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After the structure originally proposed for nitrew@was shown to be incorrect by total synthehbss, t
alternative structuré&s was recently suggested for the alkaloid on bidsgind grounds and by
comparison with théH NMR data of tangutorine. The unambiguous synthe$b is reported from
tryptophanol and ketodiest&; via oxazoloquinolone lactari. However, the melting point artH

NMR data of5 did not match those reported for the natural pcadu

Nitrarain€ is an indole alkaloid isolated in 1985 frawitraria schoberi L., collected in Kyzyl-Kum
(Uzbekistan). On the basis of its mass-spectrom&agmentation, spectroscopic UV, IR attiNMR
data, chemical transformations and correlationd,degradation studies, the yohimbane-type strudture
was assigned to nitraraine (Figure 1). Catalytidrbgenation of nitraraine afforded dihydronitragain
(assigned ag), which had also been isolated from the same pl8ome years later, two new alkaloids,
O-acetylnitrarain® and nitraraidiné,were also isolated fromitraria species, and their structures were

assigned a8 and4, respectively, mainly by chemical correlationshwiitraraine and dihydronitraraine.
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Figure 1. Structures proposed for nitraraine, dihydronitraegaD-acetylnitraraine, and nitraraidine.

A pentacyclic alcohol with the structutehad previously been prepardsy LiAlH 4, reduction of apo-
a-yohimbine. However, the data reported for thisohtl 1 (obtained as the hydrochloride) did not
allow the proposed structure for nitraraine (isatigds the base) to be corroborated.

Later on, three different syntheses of pentacyalimhol 1, either in enantiopure foftd or as a
racematé were reported. The melting point afid NMR data of1 were significantly different from
those reported for nitraraine. Similarly, the nmtipoint of synthetic2 differe® from that of the
alkaloid dihydronitrarainé.Consequently, a reasonable doubt arose about thectstructure of the
alkaloids of the nitraraine family.

In 2011, Pouporet al. published an excellent and comprehensive article that pesid detailed
analysis of the data available for nitraraine ahd tbove-mentioned nitraraine-related alkaloids,
suggesting pentacyclic alcohb) a structural isomer df, as a possible structure for nitraraine. The
proposal was based on biosynthetic considerdfi@msl a comparison of the physical and spectroscopic
data reported for these alkaloids with those ofjtoriné® and itsO-acetyl and dihydro derivatives

(Figure 2).

Tangutorine

Figure 2. Structure of tangutorine and putative structuraitfraine.



Both nitraraine and tangutorine are alkaloids isalafrom Nitraria species Nitraria schoberi and
Nitraria tangutorum, respectively), which belong to the Nitrariaceamily, whereas yohimbine-type
alkaloids have a monoterpenoid origin and are foumglants of the Rubiaceae, Loganiaceae and
Apocinaceae families. Moreover, the specific rotatieported for both alkaloids is zero, which coogd
attributed to similar biosynthetic pathways that rw involve the monoterpene secologanin. On the
other hand, nitraraine, tangutorine, and tl@iacetyl derivatives each have an olefinic protoat th
resonates at a very similar chemical shift in tiEirNMR spectra. Further, the melting point of these
two alkaloids differs by only a few degrees CelsiAsiother point of interest is that treatment of
dihydronitraraine withp-TsCI provides the alkaloid nitraraidine, whichas N-quaternary hexacyclic
salt, thus pointing to ais D/E ring junction. Taking into account all the &boPoupon proposed the
tangutorine diastereocisom®&mls a plausible structure for nitraraine.

In this communication we report the enantioselectotal synthesis @. In the context of our studies
on the use of tryptophanol-derived lactams as @maetic scaffolds for the synthesis of indole
alkaloids'? we visualized a synthetic route to this alcohokyKsteps to assemble the required
pentacyclic skeleton would be a stereoselectivelocpadensation of §)-tryptophanol with an
appropriately substituted 6-oxocyclohexenepropienalerivative 6 and a BischlefNapieralski
cyclization of the resulting oxazoloquinolone lant#'® (Scheme 1). The synthesis would also require
the subsequent removal of the hydroxymethyl sulestit coming from tryptophanol and the reduction

of the ester function.



Scheme 1. Synthetic strategy

| OH Meo,c ©
NH,
N
H

6
Stereoselective
cyclocondensation

CO,Et

o Stereoselective removal

H of the CH,O fragment
N\
| O
N O N3
H
- : CO,Et
Stereoselective H
Bischler=Napieralski 7 Elaboration of the
cyclization CH,OH substituent

The required d-keto ester 6 was prepared in 56% overall yield from ethyl 4-

oxocyclohexanecarboxyla& via keto sulfoxide®, as outlined in Scheme 2.

Scheme 2Preparation of the starting &-keto ester 6
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The cyclocondensation reaction db)-{ryptophanol with 6-keto ester6 stereoselectively gave
tricyclic lactam7 in 71% vyield* Starting from7, the closure of the central C ring was satisfalgtor
accomplished under classical Bischidapieralski reaction conditions. Without purificat| treatment
of the resulting hexacyclic derivative with LiAljHbrought about both the reductive opening of the
oxazolidine ring to stereoselectively give the teepl cis-decahydroquinoline ring junction and the
reduction of the ester function, leading to the tpeyclic diol derivativelO in 60% overall yield
(Scheme 3). In contrast, a similar sequence frfohed to the indoloquinolizidine derivativil, arising

from an initiala-amidoalkylation reaction on the indole riigScheme 4).



Scheme 3. Synthesis of 5, the Putative Structure Nitraraine
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Scheme 4. Cyclization of lactam 7
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The next stage of the synthesis was the removahefhydroxymethyl substituent coming from
tryptophanol, which required the selective protacidf the allylic hydroxy group, but unfortunatehe
insolubility of diol 10 precluded its manipulation. For this reason, titole nitrogen o¥ was protected
as ap-methoxybenzyl derivative, and the resulting lacterwas converted t@3 in 68% overall yield
following the above BischleNapieralski cyclizationLiAlIH 4 reduction sequence.

Once the allylic hydroxyl group was selectively f@aied with the bulkytert-butyldiphenylsilyl
group, the removal of the hydroxymethyl substituehi4 was performed in four steps: oxidation to
aldehydel5 using tetrapropylammonium perruthenate in the eres ofN-methylmorpholineN-oxide
as the co-oxidant (TPAP/NMG$ subsequent dehydration of the corresponding oXifwith Burgess

reagent, and reductive decyanation of the resudthagino nitrile.



Finally, deprotection of the indole nitrogen of pasyclel7 using TFA in the presence of PhSH as a
carbocation scavenger, followed by desilylationtloé alcohol function gave the target pentacyclic
alcohol5.

Our synthetic producé showed mass-spectral peaks with the sam®eas natural nitraraine.
However, the melting point (241-242 °C) Bfand the chemical shift of the olefinic proton s iH

NMR spectrum § 5.86 in CECO,D) were different from those described for the Hida(mp 280-281

°C;35.22 in CECOHY") (Figure 3).

Nitraraine

(natural product, ref 1) Compound 5
mp: 280-281 °C mp: 241-242 °C
TH NMR (100 MHz) TH NMR (400 MHz)
In CF;COOH In CF;COOD
=CH: multiplet, 5 5.22 =CH: broad singlet, 5 5.86

Figure 3. Melting point andH NMR data of nitraraine and compousid

The above data made evident that the real structurgtraraine and related alkaloids remains an

unsolved question and that further synthetic effare needed to reach a definitive conclusion.

Experimental Section

Ethyl 4-Oxo0-3-(phenylsulfonyl)cyclohexanecarboxyla (9): First step: LDA (4.41 mL, 8.82 mmol of

a 2 M solution in THF/heptane/ethylbenzene) wasddat—78 °C to a solution of commercial ethyl 4-
oxocyclohexanecarboxylatg;(1.5 g, 8.82 mmol) in dry THF (90 mL), and thewtmn was stirred for
30 minutes. Then PhS3%Eh (2.21 g, 8.82 mmol) in THF (10 mL) was added] e resulting mixture
was stirred at78 °C for 40 minutes. The reaction was quenched satturated aqueous NEl (50
mL), and the resulting mixture was extracted wit&c. The combined organic extracts were dried,

filtered, and concentrated to affoethyl 4-oxo-3-(phenylthio)cyclohexanecarboxylatewhich was
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used in the next step without purificatidht NMR (400 MHz, CDCJ) 51.27 (t,J = 7.2 Hz, 3H), 1.93-
2.02 (m, 1H), 2.25-2.29 (m, 1H), 2.31-2.38 (m, 1R1B9-2.43 (m, 2H), 2.98-3.03 (m, 1H), 3.04-3.11
(m, 1H), 3.89 (tdJ = 4.4, 0.8 Hz, 1H), 4.17 (§,= 7.2 Hz, 2H), 7.29 (d] = 7.2 Hz, 2H), 7.40 (dd] =
8.8, 2.0 Hz, 2H), 7.56 (d] = 6.8 Hz, 1H).Second step: A solution of mCPBA (70%, 2.17 g, 8.82
mmol) in CHCl, (20 mL) was added a{7/8 °C to a solution of the above phenylthio denxea(2.46 g,
8.82 mmol) in CHCI, (180 mL). After 5 minutes, the reaction was queatchvith the addition of
saturated aqueous p&gOs. The resulting mixture was extracted with &1, and the combined organic
extracts were washed with saturated aqueous Nak@®brine, dried, filtered, and concentrated. lirlas
chromatography of the residue (4:1 hexdft®©Ac) afforded the sulfonyl derivative (2.38 g, 93%
yield for the two steps) as a complex mixture aistiereoisomers. HRMS (ESI-TORyz [M + H]*
Calcd for GsH1904S 295.0999; Found 295.0999.

Methyl 3-(Ethoxycarbonyl)-6-oxocyclohexenepropiona (6): A solution of DBU (374 mg, 2.45
mmol) in DMF (5 mL) was added a#0 °C, under inert atmosphere, to a solution ofath@ve sulfonyl
derivatives9 (720 mg, 2.45 mmol) in DMF (15 mL), and the resigtmixture was stirred for 20 min. A
solution of methyl acrylate (211 mg, 2.45 mmolpDNMF (5 mL) was then added to the mixture, and the
reaction was allowed to reach 10 °C over 1.5 h. fHaetion was quenched with saturated aqueous
NH,CI (20 mL), and the resulting mixture was extractdgth EL,O. The organic layer was dried and
filtered, and the filtrate was stirred at room temgiure for 20 h. After this time, the solvent was
evaporated under reduced pressure. Flash chromptogrof the residue (hexane to 9.5:0.5
hexane-EtOAc) afforded oxoestdd (375 mg, 60%): IR (filmy (cm?) 1678 (CO), 1736 (CO}H NMR
(400 MHz, CDC}4, COSY,g-HSQC)&1.30 (t,J = 7.1 Hz, 3H, CH), 2.12-2.23 (m, 1H, H-4’), 2.30-
2.41 (m, 2H, H-2, H-4’), 2.44-2.49 (m, 2H, H-3)53-2.61 (m, 3H, H-2, H-5"), 3.36-3.42 (m, 1H, H-
3", 3.66 (s, 3H, OCH), 4.21 (q,J = 7.1 Hz, 2H, ®,CHs), 6.85 (d,J = 4.4 Hz, 1H, H-2));"*C NMR
(100.6 MHz, CDCJ) 6 14.1 (CH), 25.4 (C-3), 25.7 (C-4’), 32.8 (C-5’), 36.6 (C-22.0 (C-3'), 51.5
(OCHy), 61.3 CH,CHs), 132.6 (C-1'), 142.3 (C-2'), 171.8 (COO), 173B0), 197.8 (CO); HRMS

(ESI-TOF)m/z [M + H]" Calcd for GsH190s 255.1227; Found 255.1228.



Ethyl (3S,7aR,11aR)-3-(3-Indolylmethyl)-5-o0x0-2,3,5,6,7,7a,10,11-odtgdrooxazolo[2,3-
jlquinoline-9-carboxylate (7): Isobutyric acid (105uL, 1.13 mmol) was added to a solution of
tryptophanol (97 mg, 0.51 mmol) and oxoe€di00 mg, 0.39 mmol) in toluene (8 mL). The mixture
was stirred at reflux for 24 h, with azeotropicnghation of water by a Dean-Stark system. The
resulting mixture was cooled and concentrated unelduced pressure. The residue was dissolved in
EtOAc and washed with saturated aqueous Nai e combined organic extracts were dried,
filtered, and concentrated to give a foam. Cryiiatiion from EtOAc gave lactam (109 mg, 71%).
Evaporation of the solvent afforded the5@S5,11&5) diastereoisomer7(; 19 mg, 17%)Lactam 7:
[a]?p + 20.2 € 1.0, CHCY); IR (film) v (cm™) 1629 (NCO), 1714 (COO), 3303 (NH} NMR (400
MHz, CDCk, COSY,g-HSQC)81.28 (t,J = 7.5 Hz, 3H, CH), 1.56-1.68 (m, 2H, H-7, H-11), 1.95
(dm,J = 14.0 Hz, 1H, H-7), 2.05-2.10 (m, 1H, H-11), 2.28@(m, 1H, H-7a), 2.33-2.39 (m, 1H, H-
10), 2.43-2.52 (m, 2H, H-6, H-10), 2.63 (dbz 18.4, 6.4 Hz, 1H, H-6), 2.89 (dd,= 14.0, 10.4 Hz,
1H, CH,-ind), 3.62 (ddd,) = 14.0, 3.4, 0.8 Hz, 1H, I@-ind), 3.81 (dd,J = 8.8, 8.0 Hz, 1H, H-2), 4.01
(dd,J = 8.8, 8.0 Hz, 1H, H-2), 4.19 (d,= 7.5 Hz, 2H, ®,CHs), 4.67 (dtd,J = 10.4, 8.0, 8.0, 3.4 Hz,
1H, H-3), 6.84 (ddJ = 5.0, 2.0 Hz, 1H, H-8), 7.01 (d,= 2.4 Hz, 1H, ArH), 7.12 (td) = 8.0, 1.2 Hz,
1H, ArH), 7.20 (tdJ = 8.0, 1.2 Hz, 1H, ArH), 7.34 (d,= 8.0 Hz, 1H, ArH), 7.89 (dJ = 8.0 Hz, 1H,
ArH), 8.40 (s, 1H, NH ind)**C NMR (100.6 MHz, CDG)) 5 14.2 (CH), 22.6 (C-10), 25.5 (C-7), 26.3
(C-11), 30.2 CH,-ind), 31.0 (C-6), 40.6 (C-7a), 56.2 (C-3), 60@HLCH:), 68.2 (C-2), 92.6 (C-11a),
111.1 (CHAr), 111.6 (CAr), 119.2 (CHAr), 119.5 (CHA122.0 (CHAr), 122.1 (CHATr), 127.5 (CA),
129.6 (C-9), 136.2 (CAr), 137.7 (C-8), 166.5 (,0169.4 (CO); HRMS (ESI-TOFWz [M + H]*
Calcd for GsH,7N,04 395.1965; Found 395.1978. Anal. Calcd. fogHBeN2O4-'/, HoO: C 68.47; H
6.74, N 6.94. Found: C 68.42; H 6.60; N 6.68ctam 7': [a]*%> — 40.8 € 0.8, CHC}); IR (film) v (crm

1) 1628 (NCO), 1706 (COO), 3297 (NHH NMR (400 MHz, CDCJ, COSY,g-HSQC)51.28 (t,J =

7.2 Hz, 3H, CH), 1.53-1.63 (m, 2H, H-7, H-11), 2.02 (d#iz 14.0, 6.0 Hz, 1H, H-7), 2.11-2.20 (m,
1H, H-11), 2.31-2.39 (m, 2H, H-7a, H-10), 2.48-2(%41, 3H, H-6, H-10), 2.76 (ddl = 14.0, 9.6 Hz,

1H, CH»-ind), 3.79 (ddJ = 14.0, 2.0 Hz, 1H, 8-ind), 3.97 (m, 2H, H-2), 4.18 (d,= 7.2 Hz, 2H,
8



CH,CHs), 4.42 (m, 1H, H-3), 6.90 (dd,= 5.0, 2.4 Hz, 1H, H-8), 7.04 (d,= 2.4 Hz, 1H, ArH), 7.13
(td,J = 7.5, 1.2 Hz, 1H, ArH), 7.20 (td,= 7.5, 1.2 Hz, 1H, ArH), 7.36 (d,= 7.5 Hz, 1H, ArH), 7.80
(d,J = 7.5 Hz, 1H, ArH), 8.07 (s, 1H, NH ind}*C NMR (100.6 MHz, CDG)) 5 14.2 (CH), 22.8 (C-
10), 25.7 (C-7), 26.3 (C-11), 26.6Hl,-ind), 30.1 (C-6), 39.8 (C-7a), 56.5 (C-3), 60@HLCHs), 67.4
(C-2), 92.7 (C-11a), 111.0 (CHAr), 112.4 (CAr), 134CHAr), 119.6 (CHAr), 122.2 (CHAr), 122.3
(CHAr), 127.7 (CAr), 129.2 (C-9), 136.1 (CAr), 188C-8), 166.6 (C@), 168.1 (CO); HRMS (ESI-
TOF)mVz: [M + H]" Calcd for G3H27N»04 395.1965; Found 395.1971.
(2aR,6aS,8S,14bS)-4,8-Bis(hydroxymethyl)-2,2a,5,6,6a,8,9,14b-octatlyo-1H-benz[flindolo[2,3-
ajquinolizine (10): POCk (1.12 mL, 12.16 mmol) was added to a solutionastdm7 (600 mg, 1.52
mmol) in toluene (20 mL), and the solution wasretirat 100 °C for 1.5 h. The solvent was evaporated
and dry methanol (30 mL) was added to the resida8H, (173 mg, 4.57 mmol) was slowly added at 0
°C to the solution, and the mixture was stirrethvéihg it to reach room temperature (about 1.5Tie
reaction was quenched by addition of saturated agu&laHCQ. The methanol was evaporated, and
the aqueous solution was extracted with,Chl The combined organic extracts were dried, filesnd
concentrated. LiAlE (866 mg, 23 mmol) was added to a solution of geilting residue in anhydrous
THF (25 mL), and the mixture was stirred at reffox 3 h. The reaction was quenched at 0 °C with
water (866uL), and 10% aqueous NaOH (8AB6) and then water (2.5 mL) were added. The regultin
suspension was dried with Mgg@iltered, and concentrated. Flash chromatograghie resulting oll
(9:1 CHCI,-MeOH) afforded pentacyclic compourd® as a light yellow foam (308 mg, 60%): IR
(film) v (cm™) 3402 (OH, NH):*H NMR (400 MHz, CDC}, COSY,g-HSQC)51.14 (qd,J = 12.8, 4.8
Hz, 1H, H-6), 1.40 (qd) = 13.2, 4.8 Hz, 1H, H-2), 1.67 (m, 2H, H-2, H-6)78 (dd,J = 17.2, 4.0 Hz,
1H, H-5), 1.91 (m, 1H, H-5), 2.12 (m, 1H, H-1), 2.8n, 2H, H-1, H-2a), 2.80 (dd,= 8.8, 1.6 Hz, 2H,
H-9), 3.27 (dg,) = 12.8, 2.4 Hz, 1H, H-6a), 3.51 (m, 1H, H-8), 3(822H, G1,0H), 3.86 (dd,) = 11.6,
6.4 Hz, 1H, G1,0H), 4.04 (ddJ = 11.6, 7.6 Hz, 1H, B,OH), 4.27 (brs, 1H, H-14b), 5.55 (d= 4.0
Hz, 1H, H-3), 6.99 (tdJ = 7.6, 0.8 Hz, 1H, ArH), 7.06 (td,= 8.0, 1.2 Hz, 1H, ArH), 7.33 (d,= 8.0
Hz, 1H, ArH), 7.37 (dJ = 7.6 Hz, 1H, ArH)*C NMR (100.6 MHz, CDG) 824.2 (C-6), 25.1 (C-2),
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26.5 (C-9), 27.1 (C-1), 27.3 (C-5), 37.6 (C-2a),85@C-14b), 55.9 (C-6a), 62.9 (C-8), 64.3 ({CH),
66.7 (CHOH), 108.5 (CAr), 112.0 (CHAT), 118.3 (CHAr), 119@HAr), 121.7 (CHAr), 127.1 (C-3),
128.9 (CAr), 137.5 and 137.8 (2CAr, C-4); HRMS (H®IF) m/'z [M + H]* Calcd for GiHp7N,O,
339.2067; Found 339.2064.
(9S,4aS,15bR)-3,9-Bis(hydroxymethyl)-1,2,4a,5,6,7,9,10-octahydbenzj]indolo[2,3-a]quinolizine
(11): Operating as in the above cyclization of lactadnfrom the minor isomer’ (180 mg, 0.35 mmol)
in toluene (5.0 mL) and PO£(257 uL, 2.79 mmol), then NaBH(40 mg, 1.05 mmol) in anhydrous
methanol (7.0 mL), and finally LiAllHd (200 mg, 5.25 mmol) in THF (6 mL), compouad (77 mg,
65%) was obtained after column chromatography (HCl—MeOH): IR (film) v (cm™) 3405 (OH,
NH); 'H NMR (400 MHz, CDC}, COSY,g-HSQC)51.40 (dm,J = 12.4 Hz, 1H, H-6), 1.51 (df, =
14.4, 4.4 Hz, 1H, H-5), 1.58 (dnd,= 12.4 Hz, 1H, H-5), 1.60 (m, 1H, H-6), 1.79 (n,1H-1), 2.01
(dm,J = 16.0 Hz, 1H, H-2), 2.25 (dnd,= 16.0 Hz, 1H, H-2), 2.30 (ddd,= 13.2, 4.4, 2.8 Hz, 1H, H-1),
2.38 (td,J = 12.0, 2.4 Hz, 1H, H-7), 2.51 (dd~ 15.6, 4.0 Hz, 1H, H-10), 2.63 (ddi= 15.6, 10.4 Hz,
1H, H-10), 2.73 (m, 1H, H-7), 2.84 (brs, 1H, H-48)64 (d,J = 5.2 Hz, 1H, &,0H), 3.75-3.79 (m, 2H,
H-9, CH,OH), 4.12 (s, 2H, 8,0H), 7.10 (tdJ = 7.2, 0.8 Hz, 1H, ArH), 7.16 (td,= 7.2, 0.8 Hz, 1H,
ArH), 7.33 (d,J = 7.6 Hz, 1H, ArH), 7.46 (d] = 7.6 Hz, 1H, ArH);"*C NMR (100.6 MHz, CDG) &
19.3 (C-10), 21.1 (C-6), 22.6 (C-2), 27.4 (C-5),634C-1), 38.7 (C-4a, C-7), 54.0 (C-9), 56.5 (C15b
61.2 (CHOH), 66.5 (CHOH), 107.1 (CAr), 110.9 (CHAr), 118.0 (CHAr), 119(8HAr), 121.5
(CHAT), 125.0 (C-4), 127.4 (CAr), 135.4 (CAr), 187CAYr), 138.5 (C-3); HRMS (ESI-TOFVZ [M +
H]* Calcd for GiH,7N,O, 339.2067; Found 339.2066.

Ethyl (3S,7aR,11aR)-3-[1-(4-Methoxybenzyl)-3-indolylmethyl]-5-ox0-2,3,5,6,74,10,11-
octahydrooxazolo[2,3fquinoline-9-carboxylate (12):Lactam7 (195 mg, 0.49 mmol) was added at O
°C under a nitrogen atmosphere to a suspensiorabif (80% dispersion in mineral oil, 18 mg, 0.74
mmol) in dry DMF (5 mL), and the resulting mixtuveas stirred for 30 minutes. 4-Methoxybenzyl
chloride (80 ul, 0.59 mmol) was added, and the stirring was ool at 0 °C for 1 h. After

neutralization with saturated aqueous #8H the mixture was extracted three times withCEtThe
1C



combined organic extracts were washed with bringedd filtered, and concentrated. Flash
chromatography of the residue (4:1 hexdft®©Ac) provided lactanl2 (170 mg, 67%): IR (film)
v (cm?) 1643 (NCO), 1707 (COOJH NMR (400 MHz, CDC}, COSY,g-HSQC)51.28 (t,J = 6.8 Hz,
3H, CHy), 1.53-1.57 (m, 2H, H-7, H-11), 1.84 (dbis 14.0, 5.6 Hz, 1H, H-11), 2.04-2.10 (m, 1H, H-7),
2.25-2.29 (m, 1H, H-7a), 2.29-2.34 (m, 1H, H-1082(m, 1H, H-10), 2.46 (ddd,= 18.8, 11.6, 7.2
Hz, 1H, H-6), 2.62 (dd) = 18.8, 5.2 Hz, 1H, H-6), 2.93 (dd= 14.4, 4.0 Hz, 1H, By-ind), 3.56 (dd,]
=14.4, 3.2 Hz, 1H, B,-ind), 3.77 (s, 3H, CkD), 3.79 (tJ = 8.8 Hz, 1H, CHO), 4.00 (t,J = 8.8 Hz,
1H, CH0), 4.18 (qJ = 6.8 Hz, 2H, ®.CHs), 4.64 (ddd,) = 11.2, 8.0, 3.2 Hz, 1H, H-3), 5.20 (s, 2H,
NCH;), 6.83 (d,J = 8.4 Hz, 3H, H-8, ArH), 6.93 (s, 1H, H-2 ind)0®.(d,J = 8.4 Hz, 2H, ArH), 7.12 (t,
J=7.2 Hz, 1H, ArH), 7.19 () = 7.2 Hz, 1H, ArH), 7.28 (d] = 8.0 Hz, 1H, ArH), 7.78 (d] = 8.0 Hz,
1H, ArH); **C NMR (100.6 MHz, CDG) 5 14.2 (CH), 22.6 (C-10), 25.6 (C-7), 26.2 (C-11), 29.9
(CHg-ind), 30.9 (C-6), 40.6 (C-7a), 49.3 (N@H55.2 (CHO), 56.3 (C-3), 60.5 (Ci#€H,), 68.0
(CH,0), 92.6 (C-11a), 109.6 (CHAT), 110.8 (CAr), 114CHAr), 119.3 (CHAr), 119.5 (CHAr), 121.9
(CHATr), 126.0 (CHAr), 128.2 (CHAr), 129.4 (CAr), 95 (CAr), 130.0 (C-9), 136.5 (CAr), 137.7 (C-
8), 159.1 (CAr), 166.5 (C£, 169.3 (CO); HRMS (ESI-TOFWz [M + H]* Calcd for GiH3sN2Os
515.2540; Found 515.2545.
(2aR,6aS,8S,14hbS)-4,8-Bis(hydroxymethyl)-14-(4-methoxybenzytR,2a,5,6,6a,8,9,14b-octahydro-
1H-benz[flindolo[2,3-a]quinolizine (13): Operating as in the preparation of compo@fAgdfrom lactam
12 (2.04 g, 4.66 mmol) in toluene (58 mL) and PO@l4 mL, 37.3 mmol), then NaBH540 mg, 14
mmol) in anhydrous methanol (92 mL), and finallyAli, (1.77 g, 46.6 mmol) in THF (90 mL),
pentacyclic dioll3 (1.45 g, 68%) was obtained after purification muenn chromatography (99:1
CH,Cl,-MeOH): mp: 119-122 °Cp|*%, — 34.0 € 0.4, CHCY); IR (film) v (cm'*) 3428 (OH):*H NMR
(400 MHz, CDC}, COSY,g-HSQC)51.26-1.41 (m, 2H, H-2, H-6), 1.60-1.70 (m, 2H, HF26), 1.81
(dd,J = 14.4, 3.2 Hz, 1H, H-5), 1.87-2.02 (m, 2H, H-15H 2.19-2.25 (m, 1H, H-1), 2.39 (m, 1H, H-
2a), 2.78-2.82 (m, 2H, H-9), 3.31 (ddds 12.0, 5.2, 3.2 Hz, 1H, H-6a), 3.53 (tr 8.8, 6.4 Hz, 1H, H-

8), 3.75 (s, 3H, CD), 3.75-3.81 (ddJ = 11.2, 5.2 Hz, 1H, B,0H), 3.90 (s, 2H, 6,0H), 3.87-3.95
11



(dd,J = 12.0, 5.2 Hz, 1H, B,0OH), 4.22 (tJ = 5.2 Hz, 1H, H-14b), 5.25 (d,= 17.2 Hz, 1H, NCHh),
5.43 (d,J = 17.2 Hz, 1H, NCh), 5.48 (d,J = 3.2 Hz, 1H, H-3), 6.78 (d,= 8.4 Hz, 2H, ArH), 6.83 (d]

= 8.4 Hz, 2H, ArH), 7.11 (td] = 7.2, 1.2 Hz, 1H, ArH), 7.15 (td,= 6.8, 1.2 Hz, 1H, ArH), 7.23 (d,=
8.0 Hz, 1H, ArH), 7.47 (d) = 6.8 Hz, 1H, ArH):*C NMR (100.6 MHz, CDG) 524.8 (C-6), 25.0 (C-
2), 25.2 (C-9), 26.2 (C-5), 27.1 (C-1), 36.2 (C;247.5 (NCH), 53.0 (C-6a), 54.5 (C-14b), 55.2
(CH:0), 61.0 (C-8), 62.5 (CHDH), 66.6 (CHOH), 109.3 (CHAr), 110.0 (CAr), 114.2 (CHAr), 117.8
(CHAr), 119.4 (CHAr), 121.5 (CHAT), 126.4 (C-3), 85 (CHAr), 126.9, 130.1 and 136.9 (C-4, 2CAr),
137.9 (CAr), 158.7 (CAr); HRMS (ESI-TORVz [M + H]* Calcd for GoHzsN,Os 459.2642; Found
459.2628.

(2aR,68S,8S,14bS)-4-[(tert-Butyldiphenylsilyloxy)methyl]-8-(hydroxymethyl)-14-(4-
methoxybenzyl}2,2a,5,6,6a,8,9,14b-octahydroH-benzfflindolo[2,3-a]quinolizine (14): Imidazole
(32 mg, 0.48 mmol) antert-butyldiphenylsilyl chloride (193ul, 0.72 mmol) were added at 0 °C to a
solution of diol13 (220 mg, 0.48 mmol) in Ci€Il, (25 mL). The solution was stirred for 15 minutés a
this temperature. Then saturated aqueougiWas added, and the mixture was extracted withGTH
The combined organic extracts were dried, filteradd concentrated. Flash chromatography (99:1
CH.Cl~MeOH) of the residue afforded alcoHa! as a yellow foam (254 mg, 76%): IR (film)cm?)
3428 (OH), 1109 (OSi)H NMR (400 MHz, CDCY, COSY,g-HSQC)31.02 [s, 9H, C(Ch)3], 1.26-
1.37 (m, 2H, H-2, H-6), 1.60-1.66 (M, 2H, H-2, H-6)80-1.83 (m, 2H, H-5), 1.93-2.04 (m, 1H, H-1),
2.25-2.29 (m, 1H, H-1), 2.39 (m, 1H, H-2a), 2.782(m, 2H, H-9), 3.31 (dm] = 12.0 Hz, 1H, H-6a),
3.53-3.57 (m, 1H, H-8), 3.73 (s, 3H, @), 3.81 (dd,J = 10.8, 4.8 Hz, 1H, B,0H), 3.94 (s, 2H,
CH,0Si), 3.91-3.96 (m, 1H, I8,0H), 4.26 (m, 1H, H-14b), 5.27 (d= 17.6 Hz, 1H, NCh), 5.45 (d J

= 17.6 Hz, 1H, NCH), 5.48 (m, 1H, H-3), 6.79 (d,= 8.4 Hz, 2H, ArH), 6.84 (d] = 8.4 Hz, 2H, ArH),
7.11 (td,J = 7.6, 1.2 Hz, 1H, ArH), 7.16 (td,= 8.0, 1.2 Hz, 1H, ArH), 7.24 (d,= 7.2 Hz, 1H, ArH),
7.31-7.41 (m, 6H, ArH), 7.47 (d,= 6.8 Hz, 1H, ArH), 7.60-7.64 (m, 4H, ArHY*C NMR (100.6 MHz,
CDCly) 319.2 [C(CHa)3], 24.7 and 24.8 (C-6, C-2), 25.2 (C-9), 26.1 (CZH.8 [CCHa)3], 27.1 (C-1),

36.3 (C-2a), 47.5 (NC}), 53.0 (C-6a), 54.6 (C-14b), 55.2 (§B), 61.3 (C-8), 62.4 (C¥DH), 67.1
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(CH,0Si), 109.3 (CHAr), 110.0 (CAr), 114.2 (CHAr), 187(CHAr), 119.4 (CHAr), 121.5 (CHA),
125.1 (C-3), 126.6 (CHAr), 126.9 (CAr), 130.1 (CALB3.7 (CAr), 133.7 (CAr), 136.2 (C-4, CAr),
137.9 (CAr), 158.7 (CAr); HRMS (ESI-TORVz [M + H]* Calcd for GsHssN2OsSi 697.3820; Found
697.3807.

(2aR,68S,8S,14hS)-4-[(tert-Butyldiphenylsilyloxy)methyl]-8-formyl-14-(4-methoxybenzyl)
2,2a,5,6,6a,8,9,14b-octahydroH-benz[f]indolo[2,3-a]quinolizine (15): 4A Powdered sieves (376
mg) and NMO (115 mg, 0.96 mmol) were added at réemperature under an inert atmosphere to a
solution of alcoholl4 (190 mg, 0.27 mmol) in C}¥N (6 mL). Tetrapropylammonium perruthenate (19
mg, 0.054 mmol) was then added in one portion, el resulting mixture was stirred at room
temperature for 30 minutes. The solvent was evapdrand the dark residue was dissolved in@H
The solution was filtered through a short pad t¢itaiusing CHCI, as the eluent. The filtrate was
concentrated to give aldehyilb (95 mg, 50%), which was used in the next stepautipurification: IR
(film) v (cm?) 1656 (CHO), 1110 (OSi)H NMR (400 MHz, CDCJ, COSY,g-HSQC)51.03 [s, 9H,
C(CHs)3], 1.49 (qdJ = 12.8, 4.0 Hz, 1H, H-1), 1.65-1.79 (m, 3H, H-26} 1.83 (dm,) = 12.8 Hz, 1H,
H-1), 1.93-1.96 (m, 2H, H-5), 2.14 (m, 1H, H-6)42.(s, 1H, H-2a), 3.04 (ddd,= 15.2, 5.6, 2.0 Hz,
1H, H-9), 3.23 (dJ) = 15.2 Hz, 1H, H-9), 3.73 (m, 1H, H-6a), 3.743s|, CHO), 3.97 (m, 1H, H-8),
4.08 (s, 2H, CHOSI), 4.18 (dJ = 10.8 Hz, 1H, H-14b), 5.14 (d,= 16.8 Hz, 1H, NCh), 5.23 (d,J =
16.8 Hz, 1H, NCH), 5.27 (s, 1H, H-3), 6.78 (d,= 8.8 Hz, 2H, ArH), 6.87 (d] = 8.8 Hz, 2H, ArH),
7.03 (m, 1H, ArH), 7.06-7.09 (m, 2H, ArH), 7.24-2.8n, 6H, ArH), 7.51 (m, 1H, ArH), 7.64-7.68 (m,
4H, ArH), 9.66 (s, 1H, CHO):3C NMR (100.6 MHz, CDG)) 819.2 [C(CHa)s], 21.3 (C-5), 23.3 (C-9),
26.8 [CCHa3)s, C-6], 29.4 (C-1), 30.6 (C-2), 35.9 (C-2a), 4MNCH,), 55.2 (CHO), 55.3 (C-6a), 55.6
(C-14b), 59.8 (C-8), 67.6 (GSi), 107.1 (CAr), 110.0 (CHAr), 114.1 (CHAr), 197(CHAr), 119.4
(CHAr), 121.4 (CHAr), 124.3 (C-3), 126.7 (CAr), 107(CHAr), 127.5 (CHAr), 129.5 (CHAr), 135.4
(CAY), 135.5 (CAr), 137.1 (CAr), 137.8 (C-4), 13M©Ar), 158.7 (CAr), 205.6 (CHO); HRMS (ESI-

TOF)mVz [M + H]" Calcd for GsHsiN,O3Si 695.3663; Found 695.3636.
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(2aR,6aS,8S,14bS)-4-[(tert-Butyldiphenylsilyloxy)methyl]-8-[(hydroxyimino)met hyl]-14-(4-
methoxybenzyl}2,2a,5,6,6a,8,9,14b-octahydroH-benzffJindolo[2,3-a]quinolizine (16):
NH,OH-HCI (42 mg, 0.59 mmol) was added to a solutibraldehydel5 (75 mg, 0.11 mmol) in
pyridine (250uL) and ethanol (25@QL). The mixture was heated at reflux for 2 h, anentthe solvent
was removed under reduced pressure. 0.2 N Aquegb€H2 mL) was added, and the mixture was
stirred for 10 minutes and extracted with EtOAceTdrganic extracts were washed with 2 N aqueous
NaOH, dried, filtered, and concentrated to afforirees 16 (44 mg, 56%)Major isomer: IR (film)

v (cm™) 1110 (OSi);H NMR (400 MHz, CDC}, COSY,g-HSQC)51.02 [s, 9H, C(Ch)g], 1.48-1.52
(m, 2H, H-2, H-5), 1.64-1.67 (m, 3H, H-1, H-2, H-8)91 (m, 1H, H-5), 2.00 (m, 1H, H-1), 2.32 ¢
14.0 Hz, 1H, H-6), 2.46 (m, 1H, H-2a), 2.79J& 15.2 Hz, 1H, H-9), 3.06 (brs, 1H, H-6a), 3.16d

= 15.2, 5.2, 2.0 Hz, 1H, H-9), 3.68 (d,= 10.4 Hz, 1H, H-14b), 3.75 (s, 3H, @B), 4.08 (s, 2H,
CH,0Si), 4.15 (m, 1H, H-8), 5.17 (d,= 17.2 Hz, 1H, NCh), 5.29 (m, 1H, H-3), 5.30 (d,= 17.2 Hz,
1H, NCH), 6.80 (d,J = 8.4 Hz, 2H, ArH), 6.88 (d] = 8.4 Hz, 2H, ArH), 7.09 (d] = 4.8 Hz, 2H, ArH),
7.28-7.36 (m, 7H, ArH), 7.33 (m, 1KGHNOH), 7.48 (m, 1H, ArH), 7.64-7.68 (m, 4H, ArHfC NMR
(100.6 MHz, CDG) 8 19.3 [C(CHs)3], 21.2 (C-2), 26.6 (C-9), 26.8 [CH3)s, C-6], 29.7 (C-1), 29.7 (C-
5), 36.0 (C-2a), 47.4 (NCH 50.0 (C-8), 55.2 (C¥D), 55.4 (C-6a), 55.6 (C-14b), 67.5 (gb5i), 107.0
(CAr), 109.8 (CHAr), 114.1 (CHAr), 118.0 (CHAr), 9B (CHAr), 121.4 (CHAr), 124.2 (C-3), 127.0
(CHATF), 127.2 (CHAr), 127.5 (CHAr), 127.6 (CHAr)29.5 (CHAT), 129.7 (CAr), 133.9 (CAr), 134.0
(CAY), 135.4 (CHAr), 135.5 (CHAr), 136.7 (CAr), 157(C-4), 138.3 (CAr), 151.20HNOH), 158.8
(CAr); HRMS (ESI-TOF)mVz: [M + H]" Calcd for GsHsoN30sSi 710.3772; Found 710.376®linor
isomer: *H NMR (400 MHz, CDC4, COSY, g-HSQC, selected resonances).02 [s, 9H, C(Ch)s],
2.35 (dm,J = 14.0 Hz, 1H, H-6), 2.43 (m, 1H, H-2a), 2.89 J& 15.2 Hz, 1H, H-9), 2.96 (brs, 1H, H-
6a), 3.10 (m, 1H, H-9), 3.65 (d,= 10.4 Hz, 1H, H-14b), 3.75 (s, 3H, @B), 4.08 (s, 2H, CHOSI),
4.82 (m, 1H, H-8), 5.18 (d] = 17.2 Hz, 1H, NCH), 5.27 (m, 1H, H-3), 5.33 (d] = 17.2 Hz, 1H,
NCH;,), 6.76 (m, IHCHNOH), 6.78 (d,J = 8.4 Hz, 2H, ArH), 6.87 (d] = 8.4 Hz, 2H, ArH), 7.09 (s,

1H, ArH), 7.28-7.36 (m, 7H, ArH), 7.48 (m, 1H, ArHjJ.64-7.68 (m, 4H, ArH).
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(2aR,6aS,140bS)-4-[(tert-Butyldiphenylsilyloxy)methyl]-14-(4-methoxybenzyl}2,2a,5,6,6a,8,9,14b-
octahydro-1H-benz[flindolo[2,3-a]quinolizine (17): First step: Burgess reagent was added in three
portions (3 x 30 mg) to a solution of oxim&8 (88 mg, 0.12 mmol) in C¥Cl, (1.25 mL) over a period
of 2 hours. The resulting solution was stirredann temperature for 2 hours. Water was then added,
and the mixture was extracted with &H,. The combined organic extracts were dried, filerand
concentrated to afford the corresponding cyanovdsvie, which was used in the next step without
purification. Second step: AcOH (17pL) was added to a solution of NaBEN (28 mg, 0.45 mmol) in
CH3CN (120pL), and the solution was stirred at room tempegafar 30 minutes. Then a solution of
the above cyano compound (88 mg, 0.075 mmol) inCNH(115puL) was added, and the resulting
mixture was stirred at room temperature for 9 hpCkand 4 N agueous NaOH were then added, and
the mixture was extracted with GEl,. The organic extracts were washed with brine difigered, and
concentrated. Flash chromatography of the resiéliiehexane—EtOAc) afforded compoubd (35 mg,
70%, two steps): IR (filmy (cm™) 1111 (OSi);H NMR (400 MHz, CDC}, COSY,g-HSQC)5 1.06 [s,
9H, C(CHy)3], 1.56 (td,J = 11.6, 4.8 Hz, 1H, H-1), 1.62-1.72 (m, 3H, H-26}-1.88-1.92 (m, 2H, H-1,
H-5), 2.11 (t,J = 14.8 Hz, 1H, H-5), 2.22-2.28 (m, 2H, H-6, H-8)4& (brs, 1H, H-2a), 2.70-2.76 (m,
2H, H-6a, H-9), 2.88 (m, 1H, H-9), 3.40-3.47 (m,, 28, H-14b), 3.77 (s, 3H, GO), 4.11 (s, 2H,
CH,0Si), 5.18 (dJ = 17.2 Hz, 1H, NCh), 5.30 (d,J = 17.2 Hz, 1H, NCh), 5.33 (m, 1H, H-3), 6.80
(d, J = 8.8 Hz, 2H, ArH), 6.88 (dJ = 8.8 Hz, 2H, ArH), 7.06-7.10 (m, 3H, ArH), 7.28B7 (m, 7H,
ArH), 7.51-7.53 (m, 1H, ArH), 7.48 (m, 1H, ArH),67-7.70 (m, 2H, ArH)*C NMR (100.6 MHz,
CDCly) 819.3 [C(CHa)a], 21.3 (C-5), 23.1 (C-9), 26.8 [CHa)3], 27.1 (C-6), 28.5 (C-1), 30.2 (C-2),
36.0 (C-2a), 46.3 (C-8), 47.6 (NGH 55.2 (CHO), 58.6 (C-6a), 59.9 (C-14b), 67.5 (€bSi), 109.7
(CHAT), 114.0 (CHAr), 118.0 (CHAT), 119.2 (CHA)21.1 (CHATr), 124.6 (C-3), 127.0 (CHAr), 127.1
(CHAr), 127.5 (CHAr), 129.0 (CAr), 129.5 (CHAr), @5 (CHAr), 129.9 (CAr), 133.9 (CAr), 134.0
(CAr), 135.4 (CHAT), 135.5 (CHAr), 137.7 (CAr), 137(C-4), 138.1 (CAr), 158.6 (CAr); HRMS (ESI-

TOF)mVz [M + H]" Calcd for G4Hs5:N20,Si 667.3714; Found 667.3711.
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(2aR,6aS,14bS)-4-(Hydroxymethyl)-2,2a,5,6,6a,8,9,14b-octahydroH-benzfflindolo[2,3-a]-

quinolizine (5): First step: Thiophenol (12541, 2.25 mmol) and cold TFA (1.40 mL) were added at
°C to compound.7 (30 mg, 0.045 mmol), and the mixture was stir@d2 h. The solution was poured
into a cold saturated solution of NaHg@nd the resulting mixture was extracted with,CH The
combined organic extracts were dried, filtered, andcentrated. Flash chromatography (4:1 hexane—
EtOAc) afforded the deprotected indole derivati2 thg, 90%)*H NMR (400 MHz, CDC}, COSY,
g-HSQC)31.01 [s, 9H, C(Ch)q], 1.57-1.69 (m, 2H, H-1), 1.82 (m, 3H, H-2, H-5;8) 2.05 (m, 1H,
H-5), 2.28 (m, 2H, H-6, H-8), 2.55 (brs, 1H, H-22)65 (brs, 1H, H-6a), 2.70 (d= 15.2 Hz, 1H, H-9),
2.82 (m, 1H, H-9), 3.35 (brd,= 10.4 Hz, 1H, H-14b), 3.47 (dd= 11.2, 4.0 Hz, 1H, H-8), 4.02 (d=
13.2 Hz, 1H, CHOSI), 4.09 (d,J = 13.2 Hz, 1H, ChDSi), 5.38 (m, 1H, H-3), 7.07-7.20 (m, 6H, ArH),
7.27-7.32 (M, 4H, ArH), 7.62-7.67 (m, 4H, ArH), 9.6rs, 1H, NH);**C NMR (100.6 MHz, CDG)
519.3 [C(CHa)3], 20.8 (C-5), 22.6 (C-9), 26.8 [CH3)3], 26.9 and 27.1 (C-6, C-1), 30.1 (C-2), 36.3 (C-
2a), 47.4 (C-8), 58.0 (C-6a), 59.8 (C-14b), 67.8140Si), 108.7 (CAr), 110.7 (CHAr), 118.0 (CHAY),
119.3 (CHAr), 121.1 (CHAr), 123.9 (C-3), 127.4 (CHAL27.5 (CHAT), 129.4 (CHAr), 129.5 (CHAY),
133.8 (CAr), 134.0 (CAr), 135.4 (CHAr), 135.5 (CHAL36.0 (CAr), 137.9 (C-4)econd step: TBAF

(55 pl, 0.055 mmol) was added at O °C to a solutiorhefdbove deprotected indole derivative (15 mg,
0.028 mmol) in THF (2.8 mL). The mixture was stitfrr 4 h, and then concentrated under reduced
pressure. Flash chromatography of the residuedstbpentacyclic alcoh@® (7 mg, 85%): mp: 241-242
°C: 'H NMR (500 MHz, CROD, g-HSQC)51.33 (m, 1H, H-1), 1.56-1.64 (m, 1H, H-2), 1.72, dd
14.0, 6.0 Hz, 1H, H-6), 1.86-1.96 (m, 2H, H-1, H-8)16-2.22 (m, 2H, H-2, H-5), 2.40 (dh= 14.0
Hz, 1H, H-6), 2.46 (m, 1H, H-8), 2.62 (brs, 1H, E}22.77 (ddJ = 16.0, 4.0 Hz, 1H, H-9), 2.82 (brs,
1H, H-6a), 2.93 (dmJ = 16.0 Hz, 1H, H-9), 3.56 (brs, 1H, H-14b), 3.68, (1H, H-8), 3.92 (s, 2H,
CH,0OH), 5.39 (brs, 1H, H-3), 6.95 (td,= 8.0, 1.5 Hz, 1H, ArH), 7.03 (td,= 8.0, 1.5 Hz, 1H, ArH),
7.27 (d,J = 7.5 Hz, 1H, ArH), 7.37 (dJ = 7.5 Hz, 1H, ArH); when the spectrum was recoraed

CF:CO,D (400 MHz), the olefinic proton appeareddds.86 as a broad singléfC NMR (125.0 MHz,

CD;0D) 522.1 (C-5), 22.5 (C-9), 26.9 and 27.3 (C-2, C-6)73C-1), 37.3 (C-2a), 48.8 (C-8), 60.8 (C-
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6a), 62.4 (C-14b), 67.7 (GBH), 108.2 (CAr), 111.9 (CHAr), 118.6 (CHAr), 11%EHAr), 122.0
(CHAr), 127.2 (C-3), 128.3 (CAr), 136.0 (CAr), 138CAr), 139.9 (C-4)mz (%) 308 (91, M), 307
(100, [M-1]), 291 (44), 277 (17), 223 (15), 197 (24), 184 (IF)L (29), 170 (58), 169 (68), 156 (21),

144 (31); HRMS (ESI-TOFR)Z [M + H]* Calcd for GoH2sN,0 309.1961; Found 309.1954.
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