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1. Introduction With the advent of Rh(lll)-catalyzed synthesis afséd
. . ) ) heterocycles fronN-hydroxybenzamide derivatives and alkenes,
Among alkaloids derived from phenylalanine and tytes 5 new approach to lycorane analogs based on ms&emed

amaryllidaceae aIkanid_s, holq a pr(_)minent placraxynnatu_ral possible (Scheme 2). Thus, extending on the exaraplerted by
products. They comprise eight different ring systemwith  Guimond et al*'2® who described the annulation of-

lycorine (1) representing one of them (Figure "1plkaloids _ (pivaloxyloxy)benzamide 10a with cyclohexa-1,3-diene to
related to lycorine feature a tetracyclic (eirahydrophenanthridinong2a, the synthesis of lycorane-like

pyrrolo[d,e]phenanthridine core . structure (galanthf':ring structures seemed possible by annexing the D-dra properly
system). Some of these alkaloids seem to haveestteg ¢ pstituted tetrahydrophenanthridinone.

biological activity. Thus, lycorine 1§, displays plant growth
inhibiting properties. Another structurally relataiialoid is (+)-  Guimond's work

fortucine @) which features a&is-B/C-ring junction. Its correct 0

absolut(_a configluration could_recently .be determimgpltotal N-OFV [CP*RACl,], (cat.)

synthesi€. During degradation studies on lycorine the H + CsOAc MeOH*

deoxygenated der.ivative callemtlycorane B) was obtginga. 1, 16 h (77%)

Besides thdranscis- (o) and thetranstrans (B), the cis-cis- 10a "

isomer [-lycorane §)] has also been preparédwhile not X 1.4a.5,10b-tetrahydro-
biologically active, the lycoranes are timelesstsgtic targets 5 phenanthridin-6(2 H)-one (12a)

for demonstrating potential new strategies towardshsu —°
polycyclic alkaloids.

6 (X=Hy)

13 (X=0)
Scheme 2Possible route to lycorane derivatives via Rh{lll)
catalyzed C—H-activation on benzamide derivativih w
annulation of cyclohexadienes followed by formatadming
D.

However, this would require to study the effect ofstitbted
benzamide derivatives on this rhodium(lll)-catalyze
phenanthridinone synthesis. In this paper we desaily results
of this study and investigations toward D-ring fotioa.

a-lycorane (3) p-lycorane (4) y-lycorane (5) 2. Results and discussion

Figure 1. Structures of alkaloids with galanthan ring system . . . o
With a view towards the synthesis of lycorane usihig t

strategy, 3,4-dialkoxy-substitutedN-(pivaloyloxy)-benzamide
10b was prepared as a model compound. The syntheghisof
amide from vanillin is summarized in Scheme 3. Thus
benzylation of 4-hydroxy-3-methoxy-benzaldehyden{lia, 14)

The main strategies towards lycoran@scan be grouped
according to formation of the final ring (Scheme Thus, major
approaches  path  through  7-phenyl-octahydieiidole

derivatives7 (routea) and close ring B, for example by Pictet- to benzyl ethéf 15 was followed by oxidatiofi of the aldehyde

Spengler Cy.CI'Z&t'Oﬁ' Altenatively, 1-benzyloctahydrokk ¢, ction to benzoic aclfl 16. For the conversion of benzoic acid
indole derivatives8 have served as advanced intermediates prioj ¢\ o N-pivaloyloxy)amide10b two variants were explored. In

to formation of the B-ring (routb).® These major strategies then the first one, acid6 was converted to ethyl benzo&te7 under
distinguish themselves in the synthetic stratetsiesrds the key alkylating éonditions Subsequent reaction df7 with
octahydroindole derivatives. A quite unique syntbesilycorine hydroxylamine led to hydroxamic aci@® A final reaction with

1) features an intramolecular Diels-Alder reaction to . . . - - o
gi?nultaneousl create the B and C rifa@here are two pivalic anhydride provided benzamide derivatii®b. The
y gs. second variant utilizes the acid chloride, derieain 16. Its

syntheses of lycoranes where the pyrrolidine rinig Bbrmed in reaction with, O-pivaloylhydroxylaminé® generated from its

the f|na_1l step by ret_:lucyve amnnaﬂonsgﬂ)d ketonkylation, triflate salt with NaCO; gave amidd.0b as well.
respectively, from derivatives 8f(routec).”™

2 1
HN a N b ®/\N 2
3<: — 3
7
7
7 4 6 si“
ﬂc

7 6
oNH
4a
4
10
1
9 2
Scheme 1Major strategies for formation of the last ring of
the galanthan ring system.
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K o s cyclohexadiene 1(1). These otheiN-(pivaloyloxy)benzamides
K005 BnBr= j©/ M, were prepared analogously16b as described in the Supporting
acetone 12h

MeCN/H,0 (5:1) i imi iti 9
71%) t.2h (95%) Information. The optimized conditions (2.5 mol%aaftalyst, 0.5

equiv of (CsOAc, EtOH 0 °C to rt, 36 h) were then amplie
benzamided 0a-10e The results are summarized in Scheme 4.
e co. Eter COEL NH,0H-HOI With the exception ofi2b, all annulations proceeded in quite
:©/ == :©/ KOH MeOH good yields. In all cases essentially only tigfused products
DMF (93% 48 h (100%) were obtained (dr > 98:02). A surprising result watsioled with
the amidelOederived from 3,4-(methylendioxy)benzoic acid. In
this case only the isomer resulting from activat@n2-H was
: H \OH GO : H N -OPV observed. This was clearly evident from observatidntwo
doublets for the aromatic protons. As is known, thexteon-
BnO donating effect of the methylenedioxy function ign#icantly
reduced due to conformational reasons, since te étection
pairs of the oxygen atoms cannot be in line with Tireystem.

CHaCloy 1t
18 h (75%)

Q ) Moreover, the steric demand of the methylenedimoug might
1. (COCl),, CHyClp MeO N-OPV be less. Similar regioselectivtiy has been obserfged other
2. NH,OPiv-TfOH BhO H Rh(lll)-catalyzed reactions ol0Oe®* Therefore, access to the
Na,CO3, EtOAC/H,0 (2:1) lycorane skeleton would not be possible frdfle via this
(70%) 10b strategy. Thus, it seems that electronic factorsego the
Scheme 3Synthesis of benzamide derivatii@b from regiochemistry in the C—H activation step.
vanillin (14).
N-OPV [CP*RNCL], (2.5 mol%) R
With amide10b a brief survey of reaction conditions (amount @ CsOAC (05 eq)
of catalyst [CPRhCL],2° solvent) was carried out (Table 1). In R? EXOH, rt. 36 h R?

methanol the reaction led to successful C—H actmatcross-
coupling and cyclization. However, despite relativehygh
catalyst loadings (up to 5 mol%) the yield of taliy amidel2b
did not exceed 20%. Acetonitrile as solvent was averse with

a 10% yield ofl2b in presence of 5 mol% catalyst. Much better
results were obtained in ethanol as solvent. Heréoufb% of
12b (2.5 mol% of catalyst) could be obtained.

10a-10e 1

Table 1. Screening of conditions for the rhodium(lll)- 12d (70%)
catalyzed synthesis of phenanthridindrab.
0
Meo:©)kn/opiv (Cp"RACh, (cat) MeO
+ _—
BnO @ Ssé)eAﬁ solvent BnO
10b 1 19 (89%) 12a (82%)

Scheme 4Rhodium(lll)-catalyzed synthesis of

entry mol% of solvent yield ofL2E (%) phenanthridinone$2a—12dand19 using the optimized

catalyst conditions from Table 1.
1 5 MeOH 20 ) ) ) ) )
) - MeBH 20 Accordingly, studies towards formation of ring D weegried
: out with tetrahydrophenanthridinondc and 12d. However,

3 1 MeOH 10 this turned out to be rather difficult. Some ofdaeexperiments

4 5 MeCN 10 with 12c and12d are summarized in Scheme 5. Thus, reduction
of the amide function ofl2 with the reagent combination

5 25 MeCN 5 LiAIH J/AICI; led to secondary amine®0.* The structure of

6 1 MeCN 0 20cHCI was secured by X-ray analysis, which proved the-B/

7 5 EtOH 50 cis-function (Scheme 5). AmineZ0c and20d could be acylated
with bromoacetyl bromide to the corresponding ami@ds

8 2.5 EtOH 55 However, neither radical conditicfisior reaction in presence of

9 1 EtOH 40 Pd(OAc) (30 mol%),tBusP (40 mol%), EN (2 equiv), toluene,

110 °C, 12 h, led to the desired tetracy@@s or 22d. Rather

decomposition of these bromoacetamides with thedton of a
In a larger scale reaction besides tieproduct12b a small  complex mixture was observed.
amount of the correspondingansfused compound could be
isolated €igtrans= 98:02). As can be seen, the C—H activation is
regioselective with the insertion taking place ceily-H.

With a view towards delineating the scope of thisctiea,
various  3,4-dialkoxy-substituted N-(pivaloyloxy)benzamides
10c10e were prepared (Scheme 4) and then reacted with



12c R=Et 20c R = Et (60%)
12d R = Me 20d R = Me (75%)
O
MeO N)K/Br
BrCH,COBr H BusSnH, AIBN
- = —_—H—
CH,Cly, rt RO H benzene, AT
4 h
0 21c R =Et (99%)
MeO N 21d R = Me (99%)
H
RO
H
22c R=Et
22d R=Me
20c-HCI
b) 0o 0
CICH,c(0)cl  MeO N)HK/C' BusSIH, ABN_
DMAP, MeCN MeO benzene, AT
2.d (69%) (83%)

NaH, BrCH,CO,tBu MeO
el

o)
N/\( (PhSe),, nBusP

H
OR CH,Cly, reflux
24 h (84%)

12d
DMF,0°Ctort

60 min (63%)

HCI (g), CH,Cl, [ 24 R=Bu
0°Ctort2h | o ooy

MeO

BuSSnH, (PhC02)2

- 7
benzene, AT, 3 h
(63%)

Scheme 5a) Reduction of amidek2c,dto amine20c,dand
attempts to form lactan®2c,d by radical cyclization. X-ray
structure of amin@0c (as hydrochloride) showing tlogs-
fusion. b) Attempts to cyclize amide derivati@sand26 to
the corresponding galanthan ring systems.

Diacylamine 23, obtained from amidel2d, underwent
cleavage of the acylic amide bond upon reaction BitbSnH
given back the starting amide. (Scheme 5). As kngwn that
phenyl selenoesters can serve as precursors forradigals,
selenoester’6 was prepared from amid&2d in three steps.
However, reaction 026 with BusSnH in presence of AIBN did
not lead to the desired tetracyclic compound. Helg starting
material (16 mg of 25 mg) was recovered.

Tetrahedron

benzoylperoxide as radical initiator led to forroati of the
intermediate acyl radical followed by decarbonylati@nd
formation ofN-methylamide28.

Our next plans focused on derivatization reactiohsthe
double bond of ring C. This might open additionations for
creation of ring D. Initially, amine20d was converted to
sulfonamides 29a29c (Scheme 6). As it turned out,
hydroboratiof’ of the double bond was highly selective, with the
borane attacking the double bond at the more héttiposition.
The alcohol derivatives were not further purifiedt rather
oxidized to thea-aminoketone derivative80a-30c using the
Dess-Martin periodinane reagent. The regiochemistiythe
hydroboration was inferred from tHel NMR spectra. Indicative
of the regiochemistry was the signal for 4a-H in hti@0a-OH
which appeared as a doublet of doubfet=(3.90,J = 8.0, 4.0
Hz). The hydroboration was also diastereoselectiviiléAthis
was not further investigated, we assume attack dfdiane from
theexoface,synto 4a-H and 10b-H. For the other regioisomer a
multiplet would be expected instead. In order tadittring D,
extension of the ketone by a suitable C2-buildirigck is
required. Reaction of the two ketor&®a and30cwith methyl 2-
(triphenylphosphoranylidine) acetate gave the ddsienoates
3laand3lc respectively. However, the yields were too low to
be of practical value.

MeO

EtsN, CH,Cl, MeO
0°Ctort,2h

29a Ar = p-tolyl (99%)
29b Ar = o-nitrophenyl (87%)
29c¢ Ar = p-nitrophenyl (99%)

i) NaBHy, BF3-OEty peo. L. 8
THF

_— =

i) HoO,/NaOH

iiiy DMP, CH,Cl,

_SOAr

Ph;P=CHCO,Me
o benzene, reflux, 48 h

MeO

30a Ar = p-tolyl (79%)
30c Ar = p-nitrophenyl (62%)

MeO \ SORAT
H

MeO Cco,Me

H
31a Ar = p-tolyl (11%)
Scheme 6Conversion of tricyclic amin20d to sulfonamides
29a-29cand the regioselective hydroboration of the ring C
double bond.

In order to check whether the protecting group @nrtitrogen
influences the regiochemistry of the hydroboratigraction,
amine20d was converted to the carbama®@s-32c (Scheme 7).
Subjecting these carbamates to the hydroboratiaddtsn
sequence led to thex-aminoketone derivatives33a-33¢
respectively. Carbamate33c was deprotected under acid
conditions giving amine salB4. After its acylation with 2-
bromoacetyl bromide the obtained 2-bromoacetan@iewas
subjected to conditions for a Reformatsky reactibiowever
instead of the desired intramolecular aldol reagti@nly
reductive dehalogenation to acetan@fecould be observed. The
reasons for the failure of the above-mentionedizgtibns are
unclear, as visual inspection of amir®0c indicates that
cyclization of an amide derivative via attack a¢ thouble bond

Usingshould be possible. Most likely, the tricyclic risgstem already



suffers from some strain so the additional ring D lddncrease
the ring strain even more.

MeO
CI(C=0)OR
—_— -

EtzN, CH,Cl, MeO
0°Ctort

X
NHOR

32a R = Et (94%)
32b R = Bn (39%)

O  32c R=1Bu(89%)
i) NaBHy, BF3-OEt, pe0 PIS
THF N H OR
YOS 0

II) H202/NaOH
iii) DMP, CH,Cl,

MeO

33a R=Et (74%)
33b R =Bn (30%, from 20d)
33c R =1Bu (75%)

O EtN, CH,Cl,
rt, 1 h (65%)

or
b) RhCI(PPhg)s, EtyZn

THF, 0 °C
o (0]
M
© N
H o and not H
MeO H MeO H OH
36 [a) 48%, b) 56%] 37

Scheme 7Conversion of tricyclic amin20d to carbamates
32a-32¢, their regioselective hydroboration of the ring C
double bond followed by oxidation to ketor&%a-33¢ and
attempts on intramolecular Reformatsky reactioketb
amide35.

Eventually we turned to transition metal catalyegdlization
where the cyclization would be initiated from a vimgtal
species. Accordingly, amine20d was alkylated with 2-
bromoallyl bromide to yield allylamind8 (Scheme 8). With this
substrate successful cyclization was observed isepee of
Ni(cod),, EtN and a suitable nucleophile, like trimethylsilyl
cyanide or triethylsilan& This way the two tetracyclic
compounds39 and40 were obtained. Both feature tbis/cis-ring
fusion of the y-lycorane ring system. Brief attempts at
epoxidation or oxidative cleavagedQvere unsuccessful.

5
5]
T
a Br
1

Br\/i MeO

MeO

—_—
NaH, THF
rt, 1 h (65%)

38

a) Ni(cod),, Et3N
MeCN, rt, 15 min

MeO

b) Me3SICN, 3 h (80%) pe0

a) Ni(cod),, EtzN
MeCN, rt, 15 min

b) Et;SiH, 3 h (70%)

38

Scheme 8Conversion of amin20d to 5-(2-bromoallyl)-
hexahydrophenanthridine derivati88 and its nickel-
mediated cyclization to 4-methylene-octahydié-1
pyrrolo[3,2,1-de]phenanthridin&® and40.

3. Conclusion

In this paper we present a new approach to lycor&ae-I
structures that relies on the fusion of substituteshzamide
derivatives with cyclohexadiene by C-H-activation. ehft
reduction of the tricyclic secondary amine, N-atibn with 2-
bromoallyl bromide and Ni-induced cyclization led tbe
tetracyclicy-lycorane analog89 and40. In the course of this
study we discovered a strong influence of the typ¢he 3,4-
dialkoxy substituents on the regiochemistry of tk-H-
activation. While for the non-constrainedl-(pivaloyloxy)
benzamides activation of 6-H takes place, with 3,4-
methylendioxyamidelOe insertion occurs selectively at 2-H.
FurthermoreN-protected phenanthridine derivativé9 and 32
underwent a regioselective hydroboration/oxidatiom the
correspondingi-aminoketone compounds.

4. Experimental section
4.1.Preparation of catalyst [CIRhCL]

To a stirred solution of Rhe (0.5 g, 1.95 mmol) in MeOH
(12 mL) was added excess pentamethylcyclopentad@henL).
The mixture was reflux for 21 h, cooled to room temgure,
filtered through sintered funnel, washed with diethlyér (2 x 5
mL), dried under vacuum to give the rhodium cata({ts02 g,
85%) as dark brown powd&t.

4.2.Preparation of O-pivaloyl hydroxamic acids

4.2.1.(Procedure 1, via hydroxamic acid)

(&) To a stirred solution of ethyl benzoate (1.Qiegand
hydroxylamine hydrochloride (4.0 equiv) in MeOH (2 rpler
mmol of benzoate) was added KOH solutiom (th methanol,
5.0 equiv) in a dropwise fashion. The resulting Botu was
stirred 48 h at room temperature. Thereafter mbsh@® MeOH
was distilled out in vacuo and the solid residue #giasolved in a
mixture of acetic acid/water (1/1, 4 mL per mmolbanzoate).
The mixture was extracted with EtOAc (3 x 5 mL (per rhofo
benzoate)). The combined organic layers were driedr o
anhydrous N#50Q,, filtered and concentrated in vacuo to provide
the crude hydroxamic acid which was washed with diettiyér
(5 mL per mmol of benzoate) to afford the pure loydmic acid
as transparent solid.

(b) To the suspension of hydroxamic acid (1.0 eguiv
CH,CI, (5 mL per mmol of acid) was added pivalic anhydride
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(0.8 equiv). The resulting mixture was stirred férH at room
temperature. The reaction mixture was diluted witturséed

128.1 (Ar), 128.7 (Ar), 136.2 (Ar), 149.7 (Ar), 151 Ar), 177.3
(CONH), 177.7 {BuCO,); HRMS (ESI): calcd for gH»NOs

NaHCQ, (4 mL per mmol of acid) and extracted with EtOAc (2 x [M+Na]" 380.14684, found 380.14715.

5 mL (per mmol of acid)). The combined organic Isygere
washed with saturated NaHGQ@olution (4 mL per mmol of
acid), dried over anhydrous pBO,, filtered, and concentrated in
vacuo. The crude product was purified by flash clatmgraphy
to afford the pur®-pivaloyl hydroxamic acid.

4.2.2.Procedure 2 (reaction of acid chloride with
O-pivaloylhydroxylamine)

To a solution of benzoic acid (1.0 equiv) in dry £LH (3 mL
per mmol of acid) was added SQQ5.0 equiv) at room
temperature followed by the addition of a cataldimount of
DMF (4 drops per 10 mmol of acid). The mixture wafluxed
for 8 h. After cooling, solvent and excess reageete removed
in vacuo to afford the crude acid chloride, which waed in the
next step without further purification.

O-Pivaloylhydroxylamine triflat€ (1.2 equiv) was added to a
biphasic mixture of N&LO; (2.0 equiv) in EtOAc/KHO (9 mL per
mmol of acid chloride, 2:1). To the cooled mixtemntaining the
pivaloylhydroxylamine at 0 °C was added crude aditbride
(1.0 equiv) in EtOAc (1 mL per mmol of acid chloridéppwise.
The reaction mixture was allowed to reach room teatpes
within 5 h. The layers were separated and the aqueageswas
extracted with EtOAc (2 x 10 mL (per mmol of acid afde)).
The combined organic layers were dried overS@y, filtered
and concentrated in vacuo to provide. The crudaymbwas
purified by flash chromatography to afford pu@pivaloyl
hydroxamic acid.

4.2.3.4-(Benzyloxy)-N-hydroxy-3-
methoxybenzamidel8)

Prepared from benzoic acid6 (300 mg, 1.05 mmol)
according to procedure 1 (a). The crude product puaidied by
flash chromatography (ethyl acetate/petroleum eth@) to give
hydroxamic acidl8 (280 mg, 95%) as colorless solftH NMR
(400 MHz, DMSO-@): & = 3.78 (s, 3H, OMe), 5.11 (s, 2H,
CH,Ph), 7.1 (dJ = 8.3 Hz, 1H, Ar), 7.28-7.47 (m, 7H, AN’C
NMR (100 MHz, DMSO-¢): & = 55.8 (OMe), 70.0 (CHPh),
110.6 (C-5), 112.8 (C-2), 120.1 (C-6), 125.4 (Ar8114 (Ar),
128.3 (Ar), 128.7 (Ar), 136.9 (Ar), 148.8 (Ar), 1508r), 164.2
(CONHOH); HRMS (ESI): calcd for gH;sNO, [M+Na]®
296.08933, found 296.08989.

4.2.4.N-(Pivaloyloxy)benzamidé (10a)

Prepared from the correspondihghydroxybenzamide (850
mg, 6.20 mmol) according to procedure 1 (b). Thelerproduct
was purified by flash chromatography (ethyl acepatbleum
ether, 1:10) to give pums-(pivaloyloxy)benzamidd0a(1.260 g,
92%) as colorless solidH NMR (400 MHz, CDCJ): 5 = 1.34 (s,
9H, OPIiv), 7.39-7.46 (m, 2H, Ar), 7.50-7.57 (m, 1H, Af)76-
7.82 (m, 2H, Ar), 9.48 (s, 1H, NH)**C NMR (100 MHz,
CDCly): & = 27.0 (OPiv), 38.4tBu), 127.4 (Ar), 128.8 (Ar),
130.8 (Ar), 132.6 (Ar), 166.7 (CONH), 1778B(CO,).

4.2.5.4-(Benzyloxy)-3-methoxy-N-
(pivaloyloxy)benzamidelQb)

Prepared fronN-hydroxybenzamidd.8 (250 mg, 0.91 mmol)
according to procedure 1 (b). The crude product puagied by
flash chromatography (ethyl acetate/petroleum ethé) to give
pure N-(pivaloyloxy)benzamidelOb (240 mg, 75%) as yellow
solid. *H NMR (400 MHz, CDCJ): 6 = 1.35 (s, 9H, OPiv), 3.91
(s, 3H, OMe), 5.21 (s, 2H, GRh), 6.87 (dJ = 8.6 Hz, 1H, 5-H),
7.28-7.47 (m, 7H, Ar), 9.24 (s, 1H, NHYC NMR (100 MHz,
CDCly): & = 27.0 (OPiv), 38.4tBu), 56.1 (OMe), 70.84 (Cj®Ph),
111.0 (C-5), 112.7 (C-2), 120.3 (C-6), 123.5 (Arp722 (Ar),

4.2.6.4-Ethoxy-3-methoxy-N-
(pivaloyloxy)benzamidelQc)

Prepared from the corresponding benzoic acid (%,08.09
mmol) according to procedure 2. The crude product maified
by flash chromatography (ethyl acetate/petroleuneretl:5) to
give pure N-(pivaloyloxy)benzamidelOc (1.5 g, 98%) as
colorless solid'H NMR (400 MHz, CDCJ): & = 1.28 (s, 9H,
OPiv), 1.41 (tJ = 7.1 Hz, 3H, OCKCHjy), 3.79 (s, 3H, OMe),
4.05 (q,J = 7.1 Hz, OCHCHz), 6.71-6.77 (m, 1H, Ar), 7.29-7.35
(m, 2H, Ar), 9.79 (s, 1H, NH)?*C NMR (100 MHz, CDCJ): 5 =
14.4 (OCHCH,), 26.9 (OPiv), 38.3tBu), 55.7 (OMe), 64.2
(OCH,CH,), 110.5 (Ar), 111.17 (Ar), 120.5 (Ar), 122.7 (Ar),
148.9 (Ar), 151.8 (Ar), 166.5 (CONH), 177.6B(UCO,); HRMS
(ESI): caled for GH,NOs [M+Na]® 318.13119, found
318.13121.

4.2.7.3,4-(Dimethoxy)-N-(pivaloyloxy)benzamide
(10d)

Prepared either from the correspondidnydroxybenzamide
(3.00 g, 15.2 mmol, procedure 1) or the benzoid 80 g,
14.48 mmol, procedure 2). The crude product wasfipdrby
flash chromatography (ethyl acetate/petroleum eth@&) to give
pureN-(pivaloyloxy)benzamid® 10d (3.70 g, 86%, procedure 1;
3.70 g, 80%, procedure 2) as colorless sOHINMR (400 MHz,
CDCly): 6 = 1.24 (s, 9H, OPiv), 3.75 (s, 3H, OMe), 3.78 (s, 3H,
OMe), 6.65-6.73 (m, 1H, 5-H), 7.26-7.36 (m, 2H, 2-H, 3-HF5
(br, 1H, NH); ®*C NMR (100 MHz, CDGJ)): 3 = 26.8 (OPiv),
38.2 (Bu), 55.6 (OMe), 55.7 (OMe), 110.1 (Ar), 110.2 (Ar),
120.5 (Ar), 122.9 (Ar), 148.6 (Ar), 152.2 (Ar), 166.BQNH),
176.9 (BuCO,); HRMS (ESI): calcd for ¢H;gNOs [M+Na]"
304.11554, found 304.11566.

4.2.8.N-(pivaloyloxy) benzo[d][1,3]dioxole-5-
carboxamide {0e)

Prepared from the corresponding benzoyl chlorid# (Bg,
2.71 mmol) according to procedure 2. The crude yxbdvas
purified by flash chromatography (ethyl acetatefgetm ether,
1:3) to give pureN-(pivaloyloxy)benzamideg 10e (650 mg, 90%)
as colorless solidH NMR (400 MHz, CDCJ): & = 1.31 (s, 9H,
OPiv), 5.99 (s, 2H, OC}D), 6.76 (dJ = 8.3 Hz, 5-H), 7.21 (d]
= 2.0 Hz, 2-H), 7.22 (dd] = 8.3, 2.0 Hz, 1H, 6-H), 9.58 (s, 1H,
NH); **C NMR (100 MHz, CDG)): & = 26.9 (OPiv), 38.5tBu),
101.8 (OCHO), 107.8 (C-5), 108.1 (C-2), 122.6 (C-6), 124.6
(Ar), 147.9 (Ar), 151.2 (Ar), 166.2 (CONH), 177.1B(ICO,);
HRMS (ESI): calcd for GH.;sNOs [M+Na]® 288.08424, found
288.08450.

4.3.Rhodium catalyzed annulation (Procedure 3)

An oven dried, cooled Schlenk tube undet Was charged
with N-(pivaloyloxy)benzamide (1.0 equiv), [Cp*Rh{l (2.5
mol%), CsOAc (50 mol%) and dry EtOH (1 mL per mmol of
amide). The mixture was cooled to 0 °C, whereupon 1,3
cyclohexadiene (1.3 equiv) was added in one shat.sEhew cap
was closed tightly under positive pressure of fllowed by
stirring of the reaction mixture at room temperatdor 35 h
(TLC control). The mixture was concentrated in va@nd the
residue purified by flash chromatography to affdree pure
annulation product.

4.3.1.1,4a,5,10b-Tetrahydrophenanthridin-6(2H)-
one (12a)

Prepared fronN-(pivaloyloxy)benzamidelOa (100 mg, 0.45
mmol) according to procedure 3. TLC showed conswnptf



starting material after 19 h. The crude product wasfied by
flash chromatography (ethyl acetate/petroleum ethé) to give
pure phenanthridinorel2a (74 mg, 82%) as colorless solitH
NMR (400 MHz, CDC})): 4 = 1.62-1.73 (m, 1H, 1-H), 1.88-2.05
(m, 1H, 2-H), 2.10-2.28 (m, 2H, 1-H, 2-H), 2.92 (i 3.8, 12.2
Hz, 1H, 10b-H), 4.22-4.30 (m, 1H, 4a-H), 5.79 (db 2.1, 4.5,
9.3 Hz, 1H, 4-H), 5.94-6.06 (m, 1H, 3-H), 6.26 (s, i, NH),
6.23 (d,J = 7.5 Hz, 1H, Ar), 7.33 (td] = 1.1, 7.6 Hz, 1H, Ar),
7.46 (td,J = 1.3, 7.5 Hz, 1H, Ar), 8.06 (dd,= 1.2, 7.8 Hz, 1H,
Ar); °C NMR (100 MHz, CDGJ)): 3 = 25.0 (C-2), 25.1 (C-1),
37.7 (C-10b), 47.9 (C-4a), 124.4 (Ar), 127.0 (Ar),712 (Ar),
1275 (Ar), 127.9 (Ar) 132.2 (C-4), 132.5 (C-3), IAJAr),
165.4 (CONH); HRMS (ESI): calcd for ;¢4;;NO [M+Na]"
222.08893, found 222.08894.

4.3.2.9-(Benzyloxy)-8-methoxy-1,4a,5,10b-
tetrahydrophenanthridin-6(2H)-onelgb)

Prepared fromN-(pivaloyloxy)benzamidelOb (50 mg, 0.14
mmol) according to procedure 3. TLC showed conswnptf
starting material after 39 h. The crude product wasfied by
flash chromatography (ethyl acetate/petroleum ethé) to give
pure phenanthridinond2b (26 mg, 55%) as slightly yellow
solid. '"H NMR (400 MHz, CDCJ): 5 = 1.54-1.65 (m, 1H, 1-H),
1.82-1.97 (m, 1H, 1-H), 2.06-2.26 (m, 2H, 1-H), 2.%8 Jt= 3.3,

12.1 Hz, 1H, 10a-H), 3.92 (s, 3H, OMe), 4.21 (m, 1H, 4a-H)
5.20 (OCHPh), 5.57 (s, br, NH), 5.68-5.78 (m, 1H, 4-H), 5.94-

6.05 (m, 1H, 3-H), 6.70 (s, 1H, 10-H), 7.28-7.34 (m, B,
7.34-7.41 (m, 2H, Ar), 7.41-7.48 (m, 2H, Ar), 7.58 18i, 7-H);
¥C NMR (100 MHz, CDCJ): 5 24.9 (C-2), 25.0 (C-1), 37.4 (C-
10b), 48.2 (C-4a), 56.1 (OMe), 70.9 (OSEH), 110.4 (C-7),
111.6 (C-10), 120.4 (Ar), 124.4, 127.2, 128.0, 128182.2,
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120.0 (Ar), 124.4 (C-4), 132.2 (Ar), 136.6 (C-3), 1B1&Ar),
152.5 (Ar), 164.9 (CONH); HRMS (ESI): calcd fors8,,NO;
[M+Na]" 282.11006, found 282.11030.

4.3.5.7a,8,9,11a-Tetrahydro-[1,3]dioxolo[4,5-
klphenanthridin-6(7H)-one X9)

Prepared fromN-(pivaloyloxy)benzamidelOe (500 mg, 2.00
mmol) according to procedure 3. TLC showed conswmptf
starting material after 35 h. The crude product wasfied by
flash chromatography (ethyl acetate/petroleum ethé) to give
pure phenanthridinon&9 (435 mg, 89%) as colorless solftH
NMR (400 MHz, CDC)): & = 1.69-1.78 (m, 1H, 11-H), 1.80-
1.97 (m, 1H, 11-H), 2.14-2.26 (m, 2H, 13)H2.98-3.12 (m, 1H,
11a-H), 4.14-4.26 (m, 1H, 7a-H), 5.68-5.85 (m, 2H, 8\H),
6.00-6.11 (m, 1H, 9-H), 6.02 (d,= 1.3 Hz, 2-H), 6.79 (A1 = 1.3
Hz, 2-H), 6.79 (dJ = 8.2 Hz, 1H, 4-H), 7.68 (d} = 8.3 Hz, 1H,
5-H); *C NMR (100 MHz, CDGJ): 3 = 22.6 (C-10), 25.2 (C-11),
32.4 (C-11a), 47.6 (C-7a), 101.9 (C-2), 107.1 (CiB1.7 (Ar),
123.4 (C-5), 123.9 (Ar), 124.0 (C-8), 132.6 (C-9431 (Ar),
150.6 (Ar), 164.6 (CONH); HRMS (ESI): calcd for8,5NO;
[M+Na]* 266.07876, found 266.07918.

4.4.Reduction of the tetrahydrophenanthridinones to
hexahydrophenanthridines (Procedure 4)

To a cooled (0 °C) solution of Alg(1 equiv) in THF (10 mL
per mmol AICE) under N was added LiAIH (3 equiv). The
mixture was allowed to stir at room temperaturelfdr, before it
was added dropwise via cannula to a separatelydssokition of
the amide (1 equiv) in THF (20 mL per mmol of an)id€he
reaction mixture was allowed to reach room tempegattithin 1
h. Then the flask was moved to a preheated oil gHIITC) and

136.2, 136.4, 148.6 (Ar), 151.6 (Ar), 164.9 (CONH); HRMS the mixture stirred for 8 h. Thereafter, the remctimixture was

(ESI): calcd
336.159327.

4.3.3.9-Ethoxy-8-methoxy-1,4a,5,10b-
tetrahydrophenanthridin-6(2H)-onel@c)

Prepared fromN-(pivaloyloxy)benzamidelOc (100 mg, 0.34
mmol) according to procedure 3. TLC showed conswnptf
starting material after 20 h. The crude product wasfied by
flash chromatography (ethyl acetate/petroleum ethid) to give
pure phenanthridinon&2c (75 mg, 81%) as colorless solitH
NMR (400 MHz, CDC)): 6 = 145 (t,J 6.8 Hz, 3H,
OCH,CH3), 1.58-1.68 (m, 1H, 1-H), 1.82-1.95 (m, 1H, 1-H),
2.11-2.21 (m, 2H, 2-H), 2.78 (td,= 3.3, 12.4 Hz, 1H, 10a-H),
3.87 (s, 3H, OMe), 4.11 (¢} = 6.8 Hz, 2H, OEl,CHs), 4.18-
4.23 (m, 1H, 4a-H), 5.72-5.80 (m, 1H, 4-H), 5.93-6.81 {H, 3-
H), 6.40 (s, 1H, NH), 6.65 (s, 1H, 10-H), 7.51 (s, 1H, 70
NMR (100 MHz, CDC})): d = 14.6 (OCHCH,), 24.9 (C-2), 25.1
(C-1), 37.4 (C-10b), 48.1 (C-4a), 56.0 (OMe), 64K H,CHs),
110.0 (C-7), 110.2 (C-10), 119.6 (Ar), 124.3 (C-232.0 (Ar),
136.5 (C-3), 148.1 (Ar), 151.9 (Ar), 165.4 (CONH).

4.3.4.8,9-Dimethoxy-1,4a,5,10b-
tetrahydrophenanthridin-6(2H)-onelgd)

Prepared fronN-(pivaloyloxy)benzamidel0d (500 mg, 1.78
mmol) according to procedure 3. TLC showed conswnptf
starting material after 55 h. The crude product wasfied by
flash chromatography (ethyl acetate/petroleum ethé) to give
pure phenanthridinon&2d (325 mg, 70%) as slightly brown
solid. '"H NMR (400 MHz, CDC)): & = 1.61-1.71 (m, 1H, 1-H),
1.84-1.99 (m, 1H, 1-H), 2.15-2.24 (m, 2H, 2-H), 2.8, Ji= 4.0,
12.4 Hz, 1H, 10b-H), 3.91 (s, 3H, OMe), 3.91 (s, 3H, OM&3
(t, J=4.0 Hz, 1H, 4a-H), 5.72-5.84 (m, 2H, 4-H, NH), 5.9756.0
(m, 1H, 3-H), 6.67 (s, 1H, 10-H), 7.51 (s, 1H, 7-F¢ NMR
(100 MHz, CDC})): 6 = 24.9 (C-2), 25.2 (C-1), 37.7 (C-10b),
48.2 (C-4a), 56.0 (OMe), 56.1 (OMe), 109.3 (C-7),.20€-10),

for [M+H]* found

GiH2105 336.159420,

cooled to 0 °C and quenched with saturated,®lt$olution (10
mL per mmol of AIC}). The organic layer was separated and the
aqueous semisolid washed with diethyl ether (10 milnpaol of

amide). The combined organic layers were dried emérydrous
Na,SQ,, filtered and concentrated in vacuo. The crudeenslt
was dissolved in diethyl ether (10 mL per mmol ofideh and
cooled to 0 °C, then ethereal HCIM30.5 mL per mmol of
amide) was added dropwise. The white solid amine veaich

precipitated, was collected by filtration througit4 frit. It was
found to be of sufficient purity.

4.4.1.9-Ethoxy-8-methoxy-1,2,4a,5,6,10b-
hexahydrophenanthridin-5-iumchloride@c)

Prepared from tetrahydrophenanthridindrge (127 mg, 0.46
mmol) according to procedure 4 to give pure hydiaritie 20c
(115 mg, 80%) as colorless solfti NMR (400 MHz, CROD):
d=1.40 (tJ = 7.1 Hz, 3H, OCKCH,), 1.79-1.91 (m, 1H, 1-H),
2.04-2.12 (m, 1H, 1-H), 2.16-2.35 (m, 2H, 2-H), 3.16 Jd- 4.3,
12.1 Hz, 1H, 10b-H), 3.82 (s, 3H, OMe), 4.06J&; 7.1 Hz, 3H,
OCH,CHs, 4a-H), 4.28 (ddJ = 11.4, 15.4 Hz, 2H, 6-H), 5.86-
5.93 (m, 1H, 4-H), 6.28-6.34 (m, 1H, 3-H), 6.79 (s, 18;H),
6.93 (s, 1H, 7-H):®*C NMR (100 MHz, CROD): & = 15.2
(OCH,CH,), 25.8 (C-2), 27.8 (C-1), 35.5 (C-10b), 45.2 (C-6)
52.2 (C-4a), 56.7 (OMe), 65.8 @B1,CH,), 110.7 (C-7), 114.2
(C-10), 120.5 (Ar), 122.0 (C-4), 129.2 (Ar), 138.2-3%; 150.2
(Ar), 150.3 (Ar); HRMS (ESI): calcd for £H,.CINO, [M]”
260.164505, found 260.164354.

4.4.2.8,9-Dimethoxy-1,2,4a,5,6,10b-
hexahydrophenanthridin-5-iumchloride@d)

Prepared from tetrahydrophenanthridindrgel (500 mg, 1.90
mmol) according to procedure 4 to give pure hydiaritie 20d
(425 mg, 75%) as colorless solfti NMR (400 MHz, CRQOD):

6 =1.77-1.93 (m, 1H, 1-H), 2.04-2.17 (m, 1H, 1-H), 22187
(m, 2H, 2-H), 3.18 (dt) = 4.0, 12.0 Hz, 1H, 10b-H), 3.82 (s, 3H,
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OMe), 3.84 (s, 3H, OMe), 4.02-4.10 (m, 1H, 4a-H), 488, {
= 14.4, 15.7 Hz, 2H, 6-H), 5.84-5.91 (m, 1H, 4-H), 66287 (m,
1H, 3-H), 6.78 (s, 1H, 10-H), 6.95 (s, 1H, 7-HC NMR (100
MHz, CD,OD): & = 25.8 (C-2), 27.8 (C-1), 35.6 (C-10b), 45.2
(C-6), 52.3 (C-4a), 56.6 (OMe), 56.7 (OMe), 110.57)C112.9
(C-10), 120.5 (Ar), 121.9 (C-4), 129.3 (Ar), 138.3-3F 150.2
(Ar), 151.0 (Ar); HRMS (ESI): calcd for £H,iCINO, [M+Na]”
246.14886, found 246.14873.

4.5.Preparation ofa-haloamides from amine hydrochlorides
(Procedure 5)

To a stirred solution of the amit¢Cl (1 equiv) and
trimethylamine (2 equiv) in THF (3 mL per mmol @l at 0 °C
was added 2-bromoacetyl bromide (2 equiv). Theestireaction
mixture was allowed to reach room temperature withim For
work-up the mixture was diluted with saturated NaHG@lution
(20 mL per mmol of salt) and extracted with@&t(3 x 15 mL
(per mmol of salt). The combined organic layers wdied over

Tetrahedron

pL, 0.57 mmol, 1.5 equiv) was added. Then the readtixture
was warmed to room temperature within 45 min. Theti@ac
mixture was diluted with water (30 mL) and the aquepliase
was basified (10% NaOH, 5 mL) and extracted with ether {0
mL). The combined ether extracts were washed withrasz
NaCl solution, dried over anhydrous JS&,, filtered, and
concentrated in vacuo. The crude product was pdrifig flash
chromatography (petroleum ether/ethyl acetate, &1provide
pure N-alkyation product24 (90 mg, 63%) as an amorphous
solid. R = 0.6 (petroleum ether/ethyl acetate, 1'H)NMR (400
MHz, CDCk): d = 1.45 (s, 9H{Bu), 1.70-1.80(m, 1H, 1-H),
2.03-2.20 (m, 3H, 1-H, 2-H), 2.99-3.09 (m, 1H, 10b-HR63(d,

J = 17.2 Hz, 1H, NCKCO), 3.89 (s, 3H, OMe), 3.91 (s, 3H,
OMe), 4.33 (m, 1H, 4a-H), 4.70 (d,= 17.2 Hz, 1H, NCKCO),
5.66-5.72 (m, 1H, 4-H), 5.91-5.99 (m, 1H, 3-H), 6.671¢4, 10-
H), 7.58 (s, 1H, 7-H)¥*C NMR (100 MHz, CDGJ): 5 = 24.3 (C-
2), 24.4 (C-1), 28.0tBu), 36.7 (C-10b), 46.0 (NCEO), 53.5
(C-4a), 56.0 (OMe), 81.6 (C-(GMH), 108.5 (C-7), 110.7 (C-10),

anhydrous NgO,, filtered and concentrated in vacuo. The crudel20.6 (Ar), 123.8 (C-4), 132.6 (C-3), 135.2 (Ar), 1BI{Ar),

amide was purified by flash chromatography (petnwieu
ether/ethyl acetate, 3:1) to provide pure product.

4.5.1.2-Bromo-1-(9-ethoxy-8-methoxy-2,4a,6,10b-
tetrahydrophenanthridin-5(1H)-yl)ethan-1-one
(21c)

Prepared from amine hydrochlori@®c (50 mg, 0.16 mmol)
according to procedure 5 to give pure bromoacetgamlc (67
mg, 99%) as brown solid.sR 0.5 (petroleum ether/ethyl acetate,
1:1); 'H NMR (400 MHz, CDCJ, mixture of rotamers) = 1.43
(t, J = 7.1 Hz, 3H, OCKCHg), 1.68-1.93 (m, 2H, 1-H, 2-H),
1.93-2.09 (m, 1H, 1-H), 2.21-2.43 (m, 1H, 2-H), 3.1833(m,
1H, 10b-H), 3.81 (s, 3H, OMe), 4.00-4.23 (m, S5HCKYCHs,,
CH,Br, 4a-H), 4.40-4.64 (m, 1H, 6-H), 5.12-5.46 (m, 1HHB-
5.46-5.58 (m, 1H, 4-H), 5.70-5.85 (m, 1H, 3-H), 6.541(d, 7-
H), 6.80 (s, 1H, 10-H)**C NMR (100 MHz, CDCJ): & = 14.8,
20.1, 25.3, 33.1, 34.4, 40.7, 41.1, 41.5, 44.66,483.4, 55.8,
64.5, 64.6, 108.5, 108.9, 111.0, 111.2, 124.4,2,285.6, 126.0,
132.1, 132.6, 147.3, 147.7, 147.8, 148.0, 165.3 {GRYMS
(ESI): calcd for GgH,,BrNO; [M]" 402.067527, found
402.067526.

4.5.2.2-Bromo-1-(8,9-dimethoxy-2,4a,6,10b-
tetrahydrophenanthridin-5(1H)-yl)ethan-1-one
(21d)

Prepared from amine hydrochlori@d®d (200 mg, 0.71 mmol)
according to procedure 5 to give pure bromoacetgardld
(145 mg, 56%) as brown solid; R 0.2 (petroleum ether/ethyl
acetate, 1:1)1,H NMR (400 MHz, CDCJ, mixture of rotamers)
=1.66-1.92 (m, 2H, 1-H, 2-H), 1.93-2.11 (m, 1H, 1-Hp22.48
(m, 1H, 2-H), 3.13-3.48 (m, 1H, 10b-H), 3.81 (s, 3H, QME84
(s, 3H, OMe), 3.97-4.24 (m, 1H, 4a-H), 4.15 (s, 2H,.BH
4.43-4.83 (m, 1H, 6-H), 5.12-5.45 (m, 1H, 6-H), 5.4666(m,
1H, 4-H), 5.71-5.88 (m, 1H, 3-H), 6.53 (s, 1H, 7-H), 6(381H,
10-H); *C NMR (100 MHz, CDG)): 5 = 20.1, 25.3, 33.2, 34.4,
40.7,41.1, 41 .4, 44.6, 48.6, 53.4, 55.7, 56.0,2,0808.7, 109.2,
109.5, 124.4, 125.1, 125.6, 125.9, 132.1, 132.63.114148.5,
165.4 (CO); HRMS (ESI): calcd for ;@,BrNO; [M+Na]*
388.05188, found 388.05197.

4.5.3.tert-Butyl 2-(8,9-dimethoxy-6-0x0-
2,4a,6,10b-tetrahydrophenanthridin-5(1H)-
yl)acetate R4)

152.2 (Ar), 164.3 (CON), 169.0CQ.tBu); HRMS (ESI): calcd
for C,;H,/NOs [M+Na]” 396.17814, found 396.17849.

4.5.4.2-(8,9-Dimethoxy-6-0x0-2,4a,6,10b-
tetrahydrophenanthridin-5(1H)-yl)acetic acid§)
Through a solution of est@d (67 mg, 0.18 mmol) in C}Tl,
(5 mL) was bubbled HCI gas at 0 °C for 5 h. The sofutvas
stirred for additional 1.5 h at 0 °C, warmed to rotamperature
over 30 min, and evaporated to dryness. This way 28iwas
obtained as a white solid in pure forftd NMR (400 MHz,
CD;0OD): 6 = 1.73-1.92 (m, 1H, 1-H), 2.08-2.30 (m, 3H, 1-H, 2-
H), 3.06-3.22 (m, 1H, 10b-H), 3.84 (s, 3H, OMe), 3.893H,
OMe), 4.07 (dJ = 17.4 Hz, 1H, NCKCO), 4.35-4.42 (m, 1H,
4a-H), 4.62 (dJ = 17.4 Hz, 1H, NCKCO), 5.74-5.81 (m, 1H, 4-
H), 5.94-6.01 (m, 1H, 3-H), 6.91 (s, 1H, 10-H), 7.411¢4, 7-H);
¥C NMR (100 MHz, CROD): & = 25.3 (C-2), 25.3 (C-1), 37.7
(C-10b), 46.0 (NCKCO), 55.8 (C-4a), 56.6 (OMe), 56.7 (OMe),
110.5 (C-7), 111.8 (C-10), 121.4 (Ar), 124.9 (C-#33.9 (C-3),
137.6 (Ar), 149.5 (Ar), 154.5 (Ar), 166.3 (CON), 173CQLH).

4.5.5.Se-phenyl 2-(8,9-dimethoxy-6-o0x0-
2,4a,6,10b-tetrahydrophenanthridine-5(1H)-
yl)ethaneselenoate2g)

(PhSe) (60 mg, 0.20 mmol, 1.5 equiv) was added to a
solution of acid25 in CH,Cl, (10 mL). The solution was cooled
to 0 °C beforen-BusP (66L, 0.26 mmol, 2.0 equiv) was added.
The reaction mixture was refluxed for 24 h, pourgd water (20
mL) and then the mixture was extracted with ,CH (3 x 10
mL). The combined extracts were washed with saturbiz@l
solution, dried over anhydrous )0, filtered, and concentrated
in vacuo. The crude product was purified by flash
chromatography (petroleum ether/ethyl acetate, &1provide
pure selenoeste?6 (50 mg, 84%), as an amorphous solig =R
0.5 (petroleum ether/ethyl acetate, 1:3; NMR (400 MHz,
CDCly): 0 = 1.75-1.94 (m, 1H, 1-H), 2.06-2.28 (m, 3H, 1-H, 2-
H), 3.18-3.37 (m, 1H, 10b-H), 3.91 (s, 3H, OMe), 3.933,
OMe), 4.11 (dJ = 16.9 Hz, 1H, NCKCO), 4.37-4.44 (m, 1H,
4a-H), 5.05 (dJ = 16.9 Hz, 1H, NCKCO), 5.64-5.73 (m, 1H, 4-
H), 5.92-6.01 (m, 1H, 3-H), 6.72 (s, 1H, 10-H), 7.3207(#,
3H, Ar), 7.46-7.53 (m, 2H, Ar), 7.62 (s, 1H, 7-HJC NMR (100
MHz, CDCk): 6 = 23.8 (C-2), 24.3 (C-1), 36.2 (C-10b), 54.7
(NCH,CO), 56.0 (OMe), 56.05 (OMe), 56.5 (C-4a), 108.3 (C-7)
110.8 (C-10), 120.1 (Ar), 123.4 (C-4), 125.4 (Ar)812 (C-3),

Sodium hydride (20 mg, 0.50 mmol, 1.3 equiv, 60%129 1 (Ar),129 (Ar), 131.4 (Ar), 132.8 (Ar), 135.0 (A036.0

dispersion in mineral oil) was added to a stirredld(0 °C)
solution of amidel2d (100 mg, 0.38 mmol) in dry DMF (2 mL).
The solution was allowed to warm to room temperatore2f
min and then cooled to 0 °C, befdest-butyl bromoacetate (86

(Ar), 148.0 (Ar), 152.6 (Ar), 164.8 (CON), 199.0 (COSePh)
HRMS (ESI): calcd for ¢H,;NO,Se [M+Na] 480.06845, found
480.06836.



4.5.6.8,9-Dimethoxy-5-methyl-1,4a,5,10b-
tetrahydrophenanthridin-6(2H)-one28)

To a boiling solution of compound selenoes?ér (16 mg,
0.035 mmol) in benzene (2 mL) was added dropwisellico
of BusSnH (14 pL, 0.052 mmol, 1.5 equiv), and benzoyl
peroxide (2 mg, 0.008 mmol, 23 mol%) in benzenm) over 1
h by employing a syringe pump. After complete additithe
reaction mixture was further refluxed for 2 h. Thevent was
evaporated in vacuo, and the residue diluted witlo E8 mL).
This solution was washed with 10% aqueous solutiddFof2 x
5 mL), dried over Nz#Q,, filtered, and concentrated in vacuo.
The crude product was purified by flash chromatolgyap
(petroleum ether/ethyl acetate, 1:2) to providmethylamide28
(6 mg, 63%), as a colorless solid.#R0.1 (petroleum ether/ethyl
acetate, 1:1)1,H NMR (400 MHz, CDCJ): 6 = 1.79-1.92(m, 1H,
1-H), 2.02-2.15 (m, 2H, 1-H, 2-H), 2.16-2.27 (m, 1H, 2-Bljl14
(s, 3H, NCH), 3.17-3.28 (m, 1H, 10b-H), 3.91 (s, 3H, OMe),
3.92 (s, 3H, OMe), 4.08-4.20 (m, 1H, 4a-H), 5.64-5M51H, 4-
H), 5.78-5.90 (m, 1H, 3-H), 6.71 (s, 1H, 10-H), 7.601¢d, 7-H);
¥C NMR (100 MHz, CDGJ)): & = 22.9 (C-2), 24.0 (C-1), 32.2
(NCH), 35.3 (C-10b), 56.0 (OMe), 56.2 (C-4a), 107.9 (C-7
110.7 (C-10), 121.5 (Ar), 124.5 (C-4), 130.6 (C-B33.4 (Ar),
147.8 (Ar), 151.9 (Ar), 164.1 (CON); HRMS (ESI): calcar f
Ci6H1NO, [M+Na]" 296.12571, found 296.12582.

4.6.Preparation of sulfonamides from amine hydrochlorides
(Procedure 6)

To a cooled (0 °C) suspension of ami€l (1.0 equiv) in
CH,CI, (9 mL per mmol of hydrochloride) were addedNE{2.0
equiv) and arylsulfonyl chloride (1.5 equiv). Théred reaction
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(d,J = 16.2 Hz, 1H, 6-H), 4.56 (d,= 16.2 Hz, 1H, 6-H), 4.81-
4.89 (m, 1H, 4a-H), 5.34-5.43 (m, 1H, 4-H), 5.68-5.79 {H, 3-
H), 6.52 (s, 1H, 7-H), 6.76 (s, 1H, 10-H), 7.58-7.70 &M, Ar),
8.01-8.08 (m, 1H, Ar)*C NMR (100 MHz, CDG)): & = 20.1
(C-2), 25.5 (C-1), 33.9 (C-10b), 43.5 (C-6), 52(®4a), 55.8
(OMe), 56.0 (OMe), 108.4 (C-7), 109.4 (C-10), 1247)(124.2
(Ar), 124.7 (Ar), 126.2 (Ar), 130.7 (C-4), 131.7 (G-3)33.1
(Ar), 133.3 (Ar), 133.7 (Ar), 147.4 (Ar), 147.9 (Ar), 88 (Ar);
HRMS (ESI): calcd for GH,,N,0S [M+Na]" 453.10908, found
453.10940.

4.6.3.8,9-Dimethoxy-5-((4-nitrophenyl)sulfonyl)-
1,2,4a,5,6,10b-hexahydrophenanthridin29¢)

Prepared from amine hydrochlori@d®d (100 mg, 0.35 mmaol)
according to procedure 6 to give pure sulfonanZfle(140 mg,
99%) as yellow amorphous solid; R0.2 (petroleum ether/ethyl
acetate, 2:1)*H NMR (400 MHz, CDCJ): = 1.62-1.73 (m, 1H,
1-H), 1.74-1.85 (m, 1H, 2-H), 1.85-1.98 (m, 1H, 1-H1&2.31
(m, 1H, 2-H), 2.99-3.13 (m, 1H, 10b-H), 3.80 (s, 3H, QMEe82
(s, 3H, OMe), 4.23 (d] = 15.9 Hz, 1H, 6-H), 4.64 (dl = 15.9
Hz, 1H, 6-H), 4.81-4.89 (m, 1H, 4a-H), 5.14-5.21 (m, ZHH),
5.67-5.75 (m, 1H, 3-H), 6.49 (s, 1H, 7-H), 6.66 (s, 18;H),
7.97 (d,J = 8.8 Hz, 2H, Ar), 8.26 (d) = 8.8 Hz, 2H, Ar);°C
NMR (100 MHz, CDCJ): 6 = 20.1 (C-2), 25.5 (C-1), 33.8 (C-
10b), 43.4 (C-6), 52.8 (C-4a), 55.8 (OMe), 56.0 (OMH)8.4
(C-7), 109.4 (C-10), 124.7 (Ar), 124.2 (Ar), 124.7-4%; 126.5
(Ar), 128.2 (Ar), 133.5 (C-3), 146.4 (Ar), 147.6 (Al¥8.5 (Ar),
149.8 (Ar); HRMS (ESI): caled for GH,N,OcS [M+Na]'
453.10908, found 453.10940.

4.7.Preparation of carbamates from amine hydrochlorides

mixture was allowed reach room temperature within 2 h(Procedure 7)

Thereafter, saturated NaHG@Golution (9 mL per mmol of
hydrochloride) was added. After separation of theergythe
aqueous layer was extracted with L4 (2 x 9 mL per mmol of
hydrochloride). The combined organic layers weredirover
anhydrous N8O,
product was purified by flash chromatography to w@ffthe pure
sulfonamides.

4.6.1.8,9-Dimethoxy-5-tosyl-1,2,4a,5,6,10b-
hexahydrophenanthridine2@a)

Prepared from amine hydrochlori@éd (305 mg, 1.03 mmol)
according to procedure 6 to give pure sulfonanifla (435 mg,

99%) as colorless solid.;R 0.3 (petroleum ether/ethyl acetate,

2:1); "H NMR (400 MHz, CDC)): 5 = 1.55-1.83 (m, 2H, 1-H, 2-
H), 1.85-1.98 (m, 1H, 1-H), 2.18-2.31 (m, 1H, 2-H), 2(883H,
SO,CH,Ph), 3.07-3.21 (m, 1H, 10b-H), 3.81 (s, 6H, 2 OMe)34.1
(d, J = 15.6 Hz, 1H, 6-H), 4.59 (d, = 15.6 Hz, 1H, 6-H), 4.76-
4.88 (m, 1H, 4a-H), 5.10-5.20 (m, 1H, 4-H), 5.56-5.78 {H, 3-
H), 6.48 (s, 1H, 7-H), 6.69 (s, 1H, 10-H), 7.22J¢ 8.0 Hz, 2H,
Ar), 7.69 (d,J = 8.0 Hz, 2H, Ar)*C NMR (100 MHz, CDCJ): &
= 20.2 (C-2), 21.4 (Me), 25.5 (C-1), 34.0 (C-1043.2 (C-6),
52.4 (C-4a), 55.7 (OMe), 56.0 (OMe), 108.4 (C-8),.20€-10),
124.7 (Ar), 125.2 (C-4), 126.5 (Ar), 127.1 (Ar), 1294), 132.6
(C-3), 137.4 (Ar), 143.2 (Ar), 147.3 (Ar), 148.2 (ABRMS
(ESI): caled for GH,NO,S [M+Na] 422.13965, found
422.13960.

4.6.2.8,9-Dimethoxy-5-((2-nitrophenyl)sulfonyl)-
1,2,4a,5,6,10b-hexahydrophenanthridin29p)
Prepared from amine hydrochlori@éd (350 mg, 1.01 mmol)
according to procedure 6 to give pure sulfonan2éle (377 mg,
87%) as yellow amorphous solid; R0.2 (petroleum ether/ethyl
acetate, 2:1)*H NMR (400 MHz, CDCJ): & = 1.63-1.87 (m, 2H,
1-H, 2-H), 1.93-2.03 (m, 1H, 1-H), 2.25-2.37 (m, 1H, 2-Bip6-
3.36 (m, 1H, 10b-H), 3.82 (s, 3H, OMe), 3.83 (s, 3H, OMe39

filtered and concentrated in vacuo. The crude

To a cooled (0 °C) suspension of amH€l (1.0 equiv) in
CH,CI, (9 mL per mmol of hydrochloride) were addedNE{2.0
equiv) and the corresponding chloroformate (2.0vqur Boc,O
(2.5 equiv). The stirred reaction mixture was allowegich room
temperature within 1 h (in case chloroformate) dr @ case of
Boc,0), respectively. Thereafter, saturated NaHG0Glution (9
mL per mmol of hydrochloride) was added. After sepanaof
the layers the aqueous layer was extracted withQGH2 x 9
mL per mmol of hydrochloride). The combined orgalagers
were dried over anhydrous P8O, filtered and concentrated in
vacuo. The residue was purified by flash chromatdnyato
afford the pure carbamates.

4.7.1.Ethyl 8,9-dimethoxy-2,4a,6,10b-
tetrahydrophenanthridine-5(1H)-carboxylat&2a)

Prepared from amine hydrochlori@®d (10 mg, 0.03 mmol)
according to procedure 7 to give pure carbang#e (9 mg,
94%) as colorless amorphous solid; R 0.5 (petroleum
ether/ethyl acetate, 2:1% NMR (400 MHz, CDCJ): & = 1.27 (t,
J = 7.1 Hz, 3H, OCKCH3), 1.71-1.91 (m, 2H, 1H, 2-H), 1.94-
2.08 (m, 1H, 1-H), 2.28-2.38 (m, 1H, 2-H), 3.19-3.29, (iH,
10b-H), 3.83 (s, 3H, OMe), 3.85 (s, 3H, OMe), 4.18)¢, 7.1
Hz, 3H, OCH, 6-H) 4.81 (d,J = 15.7 Hz, 1H, 6-H), 4.96-5.28
(m, 1H, 4a-H), 5.44-5.55 (m, 1H, 4-H), 5.65-5.78 (rH, B-H),
6.52 (s, 1H, 7-H), 6.81 (s, 1H, 10-HYC NMR (100 MHz,
CDCly): 6 = 14.7 (OCHCHjy), 20.3 (C-2), 25.3 (C-1), 33.5 (C-
10b), 42.2 (C-6), 50.3 (C-4a), 55.8 (OMe), 56.1 (OM&).5
(OCH,), 108.5 (C-7), 109.5 (C-10), 127.3 (C-4), 131.23)C
147.4 (Ar), 148.0 (Ar), 155.4 (CO).

4.7.2.Benzyl 8,9-Dimethoxy-2,4a,6,10b-
tetrahydrophenanthridine-5(1H)-carboxylat&2b)
Prepared from amine hydrochlori@d®d (100 mg, 0.34 mmol)
according to procedure 7 to give pure carband®e (50 mg,
39%) as colorless amorphous solid; R 0.2 (petroleum
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ether/ethyl acetate, 2:1); 1H NMR (400 MHz, CBCB =
1.69-1.90 (m, 2H, 1-H, 2-H), 1.91-2.09 (m, 1H, 1-H),@241
(m, 2H, 2-H), 3.18-3.35 (m, 1H, 10b-H), 3.82 (s, 3H, QM85
(s, 3H, OMe), 4.21 (dj = 16.0 Hz, 1H, 6-H), 4.84 (d = 16.0
Hz, 1H, 6-H), 5.02-5.26 (m, 1H, 4a-H), 5.17 (s, 2H, QEH),
5.46-5.55 (m, 1H, 4-H), 5.67-5.77 (m, 1H, 3-H), 6.521(d, 7-
H), 6.81 (s, 1H, 10-H), 7.28-7.34 (m, 1H, Ar), 7.35-7(#4 4H,
Ar); ¥C NMR (100 MHz, CDGJ): & = 20.2 (C-2), 25.2 (C-1),
33.4 (C-10b), 42.3 (C-6), 50.4 (C-4a), 55.7 (OM&,05(CMe),

Tetrahedron

4.8.2.8,9-Dimethoxy-5-((4-nitrophenyl)sulfonyl)-
1,2,3,4,4a,5,6,10b-octahydrophenanthridin-4-ol
(30c-0OH)

Prepared from alken29c (120 mg, 0.29 mmol) according to
procedure 8 to give alcoh@0c-OH (80 mg, 63%) as yellow
solid. R = 0.4 (petroleum ether/ethyl acetate, 1'H)NMR (400
MHz, CDCk): 6 = 1.15-1.30 (m, 1H), 1.34-1.48 (m, 1H), 1.54-
1.75 (m, 3H), 1.97-2.08 (m, 1H), 2.31-2.43 (m, 1H)133.10
(m, 1H, 4a-H), 3.5 (td) = 10.4, 4.5 Hz, 1H, 4-H), 3.81 (s, 3H,

67.2 (OCHPh), 108.5 (C-7), 109.4 (C-10), 127.6 (C-4), 128.40Me), 3.83 (s, 3H, OMe), 3.90 (dd= 10.1, 5.0 Hz, 1H, 4a-H),

(Ar), 128.9 (Ar), 131.8 (C-3), 136.6 (Ar), 147.3 (AL}8.0 (Ar),
155.4 (CO); HRMS (ESI): calcd for ,@¢4,:NO, [M+Na]*
402.16758, found 402.16774.

4.7.3.Ethyl 8,9-Dimethoxy-2,4a,6,10b-
tetrahydrophenanthridine-5(1H)-carboxylat8Zc)
Prepared from amine hydrochlori@®d (173 mg, 0.68 mmol)
according to procedure 7 to give pure carban32e (210 mg,
89%) as colorless amorphous solid; R 0.3 (petroleum
ether/ethyl acetate, 2:1% NMR (400 MHz, CDCJ): & = 1.47
(s, 9H, QBu), 1.69-1.89 (m, 2H, 1-H, 2-H), 1.91-2.06 (m, 1H, 1-
H), 2.26-2.38 (m, 1H, 2-H), 3.16-3.26 (m, 1H, 10b-HB33(s,
3H, OMe), 3.84 (s, 3H, OMe), 4.12 (d= 16.7 Hz, 6-H), 4.75
(d,J=16.7 Hz, 1H, 6-H), 4.87-5.20 (m, 1H, 4a-H), 5.41-5153
1H, 4-H), 5.63-5.76 (m, 1H, 3-H), 6.52 (s, 1H, 7-H), 6(811H,
10-H); **C NMR (100 MHz, CDGJ)): & = 20.3 (C-2), 25.4 (C-1),
28.4 (GBu), 33.6 (C-10b), 42.2 (C-6), 55.7 (OMe), 56.0 @;4
56.1 (OMe), 79.8 (Bu), 108.6 (C-7), 109.5 (C-10), 127.6 (C-4),
130.8 (C-3), 147.3 (Ar), 147.9 (Ar), 154.8 (CO). HRMESS():
calcd for GgH,/NO, [M+Na]" 368.18323, found 368.18325.

4.8.Directed hydroboration of arylsulfonyl)-
hexahydrophenanthridine® and carbamate82 (Procedure 8)

To a magnetically stirred suspension of NagbLO equiv) in
dry THF (3 mL per mmol of NaBjj was added neat BPEL,
(5.5 equiv) at 0 °C. The reaction mixture was allowedtir at
room temperature for 30 min before the alké&®or 32 (1.0
equiv) respectively, in dry THF (30 mL per mmolalkene) was
added dropwise to the mixture at 0 °C. Thereaftes, mixture
was allowed to reach room temperature within 1.5 h.virark-

4.40 (d,J = 16.4 Hz, 1H, 6-H), 4.72 (d, = 16.4 Hz, 1H, 6-H),
6.53 (s, 1H, 7-H), 6.67 (s, 1H, 10-H), 8.04 Jd= 8.8 Hz, 2H,
Ar), 8.28 (d,J = 8.8 Hz, 2H, Ar);*C NMR (100 MHz, CDGJ)): &
= 19.3 (C-2), 27.7 (C-1), 34.5 (C-3), 36.8 (C-1043.5 (C-6),
55.9 (OMe), 56.0 (OMe), 60.9 (C-4), 66.2 (C-4a), BOEC-7),
108.7 (C-10), 123.2 (Ar), 124.2 (Ar), 126.1 (Ar), 129Ar),
146.2 (Ar), 147.8 (Ar), 148.5 (Ar).

4.9.Oxidation of the secondary alcohols to the corresfiom
ketones using Dess-Martin periodinane (Procedure 9)

To a stirred solution of alcohol (1 equiv) in gE, (50 mL
per mmol of alcohol) was added DMP (1.5 equiv) and th
mixture was allowed to stir at room temperature f&6riL Then it
was diluted with saturated NaH@®bolution (30 mL per mmol of
alcohol) and concentrated sodium thiosulfate sotu¢B0 mL per
mmol of alcohol). This mixture was stirred until bdhe organic
and aqueous layers appeared clear. The organia lags
separated and the aqueous layer was extracted wigBICE x
30 mL per mmol of alcohol). The combined organigels were
dried over anhydrous N&0,, filtered and concentrated in vacuo.
Purification of the residue by flash chromatograpliffprded the
pure ketone.

4.9.1.8,9-Dimethoxy-5-tosyl-2,3,4,4a,5,6,10b-
hexahydrophenanthridin-4-(1H)-one@a)

Prepared from alcohol30a-OH (120 mg, 0.30 mmol)
according to procedure 9 to give ketoB@a (98 mg, 79%) as
colorless solid. R= 0.5 (petroleum ether/ethyl acetate, 1'H;
NMR (400 MHz, CDC}): & = 1.45-1.96 (m, 2H, 2-H), 2.07-2.24
(m, 1H, 1-H), 2.25-2.36 (m, 2H, 1-H, 3-H), 2.42 (s, 35

up N aqueous NaOH (30 mL per mmol of alkene) and 30%®.52-2.66 (m, 1H, 3-H), 3.59-3.72 (m, 1H, 10b-H), 3(813H,

H,0, (30 mL per mmol of alkene) were added sequenttallhe
reaction mixture at 0 °C. The mixture was stirred rabm
temperature for 5 h, before it was extracted witl©EB8 x 50 mL
per mmol of alkene). The combined organic layersewanied
over anhydrous N&O,, filtered, and concentrated in vacuo.
Purification of the residue by flash chromatograghye the pure
secondary alcohol.

4.8.1.8,9-Dimethoxy-5-tosyl-1,2,3,4,4a,5,6,10b-
octahydrophenanthridin-4-o0l130a-OH)

Prepared from alken29a (220 mg, 0.55 mmol) according to
procedure 8 to give alcoh8Da-OH (206 mg, 90%) as colorless
solid. R = 0.4 (petroleum ether/ethyl acetate, 1'H)NMR (400
MHz, CDCk): & = 1.11-1.26 (m, 1H, 2-H), 1.29-1.43 (m, 1H, 2-
H), 1.48-1.68 (m, 2H, 1-H), 1.94-2.05 (m, 1H, 3-H), 2233
(m, 1H, 3-H), 2.36 (s, 3H, Cj{ 2.87-2.98 (m, 1H, 10b-H), 3.44
(td, J = 10.6, 4.8 Hz, 1H, 4-H), 3.80 (s, 3H, OMe), 3.81 4, 3
OMe), 3.90 (ddJ = 8.0, 4.0 Hz, 1H, 4a-H), 4.41 (@z= 16.0 Hz,
1H, 6-H), 4.64 (dJ = 16.0 Hz, 1H, 6-H), 6.53 (s, 1H, 7-H), 6.64
(s, 1H, 10-H), 7.23 (dJ = 8.1 Hz, 2H, Ar), 7.71 (d] = 8.1 Hz,
2H, Ar); °C NMR (100 MHz, CDG)): & = 19.2 (C-2), 21.5
(CHy), 27.6 (C-1), 33.9 (C-3), 36.0 (C-10b), 43.5 (C-6p.8
(OMe), 56.0 (OMe), 60.6 (C-4), 66.3 (C-4a), 108.67(C108.9
(C-10), 123.8 (Ar), 126.4 (Ar), 127.1 (Ar), 129.7 (An37.0
(Ar), 143.5 (Ar), 147.6 (Ar), 148.2 (Ar).

OMe), 3.84 (s, 3H, OMe), 4.47 (d,= 15.2 Hz, 1H, 6-H), 4.58
(d,J = 15.2 Hz, 1H, 6-H), 4.79 (d,= 5.6 Hz, 1H, 4a-H), 6.49 (s,
1H, 7-H), 6.70 (s, 1H, 10-H), 7.29 (@= 8.1 Hz, 2H, Ar), 7.73
(d, J = 8.1 Hz, 2H, Ar);®C NMR (100 MHz, CDCJ)): & = 21.4
(C-1), 21.5 (CH), 27.6 (C-2), 41.0 (C-3), 41.1 (C-10b), 44.2 (C-
6), 55.7 (OMe), 56.0 (OMe), 62.5 (C-4a), 108.1 (C108.8 (C-
10), 124.5 (Ar), 125.0 (Ar), 127.4 (Ar), 129.4 (Ar), 6.3 (Ar),
143.3 (Ar), 148.0 (Ar), 148.1 (Ar), 205.1 (CO); HRMS (ES
calcd for G,H,sNOsS [M+Na]" 438.13456, found 438.13454.

4.9.2.8,9-Dimethoxy-5-((4-nitrophenyl)sulfonyl)-
2,3,4,4a,5,6,10b-hexahydrophenanthridin-4-(1H)-
one 30c)

Prepared from alcoh®@0c-OH (50 mg, 0.10 mmol) according
to procedure 9 to give ketori@Oc (47 mg, 99%) as yellow
amorphous solid, &= 0.5 (petroleum ether/ethyl acetate, 1'H);
NMR (400 MHz, CDC}): d = 1.54-1.61 (m, 1H, 2-H), 1.82-1.92
(m, 1H, 2-H), 2.12-2.34 (m, 3H, 1-H, 3-H), 2.56-2.67, {Hl, 3-
H), 3.70-3.77 (m, 1H, 10b-H), 3.80 (s, 3H, OMe), 3.833,
OMe), 4.39 (dJ = 14.6 Hz, 1H, 6-H), 4.68 (d,= 14.6 Hz, 1H,
6-H), 4.85 (d,J = 6.1 Hz, 1H, 4a-H), 6.48 (s, 1H, 7-H), 6.70 (s,
1H, 10-H), 8.00 (dJ = 8.8 Hz, 2H, Ar), 8.34 (d] = 8.8 Hz, 2H,
Ar); °C NMR (100 MHz, CDG)): 3 = 21.4 (C-1), 27.6 (C-2),
40.9 (C-10b), 41.0 (C-3), 44.3 (C-6), 55.8 (OMe),1560Me),
62.8 (C-4a), 108.1 (C-7), 108.8 (C-10), 124.1 (ArR24.3 (Ar),



128.6 (Ar), 144.9 (Ar), 148.4 (Ar), 150.0 (Ar), 204.€Q).
HRMS (ESI): calcd for H,,N,0,S [M+Na] 469.10399, found
469.10415.

4.9.3.5-(2-Bromoacetyl)-8,9-dimethoxy-
2,3,4a,5,6,10b-hexahydrophe-nanthridin-4(1H)-one
(35)

To a cooled (0 °C) stirred solution of carbama3e (30 mg,
0.08 mmol) in CHCI, (1 mL) was added TFA (0.5 mL). The
reaction mixture was allowed to stir at room tempegafor 4 h.
Excess solvent and TFA were removed on a rotavapeadno
and the residual TFA was removed by adding sevémadst
CH,CI, and concentration of the solution in vacuo to dgiie
solid amine salt, which was directly used in nexpstwithout
further purification.

To a cooled (0 °C) solution of salt and;¥t(36 pL, 0.25
mmol, 3 equiv) in CKCl, (1 mL) was added bromoacetyl
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4.9.5.9,10-Dimethoxy-4-methylene-
2,3,3a,3a,1,4,5,7,11b-octahydro-1H-pyrrolo[3,2,1-
de]phenanthridine-3-carbonitrile 39)

To a solution of Ni(CODy) (149 mg, 0.54 mmol, 2.0 equiv) in
dry acetonitrile (1 mL), at room temperature andeamnitrogen
atmosphere, was added a solution of vinyl brondi@i¢100 mg,
0.27 mmol) and BN (117 pL, 0.81 mmol, 3.0 equiv) in dry
acetonitrile (1 mL). The reaction mixture was stirrat room
temperature for about 15 min, resulting in a cabange from
yellow to black. When all starting material had beemsumed
(checked by TLC), the quencher TMSCN (100, 0.66 mmol,
2.5 equiv) was added and the mixture stirred foitemdl 3 h. It
was filtered through Celite and the filter cake waklseveral
times with CHCI,. The filtrate was washed with saturated
N&CO; solution. The organic layer was dried over,8la,,
filtered and concentrated in vacuo. Purificatiortted residue by
flash chromatography (GEIl./MeOH, 9/1) afforded the

bromide (8L, 0.10 mmol, 1.2 equiv) dropwise. The stirred cyclization product39 (67 mg, 80%) as yellow solid.;R 0.6

reaction mixture was allowed to reach room tempegattithin 1
h. For work-up, the mixture was treated with saturdteHCQ

(2 mL), and this mixture was extracted with@{3 x 2mL). The
combined organic layers was dried over anhydrousSGa
filtered and concentrated in vacuo. The crude amidg purified
by flash chromatography (petroleum ether/ethyl ategt2:1) to

(CH,Cl,/MeOH, 9:1);*H NMR (400 MHz, CDCJ): & = 1.68 (tt,J
= 3.3, 13.6 Hz, 1H, 1-H), 1.75-2.87 (m, 1H, 2-H), 1.9022(m,
1H, 1-H), 2.02-2.13 (m, 1H, 2-H), 2.68 Jt= 4.8 Hz, 1H, 3a-H),
2.72-2.82 (m, 2H, 3-H, 11b-H), 2.94 @ = 14.1 Hz, 1H, 5-H),
3.00-3.07 (m, 1H, 3b-H), 3.28 (d,= 14.1 Hz, 1H, 5-H), 3.82 (s,
3H, OMe), 3.84 (s, 3H, OMe), 4.09 (d= 14.4 Hz, 1H, 7-H),

provide pure amid&5 (20 mg, 65% over two steps) as yellow 4.11 (d,J = 14.4 Hz, 1H, 7-H), 5.08 (s, 1H, 4-G}5.13 (s, 1H,

solid. R = 0.3 (petroleum ether/ethyl acetate, 2'H)NMR (400
MHz, CDCkL, mixture of rotamers) = 1.53-1.81 (m, 2H, 2-H),
1.82-2.01 (m, 1H, 2-H), 2.13-2.27 (m, 2H, 1-H), 2.2882(m,
2H, 1-H, 3-H), 2.54-2.75 (m, 1H, 3-H), 3.52-3.67 (m, 1Ab-
H), 3.78-3.86 (6H, 2 OMe), 3.90-4.08 (s, 1H, CO8H, 4.14-
4.31 (m, 1H, COCHBY), 4.59-4.73 (m, 1H, 6-H), 4.76-4.92 (m,
1H, 6-H), 5.44 (dJ = 6.1 Hz, 1H, 4a-H), 6.52-6.59 (1H, 7-H),
6.68-6.75 (1H, 10-H)**C NMR (100 MHz, CDCJ)): & = 21.0,
21.1, 25.9, 26.1, 27.0, 27.2, 38.9, 40.8, 41.24,485.8, 55.8,
55.8, 56.0, 56.1, 59.6, 59.64, 107.8, 107.9, 10808,2, 123.5,
124.4, 124.5, 124.7, 124.7, 148.3, 148.4, 166.%.8,6205.1,
205.2; HRMS (ESI): calcd for @H,BrNO, [M+Na]
404.04679, found 404.04670.

4.9.4.5-(2’-Bromoallyl)-8,9-dimethoxy-
1,2,4a,5,6,10b-hexahydro phenanthridin®8]

To a stirred solution of amindCl 20d (110 mg, 0.34 mmol)
in DMF (1 mL) was added NaH (60% dispersion in oil,r3§,
0.85 mmol, 2.5 equiv) and bromoallyl bromide (gL, 0.51
mmol, 1.5 equiv). The reaction mixture was allowedsto at
room temperature for 1 h, before it was cooled t6Q0and

4-CH,), 6.52 (s, 1H, 11-H), 6.62 (s, 1H, 8-HYC NMR (100
MHz, CDCL): & = 26.6 (C-3), 27.3 (C-2), 31.1 (C-1), 38.1 (C-
11b), 44.8 (C-3a), 55.7 (C-7), 55.89 (OMe), 55.92 @M59.5
(C-5), 61.1 (C-3b), 107.6 (4-GY 109.2 (C-8), 111.2 (C-11),
121.6 (CN), 126.0 (Ar), 129.9 (Ar), 147.5 (Ar), 147/4), 148.4
(C-4); HRMS (ESI): calcd for GH,.N,O, [M+H]™ 311.17540,
found 311.17548.

4.9.6.9,10-Dimethoxy-4-methylene-
2,3,3a,3a,1,4,5,7,11b-octahydro-1H-pyrrolo[3,2,1-
delphenanthridine 40)

To a solution of Ni(CODy) (149 mg, 0.54 mmol, 2.0 equiv) in
dry acetonitrile (1 mL), at room temperature andamnitrogen
atmosphere, was added a solution of vinyl brondi@i¢100 mg,
0.27 mmol) and BN (117 pL, 0.81 mmol, 3.0 equiv) in dry
acetonitrile (1 mL). The reaction mixture was stirrat room
temperature for about 15 min, resulting in a calbange from
yellow to black. When all starting material had beemsumed
(checked by TLC), the quencher&H (137uL, 0.85 mmol, 3.2
equiv) was added and the mixture stirred for addiio3 h. It
was filtered through Celite and the filter cake waklseveral

quenched with KD (2 mL). The mixture was extracted with times with CHCl,. The filtrate was washed with saturated
EtOAc (3 x 3mL). The combined organic layers were wadN&CO; solution. The organic laywer was dried over,8@,,
washed with HO (3 x 3 mL) and saturated NaCl solution (3 mL), filtered and concentrated in vacuo. Purificatiortied residue by

drieed with anhydrous NSO, filtered, and concentrated in flash chromatography (GEI,/MeOH,

vacuo. Purification of the residue by flash chroovgaaphy
(petroleum ether/ethyl acetate, 3:1) provided mllgamine 38
(80 mg, 65%) as yellow oil. R= 0.6 (petroleum ether/ethyl
acetate, 1:1)*H NMR (400 MHz, CDCJ): = 1.80-1.89 (m, 1H,
1-H), 1.92-2.03 (m, 2H, 2-H), 2.11-2.24 (m, 1H, 1-Hp223.01
(m, 1H, 10b-H), 3.40 (dJ = 16.0 Hz, 1H, 1'-H), 3.46-3.50 (m,
1H, 4a-H), 3.53 (dJ = 16.0 Hz, 1H, 1-H), 3.58 (d,= 15.2 Hz,
1H, 6-H), 3.81 (s, 3H, OMe), 3.84 (d= 15.2 Hz, 6-H), 3.85 (s,
3H, OMe), 5.57 (s, 1H, 3"-H), 5.71-5.79 (m, 1H, 4-HB55.89
(m, 1H, 3-H), 5.91 (s, 1H, 3"-H), 6.48 (s, 1H, 10-H);%(s, 1H,
7-H); *C NMR (100 MHz, CDCJ): & = C-2), 26.6 (C-1), 35.2
(C-10b), 51.3 (C-6), 55.7 (OMe), 55.9 (C-1"), 56AMe), 60.9
(C-4a), 109.0 (C-7), 110.2 (C-10), 117.8 (C-2)612(C-3,
126.6 (Ar), 129.1 (Ar), 131.7 (C-4), 132.1 (C-3), UTAr),
147.8 (Ar).

9/1) afforded the
cyclization product40 (54 mg, 70%) as yellow solid.;R 0.5
(CH,Cl,/MeOH, 9:1);"H NMR (400 MHz, CDCJ): 5 = 1.23-1.48
(m, 3H, 3-H, 2-H), 1.55-1.80 (m, 3H, 2-H, 1-H), 2.48-2(59,
2H, 3a-H, 11b-H), 2.64-2.75 (m, 1H, 3b-H), 2.83Jd& 14.0 Hz,
1H, 5-H), 3.20 (dJ = 14.0 Hz, 1H, 5-H), 3.75 (s, 3H, OMe), 3.78
(s, 3H, OMe), 3.88 (d] = 14.0 Hz, 1H, 7-H), 3.97 (d| = 14.0
Hz, 1H, 7-H), 4.81 (s, 1H, 4-H), 4.82 (s, 1H, 4-H), 6(451H,
11-H), 6.57 (s, 1H, 8-H)**C NMR (100 MHz, CDGJ): 5 = 24.8
(C-2), 29.8 (C-3), 31.4 (C-1), 38.5 (C-11b), 43G-Fa), 55.8
(OMe), 56.4 (C-7), 59.9 (C-5), 62.9 (C-3b), 103.904,), 109.2
(C-8), 111.3 (C-11), 125.7 (Ar), 131.5 (Ar), 147.2 YAL47.6
(Ar), 152.2 (C-4); HRMS (ESI): calcd for ;@4,5NO, [M+H]"
286.18016 found 286.18043.
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