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Abstract: A procedure for producing 1,4-dianion equivalents consists of reductive lithiation, induced by
4 4.-di-rerr-butylbiphenylide, of functionalized pheny! sulfides. Nucleophilic addition of 4-lithio-2-
(trimethylsilylmethyl}but-1-ene 1 and 2-(3- llthlopropyl) -2-trimethylsilyl-1,3-dithiane 2 thus prepared to
N-phenethyl-cis-norbor-5-en-2,3-dicarboximide 9 afforded the corresponding o-hydroxy lactams in good
yicids. Besides, access to C-10b substituted o, 3-unsaturated pyrroloisoquinoiinones 3 was eificicntly
achieved via a tandem organolithium nucleophilic addition — N-acyliminium ion cyclization sequence
and subsequent retro Diels-Alder reaction. The methodology can be extended to functionalized
organolithiums, but the N-acyliminium cyclization fails if the allylsilane moiety is present.

© 1998 Elsevier Science Ltd. All rights reserved.

Functionalized organolithium compounds' are interesting building blocks in synthetic organic chemistry
because by reaction with carbon electrophiles they produce, together with the formation of a carbon-carbon
bond, the transference of functionality to the electrophilic reagent, so polyfunctionalized molecules are
prepared in one step.

Reductive lithiation of phenyl sulfides? or halides® with aromatic radical-anions is a particularly versatile
method of preparing organolithium reagents and, in particular, functionalized organolithium compounds.

Thus, this procedure has become an extremely popular synthetic tool and new developments in this field are

recmentlv renorted n important development involves the use of catalvtic amounts of an arene in the
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vs. the original stoichiometric conditions. Among the many subsequent applications of this catalytic procedure,
it has been shown that this method can be used not only for chiorine-lithium exchange, but for the preparation
of organolithiums from non halogenated precursors, through reductive opening of saturated heterocycles, or to
prepare polylithiated synthons, or functionalized organolithium compounds. *

On the other hand, we have described a method for preparing pyrroloisoquinolines by a tandem
carbophilic addition — N-acyliminium ion cyclization sequence from N-phenethylimides and alkyllithiums.*
This strategy allows the efficient preparation of various types of the isoquinoline class of alkaloids just by
changmg the substitution pattcm on the readily available starting imide. Thus, 5- drylpyrrolo[z 1-
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dibenzo{a,s]quinolizidones, thiazolo-, oxazolo-, and imidazolo [4.3-alisoquinolinones were prepared.” An

advantage of this strategy is that construction of the heterocyclic system may result in the introduction of

functionality on the pendant side chain at the C-1 position of the isoquinoline ring, by the appropriate choice of
the organolithium reagent at the first step.

NN X / S\ NN On the basis of these results, it was envisioned that
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Figure 1 would be of great interest, as they carry aliyisilane and 1,3-
dithiane moieties that, a priori, would be stable under the
nucleophilic addition — N-acyliminium ion cyclization sequence reaction conditions and, therefore, they could
transfer their functionality to the N-phenethylimides. We have designed strategies for the preparation of these
organolithiums from the corresponding phenyl sulfides or halides, based on reductive lithiation processes.
Both methods of organolithium generation involve alkylation of thioacetals and, aside form the ease of
preparation of the substrates, have the attractive feature of producing 1,4-dianion equivalents.
On the other hand, we chose a { i

methodology, because these nitrogen heterocycles could be adequate precursors of more complex alkaloids, as
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ne C-10b functionalized pyrroloisoquinoline via inter- or

they would allow further transformations o
intramoiecuiar conjugate additions. Besides, recently much interest has been focused on the effectiveness of
pyrrolo[2,3-ajisoquinolines as antidepressant agents or on their use as PET radiotracers for imaging serotonin
uptake sites.® We have subsequently developed methodology by which efficient access to pyrrolof2,3-
alisoquinolinones with the o,p-unsaturated lactam unit is achieved, thus significantly expanding the validity
nucleophilic addition — N-acyliminium ion cyclization sequence.

We now present our results in the synthesis of the functionalized organolithium compounds 1 and 2 and

Access to pyrroloisoquinolinone skeleton

Three different approaches to pyrroloisoquinolines 3 using the tandem carbophilic addition — N-
acyliminium ion cyclization sequence were examined (Scheme 1). The most direct approach would be the use
of N-phenethylmaleimide 4 as a precursor, although polymerization might be a competitive process upon
treatment with organolithiums. Alternatively, the double bond could be introduced at the final stages of the
sequence, via oxidative elimination of an adequate precursor 5, or by carrying a masked double bond in the

starting imide 6.
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using simple alkyllithiums. As expected, treatment of N-phenethylmaleimide 4’ with n-BuLi at -78 °C led only
to polymerization products.” In fact, these reaction conditions do not differ from the ones used in anionic
polymerization of related substrates."

The second method implied the introduction of an adequate substituent on C-2 of a
tetrahydropyrroloisoquinolinone, that could be eliminated to afford the desired double bond. In this context,
oxidative elimination via selenoxides, obtained from the corresponding selenides, has proven to be a highly

efficient procedure in the synthesis of a8-unsaturated lactams.” Thus, 10b-butylpyrroloisoquinoline 7,

inm ~rurlizatinn was treated with DA and PhSeBRr at -78 0(1 to affard a mixture of the diastereomeric
ion CyCiiZation, was Téaitd will LA and riasor at ariorgé a mixuure oOi e Giasiereomerc
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was also isolated in minor amounts (5-6%). The use of s-BuLi / TMEDA gave a somewhat better yield of the
diastereomeric mixture 8a,b (33%) (Scheme 2).
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Scheme 2
The stereochemistry of the products 8a,b was not determined at this point, as the phenylselenyl group

was going to be eliminated in the next step. Therefore, the diastereomeric mixture of 8a,b was treated with
H,0, and pyridine in CH,Cl,, to afford the desired pyrroloisoquinolinone 3a in high yield (83%). The low

yield obatined in the alkylation step was related to the unstability of the selenides during work up and
purification processes, and not to a poor deprotonation by LDA or s-BuLi, as shown by the 'H NMR spectra

without purification of the intermediate selenides 8a,b, the overall yi ield of 3a raised to 49% (vs. 18-28%).



Our third aiternative involved the use of cis-norbor-5-en-endo-2,3-dicarboximide 9 as a substrate for the
nucleophilic addition — N-acyliminium ion cyclization sequence, as it bears a masked «o,p-unsaturated imide
moiety, that can be released at the final stages of the synthesis by a retro-Diels-Alder reaction.'”* Imide 9 was
prepared by condensation of 2-(3,4-dimethoxyphenyl)ethylamine with cis-norbor-5-en-endo-2,3-dicarboxylic
anhydride in refluxing acetic acid (84%). The viability of this approach was tested using simple alkyllithiums,
under the previously optimized reaction conditions.®’ Thus, treatment of 9 with n-BuLi or MeLi at -78 °C for
6 h afforded the corresponding hydroxy lactams 10a and 10b in good yields, as diastereomeric mixtures in a

irs of diastereomers conld not
of diastereomers could not

88:12 and 85: Scheme 3), 1 pairs uld not be

for both diastereomers, diastereomeric ratios (dr) were obtained by integration of representative signals in the
'H NMR spectra of the mixtures. Subsequent cyclization of 10a and 10b with TFA in refluxing CH,Cl,
yielded pyrroloisoquinolinones 11a and 11b, respectively, which upon heating at 500 °C at reduced pressure

(1 mm Hg)", afforded almost quantitatively the o,B-unsaturated pyrroloisoquinolinones 3a and 3b.
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From the results obtained we may conclude that the latter methodology is a convenient route for the
three-steps construction of the dihydropyrroloisoquinolinone skeleton with a high overall vield (ca. 80% from
imide OY The altarnative alkvlatinn _ axidative eliminatinn cennence imnliee nne mare qunthati tan (turn
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steps are required for the preparation of 7 from N-|2-(3,4-dimethoxyphenyl)ethyl]succinimide in
overall yield’), and offers a significantly lower yield (80% vs. 45% overail for 3a).
Generation and reactivity of functionalized organolithium compounds

Having established that norbornenimide 9 behaved as an appropriate protected maleimide in this type of
reactions, we decided to extend this procedure to functionalized organolithiums 1 and 2. Homoallyllithiums
(B-lithioalkenes), which can be prepared by reductive lithiation of the corresponding homoallyl phenyl
sulfides, are rare materials of considerably synthetic and mechanistic interest.”” In our case, the 4-lithio-2-



(trimethylsilylmethyl)but-1-ene I was one of the reagents of choice, because it represents a convenient
synthon of an 1,4-dianion, due to the presence of the trimethylsilylallyl group. Though this type of
organolithium has no special stabilizing features, primary homoallyllithiums can be prepared in a synthetically
useful manner, as they do not present the rearrangements associated with their secondary and tertiary
homologous."**

On the other han

p is masked as a cyclic acetal,'® the 2-(3-lithiopropyl)-2-trimethylsilyl-1

Q.

, though there are several examples of lithium bishomoenolates in which the carbonyl
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C-C-C=0 unit (a d* reagent following Seebach’s nomenclature'”).

Access to homoallyllithium 1 was achieved as depicted in Scheme 4. Alkylation of
bis(phenylthio)methane with 4-chloro-2-(trimethylsilylmethyl)-prop-1-ene proceeded efficiently to afford the
bisphenylthioacetal 12. Reductive lithiation with lithium 1-dimethylaminonaphthalenide (LDMAN)®, followed
by proton quench, yielded sulfide 13 though in a moderate yield (62%, based on a 55% conversion). Several
reaction conditions and arenes were tested, but the conversion could not be improved. However, reductive
lithiation of 15 was much more efficiently achieved using lithium and 4,4.-di-rers-butylbiphenyl (DTBB) as

uantities,” affording organolithium 1. The homoall

e primary organolithium thus prepared 1 is capable of 1,2-addition
to carbonyl compounds, hence the reaction of 1 with norbornenimide 9 proceeded smoothly at -78 °C to yield
a diastereomeric mixture of hydroxy lactams 14a,b in a 69:31 ratio (Scheme 4). As in the previous cases, the
diastereomers could not be chromatographically separated, and the relative stereochemistry was not
determined.
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Two procedures were examined for the preparation of sulfur-stabilized organolithium compound 2,
which involved reductive lithiation of chlorides and phenyl sulfides, respectively. Initial attempts to alkylate 2-
trimethylsilyl-1,3-dithiane with 1-chloro-4-iodobutane at -78 °C failed to yield the desired 2-(3-chloropropyl)-
2-trimethylsilyl-1,3-dithiane and, instead, the bicyclic sulfonium salt 15 was obtained as the major product



(83%). Its formation could be explained via an intramolecular cyclization of the chlorothioacetal initially
formed.” The dialkylated product 16, obtained in minor amounts (5%) at -78 °C, was the major product when
the alkylation was carried out at higher temperatures (ca. - 40 °C ) (Scheme 5).
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Scheme 5

Alternatively, alkylation of 2-trimethylsilyl-1,3-dithiane with iodide 17® afforded phenylsulfide 18,
which was an efficient precursor of organolithium 2 upon treatment with lithium and DTBB under the same
conditions used for reductive lithiation of 1 (Scheme 6). The resulting y-lithio thioketal 2 was treated with the
electrophile, the norbornenimide 9, to afford a diastereomeric mixture of hydroxy lactams 19a,b in a 60:40
ratio with an overall yield of 53% (76% conversion).
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Our next concern was the cyclization via N-acyliminium ions applied to the hydroxy lactams 14 and 19
in order to construct the isoquinoline nucleus of pyrrolo[2,1-alisoquinolinones. It should be noted that in the
case of hydroxy lactams 14a,b, the molecules have two types of m-nucleophiles: the aromatic ring and the
allylsilane moiety, both could be reactive towards the N-acyliminium ion formed. In fact, when hyd
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lactams 14a,b were subjected to the usual cyclization conditions (TFA) a mixture of products w
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skeleton had taken place, but also desilylation yielding a mixture of double bond isomerization and degradation
products, that was not separated. Other reaction conditions were tested, but no evolution of the starting
material was observed using HCI or BF,.Et,0. However, under basic reaction conditions (Et,N and MsCl) the
allylsilane was the most reactive nucleophile. Thus, a 50: 50 mixture of unseparable spiro-compounds, whose
structures were assigned as 20 and 21, was obtained. No isoquinoline products could be isolated or even
detected (Scheme 7). NMR resonaces were used in the determination of the regioisomers ratio from the



mixture. The most significant signals were those of the olefinic protons and the methyl group of the
cyclopentane ring of both compounds (see experimental section). A GC-MS analysis showed the presence of
both spiro-compounds with a characteristic peak at m/z 313 (M" - cyclopentadiene).
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Access to functionalized pvrroloisoquinoline 3c was finally achieved vig intramolecular cyclization of
hydroxy lactams 19 as depicted i
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Scheme 8

Owing to the complex NMR spectra, the 'H and *C NMR resonances were assigned by analysis of 2D
'H-'H COSY and HMQC spectra. Their relative stereochemistry was finally assigned on the basis of NOESY

experiments. The most significant results are shown on Figure 2.
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and 19b

methylenic protons of the side chain upon
irradiation on H-5, and vice versa. 19a and 19b were separately submitted to deprotection with TBAF,
observing that the expected product 22 was only obtained from 19b in a 43% yield, whereas 19a does not
yield the desylilated product. Several deprotection conditions were used, but other desylilating agents, as CsF,

were not effective, recovering unreacted startin
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CONCLUSIONS

In summary, we have achieved for the first time the preparation of two new functionalized organolithium
reagents (1,4-dianion equivalents): 4-lithio-2-(trimethylsilylmethyl)but-1-ene 1 and 2-(3-lithiopropyl)-2-
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thus transfer their functionality to the corrresponding o-hydroxy lactams. On the other hand, convenient
approaches to the target C-10b substituted a,B-unsaturated pyrroloisoquinolinones have been developed. It has
been demonstrated that the use of N-phenethyl-cis-norbor-5-en-2,3-dicarboximide 9 as substrate allows to
carry the double bond conveniently protected throughout the sequential organolithium nucleophilic addition —
N-acyliminium ion cyclization, being released by a simple retro Diels-Alder reaction in the last step. This

sequence offers better overall yields than an alternative alkylation — oxidative elimination sequence.



Melting points were determined in unsealed capillary tubes and are uncorrected. IR spectra were
obtained on KBr pellets (solids) or CHCI, solution (oils). NMR spectra were recorded at 20-25 °C, running at
250 MHz for 'H and 62.8 MHz for "°C in CDCI, solutions, unless otherwise stated. Assignment of individual
*C resonances are supported by DEPT experiments. lH—{XH} NOE experiments were carried out in the

. . - . . . 1 1
difference mode by irradiation of all the lines of a multiplet.” H-|{ H} COSY, NOESY, and HMQC spectra
ecorded at 300 or 500 MHz for 'H and 75.5 or 126 MHz for 13C in CDCI, solutions. Mass spectra

were
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corresponding service of the Universidad Auténoma de Madrid. TLC was carried out with 0.2 mm thick silica

1 Trer

gel plates (Merck Kiesegel GF__ ). Visualization was accomplished by UV light or by spraying with a 10%

254
fosfomolibdic acid in EtOH.” Flash column chromatography* on silica gel was perforrmed with Merck
Kiesegel 60 (230-400 mesh). HPLC was performed using a LiChrosorb Si60 (7um) column with a refraction
index detector. All solvents used in reactions were anhydrous and purified according to standard procedures.”
Organolithium reagents were titrated with diphenylacetic acid periodically prior to use. All air- or moisture-

sensitive reactions were performed under argon; the glassware was dried (130 °C) and purged with argon.

nd alaia 1 a_-a 71

0" ma 2 aaalac =T . £ N ,
i) a aleic anhydnde (1.60 g,

o o

mmoi
16.4 mmoi) in glacial acetic acid (20 mL) was heated under refiux for 4 h. The mixture was cooled and the
acetic acid was evaporated under reduced pressure. H,O (20 mL) was added 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. Flash column chromatography (silica gel, 5% CH;Cl,/MeOH) afforded the imide 4 (1.64 g, 76%) as
white crystals: mp (MeOH) 122-124 °C; IR (KBr) 1720, 1750 em”; 'H NMR (CDCl,) 2.83 (1, J = 7.8 Hz,
2H), 3.73 (1, J = 7.8 Hz, 2H), 3.82 (s, 3H), 3.88 (s, 3H), 6.67 (s, 2H), 6.61-6.80 (m, 3H); *C NMR
(CDCly) 33.9, 39.1, 55.8, 111.2, 111.9, 120.8, 130.2, 134.0, 147.7, 148.9, 170.6; MS (EI) m/z (rel
intensity) 261 (M*, 27), 164 (52), 151 (100), 107 (13), 91 (9), 77 (10), 65 (9), 54 (7); Anal. Caled for
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C14H15NOg4: C, 64.37, H, 5.75, N, 5.36. Found: C, 64.07, H, 5.86, N, 5.04.

[0b-Butyl-8,9-dimethoxy-2-phenyiselenyl-1,5,6,1 0b-tetrahydro-pyrrolof2,1-ajisoquinolin-3(2H)-ones (8a,b’

To a solution of the pyrroloisoquinoline 7 (240 mg, 0.8 mmol) in dry THF (20 mL), was added LDA
(0.90 mL of a 1.03 M solution in THF, 0.93 mmol) at -78 °C. After stirring for 1 h, a solution of PhSeBr
(184 mg, 0.8 mmol) in dry THF (5 mL) was added, and the resulting mixture was stirred at this temperature
for further 1 h. The reaction was quenched by the addition of a saturated NH,Cl solution and allowed to warm
to 20 °C. Et,0 (10 mL) was added, 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;SQy) and concentrated in vacuo. Flash

colimn chromatooranhv (cilica cel S50% Hexane/AcQOF1) affarded the diacstereomeric nvurralaicoaninalinanec
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3H) 3.84 (s, 3H), 4.14 (t, J = 9.0 Hz, 1H), 4.27-4.38 (m, 1H), 6.40 (s, 1H), 6.46 (s, 1H), 7.10-7.19 (m,
3H), 7.53-7.57 (m, 2H); °C NMR (CDCl,) 13.9, 22.7, 26.1, 27.5, 35.0, 40.6, 41.6, 41.8, 55.8, 56.1,
627, 107.7, 111.4, 124.3, 128.0, 128.8, 134.3, 135.2, 147.7, 147.8, 171.2; MS (EI) m/z (rel intensity)
301 (M*-157, 1), 246 (2), 244 (100), 228 (4), 200 (11), 183 (3), 165 (2), 130 (3), 77 (4). 8b (minor
diastereomer): IR (CHCl3) 1686 cm’; 'H NMR (CDCl,) 0.84 (t, J = 7.0 Hz, 3H), 1.01-1.22 (m, 4H), 1.74-
1.81 (m, 2H), 2.47 (dd, J = 14.0, 5.6 Hz, 1H), 2.57-2.69 (m, 2H), 2.87-3.02 (m, H), 3.14 («d, J = 12.1,

5.0 Hz, 1H), 3.82 (s, 3H) *, 3.83 (s, 3H)*, 3.82-3.91 (m, 1H)*, 4.30 (ddd, J = 12.1, 5.9, 1.7 Hz, 1H),
652 (¢ THY 653 (¢ THY. 725-7.30 (m. 3H). 76R-772 (m. 2H) (* decionates nartiallv averlanned
6.02 (5, 11), 6.03 (s, 1), 7.25-7.00 (m, 21), /7.68-/./72 (m, Z0) (7 dcsignales partially overiapped
ctanale)e 30 NMD 70T Y 12Q D9 Q 2% A4 29790 2KRE WA AND A1 7T &8 Q &£ 9 £1 9 1IN N 111 £
Signais), U INMR (L) 10.5, 22.6, 20.4, 41.2, 33.06, 35.4, &4U.2, 41.7, 33.Y, 30.2, 5.2, 1U6.U, 111.0,
125.1, 128.0, 129.1, 134.0, 134.7, 147.7, 147.8, 172.7; MS (EI) m/z (rel intensity) 246 (M* - 212, 100),

230 (9), 202 (6), 185 (4), 165 (5), 123 (8), 77 (5). Alternatively, a solution of 7 (639 mg, 2.1 mmol) in dry
THF (20 mL), was added to a solution of s-BuLi (2.34 mL of a 1.7 M solution in THF, 2.8 mmol) and
TMEDA (0.41 mL, 2.8 mmol) in THF (8 mL) at -50 °C. After stirring for 2.5 h, a solution of PhSeBr (654
mg, 2.8 mmol) in dry THF (5 mL) was added, and the resulting mixture was stirred at this temperature for
further 1 h. Usual work up and column chromatography afforded 8a,b (248 mg, 33%) in a 55:45 ratio.

10b-Butyl-8,9-dimethoxy-5 ,6-dihydropyrrolo[2,1-a]isoquinolin-3(10bH )-one (3a)
TG a %Oluncn r‘}f 83 and sb {iactaranmeric mivture in a ANAN ratin) (1 mag A4 mmaly in OCH 1 (MK
\\Jluﬂl\ll\/\llll\(ll\/ F11AAAMANY 111 G4 UV..TTY Auuv[ \A\I\I 113 s W.TT llllll\ll} [ 3 3 BN NPY § ll\_/lz ‘\‘aJ
T o nAdAsA vy Aiean (Y VT nT N QO cvnen Al aaad NG LI MY MNNA T 11 SUREPUR b N T e lal o o
L) Was aaded pyiiagine (V.U/ inL, U5 minoij anda sU% n,U, (U.U4 imi., 1.1 Minoi} aropwise. 1ne resuiting
mixture was allowed to warm to 20 °C, and stirred for 12 h. The reaction was quenched by the addition of 5%

aqueous HCI (5 mL). The organic layer was separated and washed successively with 5% aqueous HCI (2 x 5
mL), brine (2 x 5 mL), and H,O (2 x 5 mL). The organic extracts were dried (Na,SO,) and concentrated in
vacuo. Flash column chromatography (silica gel, 80% Hexane/AcOEt) afforded pyrroloisoquinolinone 3a (90
mg, 85%) as an oil: IR (CHCl3) 1685 cm'!; 'H NMR (CDCL,) 0.84 (t, / = 7.1 Hz, 3H), 1.08-1.26 (m, 4H),
1.85-1.96 (m, 2H), 2.64 (dd, J = 16.2, 4.1 Hz, 1H), 2.91 (d, J = 16.2, 6.7 Hz, 1H), 3.15 (id, J = 12.4,
4.1 Hz, 1H), 3.83 (s, 3H), 3.88 (s, 3H), 441 (dd. J = 124, 6.7 Hz, 1H), 6.13 (d. J = 5.7 Hz, 1H), 6.59
(s, 1H), 6.69 (s, 1H), 7.22 (d, J = 5.7 Hz, 1 H); °C NMR (CDCl,) 13.9, 22.7, 25.3, 29.0, 34.7, 38.7,

S5 Q KA D AR S 1Na " 117 1 17819 17 1 170 7 147 A 149 1 181 Q 17N Q. NC (CT\ 3/~ fral
JJ.7, JG.4, UO.J, 1UTZ.4L, 114.1, iid.&, 140.1, 14700, 1779, 1906.1, 1J1.7, 1/U.0, VIO \1Ly) 7iZ (i€l
SeancteY ANT AAE DY IAA CIONY IIQ /Y NN /11Y LIRMC Salad fae 0 1T 0 N . 201 1£79Q B 1
intensity) sui (M7, 4), 244 (1UU), 220 (D), <UU (11}, NIRIVIS LaiCd 101 Uygrip3 IN U3zl SUL.16/76. rouna
301.1685.

N-[2-(34-Dimethoxyphenyl)ethyl]-cis-norborn-5-en-endo-2,3-dicarboxyimide (9)

A solution of 2-(3,4-dimethoxyphenyl)ethylamine (1.5 g, 8.3 mmol) and cis-norborn-5-en-endo-2,3-
dicarboxylic anhydride (2.7 g, 16.5 mmol) in glacial acetic acid (20 mL) was heated under reflux for 4 h. The
mixture was cooled and the acetic acid was evaporated under reduced pressure. H,O (20 mL) was added and
the aqueous phase was extracted with CH>Cly (3 x 10 mlL). The combined organic extracts were dried
(Na,SO,) and concentrated in vacuo. Flash column chromatography (silica gel, 80% Hexane/AcOE) afforded

112-114 °C; TR (XBr) 1694 cm™'; '"H NMR (CDCl)
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Addition of RLi to imide 9. Typical procedure A
3-Butyl-N-{2-(3,4-dimethoxyphenyl)ethyl]-3-hydroxy-3a,4,7,7a-tetrahvdro-4,7-methanoisoindolin-1-one
(10a). To a solution of the imide 9 (327 mg, 1 mmol) in dry THF (30 mL), n-BuLi (1.83 mL of a 1.2 M
solution in hexanes, 2.2 mmol) was added at -78 °C. The resulting mixture was stirred at this temperature for
6 h, gquenched by the addition of H2O (10 mL), and allowed to warm to 20 °C. EtoO (15 mL) was added, the

arated, and the agueous p phase was extracted with C Ha(“]n (3 x 10 mL \ The combined
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organic extracts were dried (NaSQ4) and concentrated in vacuo. Flash column chromatography (silica gel,
5% CH,Cl,/MeOH) afforded hydroxy lactam 10a (a 88:12 mixture of mastereomers) as an oil (315 mg,
82%). NMR data of major diastereomer are given: IR (CHCI3) 3320, 1660 cm™; '"H NMR (CDCl,) 0.87 (t, J
= 6.9 Hz, 3H), 1.39 (d, J = 8.1 Hz, 1H), 1.23-1.40 (m, 4H), 1.53 (d, J = 8.1 Hz, 1H), 1.51-1.73 (m, 2H),
1.98 (s, 1H), 2.70-2.80 (m, 3H), 2.91-3.05 (m, 3H), 3.25 (br s, 1H), 3.40-3.51 (m, 1H), 3.80 (s, 3H).
3.81 (s, 3H), 5.99 (dd, J = 5.5, 2.7 Hz, 1H), 6.12 (dd, J = 5.5, 2.7 Hz, 1H), 6.68-6.71 (m, 3H); "C NMR
(CDCl,) 13.9, 22.5, 25.2, 34.5, 39.8, 40.8, 45.1, 45.7, 47.6, 49.3, 51.9, 55.7, 55.8, 91.1, 111.0, 112.1,
120.7, 131.7, 133.1, 136.5, 147.4, 148.7, 173.8; MS (EI) m/z (rel intensity) 367 (M*+ - 18, < 1), 343 (1),
328 (1), 310 (1), 244 (3), 164 (100); HRMS Calcd for Co3H3NOy4: 385.2252. Found: 385.2246

N-[2-(3 4-Dimethoxyphenyl Jethyl]-3-hydroxy-3-methy 7, 7a-tetrahydro-4, hanoisoindolin-1-

one (10b). According to Typical Procedure A, described for 10a, imide 9 (327 mg, 1 mmol) was treated with
MeLi (1.37 mL of a 1.6 M solution in Et,0, 2.2 mmol) to afford hydroxy lactam 10b as a 85:15 mixture of
diastereomers, that was used without further purification (332 mg, 97%). NMR data of major diastereomer are
given, obtained from the spectra of the diastereomeric mixture (oil): IR (CHCl3) 3354, 1654 cm; 'TH NMR
(CDCl,) 1.30 (s, 3H)*, 1.31 (d, J = 8.3 Hz, 1H)*, 1.48 (d, J = 8.3 Hz, 1H), 2.44-2.50 (m, 1H), 2.64-2.75
(m, 2H), 2.95 (br s, 1H), 3.02-3.17 (m, 3H), 3.22-3.47 (m, 1H), 3.74 (s, 3H), 3.76 (s, 3H); 5-87-5.90 (m,
1H), 5.96-6.00 (m, 1H), 6.65-6-78 (m, 3H) (* designates partially overlapped signals); '’'C NMR (CDCl,)

22.6, 34.6, 40.6, 44.3, 44.5, 46.9, 51.1, 51.6, 55.5, 89.1, 110.8, 111.7, 120.4, 131.5, 133.11, 135.2,
)

147 1 148 4 175 9:- MS (ED /7 (rel intencity) 325 (M+ - 1R 4\ 25§ f Y184 (10 151 (1) 25 (N 121
A5 7oLy LTNUTTy R 1 J07y AVAT \Rvd ) 7747 & \AVR JAIWALSILY j T \u LOy Ty d 7 N1 Jy AT NIV J, 1IJX \1JJy LIT\&J, 141
(Y 102 (18) LIRMC Maled far O M- N« 142 172 Eannd: 142 1774
JJ, LUO \1J), TINIVLIS LadilU 101 001751804, 555,10 705. 1'OUli. 545.1779

Cyclization Reactions. Typical Procedure B

12b-Butyl-2 ,3-dimethoxy-5,6,8a,9,12,12a-hexahydro-9,12-methaneisoindolin{2,3-a]isoquinolin-8-one
(11a). To a solution of hydroxy lactam 10a (385 mg, 1 mmol) in CH»Cl; (10 mL), TFA (0.38 mL, 5 mmol)
was added and the resulting solution was heated at reflux for 24 h. The reaction mixture was treated with
saturated aqueous NaCOQs, the organic layer was decanted and the aqueous phase was extracted with CH,Cl,
(3 x 10 mL). The combined organic extracts were washed with brine (2 x 10 mL), dried (Na,SOy), and
concentrated in vacuo. Flash column chromatography (silica gel, 80% Hexane/AcOEt) afforded
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Hz, 1H), 6.31 (dd, J = 5.5, 2.3 Hz, 1H), 6.61 (s, 1H), 6.76 (s, 1H); *C NMR (CDClL,) 13.8, 23.3, 26.5,
279, 35.1, 37.7, 44.6, 45.9, 48.9, 49.1, 52.4, 55.8, 56.3, 65.4, 109.3, 112.1, 125.5, 133.2, 134.6,
135.4, 146.7, 148.1, 177.6; MS (EI) m/z (rel intensity) 367 (M*, 1), 310 (22), 244 (100), 228 (3), 200 (10),
183 (3), 164 (15); HRMS Calcd for C23Hp9NOs3: 367.2147. Found: 367.2141.
2,3-Dimethoxy-12b-methyl-5,6,8a,9,12,12a-hexahydro-9,12-methaneisoindolin[ 2,3-alisoquinolin-8-one
(11b). According to Typical Procedure B, described for 10a, hydroxy lactam 10b (343 mg, 1 mmol) was

treated with TFA (0.38 mL, 5 mmol) to afford pyrroloisoquinolinone 11b, that was purified by column
A\ (U.Ds mL, > mmol) to artor pyrroioisoquinoiinone 233, vas puriiicg 0y <oumn
chromatnoranhv (cilica gel 0% Hexane/AcQFN (300 mo. Q2% white cructale mn (Ft O) 158-160 °C- T
VIV giapily \Sulla gUi, OUVT0 TIVAQUL ANV DUV g, J470), Williv Viysuass, P Usu) 106710V W, 1IN
ra’4 s P I" ATR ™) T rry L B Y 11 T Ir T I\ n

(KBr) 1674 cm™; '"H NMR (CDCl,) 1.36 (d, J = 8.2 Hz, 1H), 1.37 (s, 3H), 1.55(d, J = 8.2 .
2.42 (m, 1H), 2.80-2.98 (m, 2H), 3.00-3.08 (m, 2H), 3.10-3.20 (m, 2H), 3.73 (s, 3H), 3.82 (s, 3H), 4.01-
4.10 (m, 1H), 6.10-6.16 (m, 2H), 6.41 (s, 1H), 6.59 (s, 1H); °C NMR (CDCl,) 25.8, 26.4, 34.4, 44.1,
45.4, 48.5, 49.5, 51.8, 55.3, 55.7, 60.9, 107.6, 111.3, 125.3, 134.2, 134.7, 136.4, 147.0, 147.2, 174.7;
MS (EI) m/z (rel intensity) 325 (M", 10), 310 (18), 245 (17), 244 (100), 200 (10), 91 (6), 85 (12), 83 (18),
77 (4) ); Anal. Calcd for CyoH3NOs: C, 73.82, H, 7.12, N, 4.30. Found: C, 73.50, H, 6.98, N, 4.36.

Retro Diels-Alder Reaction. Typical Procedure C

10b-Butvl-8 9-dimethoxv-5 6- dth\:dtnn\n‘ln/nf? I-alisoauinolin-3(10hH ) -nne  (3a) Pyrraloicooninn-
LU Je=0,7 fUA YO ,U POy iU L, TG e DG weiUne/em oy S U 0EE JRUNT \wrée e L Y11UIVISU Uiy
Inane 11a (2A7 ma 1 mmal) wac heated ar SON O ninder vacsimim (1 mm a) Haating wae rantinnad nnnl
FRSRLVISLiVEE W X/ \,’U/ lllE, 13 Illlll\ll/ YYD liIvawnAal aw oy e Ul Yawvuulig \ rorn llb}‘ ll\/amlb YYQAOD VAMIUTIULAL Ui

no more evolution of cyciopentadiene was observed (10 min). The crude product was purified by column
chromatography (silica gel, 80% Hexane/AcOEt) (270 mg, 90%), whose data were identical to those
previously reported (vide supra).

8.9-Dimethoxy-10b-methyl-5,6-dihydropyrrolo[2,1-a]isoquinolin-3(10bH )-one  (3b). According to
Typical Procedure C, 11b (325 mg, 1 mmol) was heated under vacuum, affording pyrroloisoquinolinone 3b,
The crude product was crystalized from Et,O to afford 11 as pale yellow crystals (210 mg, 81%): mp (Et,0)
148-150 °C; IR (KBr): 1682 cm; '"H NMR (CDCl,) 1.45 (s, 3H), 2.52 (dd, J = 16.0, 4.2 Hz, 1H), 2.71-
2.85 (m, 1H), 3.00 (td, J = 4.2, 3.1 Hz, 1H), 3.68 (s, 3H), 3.74 (s, 3H) 4.26 (dd, J = 13.1, 7.0 Hz, 1H),

1y 21R7 2. 17 2 ;.,.‘,

594(d,J =57 Hz, 1H), 6.47 (s, 1H), 6.62 (s, 1H), 7.29 (d, J = 5.7 Hz, 1H); ""C NMR (CDCl,) 26.2,

) V
.*

4,4-Bis(phenylthio)-2-[(trimethylsilyl)methyl]but-1-ene (12)

To a solution of bis(phenylthio)methane (532 mg, 2.3 mmol} in dry THF (10 mL), was added n-BuLi
(1.94 mL of a 1.3 M solution in THF, 2.5 mmol) at 0 °C. After stirring for 15 min, a solution of 2-
chloromethyl-3-trimethylsilylprop-1-ene (648 mg, 4 mmol) was added, the resulting mixture was allowed to

warm to 20 °C, and it was stirred for 1 h. The reaction was quenched by addition of H,O (5 mL). Ex,O (10

mL) was added, the organic layer was separated, and the aqueous phase was extracted with CH,Cl» (3 x 15

<
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1. aSO4) and concentrated in vacio. Fl
L lQU } ailia Conceiitia LW I vacugy, 11
chromatography (silica gel, 5% "exane/Acunt) afforded 12 as an oil (520 mg, 63%): IR (C
7

cm’; 'H NMR (CDCl,) 0.00 (s, 9H), 1.57 (s, 2H), 2.57 (d, J = 7.1 Hz, 2H), 4.59 (1, J =
(brs, 1H), 4.82 (br s, 1H), 7.33-7.56 (m, 10 H); "C NMR (CDCl,) -1.5, 26.3, 44.3, 5

o
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170 Q 127 Q9 17247 1A 1 RAQ (MATN o fee £0n] fndbmnante.d F&Q AAA+ 1Y DFIAQ F17N D22 71N D21 71N 1778 /N 147
128.8, 132.8, 154.2, 145.1; MO (E1) myz (1e1 mntensity) 356 (M7, 1), 247 (17), 233 (1), 231 (1), 1713 (2}, 10/
L AN M 4NN A ___1 Fo. ViR WS Y Sy o | Y o o M L0000 YT T 21 ) g AL MNN L O YY O™ 11
(4), 73 (100). Anal. Caica tor Cppripeddi: L, 60.96, 0, /.51. rouna: L, 00.80, 11, 7.11.

4-Phenylthio-2-[(trimethylsilyl)methyl|but-1 -ene (13)

N.N-dimethylaminonaphthalene (DMAN) (2.10 mL, 12.7 mmol) was added dropwise over a
suspension of Li powder (103 mg, 14.7 mmol) in dry THF (25 mL) at -45 °C, and the resulting mixture was
stirred at this temperature for 3.5 h. A solution of 12 (1.42 g, 3.98 mmol) in dry THF (5 mL) was added
dropwise, and the mixture was stirred at -45 °C for 1.5 h. The reaction was quenched by the addition of H,0
(10 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 (NapS0O4) and concentrated in vacuo. Flash column chromatography

fcilina gal 10 Havanal/ AR affardasd 12 ac an 1l 1220 o A0 hacad nn a 8804 ranvarcian TR /MLIM ..
\)luba sbl, 170 LICAQUV/ AUUILLL] ALIUIUNAL 17 ad ALl Vil \Jo 7 lllé, V& /U UAINAL VI d JJo /0 CUILYCL DIUII) LIN \\.,l 1\_,15}.
3070, 2952 cm; 'H NMR (CDCl,) -0.02 (s, 9H), 1.52 (s, 2H), 2.27 (t, J = 7.7 Hz, 2H), 3.01 (t, / = 7.7
Hz, 2H), 4.59 (br s, 1H), 4.64 (br s, 1H), 7.12-7.51 (m, 5H); C NMR (CDCL,) -1.4, 26.8, 32.0, 37.7,

108.2, 125.8, 127.5, 128.8, 129.1, 145.7; MS (EI) m/z (rel intensity) 250 (M*, 4), 235 (5), 177 (14), 167
(6), 144 (4), 119 (13), 109 (3), 91 (3), 73 (100), 59 (6). Anal. Calcd for C14H»,SSi: C, 67.13, H, 8.85.

Found: C, 67.30, H, 9.18.

(3R*.3aR*,7a5*)- and (35*%,3aR*,7a5*)-N-[2-(3.4-Dimethoxyphenylethyl]-3-hydroxy-3-[3-[(trimethyl-
silyl)methyl]but-3-enyl]- 3a,4,7, 7a-tetrahydro-4,7-methaneisoindolin-1-one (14a,b)

(S A Sy Tyl 5 o O -ORE [ ARds
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spe mg m HF (10
mL) at -78 °C, was added a solution of sulfide 13 (1 32 g, 5 3 mmol) in THF (10 mL), and the reaction
mixture was stirred for 1 h, resuiting in the formation of organolithium 1. A solution of imide 9 (1.74 g, 5.3
mmol) in dry THF (100 mL) was then added, and the reaction mixture was stirred for 3 h. H,O (15 mL) was
added and the reaction mixture was allowed to warm to 20 °C. Et20 (20 mL) was added, the organic layer was

T a h]nn susnension of HE (10
13 Ui (g1

~

separated, and the aqueous phase was extracted with CHCl; (3 x 15 mL). The combined organic extracts
were dried (Na;SO4) and concentrated in vacwo. Flash column chromatography (silica gel, 70%

Hexane/AcOEt) afforded a diastereomeric mixture of hydroxy lactams 14a,b in a 69:31 ratio (2.10 g, 83%) as
an oil: IR (CHCl3) 3300, 1653 cml; '"H NMR (CDCl,) -0.02 (s, 9H, major diastereomer), 0.00 (s, 9H,

minor diastereomer), 0.53-0.64 (m, 2H, minor diastereomer), 1.31-1.50 (m, 3H, both diastereomers), 1,71-
YN (v AT hath Aiactaranmare) 9 ‘).Q (d T = 14A4AH>, 1TH mainar dAiactaranmen D SN 7/A T — 144 I, 11T
L JD Uiy 1L, UULLL LHADJIVIVULIIVE D Jy Ledud \My J — 15957 144, A1, 111G jUL \,lla-)b\/l\r\)lllOl}, e VU Uy J = 1. 114, 111,

major diastereomer), 2.62-2.83 (m, 2H, both diastereomers), 2.89-3.12 (m, 4H, both diastereomers), 3.26
(br s, 1H, both diastercomers), 3.41-3.57 (in, 1H, both diastereomers), 3.83 (s, 3H, both diastereomers),
3.85 (s, 3H, both diastereomers), 4.52 (s, 1H, minor diastereomer), 4.57 (s, 1H, minor diastereomer), 4.84
(s, 1H, major diastereomer), 5.00 (s, 1H, major diastereomer), 5.98-6.19 (m, 2H, both diastereomers), 6.70-
6.80 (m, 3H, both diastereomers); *C NMR (CDCl,) -1.8 (major diastereomer), -1.4 (minor diastereomer),
14.9 (major diastereomer), 27.1 (minor diastereomer), 31.4 (major diastereomer), 31.6 (minor diastereomer),

5 (minor diastereomer), 34.6 (major diastereomer), 38.2 (minor diastereomer), 40.8 (minor diastercomer),

3 (major diastereomer), 45.1 (both diastereomers), 45.7 (major diastercomer), 45.8 (minor diastereomer),

45 9 (hoth diastereomers). 46.9 (maior diastereome r\ 477 {mmnr dias omer) 40 1 (maior diacteren

T, 7 \UATUL BLAOWIVVILIVI S VG UL LGRS WA v il ) CIreoImer Jy TTZea Qv UAASWVEVURRIVE fy
AN 2 fosinmne Atnctaranaar) &1 Q fewrainr Ainctaranmar)y &) N fevnminars A taranmar) &8 Q flAth Aiactara~irars)
“47.0 \llul Ul Uiadicl Ulllclj.. JI1.O \ 1A vl UiasiviCuling J, o .\ (i 3 WIASIUIV UL ), JJ.0 \wlll UIastiCiICULLICi Dy ),
55.9 (both diastereomers), 90.6 (major diasterecomer), 91.0 (minor dastereomer), 107.1 (minor



diastereomer), 111.1 (major diastereomer), 112.1 (minor diastereomer), 113.6 (major diastereomer), 120.8
(both diastereomers), 131.7 (minor diastereomer), 131.8 (major diastereomer), 133.1 (minor diastereomer),
133.1 (major diastereomer), 136.4 (major diastereomer), 136.7 (minor diastereomer), 146.2 (minor
diastereomer), 146.7 (major diastereomer), 147.5 (minor diastereomer), 148.8 (major diastereomer), 173.6
(minor diastereomer), 173.7 (major diastereomer); MS (EI) m/z (rel intensity) 469 (M*, < 1), 451 (1), 385
(1), 328 (3), 262 (3), 221 (2), 206 (1), 164 (100), 151 (100), 107 (5), 73 (33); HRMS Calcd for
Cr7H29NO4Si: 469.2648. Found: 469.2646.

Alkylation of 2-trimethylsilyl-1,3-dithiane. 4-Thia-7a-thioniaperhydroindene chloride
trimethylsilyl-1,3-dithian-2-yl)propane (16)

To a solution of 2-trimethylsilyl-1,3-dithiane (400 mg, 2.1 mmol) in dry THF (7 mL), was added »-
BuLi (1.9 mL of a 1.2 M solution in THF, 2.3 mmol) at -40 °C. After 2 h, the reaction mixture was cooled to
-78 °C, and a solution of 1-chloro-3-iodopropane (0.22 mL, 2.1 mmol) in dry THF (1 mL) was added. The
resulting solution was slowly allowed to warm to -20 °C, and was stirred at this temperature for 24 h. The
reaction was quenched by the addition of H,O (5 mL) at 20 °C. Et;O (10 mL) was added, the organic layer

was separated, and the aqueous phase was extracted with CH>Cl; (3 x 10 mL). The combined organic extracts
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were dried (Na;SO4) and concentrated in vacuo. Flash column chromatography (silica gel, 50%

Hexane/AcOE) afforded the sulfonium salt (15) and the dialkylated product (16) as oils. Sufonium salt 15
(402 mg, 83%): 'H NMR (CDCl,) 0.17 (s, 9H), 1.77-2.09 (m, 4H), 2.30-2.64 (m, 4H), 3.58 (1, J = 6.1,
2H), 2.95-3.02 (m, 2H); ''C NMR (CDCl,) -2.7, 23.1, 24.9, 30.6, 34.3, 48.4; MS (EI) m/z (rel intensity)
160 (M- 73, 18), 127 (3), 113 (15), 106 (30), 87 (33), 86 (70), 85 (100). Dithiane 16 (22 mg, 5%): 'H

NMR (CDCl,) 0.87 (s, 18H), 1.57-2.03 (m, 6H), 2.20-2.26 (m, 4H), 2.41-2.50 (m, 4H), 2.98-3.09 (m.
4H); °C NMR (CDCl,) -2.6, 23.3, 25.1, 26.0, 37.7, 38.5; MS (EI) m/z (rel intensity) 424 (M*, 2), 351 (2),
318 (1), 145 (65), 113 (22), 73 (100).
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ry THF (10 mL), was

1.6 M solution in THF, 5.5 mmol) at -50 “C. The reaction mixture was allowed to warm to 20 °C during
then was transferred over a solution of 1,3-diiodopropane (0.57 mL, 5 mmol) in dry THF (50 mL), at -50 °C,
and the resuiting mixture was stirred at this temperature for further 1.5 h. The reaction was quenched by the
addition of H,0. Et;0 (25 mL) was added, the organic layer was separated, and the aqueous phase was
extracted with CH2Cl, (3 x 20 mL). The combined organic extracts were dried (Na,SO4) and concentrated in
vacuo. Flash column chromatography (silica gel, 2.5% Hexane/AcOEt) afforded sulfide 17 as an oil (460
mg, 33%): IR (CHCl3) 3000, 1460 cm™; '"H NMR (CDCl,) 2.11 (quin, J = 6.8 Hz, 2H), 3.03 (t, J = 6.9 Hz,
2H), 3.30 (t, J = 6.6 Hz, 2H), 7.19-7.40 (m, 5H); "C NMR (CDCl,) 4.9, 32.2, 34.1, 126.1, 128.8, 129.4,
135.4; MS (EI) m/z (rel intensity) 278 (M+, 46), 151 (100), 123 (93), 109 (52), 77 (21). Anal. Calcd for
R
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nd: C, 3847, H, 3.74.

a s
™
(;o
oo
-n
2



2-[(3-Phenylthio)propyl]-2-trimethylsilyl-1,3-dithiane (18)

To a solution of 2-trimethylsilyl-1,3-dithiane (0.19 mL, 1 mmeol) in dry THF (3 mL), was added n-BuLi
(0.66 mL of a 1.6 M solution in THF, 1.05 mmol) at -40 °C. After 2 h, a solution of sulfide 17 (278 mg, 1
mmol) in dry THF (10 mL) was added at -40 °C, and the resulting solution was stirred at this temperature for
turther 3 h, and then was allowed to warm to 20 °C. H,0 (10 mL) and Et,0O (25 mL) were added, the organic
layer was separated, and the aqueous phase was extracted with CH2Clz (3 x 20 mL). The combined organic
extracts were dried (NagSO4) and concentrated in vacuo. Flash column chromatography (silica gel, 2.5%

Hexane/AcOE) afforded dithiane 18 as an oil (240 mg, 69%): IR (CHCl3) 3000, 2960, 1480, 1250 cm™; 'H
NMR {CBCL) 0.15 (s, 9H), 1.81-2.07 (m, 4H), 2.31-2.46 (m, 4H), 2.95-3.06 {m, 4H), 7.13-7.37 (m, 5H):
PC NMR (CDClLy) -2.7, 23.2, 24.9, 27.0, 34.0, 36.0, 38.3, 125.8, 128.7, 129.0, 136.5; MS (EI) m/z (rel
intensity) 342 (M+, 1), 327 (1), 269 (10), 159 (35), 110 (23), 73 (100). Anal. Calcd for C1¢H26S3Si: C

56.14, H, 7.60. Found: C, 56.44, H, 7.39.

(3R*,3aR*,7aS*)-N-[2-(3,4-Dimethoxyphenyljethyl|-3-hydroxy-3-[3-(2-trimethylsilyl-1,3-dithian-2-yl)-
propyl]-3a,4,7,7a-tetrahydro-4,7-methaneisoindolin-1-one ~ (19a)  and  (35*,3aR*,7aS*)-N-[2-(3 4-
dimethoxyphenyl)ethyl]-3-hydroxy-3-[3-(2-trimethylsilyl-1,3-dithian-2-yl)propyl]-3a 4,7, 7 a-tetrahydro-4,7-

methaneisoindolin-1-one (19b)

CLa0 \AFR)

To a blue suspension of Li powder (530 mg, 76.36 mmol) and DTBB (425 mg, 0.5 mmol) in THF (10

=78 O wac added a ¢nlnt

mL) at C, was added a solution ©
mixture was stirred for 1 h, resulting in the formation of organolithium 2. A solution of imide 9 (i.74 g, 5.3
mmol) in dry THF (100 mL) was then added, and the reaction mixture was stirred for 3 h. H,O (15 mL) was
added and the reaction mixture was allowed to warm to 20 °C. Et,O (20 mL) was added, the organic layer was
separated, and the aqueous phase was extracted with CH»Cly (3 X 15 mL). The combined organic extracts
were dried (NaSO4) and concentrated in vacuo. Flash column chromatography (silica gel, 60%
Hexane/AcOE) afforded diastereomeric hydroxy lactams 19a and 19b in a 60:40 ratio. 19a (710 mg, 32%),

colorless oil: IR (CHCl3) 3421, 1674 cm’; '"H NMR (CDCl,) -0.02 (s, 9H), 0.39-0.48 (m, 2H), 1.41 (d, J =

7.6 Hz, 1H), 1.53 (d, / = 7.6 Hz, 1H)*, 1.54-1.75 (m, 4H)*, 1.82-2.01 (m, 2H), 2.79 (s, 1H)*, 2.61-2.91
#
(m, 4H)", 2.96-3.04 (m, 2H), 3.12-3.29 (m, 3H), 3.40 (dd, J = 8.9, 420 Hz, 1H), 3.55-3.74 (m, 2H),

THY 2
1j, J.
7 Hz, 1

H) (*," designates partially overlapped signals); '*C NMR (CDCI,) -1.6, 17.
40.6, 44.0, 46.0, 46.1, 47.0, 49.3, 51.6, 55.8, 55.9, 63.0, 98.4, 111.1, 112.1, 120.7, 132.3, 1338
135.7, 147.4, 148.7, 175.4; MS (EI) m/z (rel intensity) 561 (M+, < 1), 328 (71), 262 (100), 233 (12), 165
(81), 73 (62); HRMS Calcd for CagH43NO4S,Si: 561.2403. Found: 561.2398.

19b (480 mg, 21%), yellow oil: IR (CHCl3) 3400, 1685 cm™'; 'H NMR (CDCL) 0.17 (s, 9H), 1.36 (d, J =
7.6 Hz, 1H), 1.69 (s, 1H), 1.34-2.41 (m, 9H), 2.39-2.51 (m, 2H), 2.72-2.83 (m, 3H), 2.90-3.04 (m, 3H),

(m, 3 Hz,
.74 (s, 3H), 3.76 (s, 3H), 6.06 (dd, J = 56,28Hz IH), 6.15 (dd, J = 5.6, 2.7
4,19

W W

3.04-3.12 (m, 2H), 3.28 (br s, 1H), 3.44-3.55 (m, 1H), 3.84 (s, 3H), 3.87 (s, 3H), 6.00-6.02 (m, 1H),
6.15-6.19 (m, 1H), 6.71-6.80 (m, 3H); *C NMR (CDCl,) -2.5, 21.5, 23.6, 24.9, 34.6, 37.5, 38.3, 40.4,
40.8, 45.1, 45.9, 479, 49.3, 52.2, 559, 63.2, 91.0, 111.1, 112.2, 120.8, 131.7, 132.8, 137.2, 147.6,
148.8, 173.6; MS (EI) m/z (rel intensity) 544 (M* -17, 1), 478 (1), 396 (37), 371 (2), 272 (89), 205 (46),
164 (100), 73 (81); HRMS Calcd for CagHy3NO4S,Si: 561. 2403. Found: 561.2397



[N-[2-(3 ,4-Dimethoxyphenyljethyl]-3a,4,7 . 7a-tetrahydro-4,7-methaneisoindolin-1-one]-3-spiro-1"-(3-
methylidencyclopentane) (20) and [N-[2-(34-Dimethoxyphenyl)ethyl]-3a,4,7,7a-tetrahydro-4,7-methane-
isoindolin-1-onej-3-spiro-1'-(3-methylcyclopent-3-ene) (21)

To a solution of 14a,b (diastereomeric mixture in a 69:31 ratio) (245 mg, 0.5 mmol) in dry CH>Cls (1
mL), were added triethylamine (0.1 mL, 0.7 mmol) and mesyl chloride (0.05 mL. 0.7 mmol). The reaction
mixture was stirred at room temperature for 12 h. H,0 (3 mL) and Et0 (5 mL) were added, the organic layer
was separated and the aqueous phase was extracted with CH;Cl (3 X 5 mL). The combined organic extracts
e washed with HCI (3 mL, 1% aqueous), H.O (3 mL), Na,COy 3 mL, 5% aqueous)
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€ AcOE) afforded a mixture of spiro compounds 28 and 21 in a 50:50 ratio (135 mg, 71%), as an
(CHCl3) 1700, 1663 cml; '"H NMR (CDCl,) 1.20-1.78 (m, 10H, both regioisomers), 1.81 (s, 3H,
spiro compound 21), 2.54-2.75 (m, 4H, both regioisomers), 2.90 (d, J = 7.5 Hz, 2H, spiro compound 21),
3.01-3.12 (m, 1H, one regioisomer), 3.15-3.45 (m, 9H, both regioisomers), 3.57 (d, J = 17.9 Hz, 2H, one
regioisomer), 3.60-3.82 (m, 2H, one regioisomer), 3.85 (s, 6H, both regioisomers), 3.89 (s, 6H, both
regioisomers), 4.66 (t, / = 7.5 Hz, 1H, spiro compound 21), 4.72-4.85 (m, 2H, spiro compound 20), 5.85-
6.05 (m, 4H, both regioisomers), 6.68-6.82 (m, 6H, both regioisomers). MS (EI) m/z (rel intensity) one

regioisomer 313 (M*-66, 3), 258 (16), 165 (15), 164 (100), 151 (15), 149 (16), 134 (3), 120 (4), 107 (6), 91
9,79 (6), 77 (10), 65 (6), 55 (6). The other regioisomer 313 (M'-66, 6), 258 (1), 165 (13), 164 (100), 151
N 1A (12N 1AQ /&Y 1A7T /&N 124 /TN 129 /&Y 12N (& 107 /&N 1N& (& Q1 711y 70 74\ ™17 /O £& /"7
\ZJy ¥ \12), A0 \J )5 157 \JJy, LI\ 1}, 1OL\J), LLU (\J), L1UJ \J), 1VUI \J), Z1 L), I17\O), /17 F), O3 (/),
& /6N Awnl Mol d Lo O XX NN . O FJEQL LT 7770 N 2 EQ Taad. 1 ML AT XY 7 A2 N 72127
J0 (D), Alldl, UdlLU 101 Uo4I120INU3, U, 70.70, I, /.74, ‘4, 2.07. rouna: «, 7/0.41, 11, 7.42, IN, 2.3/,

(38*,3aR*,7aS5* )-N-[2-(3 4-Dimethoxyphenyl)ethyl]-3-hydroxy-3-[3-(1,3-dithian-2-yl )propyl]-3a,4,7,7a-
tetrahydro-4,7-methaneisoindolin-1-one (22)

To a solution of 19b (62 mg, 0.1 mmol) in dry THF (3 mL), was added TBAF (0.55 mL of a | M
solution in THF, 0.55 mmol) at 20 °C. After 30 min, H,0 (3 mL) and Et;O (5 mL) were added, the organic
layer was separated, and the aqueous phase was extracted with CH,Cl (3 x 5 mL). The combined organic
extracts were dried (Na;S0O,4) and concentrated in vacuo. Flash column chromatogranhy (silica gel, AcOEt)
afforded hydroxy lactam 22 as an oil (23 mg, 43%): IR (CHCl3): 3336, 1657 cm: 'H NMR (CDC}

Qi 8 A% (2 R2a) S22, 2V A INIVAEN o

1.50 (m, 2H), 1.51-1.92 (m, 7H)*, 1.80 (s, 1H)*, 2.02-2.16 (m 1H), 2.71-2.92 (m, 7H), 2.96-3.
3H), 3.28 (br s, 1H), 3.40-3.56 (m, 1H), 3.84 (s, 3H), 3.86 (s, 3H), 3.98 (t, / = 6.8 Hz, 1H), 5.98 (dd, J

5.5, 2.6 Hz, 1H), 6.15 (dd, J = 5.5, 2.9 Hz, 1H), 6.69-6.80 (m, 3H) (* designates partially overlapped
signals); >*C NMR (CDCl,) 20.4, 25.9, 34.4, 34.5, 35.1, 39.5, 40.8, 45.1, 45.9, 47.1, 47.6, 49.3, 52.1,
55.9,90.9, 111.1, 112.2, 120.8, 131.7, 132.8, 137.1, 147.5, 148.8, 173.8; MS (EI) m/z (rel intensity) 489
M*, < 1), 471 (M*-18, 2), 415 (1), 372 (4), 331 (3), 272 (4), 164 (100), 151 (8), 119 (6), 105 (12);
HRMS Calcd for CagH3sNO4S5: 489.2041. Found: 489.2033.

g "L ,04,7,!

12b-[3-(1 3-Dithian-2-yljpropyl]-2,3-dimethoxy-5,6,8a,9,12,12a-hexahydro-9,12-methaneisoindolin-{2,3-

Aalicamzinalin.R.ane (22
u[(ouqul.uuun QU \ &)
A < gy I § WIGHGGEL . mrmiland £ I | | P '\f\ FENNMN o b PP | S
/‘\LLUKllllg io ly[)lb 1 I‘IULCUU[C D, UC\LHL)CU 101 i4d, nyulux_y dCldm L4 (OUU Mg, 1 MmMinoi) was
treated with TFA (0.38 mL, 5 mmol) at 20 °C for 12 h, to afford isoquinoline 23, that was purlﬁcd by column

chromatography (silica gei, AcOE), oil (400 mg, 85 %): IR (CHCI3) 1634 cmrl; '"H NMR (CDCl,) 1.42 (d, J



= 8.3 Hz, 1H), 1.66 (d, / = 8.3 Hz, iH), 1.38-1.91 (m, 7H), 2.06-2.18 (m, iH), 2.48-2.57 (m, iH), 2.79-
2.88 (m, 4H), 2.89-3.01 (dd, J = 16.6, 5.6 Hz, 1H), 3.03-3.20 (m, 3H), 3.22 (s, 1H), 3.33 (s, 1H), 3.83
(s, 3H), 3.91 (s, 3H), 3.99 (t, J = 6.4 Hz, 1H), 4.18 (dd, J = 11.9, 5.9 Hz, 1H), 6.21 (s, 2H), 6.51 (s,
1H), 6.71 (s, 1H); °C NMR (CDCl,) 23.1, 25.9, 26.4, 30.4, 34.7, 36.0, 38.1, 44.5, 46.1, 47.2, 48.9,
49.1, 52.4, 55.8, 56.4, 63.8, 109.3, 112.0, 126.2, 133.6, 134.2, 135.7, 146.6, 147.9, 175.4, MS (ED) m/z
(rel intensity) 471 (M+, < 1), 310 (31), 272 (1), 258 (1), 244 (100), 200 (9), 183 (2), 164 (5); HRMS Calcd
for CogH33NO38S,: 471.1935, Found: 471.1906.

Aimothayv.S B-Adibhvidronvrralal? 1.alic oouinolin-3(10bH 0 (2
NEINOXY-2,0-Ginyaropyrroio] < , 1 -AjiSoqutnoitn->{1Uo o

According to Typical Procedure C, described for 3a, 23 (300 mg, 0.6 mmol) was heated under vacuum,
affording pyrroloisoquinoiinone 3¢, that was puriﬁed by column chromatography (silica gei, 80%
Hexane/AcOEt), oil (168 mg, 67%): IR (CHCl3) 1685 cm’; 'H NMR (CDCI1,) 1.19-1.43 (m, 2H), 1.61-1.75
(m, 2H), 1.75-2.15 (m, 4H), 2.63 (dd, J = 15.8, 3.9 Hz, IH), 2.75-3.01 (m, 5H), 3.15 (td, J =12.2, 4.5
Hz, 1H), 3.82 (s, 3H), 3.89 (s, 3H), 3.95 (1, J = 6.9 Hz, 1H), 4.40 (dd, J = 12.8, 6.5 Hz, 1H), 6.13 (d, J =
5.9 Hz, 1H), 6.59 (s, 1H), 6.68 (s, 1H), 7.21 (d, J = 5.9 Hz, 1H); "C NMR (CDCl,) 20.4, 25.8, 28.9,
30.3, 30.4, 34.7, 35.2, 38.3, 47.1, 55.8, 56.2, 68.2, 109.9, 111.9, 125.2, 126.4, 129.3, 147.5, 148.1,
151.5, 170.8; MS (El) m/z (rel intensity) 405 (M*, 1), 286 (1), 258 (1), 244 (100), 228 (4), 200 (11), 161
(10); HRMS Calcd for C21H27NO3S2: 405.1432. Found: 405.1427,
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Several reaction conditions were tested, but no extrusion of cyclopentadiene was detected at lower
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17 was prepared by alkylation of thiophenol with 1,3-diodopropane. See experimental section.
Desilylation prior to cyclization was necessary. When the cyclization was carried out directly on
19a,b, dethioketalization occurred, loosing the desired functionality.
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