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Abstract

C-10b Functionalized 5,6-dihydropyrrolo[2,1-a]isoquinolines have been prepared via Parham
cyclization and a-amidoalkylation reactions, using functionalized organolithium reagents. Their
utility as intermediates in the synthesis of erythrinanes via intra or intermolecular conjugate
addition reactions has been studied. Thus, a protocol for preparing the erythrinane skeleton
through a Parham cyclization—intermolecular o-amidoalkylation—intermolecular conjugate
addition—ring-closing metathesis process has been described.
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Introduction

The erythrinanes represent a significant class of alkaloids of broad pharmacological activity.
Besides the curare-like and hypnotic action, they are known to display sedative, hypotensive,
neuromuscular blocking, and CNS activity. This activity is attributed to antagonistic action of the
nicotinic acetylcholine receptors in the brain." Because of their unique spiro amine structure and
physiological activities, these alkaloids have been a target of synthesis for a long time.?

Over the last years we have developed® new procedures for the synthesis of tetrahydro- and
dihydropyrroloisoquinolones based on organolithium* and N-acyliminium chemistry.” These
approaches proved to be an effective and expeditious method for the synthesis of these
heterocycles in enantiomerically pure form.® A notable characteristic of these processes is that
products are armed with a readily functionalized substituent at C-10b, and that they posses the
o,PB-unsaturated lactam unit, which is suitable for conjugate addition reactions. This feature
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offered a potentially facile route for erythrinane skeleton assembly, by closing ring A in the final
step. We describe the reduction of this plan to practice.” The retrosynthetic analysis for our first
approach to erythrinanes of general structure 1 is described in Scheme 1.
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We anticipated that the spiroamine unit could be assembled through an intramolecular
conjugate addition reaction of a dihydropyrroloisoquinoline 2, which incorporates a
functionalized four-carbon atom substituent in C-10b. Compared with some other classes of
conjugate acceptors, a,p-unsaturated amides and lactams are usually less reactive.® Thus,
success of the conjugate addition reaction might require the presence of an activating group
attached to the unsaturated system. Therefore, two types of 5,6-dihydropyrroloisoquinolones 2a
(R = H) and 2b (R = CO;Bn) would be compared for efficiency. These key intermediates 2
would be derived from pyrroloisoquinolines 3 or 4, which would be obtained by addition of a
functionalized organolithium reagent 6 to known imides 5, followed by intramolecular o-
amidoalkylation reaction.

Results and Discussion

Synthesis of precursors 2a,b is depicted in Schemes 2 and 3. The first task was the choice of the
organolithium 6, which would behave as a 1,4-dianion equivalent. In this context, we had
previously reported that 2-(3-lithiopropyl)-2-trimethylsilyl-1,3-dithiane 6¢ (Figure 1) may be
used in this addition—o-amidoalkylation sequence for the synthesis of functionalized
dihydropyrroloisoquinolines of general structure 2a.%® However, desilylation was problematic,
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and subsequent attempts of intramolecular conjugate addition were unsuccessful.’ Therefore, we
decided to test other possible 1,4-dianion equivalents, and selected protected J-
carbonylorganolithiums, as 2-(2-lithioethyl)-2-methyl-[1,3]dioxolane 6a and 2-(2-lithioethyl)-2-
methyl-[1,3] dithiane 6b (Figure 1).
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Figure 1

Thus, organolithium 6a was generated in situ from phenylsulfanyl derivative 7a by
reductive lithiation'® with Li/DBB (4,4’-di-tert-butylbiphenyl), and reacted with imide 5a to
afford hydroxylactam 8. Cyclization and simultaneous hydrolysis of the acetal were
accomplished upon treatment with TFA. The a-amidoalkylation reaction proceeded
stereoselectively, affording isoindoloisoquinoline 4a as a single diastereomer. Finally, thermal
retro Diels-Alder reaction gave functionalized 5,6-dihydroisoquinoline 2a in high overall yield
(Scheme 2).
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Scheme 2. Reagents and conditions: (a) Li/DBB, — 78°C. (b) 5a, — 78°C. (c) TFA, CH,Cl,, rt.
(d) o-dichlorobenzene, reflux.
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An analogous addition—a-amidoalkylation sequence was applied for the synthesis of 2b. In
this case, organolithium 6b was generated from phenylsulfanyl derivative 7b, and reacted with
imide 5b. Without purification, the crude reaction mixture was treated with TFA in refluxing
CH,Cl, to afford 10b substituted tetrahydropyrroloisoquinoline 3 in high overall yield.
Unsaturation was then introduced by a two step procedure.*’ Thus, LDA deprotonation and
sequential treatment with CICO,Bn and PhSeBr afforded pyrroloisoquinoline 9. Oxidative -
elimination of phenylselenyl group and hydrolysis of dithiane was accomplished in a single step
using PIFA [Bis(trifluoroacetoxy)iodobenzene]."
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Scheme 3. Reagents and conditions: (a) Li/DBB, — 78°C. (b) 5b, — 78°C. (c) TFA, CHCl,,
reflux. (d) LDA, CICO,Bn, PhSeBr, THF, — 78°C. (e) TFA, PIFA, CH3;CNC/H,0, rt.

Once the dihydropyrroloisoquinolines 2a,b had been prepared, we studied the
intramolecular conjugate addition reaction. Thus, the kinetic control enolate was generated by
treatment of 2a,b with LDA at —78 °C, but no cyclization was observed under any of the
experimental conditions tested. The use of other bases (LiIHMDS) or additives (HMPA) did not
improve the results. In all cases, no reaction was observed with 2a, recovering starting material,
while 2b led to a mixture of products. To check that the enolate was being efficiently formed, we
carried out the deprotonation with LDA at —78 °C, and quenched the reaction with TMSCI,
obtaining the corresponding enol ethers that could be characterized by *H NMR. Without
purification, these enol ethers were treated with SnCl, or TiCl, under Michael-Mukaiyama
conditions. However, no cyclization product was obtained under the conditions tested,
recovering the corresponding pyrroloisoquinolines 2a,b. Therefore, although functionalized
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dihydropyrroloisoquinolines 2a,b have been prepared through organolithium addition—a-
amidoalkylation sequences, the o,B-unsaturated lactam unit is unreactive towards the
intramolecular conjugate addition of enolates or enol ethers, under the conditions tested.

In view of these results, we thought of an alternate route that would involve an
intermolecular conjugate addition. Thus, ring A of the erythrinane system could be assembled
through the ring-closing metathesis (RCM) reaction of pyrroloisoquinolones 10. The allyl group
on C-1 could be introduced by conjugate addition on the dihydro derivatives 2c,d. These key
intermediates 2 would be derived from the known imides 5, via N-acyliminium or Parham
cyclizations.® (Scheme 4).

CH30 CH50 CH30
N fr— N
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10b R = CO,Bn 2d R = CO,Bn

Scheme 4
The first goal of our synthetic sequence was to elaborate the dihydropyrroloisoquinolones
that would install the allyl group at the C-10b position. As depicted on Scheme 5, unactivated

pyrroloisoquinoline 2c was obtained from maleimide 5c¢ by allylmagnesium chloride addition
and N-acyliminium cyclization (36% overall yield).

N.__O
CH30 O\V\j CH3O% CH30 N._O
=
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Scheme 5. Reagents and conditions: (a) allylmagnesium chloride, THF, —-78°C. (b) TFA,
CH,Cly, reflux.

It then remained to introduce the allyl group by conjugate addition. First, we studied the
addition of Gilman’s allylcuprate to lactam 2c. The cuprate could be efficiently prepared by
addition of two equivalents of allylmagnesium chloride to a suspension of Cul in THF at —78°C.
Several reaction conditions were tested, but no reaction was observed if the lactam 2c was added
at this temperature, and the reaction mixture was allowed to warm up to temperatures ranging
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from —40 °C to 20 °C. The use of other solvents or additives such as TMSCI did not improve
these results. Therefore, we decided to test the Sakurai reaction using allyltrimethylsilane and
TBAF in DMF.!* When the reaction was carried out at room temperature, starting material was
recovered and operating under reflux lead to an intractable mixture of products.

Therefore, we focussed our attention on the conjugate addition to o,f—unsaturated lactam
2d with an activating benzyloxycarbonyl group at the o position of the lactam carbonyl group.
Thus, as depicted on Scheme 6, succinimide 5d was cyclized under Parham reaction conditions
to afford an a-hydroxylactam, which, without purification, was subjected to intermolecular o-
amidoalkylation with allyltrimethylsilane in the presence of TiCl, providing 11."> Subsequent
sequential treatment with LDA, benzyl chloroformate, and phenylselenyl bromide, followed by
B-elimination with H;O, provided the dihydropyrroloisoquinoline 2d (Scheme 6). After
extensive screening of conditions, it was found that conducting the reaction with Gilman’s
allylcuprate (prepared as described above) with TMSCI as additive provided diastereoselectively
the trans isomer 13 in high yield (96%)," thereby setting the stage for the key RCM reaction.
The stereochemical outcome of the conjugate addition might be explained as a result of the
attack of the nucleophile from the opposite side of the allyl group in C-10b, which would be in a
pseudo-axial conformation. Protonation of the resulting enolate would lead to the more stable
trans isomer. To test the RCM protocol®’ for the construction of the erythrinane framework, we
chose the first generation Grubbs catalyst 13. Thus, RCM was carried out on the
tetrahydropyrroloisoquinolone 12, which cyclized smoothly to give 1b as a single diastereomer
in quantitative yield.

CH30
a, b 3 ¢ d CH3O
N O N
CH0 O\v\j CH30 © CH0 N~=0
CH0 / —
/ COan

5d 11 (51%) 2d (88%)

1b (99%) 12 (96%)

Scheme 6. Reagents and conditions: (a) t-Buli, THF, —78°C. (b) allyltrimethylsilane, TiCly,
CH,Cl,, —=78°C. (c) LDA, CICO,Bn, PhSeBr, THF, —78°C. (d) H,0,, pyridine, CH,Cl,, 0 °C to
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rt. (e) (allyl).CuMgl, TMSCI, THF, —78°C to 0 °C. (f) Grubbs catalyst 13 (20% mol), CH,Cl,,
reflux.

In summary, a stereoselective approach to erythrinanes using Parham cyclization, o-
amidoalkylation, conjugate addition, and ring-closing metathesis reactions as key steps has been
developed. The strategy we have implemented is convergent, efficient, and flexible, and could
compete with previously reported strategies.? Besides, it allows modifications mainly at ring A
just by changing the nucleophile in the conjugate addition step. Further applications of this
protocol to alkaloid synthesis are the subject of current investigations, the results of which will
be disclosed in due course.

Experimental Section

4-[2-(3,4-Dimethoxyphenyl)ethyl]-5-hydroxy-5-[2-(2-methyl-[1,3]dioxolan-2-yl)-ethyl]-4-
aza-tricyclo[5.2.1.0%°]dec-8-en-3-one (8). A solution of 7a (3.64 g, 16.2 mmol) in dry THF (20
mL) was added dropwise over a suspension of lithium powder (0.62 g, 89.3 mmol) and 4,4’-di-
tert-butylbiphenyl (DBB) (0.68 g, 2.56 mmol) in dry THF (20 mL) at —78 °C, and the mixture
was stirred for 1 h 30 min. Imide 5a°! (2.1 g, 6.41 mmol) was added , and the reaction mixture
was further stirred for 5 h at —78 °C. The reaction was quenched by addition of water (20 mL).
The organic layer was separated and the aqueous phase was extracted with CH,Cl, (3 x 20 mL).
The combined organic extracts were washed with brine (2 x 10 mL), dried (Na;SO,) and
concentrated in vacuo. Purification by flash column chromatography (silicagel, ethyl acetate)
afforded hydroxylactam 8 as an oil (2.25 g, 79%): IR (KBr) 3323, 1649 cm™; *H NMR (CDCls)
1.29 (s, 3H), 1.38 (d, J = 8.3 Hz, 1H), 1.55 (d, J = 8.3 Hz, 1H), 1.61-1.87 (m, 4H), 2.41 (s, 1H),
2.73-2.82 (m, 3H), 2.99 (broad s, 1H), 3.04-3.10 (m, 2H), 3.26 (broad s, 1H), 3.41-3.52 (m, 1H),
3.83 (s, 3H), 3.86 (s, 3H), 3.89-3.94 (m, 4H), 6.03 (broad s, 1H), 6.12 (broad s, 1H), 6.79 (broad
s, 3H); *C NMR (CDCls) 23.9, 32.7, 34.1, 34.3, 40.8, 45.1, 45.6, 47.5, 49.1, 51.2, 55.6, 55.7,
64.5, 64.6, 90.7, 109.2, 110.2, 111.8, 120.6, 131.7, 133.6, 135.6, 147.2, 148.5, 173.7; MS (EI)
m/z (rel intensity) 444 (M*+1, 2), 443 (M", 5), 363 (2), 323 (2), 262 (2), 230 (3), 166 (2), 165
(24), 164 (100), 153 (3), 152 (2), 151 (2), 149 (3), 135 (2), 88 (2), 87 (57), 73 (2). HRMS Calcd
for CosH31NOg (M*-2H): 441.2151. Found: 441.2156.

(8aRS, 9SR, 12RS, 12aSR, 12bSR)-2,3-Dimethoxy-12b-(3-oxobutyl)-5,6,8a,12,12a-
hexahydro-9,12-methaneisoindolin[2,3-a]isoquinolin-8-one (4a). TFA (3.6 mL, 46.7 mmol)
was added over a solution of hydroxylactam 8 (0.51 g, 1.14 mmol) in dry CH,Cl, (25 mL) at 0
°C. The reaction mixture was allowed to reach rt, and stirred for one day. Water (10 mL) was
added, and the mixture was neutralised with saturated NaHCO3. The organic layer was separated
and the aqueous phase was extracted with CH,Cl, (3 x 20 mL). The combined organic extracts
were washed with brine (2 x 10 mL), dried (Na,SQO,4) and concentrated in vacuo. Purification by
flash column chromatography (silicagel, 96% ethyl acetate/triethylamine) afforded
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isoindoloisoquinoline 4a (0.36 g, 82%): mp (Et,O/pentane) 125-127 °C; IR (KBr) 1713, 1675
cm™®; *H NMR (CDCls) 1.39 (d, J = 8.2 Hz, 1H), 1.60 (d, J = 8.2 Hz, 1H), 1.90-2.02 (m, 4H),
2.13-2.19 (m, 1H), 2.34-2.41 (m, 2H), 2.44-2.53 (m, 1H), 2.85-2.96 (m, 1H), 2.98-3.13 (m, 3H)
3.19 (broad s, 1H), 3.24 (broad s, 1H), 3.79 (s, 3H), 3.85 (s, 3H), 4.09-4.17 (m, 1H), 6.16-6.17
(m, 2H), 6.48 (s, 1H), 6.60 (s, 1H); *C NMR (CDCls) 26.1, 29.9, 31.6, 34.7, 40.0, 44.3, 45.7,
48.7, 49.0, 52.1, 55.6, 56.1, 63.2, 108.5, 111.8, 126.2, 132.7, 134.1, 135.3, 146.7, 147.7, 175.2,
206.9; MS (EI) m/z (rel intensity) 381 (M", 4), 311 (11), 310 (51), 245 (17), 244 (100), 200 (3),
83 (2). Anal. Calcd. for Cy3H,7NO4: C, 72.42; H, 7.12; N, 3.67; Found C, 71.92; H, 7.26; N,
3.53.

8,9-Dimethoxy-10b-(3-oxobutyl)-6,10b-dihydro-5H-pyrrolo[2,1-a]isoquinolin-3-one (2a). A
solution of 4a (0.57 g, 1.49 mmol) in 0-DCB (30 mL) was refluxed for 2 days. The solvent was
evaporated under vacuum, and the resulting oil was purified by column chromatography
(silicagel, 96% ethyl acetate/triethylamine) to afford pyrroloisoquinline 2a (0.40 g, 85%) as a
colorless oil: IR (KBr) 1682 cm™; *H NMR (CDCls) 2.06 (s, 3H), 2.11-2.33 (m, 3H), 2.35-2.45
(m, 1H), 2.62 (dd, J = 5.9, 3.7 Hz, 1H), 2.81-2.95 (m, 1H), 3.08 (td, J = 12.5, 4.4 Hz, 1H), 3.81
(s, 3H), 3.86 (s, 3H), 4.33 (dd, J = 13.1, 6.0 Hz, 1H), 6.10 (d, J = 6.0 Hz, 1H), 6.57 (s, 1H), 6.71
(s, 1H), 7.17 (d, J = 6.0 Hz, 1H); *C NMR (CDCls) 28.8, 30.2, 31.0, 34.6, 36.8, 55.7, 56.0, 65.7,
108.9, 111.8, 124.9, 126.1, 128.6, 147.6, 148.1, 151.8, 170.9, 207.5; MS (EI) m/z (rel intensity)
315 (M", 5), 258 (2), 246 (3), 245 (17), 244 (100), 229 (2), 228 (2), 200 (6), 91 (3), 85 (2), 83
(4), 69 (2). HRMS Calcd. for C1gH21NO,4: 315.1470; Found: 315.1461.
8,9-Dimethoxy-10b-[2-(2-methyl-[1,3]dithian-2-yl)-ethyl]-1,5,6,10b-tetrahydropyrrolo[2,1-
aJisoquinolin-3-one (3). A solution of 7b (2.54 g, 9.37 mmol) in dry THF (20 mL) was added
dropwise over a suspension of lithium powder (0.36 g, 52.5 mmol) and 4,4’-di-tert-butylbiphenyl
(DBB) (0.4 g, 1.5 mmol) in dry THF (20 mL) at —78 °C, and the mixture was stirred for 1 h 30
min. Imide 5b* (0.99 g, 3.75 mmol) was added , and the reaction mixture was further stirred for
5 h at —78 °C. The reaction was quenched by addition of water (20 mL). The organic layer was
separated and the aqueous phase was extracted with CH,Cl, (3 x 20 mL). The combined organic
extracts were washed with brine (2 x 10 mL), dried (Na,SO,) and concentrated in vacuo. The so-
obtained hydroxylactam was treated with TFA (1.5 mL, 18.7 mmol) in dry CH,Cl; (25 mL) at 0
°C. The reaction mixture was refluxed for 10 h. Saturated NaHCO3; (10 mL) was added, the
organic layer was separated and the aqueous phase was extracted with CH,Cl, (3 x 20 mL). The
combined organic extracts were washed with brine (2 x10 mL), dried (Na,SO4) and
concentrated in vacuo. Purification by flash column chromatography (silicagel, ethyl acetate)
afforded isoindoloisoquinline 3 as an oil (0.90 g, 72%): IR (KBr) 1683 cm™; *H NMR (CDCl3)
1.53 (s, 3H), 1.87-1.93 (m, 4H), 1.97-2.23 (m, 3H), 2.35-2.46 (m, 2H), 2.54-2.80 (m, 6H), 2.88
(td, J = 16.0, 6.4 Hz, 1H), 3.09 (td, J = 12.3, 4.7 Hz, 1H), 3.83 (s, 3H), 3.86 (s, 3H), 4.32 (dd, J
= 12.6, 6.0 Hz, 1H), 6.55 (s, 1H), 6.56 (s, 1H); *C NMR (CDCls) 24.9, 26.2, 26.3, 27.6, 27.7,
31.0. 32.3, 34.7, 35.5, 36.6, 48.5, 55.6, 55.9, 63.4, 107.6, 111.3, 124.6, 134.0, 147.6, 147.7,
173.2; MS (EI) m/z (rel intensity) 248 (2), 247 (18), 246 (100), 231 (2), 230 (3), 202 (2). Anal.
Calcd. for C;;H29NO5S,: C, 61.88; H, 7.17; N, 3.44; Found C, 61.42; H, 6.87; N, 3.23.
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2-Benzyloxycarbonyl-8,9-dimethoxy-10b-(3-oxobutyl)-6,10b-dihydro-5H-pyrrolo[2,1-
aJisoquinolin-3-one (2b). A solution of 3 (204 mg, 0.5 mmol) in THF (7 mL) was added drop
wise over a solution of LDA [1.1 mmol, prepared from i-Pr,NH (0.15 mL, 1.1 mmol) and n-
BuLi (0.89 mL of a 1.2 M solution in hexanes, 1.1 mmol)] in THF (5 mL), at — 78°C. After 1 h,
benzyl chloroformate (0.07 mL, 0.5 mmol) was added and the solution was stirred for 30 min. A
solution of PhSeBr (0.19 g, 0.7 mmol) in THF (1 mL) was added dropwise, and the reaction
mixture was stirred at — 78 °C for 1 h 30 min. The reaction was quenched by addition of 1 M
HCI (10 mL). The organic phase was separated, and the resulting agueous phase was extracted
with CH,ClI; (3 x 10 mL). The combined organic extracts were washed with brine (3 x 10 mL),
dried (Na;SO,4), and concentrated in vacuo. Flash column chromatography (silica gel, 30%
hexane/AcOEt) afforded a mixture of selenides 9 (0.24 g, 70%), that were not separated. A
solution of the diastereomeric mixture of selenides 9 in CH3CN/H,O (2:1, 30mL) was treated
with TFA (0.27 mL, 3.5 mmol) at rt. PIFA (614 mg, 1.4 mmol) was added in two portions, and
the resulting mixture was stirred for 2 h. The reaction mixture was extracted with hexane (3 x 15
mL). The combined organic extracts were washed with saturated NaHCO3 (3 x 20 mL), dried
(NayS0O,), and concentrated in vacuo. Flash column chromatography (silica gel, AcOEt) afforded
dihydropyrroloisquinoline 2b (85 mg, 54%; overall yield from 3, 38%) as a colorless oil: IR
(KBr) 1744, 1713 cm™; *H NMR (CDCls) 2.05 (s, 3H), 2.11-2.30 (m, 3H), 2.35-2.49 (m, 1H),
2.60-2.67 (m, 1H), 2.86-3.00 (m, 1H), 3.05-3.16 (m, 1H), 3.83 (s, 3H), 3.89 (s, 3H), 4.41 (dd, J
=13.0, 5.8 Hz, 1H), 5.29 (s, 2H), 6.59 (s, 1H), 6.72 (s, 1H), 7.28-7.45 (m, 5H), 7.90 (s, 1H); *C
NMR (CDCls) 28.6, 30.1, 31.3, 34.9, 36.7, 55.7, 56.0, 65.4, 66.6, 108.9, 112.0, 125.3, 126.9,
128.1, 128.4, 128.9, 135.2, 147.6, 148.3, 158.1, 161.0, 165.8, 207.0; MS (EI) m/z (rel intensity)
449 (M", 3), 380 (4), 379 (24), 378 (100), 341 (3), 284 (3), 272 (2), 245 (2), 244 (14), 91 (12).
HRMS Calcd. for CsH27NOg: 449.1838; Found 449.1817.
10b-Allyl-8,9-dimethoxy-6,10b-dihydro-5H-pyrrolo[2,1-a]isoquinolin-3-one  (2¢). To a
solution of imide 5c¢ (0.31g, 1.19 mmol) in dry THF (20 mL), allylmagnesium chloride (1.48 mL
of a 2.0 M solution, 2.97 mmol) was added at —78 °C and the resulting mixture was stirred at this
temperature for 6 h. The reaction was quenched by the addition of H,O (15 mL) and the mixture
was allowed to reach rt. The organic layer was separated, and the aqueous phase was extracted
with CH,Cl, (3 x 10 mL). The combined organic extracts were dried (Na,SO,) and concentrated
in vacuo. A solution of the crude reaction mixture in dry CH,Cl, (20 mL) was treated with TFA
(2 mL, 26 mmol), and the reaction mixture was refluxed for 6 h. The reaction was quenched by
the addition of NaHCO3 (sat) (15 mL). The organic layer was separated, and the aqueous phase
was extracted with CH,Cl, (3 x 15 mL). The combined organic extracts were dried (Na,SO,) and
concentrated in vacuo. Flash column chromatography (silicagel, AcOEt) afforded
pyrroloisoquinolone 2c as a colorless oil (122 mg, 36%): IR (KBr) 1681 cm™; *H NMR (CDCls)
2.61-2.69 (m, 3H), 2.84-2.98 (m, 1H), 3.21 (td, J = 12.5, 4.5 Hz, 1H), 3.82 (s, 3H), 3.87 (s, 3H),
4.40 (dd, J = 13.2, 6.4 Hz, 1H), 5.01-5.07 (m, 2H), 5.38-5.57 (m, 1H), 6.12 (d, J = 5.5 Hz, 1H),
6.59 (s, 1H), 6.69 (s, 1H), 7.25 (d, J = 5.5 Hz, 1H); *C NMR (CDCl;) 28.7, 34.5, 43.0, 55.6,
55.9, 67.8, 108.8, 111.8, 118.9, 125.2, 126.0, 128.2, 131.0, 147.3, 147.9, 151.3, 170.4. MS (EIl)
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m/z (rel intensity) 285 (M”, 1), 258 (2), 246 (2), 245 (15), 244 (100), 228 (2), 200 (7), 183 (2), 85
(4), 83 (8). HRMS Calcd for C17H19NO3: 285.1365. Found: 285.1371.
10b-Allyl-8,9-dimethoxy-1,5,6,10b-tetrahydropyrrolo[2,1-a]isoquinolin-3-one (11). To a
solution of the iodinated imide 5d (0.57 g, 1.46 mmol) in dry THF (40 mL), t-BuLi (2.93 mL of
a 1.0 M solution in hexanes, 2.93 mmol) was added at —78 °C and the resulting mixture was
stirred at this temperature for 6 h. The reaction was quenched by the addition of H,O (15 mL)
and the mixture was allowed to reach rt. Et;O (15 mL) was added, the organic layer was
separated, and the aqueous phase was extracted with CH,Cl, (3 x 15 mL). The combined organic
extracts were dried (Na;SO,) and concentrated in vacuo. Over a solution of the so-obtained
hydroxylactam, without further purfication, in dry CH,Cl, (15 mL) at —78 °C were sequentially
added allyltrimethylsilane (0.93 mL, 5.86 mmol) and TiCl, (0.32 mL, 2.93 mmol). The reaction
mixture was stirred at this temperature for 2 h, and 20 h at room temperature. The reaction was
quenched by the addition of NaHCO; (sat) (15 mL). The organic layer was separated, and the
aqueous phase was extracted with CH,Cl, (3 x 15 mL). The combined organic extracts were
dried (Na,SO,4) and concentrated in vacuo. Flash column chromatography (silicagel, AcOEt)
afforded pyrroloisoquinolone 11 as a colorless oil (215 mg, 51%): IR (KBr) 1677 cm™; *H NMR
(CDCl3) 2.03-2.18 (m, 1H), 2.30-2.70 (m, 6H), 2.82-2.96 (m, 1H), 3.14 (td, J = 12.5, 4.9 Hz,
1H), 3.84 (s, 3H), 3.86 (s, 3H), 4.27-4.34 (m, 1H), 5.11-5.18 (m, 2H), 5.65-5.81 (m, 1H), 6.54 (s,
1H), 6.55 (s, 1H); *C NMR (CDCls) 27.5, 30.9, 31.6, 34.0, 45.4, 55.6, 55.8, 63.4, 107.6, 111.1,
119.3, 124.4, 132.2, 133.8, 147.5, 172.9. MS (EI) m/z (rel intensity) 248 (2), 247 (15), 246 (100),
232 (4), 231 (4), 230 (7), 202 (4), 185 (2), 83 (2). HRMS Calcd for Ci7H21NO;: 287.1521.
Found: 287.1445.
10b-Allyl-2-benzyloxycarbonyl-8,9-dimethoxy-6,10b-dihydro-5H-pyrrolo[2,1-a]
isoquinolin-3-one (2d). A solution of pyrrolisoquinoline 11 (120.4 mg, 0.42 mmol) in dry THF
(6 mL) was added over a solution of LDA [obtained from 'ProNH (0.13 mL, 0.92 mmol) and n-
BuLi (1.15 mL of a 0.8 M solution, 0.92 mmol)] in THF (3 mL) at —78 °C. The reaction mixture
was stirred for 1 h and benzyl chloroformiate (0.06 mL, 0.42 mmol) was added. After stirring the
mixture for 45 min, a solution of phenylselenyl bromide (154.6 mg, 0.67 mmol) in THF (1 mL)
was added, and the reaction was stirred at —78 °C for 2 h 30 min. The reaction was quenched by
addition of HCI (1M, 10 mL) and allowed to reach rt. The organic layer was separated, and the
aqueous phase was extracted with AcOEt (3 x 15 mL). The combined organic extracts were
dried (Na;SO,) and concentrated in vacuo. Flash column chromatography (silicagel, 30 %
hexane/AcOEt) afforded a diastereomeric mixture of selenides (147 mg, 61%). To carry out the
oxidative elimination, pyridine (0.051 mL, 0.64 mmol) and 30% H,O, were added sequentially
to a solution of this diastereomeric mixture in dry CH,Cl, (25 mL) at 0 °C. The reaction mixture
was allowed to reach rt, and stirred for 12h. The reaction was quenched by addition of HCI (5%
ag., 15 mL), the organic layer was separated, and washed with HCI (5% aqg.) (2 x15 mL) and
brine (2 x15 mL). The combined organic extracts were dried (Na,SO,) and concentrated in
vacuo. Flash column chromatography (silicagel, AcOEt) afforded pyrrolisoquinoline 2d (92 mg,
88%): IR (KBr) 1693, 1738, cm™; '"H NMR (CDCls) 2.62-2.75 (m, 3H), 2.88-3.02 (m, 1H),
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3.17-3.30 (m, 1H), 3.84 (s, 3H), 3.89 (s, 3H), 4.47 (dd, J = 13.4, 6.4 Hz, 1H), 5.05-5.17 (m, 2H),
5.29 (s, 2H), 5.42-5.58 (m, 1H), 6.61 (s, 1H), 6.69 (s, 1H), 7.31-7.44 (m, 5H), 8.00 (s, 1H); *C
NMR (CDCls) 28.7, 35.0, 43.2, 55.8, 56.1, 65.6, 66.6, 108.9, 112.1, 119.8, 125.7, 126.5, 128.1,
128.4, 129.1, 130.4, 135.4, 147.6, 148.4, 158.7, 161.2, 165.5. MS (El) m/z (rel intensity) 419
(M*, 11), 378 (100), 311 (3), 286 (2), 285 (12), 284 (47), 268 (3), 256 (2), 245 (4), 244 (17), 242
(2), 240 (49), 212 (2), 108 (5), 107 (2), 92 (2), 91 (18), 79 (4), 77 (2), 71 (3), 69 (2), 57 (3).
HRMS Calcd for CpsH2sNOs: 419.1733. Found: 419.1722.
(1SR,2SR,10bRS)-1,10b-Diallyl-2-benzyloxycarbonyl-8,9-dimethoxy-1,5,6,10b-tetrahydro-
pyrrolo[2,1-a]isoquinolin-3-one (12). Allylmagnesium chloride (1.95 mL of a 2.0 M solution,
3.9 mmol) was added dropwise over a suspension of Cul (372 mg, 1.95 mmol) in dry THF (5
mL) at —20 °C. After 15 min, the mixture was cooled to — 78 °C, and a solution of 2d (81 mg,
0.19 mmol) and TMSCI (0.05 mL, 0.38 mmol) in THF (5 mL) were sequentially added. The
reaction mixture was stirred for 2h, allowed to warm up to 0 °C, and stirred at this temperature
for 12 h. The reaction was quenched by sequential addition of NH3 (12% ag.) (20 mL) and
NH,4CI (sat.) (10 mL) at 0 °C. After allowing the mixture to warm up to rt, the organic layer was
separated, and the aqueous phase was extracted with CH,Cl, (3 x 15 mL). The combined organic
extracts were dried (Na;SO4) and concentrated in vacuo. Flash column chromatography
(silicagel, 20 % hexane/AcOEt) afforded pyrroloisoquinolone 12 as a colorless oil (86 mg, 96%):
IR (CHCI5) 1691, 1734 cm™; *H NMR (CDCls) 1.34-1.48 (m, 1H), 1.99-2.17 (m, 1H), 2.50-2.75
(m, 4H), 2.79-2.92 (m, 1H), 3.15 (td, J = 12.6, 4.5 Hz, 1H), 3.40 (d, J = 0.8 Hz, 1H), 3.85 (s,
3H), 3.86 (s, 3H), 4.34 (dd, J = 12.9, 4.6 Hz, 1H), 4.79-5.10 (m, 4H), 5.22 (d, J = 12.3 Hz, 1H),
5.32 (d, J = 12.3 Hz, 1H), 5.38-5.61 (m, 2H), 6.54 (s, 1H), 6.58 (s, 1H), 7.28-7.45 (m, 5H); **C
NMR (CDCls) 28.7, 35.7, 36.6, 46.0, 48.1, 53.4, 55.6, 56.1, 66.7, 67.2, 109.3, 111.4, 118.6,
119.0, 127.1, 127.2, 128.2, 128.3, 128.5, 133.2, 134.2, 135.3, 147.6, 147.7, 167.1, 169.9. MS
(El) m/z (rel intensity) 420 (M*-41, 100), 380 (2), 335 (5), 312 (7), 285 (17), 284 (9), 271 (2),
270 (2), 245 (5), 244 (21), 200 (3), 92 (3), 91 (42).
(5RS,6SR,7SR)-7-Benzyloxycarbonyl-15,16-dimethoxy-8-oxo-erythrinan-2-ene (1b). Grubbs
catalyst 13 (10% mol) was added over a solution of pyrroloisoquinoline 12 (53 mg, 0.11 mmol)
in dry CH,Cl, at rt. The reaction mixture was heated under reflux for 8 h, and another load of
catalyst 13 (10% mol) was added. The mixture was refluxed for 16 h, and allowed to reach rt.
The solvent was evaporated under reduced pressure, and the crude reaction mixture was
chromatographed (silicagel, 40 % hexane / AcOEt), to obtain erythrinane 1b (50 mg, 99%): IR
(CHCI3) 1697, 1738 cm™; *H NMR (CDCls) 2.46-2.57 (m, 5H), 2.85-2.95 (m, 2H), 3.00-3.33 (m,
2H), 3.74 (s, 3H), 3.80 (s, 3H), 4.00-4.20 (m, 1H), 5.22 (s, 2H), 5.91 (broad s, 1H), 6.00-6.10 (m,
1H), 6.53 (s, 1H), 7.03 (s, 1H), 7.31-7.35 (m, 5H); *C NMR (CDCls) 25.8, 26.4, 36.8, 40.1,
44.8, 51.4, 55.6, 55.8, 59.4, 67.0, 109.8, 112.1, 127.5, 127.7, 128.0, 128.1, 128.5, 130.2, 135.4,
146.6, 147.9, 169.0, 172.7. MS (EI) m/z (rel intensity) 433 (M", 22), 380 (3), 379 (9), 343 (10),
342 (44), 325 (5), 324 (26), 298 (2), 297 (2), 296 (10), 282 (3), 246 (5), 245 (35), 244 (100), 206
(2), 200 (6), 164 (3), 92 (2), 91 (29). HRMS Calcd for C2sH,7NOs: 433.1889. Found: 433.1878.
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