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1. Introduction syntheses of actinophyllic acid were achieved bgréwanet al
_ through a highly efficient aza-Cope-Mannich cascattategy’

In 2005, Carroll and coworkers reported a unique\jartin and coworkers documented a concise and elega
monoterperno!d indole alkaloid (—)-actinophyllidad (Flgure_l) synthesis of (+)-actinophyllic acid via a carbooati-

to be the active component of the leave extractslsfonia  cleophile cascade in 201Recently, a creative asymmetric
actinophyllafrom Cape York Peninsula of Australia, with potent i synthesis of (-)-actinophyllic acid was repdr by the
carboxypeptidase U inhibitory activity (IC50 of @.§iM).* group of Kwon using a chiral phosphine-catalyzed2[3
Architect_urally, actinophyll!c acid possesses ahljgcompact  jnnulation and subsequent novel ring formation sece
hexacyclic skeleton that is unprecedented amongkli®wvn  perein, we report our efforts towards the asymmetotal

monoterpernoid  alkaloids.  Specifically, its struetu is g nihesis of actinopyllic acid, leading to prepamtof the key
characterized by an azocino[4Brdole moiety (A/B/C-ring), an  470cino[4,38]indolyl intermediates that contains the A/B/C ring

1-azabicyclo[4.2.1]Jnonane _unit (D/E-ring), and agMy  gystem and C15/C16 stereogenic centers of thettargecule.
functionalized hemi-ketal F-ring, as well as fiventguous

stereogenic centers including one all-carbon qoatsr center Cyclopropane-based strategy has proven to be alyhigh
(C16). versatile methodology in synthetic organic chergi$®ur group
previously developed a copper-catalyzed cycloprapan/ring-
opening/iminium cyclization cascade (CRI reactiomn
tryptamine derivatives, which has allowed succésgbial
syntheses of several structurally intriguing indelialkaloids
such as N-acetylardeemin, minfiensine, vincorinend a
communesin F.By analysis of the structure of actinophyllic gcid
we envisioned a cyclopropane-based [3+2] cycloamditrategy
to construct the core of (#)- Retrosynthetically, the target
(+)-actinophyllic acid (1) molecule could beaccessed from intermedia according to
Martin’s protocol® and2 could be generated by deprotection and
hemi-ketalizaiton of acetonid® (Scheme 1)Acetonide3 was
The above-mentioned architectural features combiviidits ~ expected to be synthesized by an intramolecular2][3+
potential medicinal applications make actinophyliézid a  cycloaddition of cyclopropane derivatig allowing efficient
particularly attractive target for total synthesSf5To date, three construction of the D/E rings in a single step.paration of4
synthetic groups have finished the total synthesictinophyllic ~ could be realized by introducing the cyclopropydesichain at
acid. The first racemic (2008) and asymmetric (201dtal C20 from azocino[4,®]indolyl intermediate5, which would

(-)-actinophyllic acid (1)

Figure 1. Structures of (-)- and (+)-actinophyllic acid.
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arise from intermediaté by ring-opening of the oxazolidinone
ring and formation of the eight-membered C-ringac®i direct
formation of a congested indole-C2—quaternary-aarbond is

Without separation of each diastereoniet,was subjected to a
two-step transformation including Dess-Martin oxida and
hydroxymethylatio®® with formaldehyde to give nitrobenzene

challenging we envisioned to firstly establish the C2—C16 bondketone derivativel5 in 87% overall yield. We found that

using malonate7 and the known aldehyde® prior to
constructing the indole core. In turi,could be prepared from
the known chiral oxazolidinor@'®**
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Scheme 1. Retrosynthetic analysis of actinophyllic acid

2. Results and discussion

Our synthesis commenced with the preparation of the

substituted manolate intermediafe (Scheme 2). First of all,
using a modified literature protocl, the known chiral
oxazolidinone 9 was prepared
commercially availableS)-4-amino-2-hydroxybutanoic acid over

in decagram scales from

deprotection of the PMB group met with failure aftee indole
ring was formed. Thus, removal of PMB protection swa
performed at this stage using CAN in a mixed sdiveh
CH,CN/H,0O (v/v 1:1) at 0 °C, this was followed by indolizat
under the hydrogenation conditions to furniéhin 63% yield for
two steps. DIBAL-H reduction of the ester functitityain 16
followed by treating the resultant diol with 2,2-
dimethoxypropane yielded the desired acetofide
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3 steps (80% overall yieldj.Protection of the free amine using Scheme 3. Reagents and conditions: (a) LiCl, DMS@H (v/v 100:1),

PMB group, followed by desilylation of the resufiin
intermediatel0 with TBAF, afforded alcoholll in 78% yield
over two steps. We next sought to install a leagrmup at C15
in 11 for the further malonate displacement. Investaati on
various leaving groups including I, OTs, OTf, antl¥revealed
that the Ns-protected intermediai® gave the best results.
Specifically, treatment df2 with dimethyl malonate andBuOK
delivered7 smoothly with inverted C15 chirality in 90% yield
and 98.3% e&’
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Scheme 2. Reagents and conditions: (a) NaH, PMBCI, DMF, 0 =Crt,
87%; (b) TBAF, THF, 0 °C- rt, 90%; (c) NsCl, BN, DCM, 0 °C, 85%; (d)
dimethyl malonate,t-BuOK, THF, 0 °C - rt, 90%. (PMBCI, 4-
methoxybenzyl chloride; TBAF, tetrabutylammoniunudtide; NsCI, p-
nitrobenzenesulfonyl chloride).

Successful preparation of the chiral building blacknabled
us to further investigate the synthesis of indokrivdhtive 6
through C2-C16 bond formation and indolization Suok 3).
Considering the steric hindrance of the diesteugrat C16 may
impede the subsequent transformation, removal o ester

group of diester7 was manipulated under Krapcho condition,
delivering13 in 72% yield. The desired C2—-C16 bond formation

was then initiated by LHMDS-promoted condensatidrcharal
oxazolidinone13 with 2-(2-nitrophenyl) propanas,’® affording

alcohol14 as a mixture of diastereomers in 92% combinediyiel

reflux, 72%,; (b) LHMDS, THF, —78 °C, 92%; (c) Deskrtin periodinane,
DCM, 0 °C, 95%; (d) DBU, HCHO (aq 37%), THF, 0 °€2%; (e) CAN,
CH;CN/HO (v/v 1:1), 0°C - rt; (f) 20% Pd(OHYC, H,, 250 psi, MeOH, rt,
63% for two steps; (g) DIBAL-H, DCM, OC, 65% (88% brsm); (h) 2,2-
dimethoxypropane, THF, reflux, 89%. (LHMDS, lithium
bis(trimethylsilyl)amide; CAN, ceric ammonium nitea DIBAL-H,
diisobutylaluminium hydride).

With a key C2-C16 bond formation and the indoleecor
secured, we next turned to assemble the eight-mem&-ring
of actinophyllic acid (Scheme 4). Converting thelQO2ethyl
group in6 into an aldehyde was conducted by DDQ oxidation to
give 17 in 66% yield" The latter was subjected to Cbz-
protection of the oxazolidinone nitrogen atom tovide lactam
18 smoothly. Subsequent treatmentl8fwith 1M NaOH in THF
at room temperature gave the ring-opening prodi@tin
excellent vyield (95%). Finally, a successive fotaps
transformation including Cbz deprotection, reduetamination,
Cbz re-protection, and carboxylic acid reductiorswarried out
to secure the C-ring formation, thus giving risethe stable
intermediates in 50% overall yield.

3. Conclusion

In summary, a synthesis of the optically pure azoi,3-
blindolyl intermediate5 has been achieved using a LHMDS-
promoted condensation to establish the critical @®-bond and
a successive four-step transformation to assentide eight-
membered C-ring. Successful synthesis of this kégrinediate
that possessethe A/B/C ring system and C15/C16 stereogenic
centers of (+)-actinophyllic acid will pave the wiy exploring
our proposed cyclopropane-based [3+2] cycloaddiiocategy.
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Scheme 4. Reagents and conditions: (a) DDQ, DCMIHv/v 20:1), °C -
rt, 66%; (b) NaH, CbzCl, THF, ©C - rt, 81%; (c) 1M NaOH (aq), THF, rt,
95%; (d) Pd/C, il MeOH, 1 atm, rt; (e) 3 A MS, MeOH, reflux; (f) Bél,,
MeOH, 0°C; then DIPEA, CbzCl, MeOH, 0C; (g) BH; * Me,S, THF, 3CC.
(DDQ, 2,3-dichloro-5,6-dicyanobenzoquinone; Cbzs&nzyl chloroformate;
MS, molecular sieves; DIPEA, N,N-diisopropylethyiae).

4. Experimental section
4.1. General procedure

All commercially available reagents were used withfoirther
purification. All solvents were dried and distilldzefore use:
tetrahydrofuran was dried over sodium-benzophenon
dichloromethane was distilled from calcium hydridkmethyl
sulfoxide and dimethylformamide was distilled undeduced
pressure after drying over calcium hydride. Chrageaphy was
conducted by using 200-300 mesh silica gel. All m@mpounds
gave satisfactory spectroscopic analyses #R\MR, **C NMR,
HRMS). IR spectra were recorded on a FT IR speattem
NMR spectra were recorded on a 400 and 600 MHz NM
spectrometer. HRMS spectra were obtained by the F&Bod.

4.2.  (S)3-((tert-butyldimethylsilyl)oxy)-1-(4-methoxybendyl
pyrrolidin-2-one (0)

Compound9 (50.00 g, 0.23 mol) was dissolved in dry DMF
(400 mL) and cooled to °C. Sodium hydride (18.5@.46 mol,
60% in mineral oil) was added in small portions #imel solution
was stirred at °C for 30 minutes followed by sloddiion of 4-
methoxybenzyl chloride (40.90 mL, 0.30 mol).The ctemn
mixture was then stirred at rt for 2 h before itsvepenched with
a saturated aqueous solution of J&H (200 mL) at °C and
diluted with EtOAc (200 mL). The layers were sepadaand the
aqueous layer was extracted with EtOAc (3 x 200 .ne
combined organic layers were washed with water (D& mL),
brine (100 mL), dried over M&Q,, filtered and concentrated

vacua The residue was purified by silica gel flash
chromatography (petroleum ether/EtOAc = 8:1) to egiv
compound10 as pale yellow foam;o]*; = - 26.4 ¢ 0.5,

CHCLy); *H NMR (600 M, CDC}) § 7.15 (d,J = 9.0 Hz, 2H),

6.83 (d,J = 9.0 Hz, 2H), 4.35 (s, 2H), 4.32 ;= 7.2 Hz, 1H),

3.76 (s, 3H), 3.20 — 3.17 (m, 1H), 3.07 — 3.05 (i), 2.26 —
2.23 (m, 1H), 1.87 — 1.84 (m, 1H), 0.90 (s, 9HYL (s, 3H),

0.15 (s, 3H);"*C NMR (150 M, CDCJ): 6 173.0, 159.0, 129.4,
128.2, 113.9, 71.1, 55.1, 46.2, 29.1, 254.5,-5.2; IR (KBr)

3473, 2930, 2856, 1705, 1612, 1586, 1513, 14629,14399,

1249, 1175, 1144, 838, 780 ¢mHRMS m/z (M+N4) calcd for

CigH2NNaO;Si 358.1809, found 358.1813.

4.3.(S)-3-hydroxy-1-(4-methoxybenzyl)pyrrolidin-2-qa#).

Tetrabutylammonium fluoride (98.05 g, 0.37 mol) veaided
to a solution of compoundi0 (50.00 g, 0.15 mol) in THF (400

e

mL) at °C. The reaction was warmed to room tempeeatind
stirred until consumption df0. This mixture was then quenched
with a solution of saturated aqueous solution of,GIH200 mL)

at °C and diluted with EtOAc (200 mL). The layerere
separated and the aqueous layer was extractedBENMIAC (3 x
200 mL). The combined organic layers were dried d%g,SO,,
filtered and concentrateid vacuo The residue was purified by
silica gel flash chromatography (petroleum ethéd/&t = 1:1) to
give compoundll (29.80 g, 90%) as white solid: mp 1066
110 °C; p]*°% =— 59.4 € 0.2, CHCL); "H NMR (600 M, CDC})

6 7.16 (d,J = 9.0 Hz, 2H), 6.87-6.85 (m, 2H), 4.43 — 4.37 (m,
3H), 4.20 — 4.19 (m, 1H), 3.79 (s, 3H), 3.25 — 321 1H), 3.17
—3.13 (m, 1H), 2.41 — 2.38 (m, 1H), 1.95 — 1.91 {H); °C
NMR (150 M, CDC}) 6 174.7, 159.2, 129.5, 127.7, 114.1, 70.1,
55.2, 46.4, 42.8, 27.7; IR (KBr) 3416, 3322, 166842, 1317,
1247, 1111, 1032, 818, 729, 641 tnMHRMS m/z (M+Na)j
calcd for G,H;sNNaO;244.0944, found 244.0946.

4.4. (S)-1-(4-methoxybenzyl)-2-oxopyrrolidin-3-yhittobenzene
sulfonate(12)

Et:N (25.20 mL, 0.18 mol), DMAP (387.0 mg, 3.16 mmol)
and p-nitrobenzenesulfonyl chloride (26.05 g, 0.12 moigre
successively added to a solution of compoihd20.00 g, 0.09
mol) in anhydrous CKCl, (300 mL) at °C under N The reaction
mixture was then warmed to room temperature amcedtfor 30
minutes before it was quenched with a solution afusated
aqueous solution of NJ&I (100 mL) at °C. The layers were
separated and the aqueous layer was extractedOkiBl, (3 x
100 mL). The combined organic layers were dried d%g,SO,,
filtered and concentrateid vacuo The residue was purified by
silica gel flash chromatography (petroleum ethé/t = 1:1) to
give compound?2 (27.13 g, 85%) as pale yellow solid: mp 102

06 °C; p]*°, =—20.9 €£0.3, CHC}); *H NMR (600 M, CDC})

8.42 — 8.40 (m, 2H), 8.25 — 8.23 (m, 2H), 7.10X¢, 9.0 Hz,
2H), 6.85 — 6.84 (m, 2H), 5.18 — 5.15 (m, 1H), 4-34.31 (m,
2H), 3.79 (s, 3H), 3.79 — 3.31 (m, 1H), 3.21 — 31t7,1H), 2.58
—2.55 (m, 1H), 2.28 — 2.24 (m, 1HJC NMR (150 M, CDC)) 6
167.0, 159.4, 150.8, 142.3, 129.6, 129.5, 126.91.312114.2,
78.4, 55.3, 46.6, 42.8, 26.2; IR (KBr) 3449, 170810, 1533,
1513, 1460, 1352, 1304, 1247, 1186, 1095, 1032m &R 842,
741, 618, 554 ciff HRMS m/z (2M+Na) caled for
CseH3asN4Na0,,S,835.1562, found 835.1550.

4.5. Dimethyl (S)-2-(1-(4-methoxybenzyl)-2-oxopldin-3-yl)
malonate(7)

Potassiumtert-butoxide (8.90 g, 0.079 mol) was added in
small portions to a solution of dimethyl malona@80 mL,
0.085 mol) in anhydrous THF (200 mL) at °C undex Nhe
resulting suspension was stirred at this tempegdtur 1h before

a solution of compound2 (20.00 g, 0.057 mol) in anhydrous
THF (100 mL) was added slowly over 0.5 h. The rieactvas
then warmed to room temperature and stirred forh24This
mixture was quenched with a solution of saturatedieaus
solution of NHCI (100 mL) at °C and diluted with EtOAc (100
mL). The layers were separated and the aqueous lags
extracted with EtOAc (3 x 100 mL). The combined aorig
layers were dried over M8Q, filtered and concentrateth
vacuo The residue was purified by silica gel flash
chromatography (petroleum ether/EtOAcC 1:1) to egiv
compound? (15.19 g, 80%) as pale yellow oiti]f% = + 12.0 ¢
0.2, CHCH); 'H NMR (400 MHz, CDCJ) § 7.17 (d,J = 8.4 Hz,
2H), 6.86 (dJ = 8.4 Hz, 2H), 4.46 (d] = 14.8 Hz, 1H), 4.33 (d,
J = 14.8 Hz, 1H), 3.92 (d] = 6.0 Hz, 1H), 3.80 (s, 3H), 3.79 (s,
3H), 3.72 (s, 3H), 3.23 — 3.13 (m, 3H), 2.26 — 285 1H), 2.04

— 1.97 (m, 1H);*C NMR (100 MHz, CDGCJ) 6 173.0, 168.9,
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168.2, 159.0, 129.4, 128.1, 113.9, 55.2, 52.7,,546&2, 44.5,
41.7, 22.0; IR (KBr) 2965, 2871, 1738, 1676, 1514852, 1438,
1247, 1176, 1088, 1048, 881, 810, 756 'cnMHRMS m/z
(M+Na)" calcd for G;H,;NNaQ, 358.1261, found 358.126Zhe
ee value (98%) was determined by HPLC (AS-H, ispanol :
n-hexane = 40 : 60, flow rate 1.0 mL/mih= 254 nm),tmajor=
8.89min, tminor = 11.65min.

4.6. Methyl
acetate(13)

LiCl (1.38 g, 0.33 mol), kD (2 mL) was added to a solution
of compound7 (52.00 g, 0.155 mol) in DMSO (200 mL). The
resulting mixture was refluxed for 2 h. This mia@uwas then
cooled to room temperature and diluted witfOH100 mL) and
EtOAc (100 mL). The layers were separated and thes@us
layer was extracted with EtOAc (3 x 100 mL). Thenbined
organic layers were washed with water (2 x 100 rbkine (100
mL), dried over MgSQ,, filtered and concentrated vacuo The
residue was purified by silica gel flash chromaamiy
(petroleum ether/EtOAc = 4:1) to give compout®i(30. 98 g,
72%) as pale yellow oilfa]*s = — 3.0 ¢ 0.2, CHC)); 'H NMR
(400 MHz, CDC}) ¢ 7.16 (d,J = 8.8 Hz, 2H), 6.85 (d] = 8.4 Hz,
2H), 4.44 — 4.35 (m, 2H), 3.80 (s, 3H), 3.69 (s), 38121 — 3.17
(m, 2H), 2.96 — 2.86 (m, 2H), 2.44 (dbiF 8.8 Hz, 16.0 Hz, 1H),
2.31 — 2.38 (m, 1H), 1.72 — 1.67 (m, 1AC NMR (100 MHz,
CDCly) 6 174.7, 172.5, 159.1, 129.5, 128.5, 114.0, 55.37,51
46.3, 44.6, 38.7, 35.5, 25.0; IR (KBr) 3454, 173681, 1513,
1439, 1247, 1175, 1111, 1031, 821, 58" ; HRMS m/z
(M+Na)" caled for GsH1gNNaQ, 300.1206, found 300.1204.

4.7. 2-(2-nitrophenyl)propangB)

Methyl 2-(2-nitrophenyl)propanoate (18.00 g, 0.08®l),
which was prepared according to Hanna's procetfuneas
dissolved in anhydrous toluene (200 mL) and cotted78 °C.
A 1.5 M solution of DIBAL-H (57.10 mL, 0.086 mol) in toluen
was dropwise added undes.N he resulting solution was stirred
at =78 °C for 2 h. Then the reaction was quenchitid MeOH
(20 mL) and saturated aqueous potassium sodiunate(60 mL)
at —78 °C. This resulting suspension was warmedomm
temperature, stirred for 0.5 h, diluted with EtO@®0 mL) and
filtered through Celite. The filtrate was extractedth with
EtOAc (3 x 100 mL). The combined organic layers evdried
over MgSQ,, filtered and concentrateith vacuo The residue
was purified by silica gel flash chromatography t(pleum
ether/EtOAc = 4:1) to give compourdd(10.00 g, 65%) as pale
yellow oil: '"H NMR (CDCk, 400Hz)d 9.77 (s, 1H), 7.99 — 8.01
(d,J =8 Hz, 1H), 7.63 — 7.67 (m, 1H), 7.46 — 7.50 (i), 7.32-
7.34 (d,J = 8.0 Hz, 1H), 4.27 — 4.29 (dd] = 14.4 Hz, 7.2 Hz,
1H), 1.59 — 1.61 (dJ = 6.8 Hz, 3H);*C NMR (100MHz, CDCJ))

0 194.4, 128.6, 128.3, 125.4, 123.5, 120.2, 4358, R (neat)
2950, 1730 1521, 1346 1206 1061 851, 786
744, 704, 674, 591 cm'; HRMS m/z (M+Naj calcd for
CgHgNNaG; 202.0475, found 202.0475.

(S)-2-(1-(4-methoxybenzyl)-2-oxopydioli3-yl)

4.8. Methyl
oxopyrrolidin-3-yl)-4-(2-nitrophenyl)pentanoaf@4)

Compound 13 (20.00 g, 0.072 mol) was dissolved in
anhydrous THF (200 mL) and cooled to —78 °C. A 1dluton
of LHMDS in THF (76.0 mL, 0.076 mol) was added drige
under N and the resulting mixture was maintained at —78diC
1 h. Then a solution of aldehyd® (14.21 g, 0.792 mol) in
anhydrous THF (100 mL) was slowly added. Afterritg for 3
h, the reaction was quenched with a solution ofaturated

aqueous NKCI (200 mL) at —78 °C and warmed to room

temperature. This mixture was diluted with EtOA©®E2mL).

Tetrahedron

The layers were separated and the aqueous layeextated
with EtOAc (3 x 200 mL). The combined organic leyevere
dried over MgSQ, filtered and concentrateth vacuo The
residue was purified by silica gel flash chromagpdry
(petroleum ether/EtOAc = 3:1) to givd (30.29 g, 92%) as pale
yellow oil, which was a mixture of isomers. The mpe of
isomers were used in next step directly withouthferr separation.
Analytical samples of these isomers were obtaineprbparative
thin-layer chromatography. Isoméda: pale yellow oil;[o]*%, =
—29.2 €£0.25, CHCY); "H NMR (600 MHz, CDCY) 6 7.65 (d,J
= 7.8 Hz, 1H), 7.60 — 7.56 (m, 2H), 7.36 — 7.33 IH), 7.21 (d,
J = 8.4 Hz, 2H), 6.88 (d) = 9.0 Hz, 2 H), 6.10 (d] = 8.4 Hz,
1H), 4.49 (dJ = 15.0 Hz, 1H), 4.46 — 4.43 (m, 1H), 4.38 Jd;
14.4 Hz, 1H), 3.80 (s, 3H), 3.66 (s, 3H), 3.37 353(m, 1H),
3.24 - 3.22 (m, 2H), 2.93 (td,= 9.0 Hz, 3.0 Hz, 1H), 2.62 d,=
3.6 Hz, 1H), 2.01 — 1.96 (m, 1H), 1.77 — 1.70 (id),11.48 (d,J

= 6.6 Hz, 3H);"*C NMR (150 MHz, CDGJ) § 175.7, 172.1,
158.1, 138.3, 132.6, 129.5, 128.9, 127.9, 127.2,11174.9, 55.3,
52.1, 49.9, 46.5, 45.4, 39.8, 38.2, 23.3, 18.7;(Rat) 3200,
2952, 1732, 1651, 1523, 1512, 1461, 1435, 13552,12472,
1031, 853, 732 cih ; HRMS m/z (M+Naj calcd for
CoHoeNoNaG;, 479.1789, found 479.1793somer 14b: pale
yellow oil; [0]*’5 = — 24.0 ¢ 0.05, CHCY); *H NMR (600 MHz,
CDCly) 6 7.77 (d,J = 8.4 Hz, 1H), 7.55 () = 7.2 Hz, 1H), 7.38 —
7.34 (m, 2H), 7.17 (d) = 7.8 Hz, 2H), 6.84 (d] = 9.0 Hz, 2H),
5.68 (d,J = 4.8 Hz, 1H), 4.44 (d] = 14.4 Hz, 1H), 4.34 (d] =
14.4 Hz, 1H), 4.08 (dd] = 10.2 Hz, 4.8 Hz, 1H), 3.77 (s, 3H),
3.68 (s, 3H), 3.60 — 3.57 (m, 1H), 3.20 — 3.14 pH), 2.73 —
2.69 (m ,1H), 2.33 (d] = 5.4 Hz, 1H), 2.01 — 1.99 (m, 1H), 1.64
—1.60 (m, 1H), 1.50 (d] = 7.2 Hz, 3H) *C NMR (150 MHz,
CDCly) 6 175.1, 171.7, 159.1, 150.4, 139.2, 132.7, 1298,2,
128.0, 127.1, 124.5, 114.0, 55.2, 51.6, 49.2, 4614, 44.6, 38.8,
23.5, 20.0; IR (neat) 3200, 2952, 1732, 1651, 18832, 1461,
1435, 1355, 1242, 1172, 1031, 853, 732'cmiRMS m/z
(M+Na)" caled for G4H,gN,NaO,479.1789, found 479.1786.

4.9. Methyl 2-(hydroxymethyl)-2-((S)-1-(4-methoxyben2yl)
oxopyrrolidin-3-yl)-4-(2-nitrophenyl)-3-oxopentareal5)

The aforementioned mixturd4{ 30.00 g, 0.066 mol) was
dissolved in CHCI, (300 mL) and cooled to 0 °C. Dess-Martin
periodinane (41.81 g, 0.098 mol) was added in spations and
the suspension was stirred at 0 °C for 3 h. Theti@amixture
was quenched with saturated aqueousSp@ (100 mL) and
saturated aqueous NaHg(@ 00 mL).The layers were separated
and the aqueous layer was extracted with@H(3 x 200 mL).
The combined organic layers were dried over,8g, filtered
and concentrateith vacuo The residue was purified by silica gel
flash chromatography (petroleum ether/EtOAc = 2alpive -
ketoester (28.47 g, 95%) as pale yellow foawhich was a
mixture of inseparable isomerdd NMR (600 MHz, CDCJ) &
7.83 - 7.79 (m, 1H), 7.54 — 7.48 (m, 1H), 7.38337m, 1.5H),
7.26 —7.24 (m, 0.3 H), 7.09 — 7.07 (m, 2H), 6.7®75 (m, 2H),
4.68 — 4.61 (m, 0.5 H), 4.53 — 4.50 (m, 0.4 H),54-34.19 (m,
2H), 4.09 — 4.01 (m, 0.4 H), 3.96 @= 12.0 Hz, 0.3 H), 3.85 (d,

3-hydroxy-2-((S)-1-(4-methoxybenzyl)-2-J = 10.8 Hz, 0.3 H), 3.69 — 3.62 (m, 4H), 3.55 (§,14), 3.52 (s,

0.4 H), 3.36 (s, 1H), 3.29 — 3.26 (m, 0.3 H), 318.04 (m,
2.5H), 2.10 — 2.07 (m, 1H), 1.74 — 1.72 (m, 1H521- 1.46 (m,
2H), 1.39 (d,J = 10.2 Hz, 1H);*C NMR (150 MHz, CDCJ) 6
02.9, 202.8, 202.6, 202.0, 173.3, 173.2, 168.8.5,6167.9,
159.1, 159.0, 149.6, 149.3, 149.2, 134.2, 134.B.9,3133.8,
133.4, 133.0, 132.9, 130.5, 130.4, 130.2, 130.8.412129.3,
128.5, 128.4, 128.3, 128.2, 128.1, 124.9, 124.8.712124.6,
114.0, 113.9, 60.3, 57.3, 57.2, 56.1, 55.2, 53266,552.4, 52.1,
48.3, 47.3, 47.2, 46.6, 46.1, 44.7, 44.6, 44.52,482.2, 41.8,
41.3, 25.7, 22.8, 22.4, 22.3, 21.7, 20.9, 17.9%,177.5, 14.1; IR
(neat) 2953, 1720, 1678, 1523, 1511, 1435, 13442,12173,



1032, 788, 724, 701, 525 @mHRMS m/z (M+Naj calcd for
C,4H6N2NaO, 477.1632, found 477.1631.

The aboves-ketoester (20.00 g, 0.044 mol) was dissolved in

THF (200 mL) and cooled to 0 °C. DBU (1.32 mL, 8:8inol)
was added and the resulting solution was stirred &€ for 15
minutes before a solution of 37% aqueous HCHO (BT,
0.44 mol) was added. After 1h, this reaction migtuvas
quenched with saturated aqueous Cu$IMO mL) and diluted

with EtOAc (100 mL).The layers were separated dwedaigueous

layer was extracted with EtOAc (3 x 100 mL). Thenbined

organic layers were dried over MY, filtered and concentrated
flash

in vacuo The residue was purified by silica gel
chromatography (petroleum ether/EtOAc = 1:1) teediv (19.61

g, 92%) as pale yellow oil, which was a mixturesafmers. The
mixture of isomers were used in next step diresithout further
separation. Analytical samples of the major isomeas obtained
by preparative thin-layer chromatographysepar able isomers

A: pale yellow oil;"H NMR (600 MHz, CDCJ) 6 7.92 — 7.89 (m,

2H), 7.81 (d,J = 8.0 Hz, 1H), 7.64 — 7.53 (m, 3H), 7.46 — 7.41

(m, 4H), 7.37 — 7.30 (m, 2H), 7.26 — 7.23 ( m, 2A)5 (d,J =

8.4 Hz, 4H) , 6.91 — 6.84 (m, 6H), 6.11 (o5 9.6 Hz, 1H), 4.84
(q,J = 6.8 Hz, 1H), 4.75 (q] = 6.8 Hz, 1H), 4.60 (q] = 6.8 Hz,
1H), 4.48 — 4.36 (m, 8H), 4.32 — 4.28 (m, 2H), 4-22.19 (m,

1H), 4.04 (dJ = 8.8 Hz, 1H), 3.94 (d] = 6.8 Hz), 3.82 (s, 3H),

3.79 (s, 6H), 3.76 (s, 3H), 3.45 (s, 3H), 3.403(d), 3.36 — 3.29

(m, 2H), 3.23-3.08 (m, 6H), 2.97 @= 9.6 Hz, 1H), 2.24 — 2.11

(m, 2H), 1.86 — 1.72 (m, 4H), 1.60 — 1.56 (m, 6H¥7 (d,J =

6.8 Hz, 3H) *C NMR (150 MHz, CDGJ) § 206.Q 202.8, 202.2,

174.6, 173.3, 173.3, 169.8, 169.1, 167.9, 159.3.115159.0,
149.6, 149.3, 149.0, 135.9, 134.2, 133.9, 133.£.9,3132.5,
130.6, 130.2, 129.5, 129.4, 129.3, 128.4, 128.8.112127.8,
127.2, 114.1, 114.0, 67.5, 66.7, 57.3, 56.8, I3, 52.4, 52.3,
48.6, 48.2, 46.6, 46.2, 45.1, 44.7, 44.6, 43.20,421.8, 29.7,
22.8, 22.3, 22.1, 21.4, 18.0, 17.7; IR (neat) 29583, 1524,

1512, 1458, 1351, 1243, 1175, 1030, 732, 701;drRMS m/z

(M+Na)" calcd for GsHagN,NaQ; 507.1738, found 507.1739.

Inseparable isomers B: pale yellow oil;*H NMR (600 MHz,

CDCly) 6 7.87 — 7.83 (m, 2H), 7.54 — 7.53 (m, 4H), 7.39 347.

(m, 2H), 7.21 (dJ = 8.4 Hz, 2H), 7.17 (d] = 8.4 Hz, 2H), 6.89

(d,J=8.4 Hz, 2H), 6.86 (d] = 8.4 Hz, 2H), 4.91 — 4.84 (m, 2H),

4.53 — 4.48 (m, 2H), 4.40 — 4.37 (m, 1H), 4.29 214(m, 3H),
3.99 — 3.89 (m, 4H), 3.81 (s, 3H), 3.80 (s, 3HJ03(s, 3H), 3.41
(m, 1H), 3.37 (s, 3H), 3.33 — 3.13 (M, 6H), 2.01.85 (m, 4H),

1.58 — 1.54 (m, 6H)"°C NMR (150 MHz, CDGJ) & 206.2, 205.8,

173.9, 173.8, 170.8, 169.7, 159.1, 149.0, 148.9.2,3132.8,
132.6, 129.6, 129.5, 129.4, 129.3, 128.0, 127.9.6,2124.8,
124.6, 114.0, 67.6, 66.8, 65.3, 64.4, 55.3, 52275,548.1, 56.3,
46.2, 46.0, 44.9, 44.8, 44.2, 43.5, 21.7, 21.63,220.6; IR (neat)

2953,1683, 1524, 1512, 1458, 1351, 1300, 1243, 11759,105

1030, 786, 730, , 700 ¢m HRMS m/z (M+Naj calcd for
C,sH,sN.NaG; 507.1738, found 507.1736.

4.10. Methyl 3-hydroxy-2-(3-methyl-1H-indol-2-ybh{5)-2-
oxopyrrolidin-3-yl)propanoat€16)

Ceric ammonium nitrate (36.18 g, 0.066 mmol) wadealdin

small portions to a solution of compout8l (16.00 g, 0.033 mol)

stirred in a pressure vessel under hydrogen (2§0fqrs36 h at
room temperature. Then the mixture was filteredugh Celite
and the filtrate was concentrated vacuo. The residue was
purified by silica gel flash chromatography (petwh
ether/EtOAc = 1:1) to givé6 (6.75 g, 63% froni5) as a pair of
diastereomers, which were used directly in nexp stéthout

further separation. The analytical samples of theisomersl6a

and16b were obtained by preparative thin-layer chromatpgy.
Minor isomer 16a: pale yellow foam. {]*, = -51.6 ¢ 0.1,
CHCly); *H NMR (600 MHz, CDCJ) & 9.66 (brs, 1H), 7.50 (]
= 7.8 Hz, 1H), 7.33 (d) = 8.4 Hz, 1H), 7.17 () = 7.2 Hz, 7.8
Hz, 1H), 7.09 (tJ = 8.4 Hz, 7.2 Hz, 1H), 5.85 (brs, 1H), 4.35 (q,
J=6.0 Hz, 1H), 4.27 (brs, 1H), 4.27 — 4.23 (m, 1BiB1 (s, 3H),
3.59 — 3.56 (m, 1H), 3.37 — 3.32 (m, 2H), 2.30 262(m, 1H),
2.24 (s, 3H), 2.11 — 2.04 (m, 1HJC NMR (150 MHz, CDCJ)
178.2, 173.0, 135.1, 132.3, 128.8, 122.1, 119.8B.311111.0,
107.4, 66.8, 55.1, 52.6, 45.5, 40.6, 24.7, 9.1;(K8r) 3385,
2952, 1732, 1678, 1460, 1435, 1385, 1333, 12387174 cnil;
HRMS m/z (M+Naj calcd for G;HyN,NaQ, 339.1315, found
339.1317.Major isomer 16b: pale yellow foam. %, = +23.0
(c 0.04, CHCJ); *H NMR (400 MHz, CDCJ) & 9.68 (brs, 1H),
7.53 (d,J = 7.6 Hz, 1H), 7.18 (t) = 7.6 Hz, 7.2 Hz, 1H), 7.10 (t,
J = 8.0 Hz, 7.6 Hz, 1H), 5.59 (brs, 1H), 5.23 (ktbl), 4.66 —
4.63 (m, 1H), 4.30 — 4.27 (m, 1H), 3.81 (s, 3HE43(t, J = 8.8
Hz, 1H), 3.29 — 3.26 (m, 1H), 3.04 — 3.02 (m),1&53 — 2.50
(m, 1H), 2.24 (s, 3H), 2.08 — 2.02 (m, 1£C NMR (150 MHz,
CDCl,) 6 178.4, 173.4, 134.9, 129.9, 128.7, 122.2, 11918,3,
111.1, 109.3, 66.8, 54.0, 52.8, 46.1, 40.5, 24.8;, R (KBr)
3385, 2952, 1732, 1678, 1460, 1435, 1385, 13338,12047,
742 cm; HRMS m/z (M+Naj calcd for G/HyN,NaQ,
339.1315, found 339.1317.

4.11. (S)-3-(2,2-dimethyl-5-(3-methyl-1H-indol-2-¥|3-dioxan-
5-yl)pyrrolidin-2-one 6)

The mixture (6.00 g, 0.019 mol) &6a and16b was dissolved
in anhydrous CHKCl, (300 mL) and cooled to 0 °C. A solution of
1.5 M DIBAL-H (75 mL, 0.11 mol) in toluene was dmeise
added under N The resulting solution was stirred at 0 °C for 4h
Then the reaction was quenched with MeOH (30 mLyl an
saturated aqueous potassium sodium tartrate (100amQ °C.
This resulting suspension was stirred for 0.5 huted with
CH,CI, (100 mL) and filtered through Celite. The filtrateas
extracted with with CKCl, (3 x 100 mL). The combined organic
layers were dried over MO, filtered and concentrateth
vacuo The residue was recrystallized from {4 to give diol
(2.50 g) as white solid. The filtrate was conceeildn vacuo
and the residue was purified by silica gel flashoofatography
(petroleum ether/EtOAc = 1:3) to give diol (1.50 ghd the
starting material (1.00 g). The two portions ofld#00 g, 65%,
brsm 88%) was combined. Diol: mp 185189 °C; p]%, =
-57.3 € 0.3, CHC}) ; "H NMR (400 MHz, CDC}) & 9.37 (brs,
1H), 7.51 (dJ = 7.6 Hz, 1H), 7.31)= 7.6 Hz, 1H), 7.16 (1) =
6.8 Hz, 8.0 Hz, 1H), 7.09 (§ = 7.6 Hz, 7.2 Hz, 1H), 5.87 (brs,
1H), 4.99 — 4.98 (m, 1H), 4.40 (d,= 4.4 Hz, 1H), 4.25 — 4.18
(m, 2H), 4.10 — 4.05 (m, 1H), 3.43 — 3.25 (m, 4R1B9 (s, 3H),
2.18 — 2.05 (m ,1H), 1.94 — 1.81 (m, 1H)C NMR (100 MHz,
CDCl3) 6 1679.4, 135.0, 134.4, 129.4, 121.8, 119.0, 111118,9,

in CHCN/H,O (200 mL, viv = 3:1) at 0 °C. The resuling 107 5" 67.3, 63.9, 48.2, 46.8, 40.9, 24.7, 10.2{KBr) 3374,

solution was stirred at 0 °C for 3 h. This reactmixture was
then quenched by saturated aqueousSM (100 mL) and
diluted with EtOAc (100 mL). The layers were sepadaand the
aqueous layer was extracted with EtOAc (3 x 100 .nihe
combined organic layers were dried over ,Bi@,, filtered
through a silica gel pad, and concentrategtacuo The residue
was directly dissolved in MeOH (200 mL) and Pd(@8)(2.00
g, 20% Pd on carbon, wet) was added. The reactigtura was

2950, 1667,1462, 1332, 1294, 1050, 743'criRMS m/z
(M+Na)" caled for GgHooN,NaO; 311.1366, found 339.1366.

The above diol (2.50 g, 8.67 mmol) was dissolved in
anhydrous THF (100 mL). 2, 2-dimethyoxypropane 18rBL,
69.36 mmol) andp-TsOH (149.3 mg, 0.87 mmol) was added
successively. The resulting mixture was heatecetionx for 5 h
and quenched with saturated aqueous Nafi@a0 mL) at 0 °C.



6
The suspension was diluted with® (5 mL) and EtOAc (50
mL). The layers were separated and the aqueous lags
extracted with EtOAc (3 x 100 mL). The combined aorig
layers were dried over MO, filtered and concentrateth
vacua The residue was purified by silica gel
chromatography (petroleum ether/EtOAc = 2:1) gieenpound
6 (2.53 g, 89%) as white foamu]f’, =-32.4 € 1.1, CHC)); H
NMR (400 MHz, CDC}) 6 8.91 (brs, 1H), 7.52 (d] = 8.0 Hz,
1H), 7.29 (dJ = 8.4Hz, 1H), 7.16 (t) = 7.2 Hz, 1H), 5.48 (brs,
1H), 5.18 (dJ = 12.0 Hz, 1H), 4.39 (s, 2H), 4.10 (Hz 12.0 Hz,
1H), 3.58 (dd,J = 11.8 Hz, 8.4 Hz, 1H), 3.30 — 3.28 (m, 1H),
3.10 (t,J = 9.2 Hz, 1H), 2.37 — 2.34 (m, 4H), 1.88 — 1.83 i),
1.50 (s, 3H), 1.46 (s, 3H}*C NMR (400 MHz, CDCJ) § 180.1,
135.2, 131.6. 128.9, 121.7, 118.7, 117.8, 110.8,3.®8.1, 65.9,
64.3, 41.8, 41.7, 39.6, 27.3, 23.6, 20.2, 10.0;(hRat) 3300,
2923, 1676, 1459, 1372, 1257, 1197, 1091, 834, 782, 522
cm® ; HRMS m/z (M+Na) calcd for GgHp4N,NaO; 351,1679,
found 351.1678.

4.12. (S)-2-(2,2-dimethyl-5-(2-oxopyrrolidin-3-yl)3-dioxan-5-
yl)-1H-indole-3-carbaldehyd§l7)

DDQ (64.0 mg, 2.80 mmol) was added in small poditima
solution of compouné (460.0 mg, 1.40 mmol) in DCMA® (42
mL, v/v =20 : 1) at 0 °C. The resulting dark grestution was
warmed to room temperature and stirred for 5h. Thiction
mixture was then quenched with saturated aqueotCig (30

Tetrahedron

118.8 113.6 111.7 64.1, 63.1, 43.9 438 413
26.5 21.2 20.8& IR (neat) 3280 2920 1779 1718
1646, 1444, 1374 1285 1197 829 728 697 cm';
HRMS m/z (M+Na]J calcd for G/H,sN,NaQ; 499.1840, found

flash 499.1836.

4.17. (S)-4-(((benzyloxy)carbonyl)amino)-2-(5- (8afigl-1H-
indol-2-yl)-2,2-dimethyl-1,3-dioxan-5-yl)butanoicid (19).

A 1M solution of agueous NaOH (0.57 mL, 0.5mhat) was
added to a solution of compound 24 (136.0 mg, ®2%0l) in
THF (10 mL). After stirring at room temperature fbrh, the
reaction was cooled to 0 °C, and a 10% aqueousiaolof citric
acid was added to adjust the pH value to 6. Thigtureé was
diluted with HO (3 mL) and EtOAc (10 mL). The layers were
separated and the aqueous layer was extractedBNMIAC (3 x
20 mL). The combined organic layers were dried avgsSO,,
filtered and concentrateid vacuo The residue was purified by
silica gel flash chromatography (@El,/MeOH = 10:1) to give
compoundl9 as colorless oil.d]*’; = -2.5 € 0.2, CHOH);'H
NMR(600 M, CQ;OD): § 10.33 (s, 1H), 7.18 (d = 5.6 Hz, 1H),
7.29 - 7.28 (m, 1H), 7.26 — 7.17 (m, 7H), 4.962(3), 4.64 (d,J
= 12.8 Hz, 1H), 4.57 (d] = 11.6 Hz, 1H), 4.42 — 4.36 (m, 2H),
3.13 — 2.95 (m, 2H), 2.93 — 2.92 (m, 1H), 2.07 822(m, 1H),
1.68 — 1.59 (m, 2H), 1.48 (s, 3H), 1.40 (s, 3HE NMR (150
MHz, CD,OD) 187.0 176.3 158.7 150.9 138.3 136.6,
129.4, 128.9, 128.7, 124.3, 123.6, 120.8, 115.2.911100.1,

mL) and diluted with CKCl, (30 mL). The layers were separated 67.4, 66.6, 64.7, 44.6, 40.3, 28.9, 27.4, 20.7;(hRat) 3343,

and the aqueous layer was extracted with@H(3 x 50 mL).
The combined organic layers were washed with stdra
aqueous NaHC{(30 mL), bine (30 mL)), dried over MO,
filtered and concentrateid vacuo The residue was purified by
silica gel flash chromatography (petroleum ethéDi&t = 1:1)
give compoundl7 (316.0 mg, 66%) as pale yellow foafu]®,
=-77.5 € 0.4, CHC}); '"H NMR (400 MHz, CDCJ) 6 10.34 (s,
1H), 10.08 (brs, 1H), 8.22 — 8.20 (m, 1H), 7.42.407(m, 1H),
7.36 — 7.27 (m, 2H), 5.88 (brs, 1H), 4.84 — 4.81)(d 12.0 Hz,

2486, 1699, 1634, 1455, 1396, 1199, 1115, 970 crhiRMS
m/z (M+Na) calcd for G;H3oN,NaO,517.1945, found 517.1942.

4.18. Benzyl (S)-5-(hydroxymethyl)-2',2'-dimethyl 3, 7-
tetrahydrospiro[azocino[4,3-b]indole-6,5'-[1,3]diaxe]-2(3H)-
carboxylate(5).

A mixture of compound9 (90.0 mg, 0.18 mmol)) and

1H), 4.28 (d,J =116 HZ, lH), 3.89-3.84 (m’ lH), 3.31 — 324Pd/C (10% Pd on Carbon, Wet, 50 mg) in MeOH (5 m

(m, 1H), 3.17 (tJ = 9.6 Hz, 1H), 2.21 — 2.14 (m, 1H), 1.80 —
1.72 (m, 1H), 1.57 (s, 3H), 1.38 (s, 3HJC NMR (100 MHz,
CDCly) 6 185.1, 178.1, 147.4, 134,7, 127.8, 123.6, 1220,0,
115.0, 111.5, 99.0, 65.3, 63.9, 42.0, 41.8, 39563,24.1, 22.5;
IR (neat) 3285, 2924, 16831636 1455, 1374 1264, 1198
830, 734, 667 cif HRMS m/z (M+Naj calcd for
CioH2oN,NaQ, 365.1472, found 365.1471.

4.16. Benzyl (S)-3-(5-(3-formyl-1H-indol-2-yl)-Zjgnethyl-1,3-
dioxan-5-yl)-2-oxopyrrolidine-1-carboxylata8).

NaH (47.0 mg, 0.17 mmol, 60% in mineral oil) wakled in
small portions to a solution of compound xx in attous THF
(15 mL) at 0 °C. The resulting suspension was estirat this
temperature for 1h before CbzCl (0.2 mL, 1.40 mmay added
dropwise. After 1 h, the reaction mixture was qumtt with
saturated aqueous NEI (10 mL) and diluted with EtOAc (10
mL). The layers were separated and the aqueous lags
extracted with EtOAc (3 x 20 mL). The combined avigdayers
were dried over MgQ,, filtered and concentrated vacuo The
residue was purified by silica gel flash chromaamiry
(petroleum ether/EtOAc = 4:1) to give compout&l(181.0 mg,
81%) as pale yellow oil:o]*’%, = -37.7 € 0.3, CHC}); '"H NMR
(600 MHz, CDC}) § 10.3 (s, 1H), 9.95 (brs, 1H), 8.09 — 8.07 (m
1H), 7.43 — 7.39 (m, 1H), 7.38 — 7.26 (m, 8H), 528.21 (m,
2H), 4.89 (dJ = 12.0 Hz, 1H), 4.71 (d] = 12.6 Hz, 1H), 4.35 —
4.26 (m, 3H), 3.74 ( = 10.2 Hz, 1H), 3.59 — 3.55 (m, 1H), 2.04
—2.02 (m, 1H), 1.68 — 1.63 (m, 1H), 1.58 (s, 3HB5 (s, 3H).
3C NMR (150 MHz, CDG))  184.8, 173.7 151.0, 147.2
135.0, 134.4 128.6 1285 128.4 128.3 123.6 122.7%

stirred at room temperature under 1.0 atm pressiurl for 0.5 h.
Then the mixture was filtered through Celite and filtrate was
concentratedn vacuo.The residue was dissolved in MeOH (10
mL), and 3 A molecular sieves (200 mg) was addede T
resulting suspension was heated to reflux overrigfibre it was
cooled to room temperature and filtered. Then fifikate was
cooled to 0 °C. NaBi(7.0 mg, 0.18 mmol) was added slowly.
After stirring at 0 °C for 0.5 h, DIPEA (95.0L, 0.55 mol),
CbzCI (62.0uL, 0.44 mol) was added successively. The resulting
mixture was stirred for 1 h and concentraiadvacuo. This
residue was diluted with 4@ (5 mL) and EtOAc (5mL). Then a
10% aqueous solution of citric acid was added fjasadhe pH
value to 6. The layers were separated and the aguager was
extracted with EtOAc (3 x 20 mL). The combined arigdayers
were dried over MgQ,, filtered and concentrated vacuo The
resulting crude acid was directly dissolved in airoys THF (10
mL), borane dimethyl sulfide complex (0.10 mL, 1.68nol)
was added dropwise undeg At room temperature. The resulting
mixture was stirred at 35 °C for 10 h before it yagnched with
saturated aqueous NEI (5 mL) at °C. This suspension was
diluted with HO (10 mL) and EtOAc (10 mL). The layers were
separated and the aqueous layer was extractedBENMIAC (3 x
20 mL). The combined organic layers were dried avgsSO,,
filtered and concentrateid vacuo The residue was purified by
silica gel flash chromatography (petroleum ethé&/&t = 2:1) to
give compound (42.0 mg, 50% from9) as pale yellow foam:
[a]*p = +152.0 ¢ 0.2, CHC); '"H NMR (600 MHz, CDCJ two
rotamers)s 9.31 (s, 1H), 9.29 (s, 1H), 7.67 @= 7.2 Hz, 1H),
7.48 (d,J = 7.8 Hz, 1H), 7.40 — 7.31 (m, 10 H), 7.19 — 7.48 (



3H), 7.03 (m, 1H), 5.23 — 5.19 (m, 2H), 5.15 — AR 2H), 5.06
(d,J = 15.6 Hz, 1H), 5.00 (d] = 15.6 Hz, 1H), 4.63 (d] = 15.0
Hz, 1H), 4.33 — 4.28 (m, 2H), 4.17 —4.09 (M, 5HY73- 3.90 (m,
4H), 3.70 (m, 2H), 3.58 — 3.55 (m, 2H), 3.30 (m,)1B110 (m,
1H), 2.49 (m, 2H), 2.40 (m, 1H), 2.20 (m, 1H), 1.86, 2H),
1.57 (m, 2H), 1.49 (d] = 3.6 Hz, 6H), 1.46 (dJ = 3.6 Hz, 6H)
ppm. 3C NMR (150 MHz, CDGJ) 5 156.0, 155.9, 139.7, 139.5,
136.9, 136.8, 134.8, 134.7, 128.5, 128.2, 128.0,912122.2,
122.1, 121.9, 119.7, 119.5, 118.9, 118.3, 118.@.911110.6,
106.9, 106.4, 100.2, 100.1, 67.8, 67.7, 67.3, 65610, 65.2, 64.7,
64.5, 64.4, 64.3, 43.2, 43.1, 43.0, 42.1, 41.76,439.5, 29.7,
28.4, 27.7, 25.3, 24.9, 22.5, 22.1 ppm. IR (neaf63 2938
1668 1456 1418 1372 1254 1196 1167 1027
832, 731 697, 609 522 cni; HRMS m/z (M+Naj calcd
for Co7Ha,N,NaQ; 487.2203, found 487.2200.
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