 (C-12), 60.3 (C-14a)16CHCH,CO), 67.7 CH,CeHs), 74.1 (C-11), 93.5
(C-9a), 110.0 (C-6), 113.0 (C-4), 116.9 (C-2), BXL-3), 125.5 (C-1), 126.4 (6); 126.9 (Cr), 127.8
(C-p), 128.0 (Ce), 128.6 (Cm), 128.7 (Cp), 128.8 (Ce), 128.9 (Cr), 133.6 (C#), 134.9 (Ci), 137.0
(C), 138.8 (C-15b), 140.2 (C-4a), 141.6 (C-5a), 14446), 166.0 (NCO), 170.8 (COO), 173.2
(CO0); []*» —56.1 € 0,5, CHC}). Anal. Calcd. for GsH4sN-OsS: C, 69.93; H, 5.74; N, 3.62; S, 4.15.

Found: C, 69.81; H, 5.76; N, 3.29; S, 3.89.

1-(Benzenesulfonyl)-3-(bromomethyl)indole-2-carbalehyde (6). Benzoyl peroxide (2 mg (0.008

mmol) was added at rt to a solution of 1-(benzelfi@syl)-3-methylindole-2-carbaldehy&e(250 mg,
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0.84 mmol) and NBS (155 mg, 0.87 mmol) in anhydr@@, (20 mL). The mixture was heated at
reflux for 4 h, cooled at rt, and filtered. Thean was concentrated, and the resulting residag w
chromatographed (hexane to 9:1 hex&t®Ac) to give formylindoles (188 mg, 60% yield): IR (film)
1678 cm®; *H NMR (300 MHz, CDC}) & 4.91 (s, 2H, Ch), 7.39-7.74 (m, 8H, ArH), 8.22 (d,= 8.7
Hz, 1H, H-4), 10.66 (s, 1H, CHOYC NMR (CDCE, 75.4 MHz)d 20.6 (CH), 115.6 (C-7), 121.6 (C-
4), 125.1 (C-6), 126.6 (C-5), 128.1 (C-3), 129.40§C129.5 (Cm), 129.7 (Cp), 132.3 (C-2), 134.5 (C-
3a), 137.1 (C-7a), 137.2 (§,-184.8 (CHO); HRMS calcd for jgH12NOsSBr + H]: 377.9794, found:

377.9781.

(3R,6R,7R,8S,8aR)-6-[(1-Benzenesulfonyl-2-formyl-3-indolyl)methyl]6-(benzyloxycarbonyl)-8-
ethyl-5-oxo-3-phenyl-7-vinyl-2,3,6,7,8,8a-hexahydrbH-oxazolo[3,2a]pyridine (7). Operating as in
the above preparation df from lactam2 (39 mg, 0.1 mmol), NaH (60% dispersion in minexigl 4.8
mg, 0.12 mmol), and bromomethylindd@dg63 mg, 0.16 mmol) in DMF (2 mL), compoui@d51 mg,
75% yield) was obtained after column chromatografghy hexane—EtOAc to 1:1 hexane—EtOAc) as a
yellow foam: IR (film): 1661, 1735 cify *H NMR (400 MHz, CDC}, COSY, HETCOR)5 0.88 (t,J =
7.6 Hz, 3H, CH ethyl), 1.26-1.31 (m, 1H, Gethyl), 1.61-1.69 (m, 2H, CHethyl, H-8), 3.62 (ddJ =
10.8, 4.4 Hz, 1H, H-7), 3.74 (d,= 14.0 Hz, 1H, Chtind), 3.78 (dJ = 14.0 Hz, 1H, Chtind), 3.87 (d,
J=9.2 Hz, 1H, H-2), 4.03 (dd,= 9.2, 7.2 Hz, 1H, H-2), 4.67 (d,= 9.2 Hz, 1H, H-8a), 4.81 (d,= 6.0
Hz, 1H, H-3), 4.95 (dJ = 12.4 Hz, 1H, €,CsHs), 5.00 (d,J = 12.4 Hz, 1H, €,CeHs), 5.04 (ddJ =
10.0, 1.6 Hz, 1H, HC=R,), 5.27 (ddJ = 16.0, 1.6 Hz, 1H, HC=4d,), 5.68 (dtJ = 16.0, 10.0 Hz, 1H,
HC=CH,), 6.73 (t,J = 8.0 Hz, 1 H, H-5 ind), 6.87 (d,= 4.4 Hz, 1 H, ArH), 7.05-7.08 (m, 1H, H-6 ind),
7.24-7.52 (m, 14H, ArH), 7.73 (dd,= 8.0, 1.6 Hz, 1H, H-7 ind), 7.98 (= 8.0 Hz, 1H, H-4 ind),
10.29 (s, 1H, CHO)**C NMR (CDC}, 100.6 MHz)3 10.6 (CH; ethyl), 20.6 (CH ethyl), 31.3 CH.-
ind), 42.2 (C-8), 46.1 (C-7), 60.2 (C-6), 60.3 (547.1 CH,C¢Hs), 74.3 (C-2), 89.1 (C-8a), 114.3 (C-7
ind), 120.0 (HC=E&l,), 120.3 (C-6 ind), 123.9 (C-5 ind), 128.4 (C-4)inti26.6 (C-3 ind), 126.7 (G},

127.4 (Crn), 128.1 (Cp), 128.2 (Ce), 128.4 (Cm), 128.8 (Cp), 129.4 HC=CH), 130.8 (Ce), 133.2
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(C-m), 134.1 (C-3a ind), 135.0 (> 135.3 (C#), 137.1 (C#), 137.8 (C-2 ind), 140.1 (C-7a ind), 165.5
(CO0), 170.6 (NCO), 183.9 (CHO);a’®» —-27.7 € 0.3, CHCK. Anal. Calcd. for

Ca1H3sN20;S1/2CHCl,: C, 66.88; H, 5.27; N, 3.76; S, 4.30. Found: C886H, 5.29; N, 3.85; S, 4.31.

(3R,6R,7R,8S,8aR)-6-[(1-Benzenesulfonyl-2-vinyl-3-indolyl)methyl]-6(benzyloxycarbonyl)-8-

ethyl- 5-oxo0-3-phenyl-7-vinyl-2,3,6,7,8,8a-hexahydr5H-oxazolo[3,2a]pyridine (8). KHMDS (0.5
M in toluene, 2.16 mL, 1.08 mmol) was added to latgm of methyltriphenylphosphonium bromide
(387 mg, 1.08 mmol) in anhydrous THF, and the nmxtwas stirred at rt for 30 min. This solution was
slowy transferred to a solution of formylindai€370 mg, 0.53 mmolin anhydrous THF (20 mL), and
the mixture was heated at reflux for 4 h. The reactvas quenched by addition of water, and the
mixture was extracted with 2. The combined organic extracts were dried andemanated. Flash
chromatography (9:1 hexane—gH, to 1:1 hexane—Ci€l,) gave8 (323 mg, 87% yield): IR (film)
1658, 1740 crt; *H NMR (400 MHz, CDC}, COSY, HETCOR) 0.56 (t,J = 7.2 Hz, 3H, CHethyl),
1.08-1.20 (m, 2H, CHethyl, H-8), 1.47-1.55 (m, 1H, GHethyl), 2.98 (dd) = 10.8, 4.4 Hz, 1H, H-7),
3.55 (d,J = 15.2 Hz, 1H, El,-ind), 3.71 (d,J = 15.2 Hz, 1H, El»-ind), 3.97 (ddJ = 9.2, 1.6 Hz, 1H, H-
2), 4.01 (ddJ = 9.2, 6.4 Hz, 1H, H-2), 4.61 (d,= 9.6 Hz, 1H, H-8a), 4.84 (dd,= 6.4, 1.6 Hz, 1H, H-
3), 4.94 (d, J = 12.4 Hz, 1H, E,CeHs), 4.95 (dt,J = 8.0, 1.6 Hz, 1H, CH=B,), 5.00 (d,J = 1.6 Hz,
1H, CH=CH,), 5.05 (d,J = 12.4 Hz, 1H, ©,C¢Hs), 5.37 (ddJ = 17.0, 1.6 Hz, 1H, ind-HC=@}), 5.51
(dd,J = 11.0, 1.6 Hz, 1H, ind-HCHd,), 5.63 (dd,J = 17.0, 11.0 Hz, 1H, intHC=CH,), 6.80 (td,J =
8.0, 0.8 Hz, 1 H, B=CH,), 6.80 (tdJ = 7.6, 0.8 Hz, 1H, H-5 ind), 6.85 (@= 11.6 Hz, 1 H, ArH), 6.88
(d,J=11.6 Hz, 1 H, ArH), 7.16-7.38 (m, 13H, ArH), B.4t,J = 7.6, 1.2 Hz, 1H, H-6 ind), 7.70-7.73
(m, 1H, H-7 ind), 8.11 (dd] = 7.6, 0.4 Hz, 1H, H-4 ind):*C NMR (CDCE, 100.6 MHz)310.3 (CH
ethyl), 20.0 (CH ethyl), 28.9 (CHind), 43.2 (C-8), 45.1 (C-7), 60.1 (C-3), 60.2§%-67.0 (¢1,CsHs),
74.2 (C-2), 88.7 (C-8a), 114.0 (C-7 ind), 117.25@d), 119.7 (CHEH,), 120.9 (C-6 ind), 122.7 (ind-
CH=CHy), 124.1 (ind€H=CH,), 124.9 (C-3 ind), 126.8 (C-4 ind), 127@H=CH,), 127.5 (Ce), 128.0
(C-m), 128.1 (Cp), 128.2 (Ce), 128.5 (Cm), 128.6 (Cp), 128.9 (Ce), 130.8 (C-3a ind), 133.3 (M),

133.6 (Cp), 135.3 (Ci), 135.4 (C-2 ind), 137.1 (©; 138.4 (C#), 140.9 (C-7a ind), 166.3 (COO), 170.9
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(NCO); [0]%p —21.5 € 0.4, CHCH). Anal. Calcd. For GH4oN»0sS1/2H,0: C, 67.63; H, 6.08; N, 3.76.

Found C, 67.40; H, 5.68; N, 3.56.

Attempted RCM reaction from 8. Operating as in the preparation of compo&ndexacycled was
obtained (8 mg, 32% vyield) from lacta& (25 mg, 0.04 mmol) and the secegéneration Grubbs
catalyst (8 mg; 0.5 mg/day, 16 days) in toluene ifil0 after flash chromatography (9:1 &H,—
EtOAc). 9: IR (film) 1661, 1730 cit; *H NMR (400 MHz, CDC}, COSY, HETCOR; see Supporting
Information for the numbering systerd)0.84 (t,J = 7.3 Hz, 3H, CH ethyl), 1.42-1.78 (m, 6H, CH
ethyl, H-7, H-8), 2.20-2.25 (m, 1H, H-9), 2.55 (s 16.0 Hz, 1H, H-15), 2.75 (d,= 16.0 Hz, 1H, H-
15), 2.97 (dd)) = 8.8, 4.8 Hz, 1H, H-8b), 3.06 (m, 1H,84), 4.07 (d,J = 4.0 Hz, 2H, H-11), 4.88 (4,=
4.0 Hz, 1H, H-12), 4.93 (d,= 5.6 Hz, 1H, H-9a), 5.18 (d,= 12.0 Hz, 1H, E,CeHs), 5.23 (d,J = 12.0
Hz, 1H, (H,CeHs), 6.27 (d,J = 7.6 Hz, 1H, H-6), 6.56 (td = 8.0, 0.8 Hz, 1H, H-1), 7.11 (td,= 8.0,
1.2 Hz, 1H, H-2), 7.36-7.45 (m, 15H, ArH), 7.56 Jd 7.6 Hz, 1H, H-4), 8.00 (dd,= 8.0, 1.6 Hz, 1H,
H-3); 3C NMR (CDCE, 100.6 MHz)3 12.5 (CH ethyl), 24.7 (CH ethyl), 21.6 (C-8), 23.6 (C-7), 32.8
(C-15), 42.1 (C-9), 47.6 (C-8a), 49.9 (C-8b), 5€t12), 59.3 (C-15a), 60.2 (C-14a), 67CH,CeHs),
74.0 (C-11), 93.7 (C-9a), 101.8 (C-6), 114.5 (CH)7.0 (C-2), 123.1 (C-3), 124.7 (C-1), 126.7dC-
127.1 (Cm), 127.7 (Cp), 128.0 (Ce), 128.2 (Cm), 128.7 (Cp), 134.7 (Ci), 137.1 (C#), 139.2 (C-
15b), 140.2 (C-4b), 141.8 (C-5a), 167.7 (COO), 27ACO); p]*% +14.6 € 0.5, CHCE); HRMS

calcd for [C42H40N206S + H]: 701.8509, found, 701,8504.

(3R,8S,8aR)-6-(tert-Butoxycarbonyl)-8-ethyl-5-oxo0-3-phenyl-2,3,8,8a-teahydro-5 H-oxazolo[3,2-
alpyridine (11a). Lithium bis(trimethylsilyl)amide (17.4 mL of a 1M solution in THF) was slowly
added at-78 °C to a solution of lactart0a* (2 g, 8.1 mmol) in anhydrous THF (100 mL), and the
resulting mixture was stirred for 90 min. Then, ¢B©® (1.90 g, 8.71 mmol) and, after 2 h of continuous
stirring at—78 °C, a solution of PhSeCl (2.12 g, 11.05 mmolxihydrous THF (10 mL) were added.
The mixture was stirred for 2 h and poured intausded aqueous NKEI. The aqueous layer was

extracted with EtOAc, and the combined organic et were dried and concentrated. Flash
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chromatography (1:9 hexad&tOAc) of the resulting oil afforded the correspmugdselenides as a
mixture of C-6 epimers (3.64 g, 89 % yield). Pusmniers were isolated after a subsequent
chromatography. HigherRpimer: IR (NaCl) 1665, 1726 ¢ *H NMR (CDCk, 400 MHz, COSY,
HETCOR)30.91 (t,J = 7.2 Hz, 3H, CH), 1.18 (m, 1H, CHethyl), 1.29 [s, 9H, (83)sC], 1.66 (m, 1H,
CH,ethyl), 1.76 (t,J = 12.4 Hz, 1H, H-7), 1.81 (m, 1H, H-8), 2.36 (dd; 12.4, 1.2 Hz, 1H, H-7), 3.88
(d, J = 8.8 Hz, 1H, H-8a), 3.95 (dd,= 9.2, 6.8 Hz, 1H, H-2), 3.98 (dd= 9.2, 2.4 Hz, 1H, H-2), 4.81
(dd,J = 6.8, 2.4 Hz, 1H, H-3), 7.20-7.55 (m, 10H, ArtC NMR (CDCE, 100.6 MHz)3 10.6 (CH),
23.4 (CH ethyl), 27.5 [CH3)sC], 36.8 (C-7), 39.8 (C-8), 55.7 (C-6), 59.2 (C-3%.0 (C-2), 82.7
[(CH3)sC], 92.2 (C-8a), 126.9-129.5 (G-m, P, 138.3 (Ci), 140.8 (CP), 163.6 (NCO), 168.9 (COO);
HRMS calcd for [GeH31:NOsSe + H]: 502.1484, found: 502.1491. LowereRimer: IR (NaCl) 1668,
1725 cm®’; 'H NMR (CDCk, 400 MHz, COSY, HETCOR® 0.91 (t,J = 7.2 Hz, 3H, CH), 1.18 (m,
1H, CH ethyl), 1.45 [s, 9H, (CHsC)], 1.66 (m, 1H, Chethyl), 1.96 (ddJ) = 14.0, 11.2 Hz, 1H, H-7),
2.04 (m, 1H, H-8), 2.13 (dd,= 14.0, 3.6 Hz, 1H, H-7), 4.06 (dd= 9.2, 1.2 Hz, 1H, H-2), 4.16 (dd,
=9.2, 6.8 Hz, 1H, H-2), 4.57 (d,= 8.4 Hz, 1H, H-8a), 4.95 (dd,= 6.8, 1.2 Hz, 1H, H-3), 7.20-7.55
(m, 10H, ArH);*3C NMR (CDCE, 100.6 MHz)3 10.8 (CH), 23.9 (CH ethyl), 27.8 [CH3)sC], 34.3 (C-
7), 38.5 (C-8), 56.7 (C-6), 59.3 (C-3), 73.9 (C&2,8 [(CH)sC], 92.1 (C-8a), 126.7-129.5 (G-m, P,
138.1 (Ci), 140.7 (Ci, 163.5 (NCO), 168.6 (COO); HRMS calcd for spBsN,0sSe + Nay:
1025.2728, found: 1025.2732. A stream of ozonengasbubbled through a cooled/g °C) solution of
the above selenid€8.64 g, 7.26 mmol) in anhydrous &&, (215 mL) until it turned pale blue (5 min).
Then, the solution was purged with,@nd the temperature was slowly raised to 25 %@&rA80 min of
stirring, the mixture was poured intro brine, ahé aaqueous layer was extracted with,CH The
combined organic extracts were dried and concetriat give unsaturated lactektia (2.5 g) as an oil,
which due to its unstability was used in the nesction without further purificatiorH NMR (CDCl,
300 MHz)3 1.14 (t,J = 7.5 Hz, 3H, CH), 1.50 [s, 9H, C(Bl5)3], 1.64 (m, 1H, CHethyl), 1.88 (m, 1H,

CH, ethyl), 2.72 (m, 1H, H-8), 4.14 (dd= 8.7, 1.5 Hz, 1H, H-2), 4.21 (dd= 8.7, 6.3 Hz, 1H, H-2),
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4.85 (d,J = 10.5 Hz, 1H, H-8a), 5.05 (dd~= 6.3, 1.5 Hz, 1H, H-3), 7.03 (d~= 1.4 Hz, 1H, H-7), 7.10-

7.20 (m, 5H, ArH).

(3R,8R,8aS)-6-(tert-Butoxycarbonyl)-8-ethyl-5-ox0-3-phenyl-2,3,8,8a-teahydro-5 H-oxazolo[3,2-
alpyridine (11b). Operating as in the above preparatiod bd, from lactam10b'’ (1.56 g, 6.36 mmol)

in THF (100 mL), LIHMDS (13.5 mL of a 1.0 M solutian THF), (Boc)O (1.47 g, 6.74 mmol) in THF
(20 ml), and PhSeCl (1.64 g, 8.54 mmol) in THF (d0), a 7:3 mixture of C-6 epimeric selenides (2.6
g, 82% yield) was obtained. Pure isomers weraisdl after a subsequent flash chromatography (9:1
hexane-EtOAC to 4:1 hexaneéEtOAc). Higher Repimer: IR (NaCl) 1658, 1735 ¢m*H NMR (CDCE,
400 MHz, COSY, HETCORJ 0.73 (t,J = 7.3 Hz, 3H, CHethyl), 1.12-1.20 (m, 1H, Ctethyl), 1.44

[s, 9H, C(GHa)s], 1.64-1.71 (m, 1H, Chithyl), 1.83-1.92 (m, 2H, H-7, H-8), 2.03 (di 11.2, 2.0 Hz,
1H, H-7), 3.73 (ddJ = 8.8, 0.4 Hz, 1H, H-2), 4.44 (dd= 8.8, 7.6 Hz, 1H, H-2), 4.67 (d,= 8.0 Hz,
1H, H-8a), 5.25 (tJ = 7.6 Hz, 1H, H-3), 7.24-7.40 (m, 8H, ArH), 7.8,(2H, Ar-H); *C NMR
(CDCl;, 100.6 MHz)d 10.8 (CH ethyl), 24.0 (CHethyl), 27.7 CH3)sC], 33.3 (C-7), 38.2 (C-8), 57.4
(C-6), 58.6 (C-3), 72.3 (C-2), 82.8 [GHC], 92.3 (C-8a), 125.8 (@), 127.2 (Cm), 127.4 (Cp), 128.6
(C-0), 128.8 (Cm), 129.4 (Cp), 138.1 (CH), 138.9 (Ci), 165.0 (NCO), 170.0 (CO);a]*%> - 169.5 ¢
1.0, CHC}); HRMS calcd for [GgH3:NO4,Se + Na]: 524.1310, found: 524.1312. LowgrepRimer: IR
(NaCl) 1662, 1725 ciil; *H NMR (CDCk, 400 MHz, COSY, HETCOR)0.93 (t,J = 7.3 Hz, 3H, CH
ethyl), 1.15-1.22 (m, 1H, Cfethyl), 1.47 [s, 9H, C(B3)3], 1.62-1.83 (m, 2H, Clethyl, H-8), 1.79 (d,
J=12.0 Hz, 1H, H-7), 2.39 (d,= 12.0 Hz, 1H, H-7), 3.78 (dd,= 8.8, 6.8 Hz, 1H, H-2), 4.28 (d,=
8.0 Hz, 1H, H-8a), 4.37 (dd,= 8.8, 7.6 Hz, 1H, H-2), 5.31 (,= 7.3 Hz, 1H, H-3), 7.11-7.37 (m, 9H,
ArH), 7.50 (dd,J = 8.0, 1.2 Hz, 1H, ArH)*3C NMR (CDCE, 100.6 MHz)3 10.8 (CH ethyl), 23.9 (CH
ethyl), 27.7 CH3)sC], 35.3 (C-7), 39.4 (C-8), 55.8 (C-6), 59.0 (C-32.1 (C-2), 83.2 [CH3C], 92.0
(C-8a), 126.5 (@), 126.8 (Cm), 127.5 (Cp), 128.6 (Ce¢), 128.7 (Cm), 129.1 (Cp), 138.0 (CH), 138.9
(C), 165.5 (NCO), 169.1 (CO)p]* -13.1 € 0.5, CHC}). Operating as described above for the

preparation of compoundla unstable lactanilb (1,78 g) was obtained from the corresponding
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selenides (2.6 g, 5.2 mmol) in @E&l, (100 mL):*H NMR (CDCk, 400 MHz)51.11 (t,J = 7.3 Hz, 3H,
CH;s ethyl), 1.50 [s, 9H, C(Ch)], 1.56-1.65 (m, 1H, CHethyl), 1.82-1.89 (m, 1H, Ctethyl), 2.53
(dddd,J = 9.6, 8.0, 5.2, 2.0 Hz, 1H, H-8), 3.93 (dck 9.2, 6.0 Hz, 1H, H-2), 4.43 (dd= 9.2, 7.2 Hz,
1H, H-2), 5.10 (d,) = 9.6 Hz, 1H, H-8a), 5.27 (§,= 6.3 Hz, 1H, H-3), 6.98 (dl = 2.0 Hz, 1H, H-7),
7.24-7.91 (m, 5H, ArH)*C NMR (CDCk, 100.6 MHz)3d 11.0 (CH ethyl), 23.5 (CH ethyl), 28.0
[C(CHg)], 42.4 (C-8), 58.3 (C-3), 73.1 (C-2), 82.0(CHs)s], 90.7 (C-8a), 126.3 (©), 127.7 (Cp),

128.7 (Cm), 131.5 (C-6), 138.9 (€ 144.7 (C-7), 157.8 (NCO), 162.5 (CO).

(3R,7R,8S,8aR)-6-(tert-Butoxycarbonyl)-8-ethyl-5-oxo-3-phenyl-7-vinyl-2,36,7,8,8a-hexahydro-
5H-oxazolo[3,2a]pyridine (12a). Operating as in the above preparatior2 pfrom LiCl (1.23 g, 29.29
mmol), Cul (5.54 g, 29.08 mmol), vinylmagnesiumraide (1 M in THF, 29.08 mL), TMSCI (3.7 mL,
29.1 mmol), and a solution of the crude unsaturlgethml1la (2.5 g, 7.27 mmol) in THF (100 mL),
lactaml12awas obtained as a mixture of C-6 epimers (rati@3,72.51 g, 83% overall yield fro0a)
after flash chromatography (9:1 hexaB#OAc to 4:1 hexaneEtOAc). Higher Repimer: IR (NaCl)
1666, 1731 cit; *H NMR (CDCh, 400 MHz, COSY, HETCOR) 1.07 (t,J = 7.2 Hz, 3H, CHethyl),
1.37 [s, 9H, C(€la)s], 1.45 (m, 1H, CHethyl), 1.83 (m, 1H, Chiethyl), 2.36 (m, 1H, H-8), 3.05 (dd,
= 8.0, 3.6 Hz, 1H, H-7), 3.32 (d,= 0.8 Hz, 1H, H-6), 3.98 (dd,= 9.2, 1.2 Hz, 1H, H-2), 4.11 (dd=
9.2, 7.2 Hz, 1H, H-2), 4.52 (d,= 10.0 Hz, 1H, H-8a), 4.90 (dd= 7.2, 1.2 Hz, 1H, H-3), 5.16 (d,=
17.2 Hz, 1H, HC=@l,), 5.23 (d,J = 10.8 Hz, 1H, HC=6,), 5.82 (dddJ = 17.2, 10.8, 8.0 Hz, 1H,
HC=CH,), 7.20-7.35 (m, 5H, ArH); **C NMR (CDC}, 100.6 MHz)311.0 (CH ethyl), 20.5 (CH
ethyl), 27.8 [CCH3)3], 40.6 (C-8), 40.8 (C-7), 53.6 (C-6), 59.4 (C-34.0 (C-2), 81.9¢(CHa)s], 90.1
(C-8a), 118.0 (HCEH,), 126.4, 128.3 (@, m), 127.3(Cp), 134.6 (HC=CHy), 140.9 (Ci), 162.4
(NCO), 168.6 (COO). Lower f®@pimer:*H NMR (CDCk, 400 MHz, COSY, HETCOR$ 1.04 (t,J =
7.6 Hz, 3H, CHethyl), 1.38 [s, 9H, C(B3)s), 1.45 (bs, 1H, Chlethyl), 1.83 (bs, 2H, Cktthyl, H-8),
3.08 (dd,J = 6.0, 3.2 Hz, 1H, H-7), 3.36 (d,= 6.0 Hz, 1H, H-6), 4.02 (dd,= 9.2, 0.8 Hz, 1H, H-2),

4.13 (dd,J = 9.2, 8.8 Hz, 1H, H-2), 4.66 (d,= 9.2 Hz, 1H, H-8a), 4.92 (bs, 1H, H-3), 5.21 (BH,
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HC=CH,), 5.76 (dt,J = 16.8, 10.8 Hz, 1H4C=CHp), 7.20-7.35 (m, 5H, ArH)**C NMR (CDCk, 100.6
MHz) &10.9 (CH ethyl), 20.9 (CHethyl), 28.0 [CCH3)s], 42.4 (C-7), 44.6 (C-8), 54.6 (C-6), 59.7 (C-
3), 73.7 (C-2), 81.5G(CHy)s], 89.6 (C-8a), 119.6 (HGZH,), 126.5 (Ce), 127.4 (Cm), 127.5 (Cp),
132.9 (HC=CH,), 141.2 (Ci), 162.9 (COO), 167.7 (NCO). Anal. Calcd. FogldNO,1/2H,0: C,

69.45; H, 7.95; N, 3.68. Found C, 69.35; H, 7.933N3.

(3R, 7S,8R,8aS)-6-(tert-Butoxycarbonyl)-8-ethyl-5-oxo-3-phenyl-7-vinyl-2,36,7,8,8a-hexahydro-
5H-oxazolo[3,2a]pyridine (12b). Operating as in the above preparatiod24,from LiCl (0.88 g, 20.8
mmol), Cul (3.95 g, 20.8 mmol), vinylmagnesium brden(1 M in THF, 20.8 mL), TMSCI (2.7 mL,
20.8 mmol), and a solution of the crude unsaturetam11b (1.78 g, 5.2 mmol) in THF (100 mL),
lactam12b was obtained as a mixture of C-6 epimers (ratig 4:98 g, 84% overall yield frorhOb)
after flash chromatography (hexane to 1:9 hexBt@Ac). Pure isomers were isolated after a
subsequent chromatography. Higherepimer:*H NMR (CDCk, 400 MHz, COSY, HETCOR) 1.01
(t, J = 7.3 Hz, 3H, CH ethyl), 1.36-1.64 (m, 1H, Gethyl), 1.47 [s, 9H, (CHsC], 1.70-1.80 (m, 1H,
CH, ethyl), 2.02-2.09 (m, 1H, H-8), 2.97 (ddH= 8.0, 3.6, 1.2 Hz, 1H, H-7), 3.45 @= 1.2 Hz, 1H,
H-6), 3.70 (dd, = 13.6, 9.0 Hz, 1H, H-2), 4.51 (ddi= 13.6, 8.4 Hz, 1H, H-2), 4.63 (d= 8.8 Hz, 1H,
H-8a), 5.20-5.30 (m, 3H, H-3, HC#6), 5.79-5.90 (m, 1HHC=CH,), 7.20-7.35 (m, 5H, Ar-H)**C
NMR (CDCk, 100.6 MHz)3 11.1 (CH ethyl), 21.2 (CH ethyl), 27.8 [CH3)sC], 40.8 (C-8), 41.0 (C-7),
53.4 (C-6), 58.7 (C-3), 72.5 (C-2), 82.0 [(g}4C], 90.5 (C-8a), 118.1 (HG3H,), 125.8 (Ce), 127.4
(C-m), 128.7 (Cp), 134.3 (HC=CH,), 139.4 (Ci), 164.2 (NCO), 169.2 (CO); HRMS calcd for
[CaoH2gNO, + H]: 372.2169found: 372.2166. Lower fepimer:'*H NMR (CDCk, 400 MHz, COSY,
HETCOR)& 1.03 (t,J = 7.4 Hz, 3H, CH ethyl), 1.36-1.64 (m, 1H, GHethyl), 1.42 [s, 9H, (CHsC],
1.70-1.80 (m, 1H, CHethyl), 2.02-2.09 (m, 1H, H-8), 3.06 (ddb= 10.8, 6.0, 3.2 Hz, 1H, H-7), 3.48
(d,J = 6.0 Hz, 1H, H-6), 3.69 (1] = 8.5 Hz, 1H, H-2), 4.53 (dd,= 8.5, 4.8 Hz, 1H, H-2), 4.66 (d,=
9.2 Hz, 1H, H-8a), 5.19 () = 1.2 Hz, 1H, H-3), 5.20-5.37 (m, 2H, HCHE), 5.79-5.90 (m, 1H,

HC=CH), 7.20-7.35 (m, 5H, Ar-H)**C NMR (CDCE, 100.6 MHz)511.0 (CH ethyl), 21.6 (CH
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ethyl), 27.9 [CHs)sC], 42.2 (C-8), 44.4 (C-7), 54.6 (C-6), 58.1 (C-B2,2 (C-2), 81.7 [(CH)sC], 90.4
(C-8a), 120.2 (HCEH,), 125.4 (Ce), 127.3 (Crr), 128.7 (Cp), 132.4 (HC=CH,), 139.0 (Ci), 164.9

(NCO), 167.7 (CO); HRMS calcd for jgHsgN,Og + Na]: 765.4085found: 765.4080.

(3R,6R,7R,8S,8aR)-6-[(1-Benzenesulfonyl-2-formyl-3-indolyl)methyl] 6-(tert-butoxycarbonyl)-8-
ethyl-5-oxo-3-phenyl-7-vinyl-2,3,6,7,8,8a-hexahydrbH-oxazolo[3,2a]pyridine (13a). Operating as
described above for the preparatioMdpfrom lactaml2a (500 mg, 1.35 mmol), NaH (60% dispersion
in mineral oil, 65 mg, 1.62 mmol), and formylindote (2.55 mg, 6.76 mmol) in DMF (60 mL),
compoundl3a (827 mg, 92% yield) was obtained after flash cratography (9:1 hexar&tOAc): IR
(film) 1658, 1736 cm’; *H NMR (400 MHz, CDC}, COSY, HETCORY 0.85 (t,J = 7.4 Hz, 3H, CH
ethyl), 1.26-1.47 (m, 2H, CHethyl, H-8), 1.38 [s, 9H, C(€s)3], 1.62-1.69 (m, 1H, Cklethyl), 3.65-
3.74 (m, 3H, Chind, H-7), 3.85 (d,J = 8.8 Hz, 1H, H-2), 4.04 (dd,= 8.8, 6.4 Hz, 1H, H-2), 4.69 (d,

= 9.6 Hz, 1H, H-8a), 4.79 (d,= 6.4 Hz, 1H, H-3), 5.20 (dd,= 10.4, 1.6 Hz, 1H, HC=,), 5.44 (dd,]

= 16.8, 1.6 Hz, 1H, HC=K,), 5.83 (dt,J = 16.8, 10.4 Hz, 1HIC=CH), 6.69 (t,J = 7.6 Hz, 1 H, H-5
ind), 6.78-6.83 (m, 3H, ArH, H-7 ind), 7.05 (ddb> 8.8, 6.0, 2.4 Hz, 1H, H-6 ind), 7.26-7.82 (m,, 7H
ArH), 8.01 (d,J = 8.4 Hz, 1H, H-4 ind), 10.32 (s, 1H, CHOJ*C NMR (CDC}, 100.6 MHz)3 10.5
(CHjz ethyl), 20.3 (CH ethyl), 27.9 [CH3)sC], 31.1 (CH-ind), 43.0 (C-8), 44.8 (C-7), 60.0 (C-6), 60.2
(C-3), 74.2 (C-2), 82.4 [(CHkC], 88.9 (C-8a), 114.2 (C-7 ind), 120.3 (HCH,), 124.2 (C-6 ind),
124.8 (C-5 ind), 126.4 (©}, 126.7 (Cm), 127.2 (Cp), 128.2 (Ce), 128.8 (Cp), 129.4 (Cr), 130.0
(C-3 ind), 131.2 (C-2 ind), 133.5 (+CH,), 134.2 (C-4 ind), 135.0 (C-3a ind), 137.1i(Be), 137.9
(C-7a ind), 141.2 (Gpso), 166.3 (COO), 169.6 (NCO), 183.7 (CHO¥] T +19.2 (c 1.0, CHG). Anal.

Calcd. For GgH4oN207S: C, 68.24; H, 6.03; N, 4.19. Found: C, 67.855197; N, 3.76.

(3R,6S,7S,8R,8aS)-6-[(1-Benzenosulfonyl-2-formyl-3-indolyl)methyl]-6-(tert-butoxycarbonyl)-8-
ethyl-5-oxo-3-phenyl-7-vinyl-2,3,6,7,8,8a-hexahydrbH-oxazolo[3,2a]pyridine (13b). Operating as
described for the preparation ®8a pure compound3b (680 g, 75% yield) was obtained from the
mixture of lactamsl12b and 6epil2b (500 mg, 1.35 mmol), NaH (65 mg, 1.62 mmol), and
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formylindole6 (1.02 g, 2.70 mmol) in DMF (45 mL) after flash chratography (9:1 hexanEtOAc to
1:1 hexaneEtOAc). 13b: IR (KBr) 1671, 1727 ciat; *H NMR (400 MHz, CDC}, COSY, HETCORY
0.87 (t,J = 7.3 Hz, 3H, CHethyl), 1.22 [s, 9H, (CH5C], 1.27-1.37 (m, 1H, CHethyl), 1.68-1.74 (m,
1H, CH ethyl), 2.00 (ddd) = 13.2, 9.0, 3.6 Hz, 1H, H-8), 2.86 (db= 10.0, 3.6 Hz, 1H H-7), 3.66 (t,
J=8.4 Hz, 1H, H-2), 3.70 (d,= 13.2 Hz, 1H, El,-ind), 3.85 (d,] = 13.2 Hz, 1H, El,-ind), 4.49 (tJ =
8.4 Hz, 1H, H-2), 4.68 (d] = 9.0 Hz, 1H, H-8a), 5.04 (§,= 8.4 Hz, 1H, H-3), 5.22 (dd,= 10.0, 1.6
Hz, 1H, HC=GH,), 5.25 (dd,J = 17.6, 1.6 Hz, 1H, HC=@,), 5.81 (dt,J = 17.6, 10.0 Hz, 1 H,
HC=CH,), 7.20-7.30 (m, 7H, ArH, H-7 ind), 7.39 (dii= 8.0, 1.2 Hz, 2H, ArH), 7.43 (dd,= 8.0, 1.2
Hz, 1H, H-5 ind), 7.74-7.76 (m, 2H, ArH), 8.00 (tk 8.0 Hz, 1H, H-6 ind), 8.09 (d,= 8.8 Hz, 1H, H-
4 ind), 10.52 (s, 1H, CHOY}?C NMR (CDCk, 100.6 MHz)3 10.8 (CH; ethyl), 21.4 (CH ethyl), 27.8
[CH3)sC], 31.5 CHz-ind), 40.5 (C-8), 48.9 (C-7), 59.1 (C-3), 59.7 §%-72.1 (C-2), 82.5 [(CH}:C],
90.4 (C-8a), 115.0 (C-7 ind), 120.6 (HCH,), 123.9 (C-6 ind), 124.1 (C-5 ind), 125.7 (C-4)int26.8
(C-0), 127.2 (Cm), 128.4 (Cp), 128.7 (Ce), 129.0 (Cm), 129.9 (C-3 ind), 132.0 (C-2 ind), 132.7
(HC=CH,), 133.8 (Cp), 134.8 (C-3a ind), 137.3 (J; 137.6 (C-7a ind), 139.4 (J; 166.0 (NCO),
170.3 (CO), 184.8 (CHO);a]*> —137.7 ¢ 0.5, CHC}); HRMS calcd for [GgHadN»O;S + Nal:

691.2447, found: 691.2448.

(3R,6R,7R,8S,8aR)-6-[1-(1-Benzenosulfonyl-2-vinyl-3-indolyl)methyl}6-(tert-butoxycarbonyl)-8-
ethyl-5-oxo-3-phenyl-7-vinyl-2,3,6,7,8,8a-hexahydrbH-oxazolo[3,2a]pyridine (14a). Operating as
described for the preparation &, vinylindole 14a was obtained (181 mg, 70% vyield) from
methyltriphenylphosphonium bromide (542 mg, 1.52of)pfKHMDS (0.5 M in toluene, 3.0 mL, 1.52
mmol), and lactaml3a (259 mg, 0.38 mmol) in THF (30 mL) after columnramatography (9:1
hexaneCH,Cl, to 1:1 hexaneCH,Cl). 14a IR (film) 1658, 1736 crl; *H NMR (400 MHz, CDC},
COSY, HETCOR) 0.57 (t,J = 7.2 Hz, 3H, CH ethyl), 1.01-1.16 (m, 2H, Chetthyl, H-8), 1.41 (s,
9H, (CH3)sC), 1.49-1.55 (m, 1H, Ciethyl), 2.99 (dd)) = 10.8, 4.8 Hz, 1H, H-7), 3.51 (d= 14.8 Hz,

1H, CHx-ind), 3.63 (dJ = 14.8 Hz, 1H, Chtind), 3.97 (dd,J = 9.1, 1.2 Hz, 1H, H-2), 4.05 (dd= 9.1,
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6.6 Hz, 1H, H-2), 4.66 (d] = 9.6 Hz, 1H, H-8a), 4.83 (dd,= 6.6, 1.2 Hz, 1H, H-3), 5.09 (dd= 6.7,
1.6 Hz, 1H, CH-CH=El,), 5.12 (m, 1H, CH-CH=8)), 5.39 (dd,J = 18.0, 1.6 Hz, 1H, ind-CH=&}),
5.53 (dd,J = 11.2, 1.6 Hz, 1H, ind-CH=y), 5.75-5.85 (m, 1H, CH-B=CH,), 6.73 (dd,J = 7.2, 0.8
Hz, 1 H, H-5 ind), 6.92 (dd] = 18.0, 11.2 Hz, 1H, ind4@=CHy), 7.12-7.35 (m, 9 H, ArH, H-ind), 7.44-
7.73 (m, 2H, ArH, H-ind), 8.12 (d] = 8.4 Hz, 1H, H-4 ind)**C NMR (CDC}, 100.6 MHz)d 10.2
(CHs ethyl), 19.6 (CH ethyl), 27.9 [CH3)sC], 28.6 (CH-ind), 43.9 (C-8), 44.4 (C-7), 60.0 (C-6), 60.3
(C-3), 74.3 (C-2), 82.2 [(ChC], 88.5 (C-8a), 113.9 (C-7 ind), 117.5 (C-5 ind)915 (CH-CH=H),),
121.2 (C-4 ind), 122.7 (ind-CHEH,), 124.1 (C-6 ind), 124.8 (C-3 ind), 126.7 ¢5;-127.1 (Cm), 127.4
(C-p), 128.1 (indEH=CH,), 128.5 (Ce), 128.9 (Cr), 130.8 (C-2 ind), 133.6 (@), 133.8 (CH-
CH=CH,), 135.4 (C-3a ind), 136.9 (C-7a ind), 138.4i}C141.0 (Ci), 166.9 (NCO), 169.9 (CO);

[0]*5 —41.8 £ 0.5, CHCH); HRMS calcd for [GeH4oN»06S + Na]: 689.2662, found: 689.2662.

(3R,6S,7S,8R,8aS)-6-[(1-Benzenesulfonyl-2-vinyl-3-indolyl)methyl]-6(tert-butoxycarbonyl)-8-
ethyl-5-oxo-3-phenyl-7-vinyl-2,3,6,7,8,8a-hexahydrbH-oxazolo[3,2a]pyridine (14b). Operating as
in the above preparation oi4a vinylindole 14b was obtained (1.1 g, 76% yield) from
methyltriphenylphosphonium bromide (1.52 g, 4.27 shppKHMDS (0.5 M in toluene, 8.48 mL, 4.24
mmol) in THF (20 mL), and lactani3b (1.45 g, 2.17 mmol) in THF (20 mL) after flash
chromatography (9:1 hexaretOAc to 1:1 hexaneEtOAc). 14b: IR (film) 1655, 1729 crl; *H NMR
(400 MHz, CDC}, COSY, HETCOR)3 0.56 (t,J = 7.4 Hz, 3H, CH ethyl), 0.97-1.09 (m, 1H, CH
ethyl), 1.26-1.38 (m, 2H, Chethyl, H-8), 1.36 [s, 9H, (CHC], 2.73 (ddJ = 11.2, 4.0 Hz, 1H, H-7),
3.58 (dd,J = 8.4, 7.6 Hz, 1H, H-2), 3.64 (d,= 14.8 Hz, 1H, @-ind), 3.97 (dJ = 14.8 Hz, 1H, El,-
ind), 4.08 (tJ = 8.4 Hz, 1H, H-2), 4.54 (d, = 9.2 Hz, 1H, H-8a), 5.09-5.14 (m, 2H, HCH§}, 5.19 (t,
J=7.6 Hz, 1H, H-3), 5.58 (dd,= 18.0, 1.2 Hz, 1H, ind-HCH43), 5.69-5.78 (m, 1HHC=CH,), 5.77
(dd,J =11.6, 1.2 Hz, 1H, ind-HCHy), 7.12 (ddJ = 18.0, 11.6 Hz, 1H, iniC=CH,), 7.22-7.38 (m,
10H, ArH), 7.48 (tJ = 7.6 Hz, 1 H, H-7 ind), 7.70 (d,= 8.0 Hz, 1H, H-5 ind), 7.75 (d,= 7.6 Hz, 1H,

H-6 ind), 8.21 (dJ = 8.4 Hz, 1H, H-4 ind)**C NMR (CDCk, 100.6 MHz)3 10.3 (CH ethyl), 20.9
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(CH; ethyl), 28.0 [CCHa3)a], 30.4 ((H,-ind), 41.6 (C-8), 46.1 (C-7), 59.0 (C-3), 59.3%-71.7 (C-2),
82.6 [C(CHs)3], 89.4 (C-8a), 114.8 (C-7 ind), 118.4 (C-3 ind)917 (HC=CH,), 121.2 (C-4 ind), 122.6
(ind-HC=CHy), 123.5 (C-5 ind), 125.4 (C-6 ind), 125.9 ¢};-126.8 (Cr), 127.4 (Cp), 127.6 (Ce),
128.6 (Cm), 131.1 (C-2 ind), 133.2 (@), 133.7 (ind-HC=CH,), 135.7 (CH), 136.9 (C-3a ind), 138.3
(C-7a ind), 139.0 (B=CH,), 168.2 (NCO), 170.3 (CO)n]*%, +18.6 € 0.5, CHC}); HRMS calcd for

[C39H42N206S + Na]: 689.2662, found: 689.2655.

(3R,6S,7R,8S,8aR)-6-[(1-Benzenesulfonyl-2-vinyl-3-indolyl)methyl]-8ethyl-5-0x0-3-phenyl-7-
vinyl-2,3,6,7,8,8a-hexahydro-BH-oxazolo[3,2a]pyridine (15a). TFA (100 ul, 1.58 mmol) was added
to a solution oft4a (260 mg, 0.39 mmol) in Ci€l, (50 mL) and the mixture was stirred at room
temperature for 2 h. Saturated aqueousO{g was added to the reaction to reach pH 6-7, and the
aqueous layer was extracted with LLy. The combined organic extracts were dried andeainated to
give an oil, which was dissolved in toluene (30 mLhe resulting solution was heated at reflux fdr 6
and concentrated to dryness. The residue was chographed (1:1 hexanr€H,Cl, to CHCI,) to
afford lactam15a (178 mg, 81% yield): IR (film) 1655 cth *H NMR (400 MHz, CDC}, COSY,
HETCOR)& 0.93 (t,J = 7.2 Hz, 3H, CH ethyl), 1.22-1.41 (m, 1H, GHethyl), 1.72-1.86 (m, 1H, GH
ethyl), 1.94-2.03 (m, 1H, H-8), 2.26 (dil= 8.1, 3.6 Hz, 1H, H-7), 2.75 (dd= 10.9, 4.2 Hz, 1H, H-6),
2.95 (dd,J = 14.5, 10.9 Hz, 1H, CHind), 3.01 (ddJ = 14.5, 4.2 Hz, 1H, CHind), 4.00 (ddJ = 9.2,
1.4 Hz, 1H, H-2), 4.11 (ddl = 9.2, 6.9 Hz, 1H, H-2), 4.52 (d= 9.6 Hz, 1H, H-8a), 4.66 (di,= 17.2,
1.2 Hz, 1H, CHHC=E,), 4.88 (ddJ = 6.9, 1.4 Hz, 1H, H-3), 4.95 (d,= 10.5 Hz, 1H, CHHC=8),),
5.47 (ddJ = 17.8, 1.7 Hz, 1H, ind-CH=43), 5.64 (dddJ = 17.2, 10.4, 8.1 Hz, 1H, GHHC=CH,), 5.69
(dd,J =11.4, 1.7 Hz, 1H, ind-CH4y), 7.13 (ddJ = 17.8, 11.4 Hz, 1H, ind4&=CH,), 7.18-7.55 (m,
12H, ArH, H-ind), 7.69 (ddJ = 8.4, 1.2 Hz, 1 H, H-6 ind), 8.19 (@= 8.4 Hz, 1H, H-4 ind)**C NMR
(CDCl;, 100.6 MHz)5 11.2 (CH ethyl), 20.9 (CH ethyl), 26.9 (CHind), 39.5 (C-7 and C-8), 46.0 (C-
6), 59.3 (C-3), 73.8 (C-2), 90.3 (C-8a), 115.1 (@), 117.4 (CHHCEH,), 119.8 (C-5 ind), 120.4

(ind-CH=CH),), 121.0 (C-4 ind), 123.9 (C-6 ind), 125.4 (C-3)in#26.2 (Ce), 126.6 (Cm), 127.5 (C-
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p), 127.9 (indEH=CH,), 128.6 (Ce), 128.9 (Cm), 130.3 (C-2 ind), 133.6 (@), 135.6 (CHHC=CH,),
135.7 (C-3a ind), 136.2 (C-7a ind), 138.1ijC4141.9 (Ci, 168.9 (NCO); ¢]*> +145.3 ¢ 0.3,

CHCl3); HRMS calcd for [G4H34N204S + H]: 567.2312, found: 567.2316.

(3R,6R,7S,8R,8a5)-6-[(1-Benzenesulfonyl-2-vinyl-3-indolyl)methyl]-8ethyl-5-ox0-3-phenyl-7-
vinyl-2,3,6,7,8,8a-hexahydro-BH-oxazolo[3,2a]pyridine (15b). Operating as above, compounbish
(756 mg, 77% yield) and épi15b (136 mg, 14% yield) were obtained from lactadb (1.15 g, 1.73
mmol) in CHCI, (150 mL) and TFA (5 mL, 0.06 mol) in toluene (2BQ) after flash chromatography
(hexane to 9:1 hexanEtOAc). 15b (6R, major): IR (KBr) 1653 ci; 'H NMR (400 MHz, CDC},
COSY, HETCOR) 1.12 (t,J = 7.2 Hz, 3H, CH ethyl), 1.46-1.56 (m, 1H, GHethyl), 1.87-1.95 (m,
2H, CH, ethyl, H-8), 2.45 (ddJ = 8.0, 2.4 Hz, 1H, H-7), 3.06 (dd= 12.0, 3.2 Hz, 1H, H-6), 3.23 (dd,
J=14.0, 12.0 Hz, 1H, B,-ind), 3.55 (dd,J = 14.0, 3.2 Hz, 1H, B,-ind), 3.86 (tJ = 8.5 Hz, 1H, H-2),
4.69 (t,J = 8.5 Hz, 1H, H-2), 4.81 (d = 8.8 Hz, 1H, H-8a), 4.87 (d,= 16.8 Hz, 1H, HC=8,), 5.15
(d, J = 10.4 Hz, 1H, HC=8,), 5.41 (d,J = 8.5 Hz, 1H, H-3), 5.67 (dd]l = 17.6, 1.5 Hz, 1H, ind-
HC=CH,), 5.84 (dd,J = 11.2, 1.5 Hz, 1H, ind-HCH}), 5.82-5.92 (m, 1HHC=CH), 7.31 (dd,J =
17.6, 11.2 Hz, 1H, intHC=CHy), 7.38-7.54 (m, 9H, ArH, H-7 ind), 7.63-7.67 (nH,2ArH), 7.79 (d,J

= 8.0 Hz, 1H, H-5 ind), 7.90 (dd,= 8.0, 1.2 Hz, 1H, H-6 ind), 8.40 (d= 8.4 Hz, 1H, H-4 ind)**C
NMR (CDCk, 100.6 MHz)3 11.4 (CH; ethyl), 21.7 (CH ethyl), 26.1 CH,-ind), 39.3 (C-7), 40.0 (C-8),
45.7 (C-6), 58.9 (C-3), 72.8 (C-2), 90.9 (C-8a)511(C-7 ind), 117.5 (HO=H,), 119.8 (C-6 ind),
120.6 (C-2 ind), 121.2 (ind-HG3H,), 123.9 (C-4 ind), 125.4 (C-5 ind), 126.0 ¢§;-126.6 (Cm), 127.6
(ind-HC=CH,), 127.8 (Cp), 128.9 (Ce), 128.9 (Cm), 130.3 (C-3 ind), 133.6 (@}, 135.5 (HC=CHy),
135.8 (C-3a ind), 136.2 (C-7a ind), 138.1i}C139.6 (Cb), 170.2 (NCO): ]?% —96.0 ¢ 0.5, CHCY);
HRMS calcd for [G4sH34N204S + H]: 567.2312, found: 567.2316ep+15b (6S, minor): IR (KBr) 1656
cm ™ 'H NMR (400 MHz, CDC}, COSY, HETCOR)5 0.85 (t,J = 7.3 Hz, 3H, CH ethyl), 1.24-1.36
(m, 1H, CH ethyl), 1.48-1.64 (m, 2H, Chethyl, H-8), 2.30 (dt] = 6.4, 3.6 Hz, 1H, H-7), 2.83 (m, 1H,

CHy-ind), 2.90 (dd, = 12.4, 4.4 Hz, 1H, H-6), 3.59 (dl = 13.2 Hz, 1H, El»-ind), 3.71 (tJ = 8.5 Hz,
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1H, H-2), 4.52 (tJ = 8.5 Hz, 1H, H-2), 4.62 (d} = 8.8 Hz, 1H, H-8a), 4.98 (dd,= 17.0, 1.4 Hz, 1H,
HC=CH,), 5.26 (t,J = 8.5 Hz, 1H, H-3), 5.32 (dd,= 10.0, 1.4 Hz, 1H, HC=4), 5.39 (ddJ = 17.8,
1.6 Hz, 1H, ind-CH=El,), 5.55 (dd,J = 11.4, 1.6 Hz, 1H, ind-CH3}), 5.62 (dt,J = 17.0, 10.0 Hz,
1H, HC=CH,), 7.04 (ddJ = 17.8, 11.4 Hz, 1H, ind48=CH,), 7.22 (dt,J = 8.0, 1.2 Hz, 1H, H-7 ind),
7.25-7.39 (M, 9H, ArH), 7.47 (df,= 7.2, 1.2 Hz, 1H, H-5 ind), 7.57 (@= 8.0 Hz, 2H, ArH), 7.72 (dd,
J=8.0, 1.2 Hz, 1H, H-6 ind), 8.21 (d= 8.4 Hz, 1H, H-6 ind)**C NMR (CDCk, 100.6 MHz)5 11.4
(CHs ethyl), 22.7 (CH ethyl), 23.0 CHz-ind), 42.1 (C-7), 44.9 (C-8), 47.1 (C-6), 58.93%-73.0 (C-2),
91.6 (C-8a), 115.0 (C-7 ind), 119.9 (C-4 ind), B2(C-3 ind), 121.4GH,=CH), 122.0 (ind-CHEH,),
123.6 (C-5 ind), 125.1 (C-6 ind), 126.0 (;-126.7 (Crr), 127.6 (Cp), 127.7 (Cp), 128.8 (Ce), 128.9
(C-m), 130.6 (C-2 ind), 132.9 (€ECH,), 133.5 (indEH=CH,), 135.6 (CH), 136.2 (Ci), 138.2 (C-3a
ind), 140.0 (C-7a ind), 167.0 (NCOX]f%> —16.0 € 0.2, CHCE); HRMS calcd for [G4H3aN-04S +

Na]: 589.2131found: 589.2132.

(1R,3aR,4S,4a8R,125)-7-(Benzenesulfonyl)-4-ethyl-13-oxo-1-phenyl-1,233,4a,12,12a,13-
octahydrooxazolo[2”,3":6’,1"|pyrido[3’,4":4,5]cyclo hepta[1,2b]indole (16a). Operating as described
for the preparation d, pentacyclel6awas obtained (31 mg, 86% yield) from compowa (38 mg,
0.07 mmol) and the secongkeneration Grubbs catalyst (12 mg; 1.7 mg/day,yg)da toluene (25 mL)
after column chromatography (GEl,): IR (KBr) 1655 cm®; *H NMR (400 MHz, CDC4, COSY,
HETCOR)3 0.99 (t,J = 7.2 Hz, 3H, CHethyl), 1.62-1.76 (m, 2H, CHethyl), 2.12 (g, = 8.0 Hz, 1H,
H-4), 2.50 (dddJ) =12.4, 8.4, 4.0 Hz, 1H, H-12a), 2.78 (d&; 17.6, 12.0 Hz, 1H, H-12), 2.79-2.85 (m,
1H, H-4a), 3.45 (dd) = 17.6, 4.0 Hz, 1H, H-12), 4.15 (ddi= 9.2, 1.2 Hz, 1H, H-2), 4.24 (dd= 9.2,
6.4 Hz, 1H, H-2), 4.78 (d] = 8.0 Hz, 1H, H-3a), 4.93 (d,= 6.1 Hz, 1H, H-1), 6.18 (dd,= 12.0, 6.0
Hz, 1H, H-5), 7.19-7.41 (m, 12H, ArH, H-6, H-10)48 (tt,J = 7.5, 1.2 Hz, 1H, H-9), 7.66 (dd = 8.4,
1.2 Hz, 1H, H-8), 8.24 (d] = 8.4 Hz, 1H, H-11)*C NMR (CDCE, 100.6 MHz)3 11.5 (CH ethyl),
20.5 (CH ethyl), 25.2 (C-12), 40.2 (C-4), 44.9 (C-4a), 46212a), 58.9 (C-1), 74.4 (C-2), 90.3 (C-3a),

115.6 (C-8), 118.8 (C-9), 120.3 (C-11), 123.6 (§-824.2 (C-10), 125.6 (C-11a), 126.2 (C-11b), 526.
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(C-0), 126.8 (Cm), 127.7 (Cp), 128.6 (Ce), 128.8 (Cm), 131.0 (C-11a), 132.5 (C-5), 133.5 (-
136.8 (C-7a), 138.1 (©; 141.0 (Ch), 168.5 (NCO); mp 195144 °C (CHCI, hexane); d]*> +73.4 €
0.2, CHCE). Anal. Calcd. For GH3oN,0,S1/4CHCIs: C, 68.14; H, 5.36; N, 4.93. Found C, 67.88; H,

5.60; N, 4.59.

(1R,3aS,4R,4aS,12aR)-7-Benzenesulfonyl-4-ethyl-13-oxo-1-phenyl-1,2,384a,12,12a,13-
octahydrooxazolo[2”,3":6’,1"]pyrido[3’,4":4,5]cyclo hepta[1,2b]indole (16b). Operating as described
in the above preparation d6a pentacyclel6b was obtained (1.09 g, 87% yield) from lactafb (1.31

g, 2.32 mmol) and the secofgkneration Grubbs catalyst (265 mg; 53 mg/day,ys)da toluene (300
mL) after flash chromatography (hexane to 1:1 hexBtOAc): IR (KBr) 1656 crit; ‘*H NMR (400
MHz, CDCk, COSY, HETCOR)50.99 (t,J = 7.4 Hz, 3H, CH ethyl), 1.53-1.64 (m, 2H, Ciethyl),
1.89-1.95 (m, 1H, H-4), 2.62 (di,= 10.0, 3.6 Hz, 1H, H-12a), 2.77 (ddd+ 10.0, 5.4, 2.1 Hz, 1H, H-
4a), 2.87 (ddJ = 16.8, 10.0 Hz, 1H, H-12), 3.46 (d#i= 16.8, 3.6 Hz, 1H, H-12), 3.84 (ddl= 9.0, 6.6
Hz, 1H, H-2), 4.40 (dd] = 9.0, 7.8 Hz, 1H, H-2), 4.92 (d= 4.8 Hz, 1H, H-3a), 5.31 (@,= 6.9 Hz, 1H,
H-1), 6.10 (ddJ = 11.7, 5.1 Hz, 1H, H-5), 7.23-7.50 (m, 13H, A6, H-9, H-10), 7.66 (dd] = 8.4,
1.2 Hz, 1H, H-8), 8.24 (d] = 8.1 Hz, 1H, H-11)**C NMR (CDCk, 100.6 MHz)d12.1 (CH ethyl),
19.9 (CH ethyl), 24.3 (C-12), 39.8 (C-4a), 43.8 (C-4), 44C312a), 58.6 (C-1), 71.8 (C-2), 90.2 (C-3a),
115.5 (C-8), 118.9 (C-9), 121.1 (C-6a), 123.8 (§-124.1 (C-10), 125.5 (C-11a), 126.1 (C-11b), 426.
(C-0), 127.6 (Cr), 128.7 (Cp), 128.8 (Ce), 130.8 (C-6), 132.6 (C-5), 132.8 (@), 133.5 (Cp), 136.7
(CH), 137.9 (C-7a), 139.4 (§; 170.8 (NCO); mp 161163°C (MeOH); §]**> —244.0 ¢ 0.3, CHC}).
Anal. Calcd. For gH30N20,S1/2H,0: C, 70.57; H, 5.67; N, 5.14; S, 5.89. Found C530H, 5.74; N,

5.09; S, 5.89.

RCM reaction from 6-epi15b. Operating as in the preparation of compobn@entacycle @&pr16b
(240 mg, 24% yield) and hexacy@é (540 mg, 50% yield) were obtained from dieneps-15b (1.08
g, 1.91 mmol) and the secofgkneration Grubbs catalyst (480 mg; 30 mg/day,a&)xin toluene (500

mL) after flash chromatography (9:1 hexaB&8DAc to 4:1 hexan€EtOAc). 16epi16b: IR (film) 1655
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cm ™t 'H NMR (400 MHz, CDC}, COSY, HETCOR)5 0.97 (t,J = 7.4 Hz, 3H, CH ethyl), 1.46-1.73
(m, 2H, CH ethyl), 1.89 (ddd) = 14.0, 7.6, 5.2 Hz, 1H, H-4), 2.89-2.95 (m, 1H4&), 2.92 (ddJ =
14.4, 10.4 Hz, 1H, H-12), 3.18 (dd= 14.4, 5.2 Hz, 1H, H-12), 3.31 (dt= 7.2, 5.2 Hz, 1H, H-12a),
3.63 (dd,J = 8.8, 8.4 Hz, 1H, H-2), 4.50 (dd= 8.8, 8.4 Hz, 1H, H-2), 4.78 (d,= 9.2 Hz, 1H, H-3a),
5.20 (t, J = 8.0 Hz, 1H, H-1), 6.21 (dd,= 11.6, 5.2 Hz, 1H, H-5), 6.88-7.79 (m, 14H, AHH6, H-8,
H-9, H-10), 8.20 (dJ = 8.4 Hz, 1H, H-11)}*C NMR (CDCk, 100.6 MHz)311.4 (CH ethyl), 22.1
(CH, ethyl), 25.4 (C-12), 38.6 (C-4a), 43.6 (C-4), 54212a), 58.3 (C-1), 72.6 (C-2), 90.7 (C-3a),
114.6 (C-8), 119.1 (C-9), 123.0 (C-6a), 124.0 (§-1P4.2 (C-10), 125.2 (@), 125.3 (Cp), 126.5 (C-
m), 127.0 (C-11a), 127.3 (C-11b), 128.7 §-129.2 (Cm), 130.1 (Cp), 130.6 (C-6), 133.6 (C-5),
136.2 (C-7a ind), 138.7 (0; 138.8 (ChH), 169.9 (NCO); ¢]*> —252.0 ¢ 0.3, CHC}); HRMS calcd for
[C32H3oN204S + H]: 539.1999found: 539.199721: IR (film) 1655 cm™; *H NMR (400 MHz, CDC},
COSY, HETCOR,; see Supporting Information for thenbering system¢ 1.02 (dd,J = 13.2, 8.4 Hz,
1H, H-15),1.10 (t,J = 7.4 Hz, 3H, CHethyl), 1.25-1.33 (m, 1H, H-15), 1.30 @tz 13.2 Hz, 1H, H-8),
1.56-1.69 (m, 1H, Chethyl), 1.71 (dJ = 13.2 Hz, 1H, H-8), 1.84 (ddd,= 13.2, 9.2, 4.0 Hz, 1H, H-
9), 1.99 (ddd,) = 13.6, 8.4, 2.4 Hz, 1H, GHethyl), 2.04 (dt] = 13.2, 2.8 Hz, 1H, H-7), 2.17 (dt,=
12.4, 2.8 Hz, 1H, H-7), 2.39 @,= 8.4 Hz, 1H, H-14a), 2.50 (dddi= 10.4, 6.0, 3.6 Hz, 1H, H-8b), 2.57
(dd,J = 10.4, 6.0 Hz, 1H, H-8a), 4.14 (dil= 9.2, 6.8 Hz, 1H, H-11), 4.44 (ddi= 9.2, 8.0 Hz, 1H, H-
11), 5.18 (dJ = 8.4 Hz, 1H, H-9a), 5.27 (§,= 7.4 Hz, 1H, H-12), 6.03 (df,= 7.2, 0.8 Hz, 1H, H-1),
6.30 (dd,J = 8.0, 0.8 Hz, 1H, H-2), 6.35 (dd= 8.4, 2.8 Hz, 1H, H-6), 6.95 (dt= 8.0, 1.2 Hz, 1H, H-
3), 7.35-7.70 (m, 11H, ArH, H-4}’C NMR (CDCk, 100.6 MHZ)3 11.7 (CH ethyl), 19.0 (C-7), 22.9
(CH, ethyl), 28.3 (C-8), 41.0 (C-8b), 41.5 (C-8a), 48C79), 45.7 (C-14a), 47.1 (C-15), 59.5 (C-12),
71.8 (C-11), 90.3 (C-9a), 114.6 (C-6), 115.3 (CHD1.8 (C-2), 124.5 (C-1), 127.0 @ 127.4 (Cp),
128.2 (Cp), 128.6 (Cm), 128.8 (C-15b), 128.9 (6), 129.1 (Cr), 133.4 (C-3), 138.1 (C-4a), 138.4 (C-
5a), 139.0 (C-15a), 139.3 ((;-146.7 (CH, 169.9 (NCO); mp 193-195 °C (MeOHm]f, —85.5 €

0.6, CHCH); HRMS calcd for [G4HzaN204S + H]: 567.2312, found: 567.2310.
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(1R,3aS,4R,4aS,12aR)-7-Benzenesulfonyl-4-ethyl-13-oxo-1-phenyl-1,2,384a,5,6,12,12a,13-
decahydrooxazolo[2”,3":6’,1'|pyrido[3’,4":4,5]cyclo hepta[1,2bjindole (dihydro-16b). A solution of
lactam16b (500 mg, 0.93 mmol) in EtOAc (15 mL) containing 2@, (100 mg) was hydrogenated
at room temperature for 24 h. The catalyst was vehdy filtration and washed with hot MeOH. The
combined solution was concentrated and the residisechromatographed (9:1 hexaR&8DAC) to give
dihydro-16b (360 mg, 72% vield): IR (KBr) 1662 ¢ *H NMR (400 MHz, CDCJ, COSY, HETCOR)
51.00 (t,J = 7.6 Hz, 3H, CHethyl), 1.43-1.62 (m, 2H, GHethyl), 1.75 (dddJ = 18.0, 9.2, 3.6 Hz, 1H,
H-5), 1.87-1.95 (m, 2H, H-4, H-5), 2.08-2.16 (m,,1Ht4a), 2.57 (ddd) = 11.2, 8.4, 4.0 Hz, 1H, H-
12a), 2.87 (ddJ = 16.0, 8.4 Hz, 1H, H-12), 3.21 (ddb+ 17.2, 9.2, 4.4 Hz, 1H, H-6), 3.41-3.50 (m, 1H,
H-6), 3.43 (dd,) = 16.0, 4.0 Hz, 1H, H-12), 3.78 (d#i= 9.2, 7.2 Hz, 1H, H-2), 4.38 (,= 8.4 Hz, 1H,
H-2), 4.74 (dJ = 2.8 Hz, 1H, H-3a), 5.36 (§,= 7.4 Hz, 1H, H-1), 7.23-7.55 (m, 11H, ArH, H-8;%
H-10), 7.70 (dd,J = 8.8, 1.2 Hz, 2H, ArH), 8.19 (dd,= 6.4, 1.6 Hz, 1H, H-11)*C NMR (CDCE,
100.6 MHz)3 12.6 (CH; ethyl), 19.6 (CH ethyl), 22.2 (C-12), 25.3 (C-6), 28.1 (C-5), 3{(B4a), 41.2
(C-12a), 44.6 (C-4), 58.5 (C-1), 71.4 (C-2), 89383a), 114.8 (C-8), 118.5 (C-9), 119.5 (C-6a), 623.
(C-10), 124.2 (C-11), 126.0 (6 126.2 (Cm), 127.6 (Cp), 128.8 (Ce), 129.2 (Crn), 130.7 (C-11b),
133.5 (Cp), 136.4 (C-11a), 136.6 (C-7a), 139.2i)C139.9 (ChH), 172.1 (NCO): §]*> —22.5 € 1.0,
CHCL); HRMS calcd for [GH3:N,O,S + H]: 541.2155,found: 541.2160. Anal. Calcd. For

Cs2H32N204,S1/3CHCIs: C, 66.94; H, 5.62; N, 4.83; S, 5.53. Found C586H, 5.81; N, 4.58; S, 5.13.

(4R,4aS,12aR)-7-Benzenesulfonyl-4-ethyl-2-[(R)-2-hydroxy-1-phenylethyl]-1,3,4,4a,5,6,12,12a-
octahydropyrido[3’,4:4,5]cyclohepta[1,2-b]indole (17). LiAIH4 (436 mg, 11.5 mmol) was slowly
added to a suspension of AJGKH98 mg, 3.73 mmol) in THF (50 mL) at 0 °C. Aftee mixture was
stirred at 25 °C for 30 min and cooled to —78 °Gphution of dihydrel6b (940 mg, 1.74 mmol) in
anhydrous THF (10 mL) was slowly added. The stiyrivas continued at —78 °C for 10 min and at 0 °C
for 1 h 30 min. The reaction was quenched with watbe aqueous layer was extracted with EtOAc,

and the combined organic extracts were dried andcesdrated to give a foam, which was
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chromatographed (9:1 hexait#OAc to 4:1 hexaneetOAc) to afford compound?7 (805 mg, 88%
yield): IR (KBr) 3441 cm’; *H NMR (400 MHz, CDCJ, COSY, HETCOR)5 0.90 (t,J = 7.2 Hz, 3H,
CHjs ethyl), 1.17-1.54 (m, 7H, Grethyl, H-4, H-4a, H-5, H-12a), 2.10 (dbiz 15.2, 10.8 Hz, 1H, H-3),
2.28 (d,J = 11.6 Hz, H-12), 2.57 (dd, = 15.2, 1.6 Hz, 1H, H-3), 2.66 (dd= 15.2, 10.8 Hz, 1H, H-6),
2.85 (d,J = 8.8 Hz, 1H, H-1), 2.95 (d] = 11.6 Hz, 1H, H-12), 3.62-3.77 (m, 3H, H-6, NOEH,0),
4.01-4.09 (m, 1H, CpD), 7.19-7.51 (m, 11H, ArH, H-8, H-9, H-10), 7.66d(J = 8.4, 0.8 Hz, 2H,
ArH), 8.20-8.23 (m, 1H, H-11);**C NMR (CDCE, 100.6 MHz)3 12.7 (CH; ethyl), 18.8 (CH ethyl),
25.4 (C-12), 28.8 (C-6), 31.5 (C-5), 35.3 (C-48,74(C-124a), 49.7 (C-4), 53.4 (C-3), 55.6 (C-1),260
(CH,0), 70.0 (NCH), 115.3 (C-8), 117.7 (C-9), 121.168) 123.4 (C-10), 123.9 (C-11), 126.2 ¢-
127.9 (Cp), 128.2 (Cm), 128.9 (Ce), 129.1 (Cm), 130.4 (C-11b), 133.5 (@), 135.2 (C-11a), 136.3
(C-7a), 139.3 (@), 139.6 (Ci); [a]?p +73.2 € 0.37, CHCY); HRMS calcd for [GH3eN,05S + H:
529.2519, found: 529.2526. Anal. Calcd. FasHzsN205S: C, 72.70; H, 6.86; N, 5.30. Found C, 72.62;

H, 7.12; N, 5.01.

(4R,4aS,12aR)-4-Ethyl-2-[(1R)-2-hydroxy-1-phenylethyl]-1,3,4,4a,5,6,12,12a-
octahydropyrido[3’,4:4,5]cyclohepta[l,2b]indole (18). Mg turnings (207 mg, 8.50 mmol) were
added to a solution of compoudd (805 mg, 1.53 mmol) in anhydrous MeOH (60 mL)@&®eC. The
resulting mixture was warmed to room temperature \agorously stirred for 4 h. The reaction was
guenched with water, and the resulting solution w=sacted with CHCIl,. The combined organic
extracts were washed with saturated aqueous Na€l,dand concentrated. The resulting residue was
chromatographed (hexane to 4:1 hexd&t©Ac) to give theN-unsubstituted indolé8 (480 mg, 81%
yield): IR (KBr) 3411, 2925 cit; *H NMR (400 MHz, CDC}, COSY, HETCORY 0.94 (t,J = 7.2 Hz,
3H, CH; ethyl), 1.21-1.74 (m, 7H, GHethyl, H-4, H-4a, H-5, H-12a), 2.22 (dii= 14.8, 11.2 Hz, 1H,
H-12), 2.32 (d,J = 12.4 Hz, 1H, H-3), 2.72-2.84 (m, 3H, H-1, H-12)94-3.01 (m, 2H, H-3, H-6), 2.65-
3.75 (m, 2H, NCH, CbD), 4.07-4.16 (m, 1H, C}D), 7.08-7.46 (m, 9H, ArH, H-8, H-9, H-10, H-11),

7.75 (sa, 1H, NH)**C NMR (CDCE, 100.6 MHz)5 12.8 (CH ethyl), 18.8 (CH ethyl), 27.9 (C-12),
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29.4 (C-6), 32.5 (C-5), 36.5 (C-4a), 44.2 (C-128)4 (C-4), 53.6 (C-3), 55.6 (C-1), 60.3 (&), 70.1
(NCH), 110.3 (C-8), 110.9 (C-6a), 117.4 (C-9), 218C-10), 120.6 (C-11), 127.9 (C-11b), 128.2d)C-
128.8 (Cp), 129.0 (Cm), 134.1 (C-11a), 135.3 (C-7a), 138.0i)Cfa]*%5 +8.3 € 0.29, CHCY); HRMS
calcd for [GeH32N2O + H]: 389.2594, found: 389.2599. Anal. Calcdr BEagH3,N,O1/4EtOAC: C,

78.99; H, 8.35; N, 6.82. Found C, 79.03; H, 8.416N7.

(4R,4aS,12aR)-2-(tert-Butoxycarbonyl)-4-ethyl-1,3,4,4a,5,6,12,12a-
octahydropyrido[3’,4:4,5]cyclohepta[1,2-b]indole (19). A solution of indolel8 (160 mg, 0.41 mmol)
and ditert-butyl dicarbonate (94 mg, 0.43 mmol) in EtOAc (@%) containing 30% Pd(OEC (48
mg) was hydrogenated at rt for 16 h at atmosplpegssure. The catalyst was removed by filtration, a
the solvent was evaporated to give an oil. Flastorohatography (hexane to 4:1 hexaB8DAcC)
afforded19 (91 mg, 60% yield): IR (KBr) 1667 cth *H NMR (400 MHz, CDC}, COSY, HETCOR)
50.94 (t,J = 7.2 Hz, 3H, CHethyl), 1.12-1.45 (m, 3H, GHethyl, H-4), 1.47 [s, 3H, C(8s)3], 1.60-
1.74 (m, 4H, H-4a, H-5, H-12a), 2.29 (db= 15.2, 10.0 Hz, 1H, H-6), 2.43-2.46 (m, 1H, H-2)70-
2.92 (m, 4H, H-3, H-6, H-12), 4.16 (d~= 12.4 Hz, 1H, H-3), 4.30 (d,= 12.0 Hz, 1H, H-1), 7.07-7.09
(m, 2H, H-9, H-10), 7.24-7.25 (m, 1H, H-8), 7.4&7.(m, 1H, H-11), 7.82 (sa, 1H, NH)}*C NMR
(CDCls, 100.6 MHz)3 12.7 (CH; ethyl), 17.2 (CH ethyl), 27.9 (C-3), 28.4 [@HaJ)3], 29.7 (C-5), 32.8
(C-6), 35.8 (C-4a), 44.2 (C-12a), 46.7 (C-3), 4&71), 49.9 (C-3), 79.2((CHs)s], 110.3 (C-8), 110.6
(C-6a), 117.4 (C-9), 119.2 (C-10), 120.6 (C-11)8.82(C-11b), 134.2 (C-11a), 138.0 (C-7a), 155.1

(NCO); [0]*5-0.4 € 0.7, CHCH); HRMS calcd for [GeHssN4O4 + H]: 737.4844, found: 737.4835.

(4R,48S,12aR)-2-(tert-Butoxycarbonyl)-4-ethyl-6-oxo-1,3,4,4a,5,6,12,12a-
octahydropyrido[3’,4:4,5]cyclohepta[1,2-b]indole (20). 1,05 (84 mg, 0.25 mmol) was added to a
solution of compound9 (78 mg, 0.21 mmol) in THF-4® (9:1, 10 mL) at 0 °C, and the mixture was
stirred at room temperature for 5 h 30 min. Thetorx was poured into saturated aqueous NaglCO
and the agueous layer was extracted with EtOAc.cbinebined organic extracts were washed with 20%

agueous N#5,03 and brine, dried, filtered, and concentrated. Tdslting oil was chromatographed
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(CH,Cl,) affording compoun@0 (67 mg, 83% vield): IR (KBr) 1692, 1729 ci'H NMR (400 MHz,
CDCl;, COSY, HETCOR) 1.00 (t,J = 7.2 Hz, 3H, CHethyl), 1.24-1.34 (m, 2H, Chethyl), 1.46 [s,
3H, C(CHa)3], 1.60 (m, 1H, H-4), 1.91-2.00 (m, 1H, H-4a), 2221 (m, 1H, H-12a), 2.47-2.53 (m, 1H,
H-1), 2.72-2.87 (m, 2H, H-5), 2.77 (dd= 15.6, 7.2 Hz, 1H, H-3), 2.84 (dd= 16.4, 4.8 Hz, 1H, H-
12), 3.16 (dd,) = 16.4, 6.0 Hz, 1H, H-12), 4.10 (ddi= 10.4, 2.8 Hz, 1H, H-3), 4.31 (d,= 12.0 Hz,
1H, H-1), 7.16 (dddJ = 8.0, 6.0, 1.2 Hz, 1H, H-11), 7.33-7.39 (m, 2H9HH-10), 7.64 (dJ = 8.0 Hz,
1H, H-8), 8.86 (sa, 1H, NH}*C NMR (CDCk, 100.6 MHz)d 12.8 (CH ethyl), 17.9 (CH ethyl), 26.7
(C-12), 29.1 [CCH3)3], 36.2 (C-12a), 42.6 (C-4a), 43.2 (C-4), 46.3 (C4b.8 (C-1), 49.8 (C-3), 79.6
[C(CHzs)4], 112.0 (C-8), 120.4 (C-10), 120.8 (C-11), 123W1(1b), 126.6 (C-9), 127.6 (C-11a), 132.6
(C-6a), 136.4 (C-7a), 155.5 (NCO), 193.9 (CQ)]*> —22,9 € 0.24, CHCY); HRMS calcd for
[C23H30N205 + H]: 383.2329, found: 383.2329.

(-)-16-Episilicine. TFA (50 ul, 0.79 mmol) was added to a solution of ind20g(67 mg, 0.18 mmol) in
anhydrous CHECI, (10 mL). The mixture was stirred at room tempemafor 5 h and brought to pH 7 by
addition of saturated aqueous NaH{QOhe aqueous layer was extracted with ,Chl and the
combined organic extracts were dried and concetréd give the corresponding amine, which was
used in the next reaction without further purifioat The residue was dissolved in anhydrous@W (5
mL), Mel (18 ul, 0.29 mmol) was added, and the mixture was stiaieroom temperature for 3 h. The
solution was washed with saturated aqueous Na}l@@d the aqueous phase was extracted with
EtOAc. The combined organic extracts were drielteréd, and concentrated. Flash chromatography
using a cartridge containing amine functionalizéitas (EtOAc to EtOAeMeOH 4:1) afforded pure
(-)-16-episilicine (30 mg, 55% vyieldjH NMR (400 MHz, CDC}, COSY, HETCORY 0.97 (t,J = 7.2

Hz, 3H, CH ethyl), 1.34-1.46 (m, 2H, Ghethyl), 1.56-2.02 (m, 5H, H-15, H-20, H-21, H-8)20-2.40
(m, 1H, H-16), 2.29 (sa, 3H, NGH 2.81 (d,J = 6.4 Hz, 2H, H-14), 2.84 (dd,= 17.2, 4.8 Hz, H-21),
2.90-3.09 (M, 2H, H-5, H-6), 3.18 (ddl= 16.4, 6.4 Hz, 1H, H-6), 7.14 (dddi= 8.0, 6.8, 1.0 Hz, 1H,
H-10), 7.33 (ddd,) = 8.0, 6.4, 1.0 Hz, 1H, H-11), 7.37 @= 8.0 Hz, 1H, H-12), 7.65 (d, = 8.4 Hz,

1H, H-9), 8.79 (sa, 1H, NH)*C NMR (CDCE, 100.6 MHz)5 12.9 (C-18), 18.9 (C-19), 27.1 (C-6),
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35.7 (C-16), 41.9 (C-15), 43.0 (C-20), 46.2 (N{LHI6.8 (C-14), 57.8 (C-21), 63.4 (C-5), 112.1 ;1
120.3 (C-10), 120.7 (C-9), 123.1 (C-7), 126.5 (Q;1127.7 (C-8), 132.6 (C-2), 136.4 (C-13), 194.3

(CO); [a]%> —20,0 € 1.0, CHCH).
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