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Construction of bicyclic tetrahydroisoquinolinones
by combination of an IMDAF-ring cleavage
reaction of N-allyl-2-furan-2-yl-acetamides

Albert Padwa and Thomas S. Reger

Abstract: The intramolecular Diels—Alder reaction of furanyl amides derived from 2-furylacetic acid has been exam
ined. Substrates containing either an imide or tertiary amide linkage between the furan and the dienophile underwent
smooth cycloaddition upon thermolysis. By varying the reaction conditions, either the primary cycloadduct or the ring-
opened and acetylated product could be isolated in excellent yield. The stereochemical outcome of the IMDAF
cycloaddition has the side arm of the tethered alkenyl group oriesyadvith respect to the oxygen bridge. Semi-
empirical AM1 calculations show that thexo-cycloadduct is 11 kcal lower in energy than the corresponeingo

adduct and, presumably, some of this energy difference is reflected in the transition state for the cycloaddition. The
IMDAF reaction of N-allyl-[2-(3,4-dimethoxyphenethyl)]-2-furanyl-2-yl-acetamide proceeded in 90% yield upon heating
in xylene. The 4+2-cycloadduct undergoes ring-opening on treatment with base and the resulting alcohol was converted
into the corresponding benzyl ether. Raney nickel reduction followed by Bischler—Napieralski cyclization furnished the
tetracyclic skeleton of the berberine alkaloids.

Key words intramolecular, cycloaddition, Diels—Alder, furanylamide, heterocycle.

Résumé: On a étudié la réaction de Diels—Alder intramoléculaire de furanylamides (« IMDAF ») dérivés de I'acide
furyl-2-acétique. Par thermolyse, les substrats comportant soit une liaison imide ou amide tertiaire entre le furane et le
diénophile subissent une cycloaddition facile. En faisant varier les conditions réactionnelles, on peut isoler avec un ex-
cellent rendement soit le cycloadduit primaire ou le produit dérivant d’'une ouverture de cycle et d’'une acétylation.
D’un point de vue stéréochimique, la cycloaddition « IMDAF » conduit a un produit dans lequel la chaine latérale du
groupe alcényle prend une orientatieyn par rapport au pont oxygéné. Des calculs semi-empiriques AM1 montrent

que I'énergie du cycloadduéxo est inférieure de 11 kcal par rapport a celle de I'addutiocorrespondant; il est
vraisemblable qu’'une partie de cette différence d’énergie se reflete dans I'état de transition de la cycloaddition. La
réaction « IMDAF » duN-allyl-[2-(3,4-diméthoxyphénéthyl)]-2-furanyl-2-yl-acétamide se produit avec un rendement de
90% par chauffage dans le xylene. Le cycloadduit 4+2 subit une ouverture de cycle par traitement avec une base et
I'alcool qui en résulte a été transformé en éther benzylique correspondant. Une réduction a l'aide de nickel de Raney,
suivie d'une cyclisation de Bischler—Napieralski, conduit au squelette tétracyclique des alcaloides de la berbérine.

Mots clés: intramoléculaire, cycloaddition, Diels—Alder, furanylamide, hétérocycle.

Introduction valuable synthetic intermediates which have been further
laborated to substituted arenes, carbohydrate derivatives,
- . nd various natural products (8-17). A crucial synthetic
ural products and are also present in many commerciatprodiansformation employing these oxabicyclic compounds in
ucts, including pharmaceuticals, fragrances, and dyes (14 olves cleavage of the oxygen bridge to produce

Furans also play an important role as intermediates in man nctionalized cyclohexene derivatives (18-23). The
synthetic pathways, primarily because they react as a SpeC'%tramolecular Diels—Alder reactions of furans, often desig
class of vinyl ethers (5, 6) or as dienes in the Diels—Alder i

i : nated as IMDAF, has proven to be an extremely valuable
reaction (7). The resultant 7-oxabicyclo-[2.2.1]heptanes arethod for the construF::tion of more complex ox);/genated,

bicyclic structures (7). The IMDAF generally proceeds at
Received June 22, 1999. Published on the NRC Research lower temperature than its bimolecular counterpart and,
Press website on June 7, 2000. more importantly, often allows for the use of unactivated
alkenes as dienophiles (24). Recent work in our laboratory
Has shown that the intramolecular Diels—Alder of 2-amido
substituted furans such dsrepresents an effective route to

indolines and tetrahydroquinolines (25). This methodology

Furans are common substructures found in numerous n
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ring-opening as a consequence of the acidic nature of the
protons adjacent to the oxygen bridge (Scheme 2). To the
best of our knowledge, amides derived from 2-furylacetic
acid have not been utilized in Diels—Alder chemistry. A
study to examine the synthesis of furans suclé asd their
subsequent cycloaddition and ring-opening chemistry was
initiated with the intention of using this method as an entry
into the berberine alkaloid family (30). The biological activ-
ity that these molecules display varies widely and includes
anti-inflammatory, antimicrobial and antileukemic, as well
as antitumor, properties (30). In the light of these properties
and due to the general challenge that the construction of
complex alkaloids offers, the development of new methods
for the stereoselective synthesis of these nitrogen
heterocycles is of considerable interest. In this paper we re
port the results of our IMDAF studies dealing willrallyl
2-furan-2-yl-acetamides.

Results and discussion

As an entry into furanyl amides such &s 2-furylacetic

OMe 8 acid (10) was required as the key starting material. In our
hands, the most reliable synthesis corresponds to the one-pot
9 reaction between 2-furaldehyde and potassium cyanide (31).

Reaction of these two reagents in the presence of sodium
nature of the substituent group attached to tikbond carbonate and glyoxal (sodium bisulfite addition compound
(i.e., R) (Scheme 1). hydrate) in a 20:1 water:dioxane solution reproducibly gave

One of the most attractive features of this reaction sel0in 55% yield. Carboxylic acid 0 was converted to thil-
qguence is the propensity for nitrogen assisted ring-openingllyl amide 11 in 90% yield by reaction with 1,1-carbonyl
and subsequent iminium ion formation of the oxabicyclicdiimidazole (CDI) followed by quenching with allylamine
cycloadducts (i.e.2 — 3). The majority of work carried out (Scheme 3). The attempted Diels—Alder cycloadditiorlbf
by other investigators on the IMDAF reaction utilizing niro in refluxing toluene or xylene led only to recovered starting
gen containing tethers was done with furfurylamine derivedmaterial. This result is perfectly consistent with the earlier
substrates whose cycloadducts are not predisposed to spontaports of Jung (27) and Parker (28) who found that related
neous ring-opening (27-29). As an extension of our earliefurans containing secondary amide tethers failed to undergo
work in this area, we believed that related furanyl amideshe Diels—Alder reaction. Cycloaddition could be effected,
such as 6 should also be excellent substrates forhowever, by heatind1in refluxing acetic anhydridéUnder
intramolecular Diels—Alder cycloaddition and oxabicyclic these conditions, the initial formation of imide presumably

2The role of acetic anhydride in this reaction is to promote the [4+2]-cycloaddition by acylation at nitrogen as well as to assist in-the subse
quent oxa-bridge cleavage.
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facilitates the Diels—Alder reaction to give the oxabicyclic
intermediatel4. The cycloadduct was not isolated as it un-
dergoes spontaneous ring-opening and O-acetylation to fu exo-transition state endo-transition state
nish 12 as a single diastereomer in 85% yield (Scheme 4).

The transrelationship between the acetate and the bridge
head hydrogen is derived from the presumed cycloadtldct ) _
which results fromexo orientation of the tether during the Similar pathway to that described faB. Interestingly, when
cycloaddition. This mode of cyclization for the IMDAF-re amide 15 was heated in refluxing toluene, the primary
action of substrates containing nitrogen in the tether is-analcycloadductl7 was obtained in 85% yield, also as a single
ogous to that reported by others for related furanyl systemgiastereomer, and could be quantitatively convertetictoy
possessing short tethers (32, 33). The ring-opened aciate heating in acetic anhydride (Scheme 5).
is thus derived from an IMDAF cycloaddition where the side To further examine the scope of this cycloaddition with
arm of the tethered alkenyl group is orientggh (exg with respect to the dienophile, furah8 containing an alkyne
respect to the oxygen bridge. Products resulting from artether was prepared in 86% yield. Heating a sampl&8&dih
endoside arm transition state were neither detected nor iscacetic anhydride gave the isoquinoline derivath@in 69%
lated. This result is not so surprising since, in these mobilg/ield (Scheme 6).
cycloaddition equilibria, theexo adducts are expected to be  We next turned our attention to substrates bearing both a
thermodynamically more favored. Indeed, semi-empiricaldienophile and an electron-rich aromatic group connected to
AM1 calculations show that thexocycloadduct is 11 kcal the amide nitrogen (i.e.23). It was envisioned that a
lower in energy than the correspondiaegdo(with respect to  Bischler—Napieralski type cyclization (vide infra) could be
the tether) adduct and, presumably, some of this energy dikeffected on the Diels—Alder cycloaddition product. To this
ference is reflected in the transition state for cycloaddition.end, amide20 was prepared in 87% yield by the usual reac

We next turned our attention to determining whether a tertion of 2-furylacetic acid with CDI and quenching with 3,4-
tiary amide linkage between the furan and alkene wowd aldimethoxyphenethylamine. Unfortunately, all of our- at
low the cycloaddition to proceed. Amidis was prepared in - tempts to alkylate20 with allyl bromide using a variety of
94% yield by reaction of carboxylic acitl0 with CDI fol- bases (C£0; (DMF); NaH (THF); NaOH, KCO;,
lowed by quenching with N-methylallylamine. Upon Bu,NHSQ,) failed to give any product. Imide formation with
thermolysis of15 in acetic anhydride, the expected ring- acryloyl chloride at room temperature in the presence of 4 A
opened and acetylated lactdlt was isolated in 83% yield molecular sieves did produce cycloadd&dt, but only in
as a single diastereomer. The formationléfproceeds by a 35% yield (Scheme 7).
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Scheme 8.
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As an alternative route t@3, the known secondary amine smoothly and in high yield. The cyclization precursors are
allyl-[2-(3,4-dimethoxyphenethylamine)R?) (34) was pre- easily synthesized from readily available starting materials.
pared and used to generate the desired tertiary amide dihe cycloaddition can be carried out under a variety of con-
rectly. Thus, the reaction of carboxylic acitD with CDI ditions to yield either the primary cycloadduct or the ring-
followed by addition of amine22 gave the desired opened and acetylated product. Consistent with previous
cyclization precurso23 in 77% vyield. Upon heatin@3 in studies, only compounds bearing imide or tertiary amide
refluxing xylene, cycloadduc24 was isolated in 90% yield linkages between the furan and tethered dienophile were
as a single diastereomer. A variety of bases were examineslitable substrates for cycloaddition. Overall, this methodol-
to induce ring-opening of24 to the allylic alcohol 25. ogy represents an efficient route to functionalized members
Triethylamine, sodium hydride, and potassitent-butoxide  of the tetrahydroisoquinolinone ring system in various- oxi
were all successful, but the use of the sodium in ethanotlation states which could serve as intermediates to members
gave the highest yield (92%) and cleanest reaction. We theaf the berberine alkaloid family. Applications toward spe
attempted a Bischler—Napieralski cyclization of the aromaticcific natural products and the further development of the
ring onto the amide carbonyl @b but this gave only a com IMDAF are currently underway and will be reported in due
plex mixture of unidentifiable products. Instead, the alcoholcourse.
was protected as its benzyl ether with sodium hydride and
benzyl bromide in 83% yield. Compourb was then re . .
duced to the decahydroisoquinolia@ with Raney nickel in  EXPperimental section

85% yield. This compound was formed as a single eliing points are uncorrected. Mass spectra were deter
diastereomer and there is literature precedence for a similghined at an ionizing voltage of 70 eV. Unless otherwise
transformation in which Raney nickel reduction occurs fromnoted, all reactions were performed in flame-dried glassware
the exoface of a bicyclic structure to yield @s ring junc: ynder an atmosphere of dry argon. Solutions were evapo
tion (35). The Bischler—Napieralski cyclization 27 was ef  ateq under reduced pressure with a rotary evaporator, and
fected with PO followed by NaBH, and furnishedd in ¢ residue was chromatographed on a silica gel column us

52% yield (Scheme 8). The appearance of two singlets in thg,y a1 ethyl acetate — hexane mixture as the eluent unless
aromatic region of théH-NMR spectrum of9 was indica specified otherwise.
c

tive that the desired cyclization had taken place. This-rea
tion proved to be very sensitive to the experimentalN-Allyl-2-furan-2-yl-acetamidel(l): To a solution contain
conditions and, unfortunately, even the use of freshly dising 1.4 g (11 mmol) of furan-2-yl-acetic acid@ (31) in
tilled POC} offered no advantage in terms of reaction yield. 25 mL of CH,Cl, was added 2.0 g (12.6 mmol) of 11
Nevertheless, the tetracyclic compouhdontaining the core  carbonyldiimidazole. After stirring at room temperature for
skeleton of the berberine alkaloids was readily accessible in 5 h, 1.3 g (22 mmol) of allylamine was added and the-mix
just five steps from relatively simple cyclization precursors.ture was stirred for an additional 1 h. The mixture was-con

In conclusion, the intramolecular Diels—Alder reaction of centrated under reduced pressure and the crude product was
furanyl amides derived from 2-furylacetic acid proceedspurified by silica gel chromatography to give 1.6 g (90%) of
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11 as a pale yellow liquid; IR (neat): 3290, 1652, 1545, 4-Methyl-11-oxa-4-aza-tricyclo[6.2.£fundec-9-en-3-onel():
1418, and 1246 cm; 'H-NMR (400 MHz, CDC}) : 3.64 A solution containing 1.6 g (8.8 mmol) of furabin 15 mL
(2H, s), 3.85-3.89 (2H, m), 5.08-5.14 (2H, m), 5.75-5.850f toluene was heated at reflux for 20 h. The solution was
(14H, m), 5.95 (1H, brs), 6.24 (1H, d,= 3.2 Hz), 6.36 (1H, concentrated under reduced pressure and the crude solid was
dd,J = 3.2 and 1.6 Hz), and 7.39 (1H, d,= 1.6 Hz) ppm; purified by silica gel chromatography to give 1.3 g (85%) of
13C-NMR (100 MHz, CDC}) &: 36.1, 41.8, 108.5, 110.7, 17 as a white solid, mp 89-90°C; IR (neat) 1646, 1495,
116.0, 133.8, 142.4, 148.6, and 168.4 ppm; HRMS calcd fod394, and 1315 cm; *H-NMR (400 MHz, CDC}) &: 1.44—
CyH14NO,: 165.0790; found: 165.0787. 1.51 (2H, m), 1.85-1.91 (1H, m), 2.94 (1H, &= 18.8 Hz),
3.00 (3H, s), 3.14 (1H, d) = 18.8 Hz), 3.31-3.34 (2H, m),
. 4.94 (1H, ddJ = 4.0 and 1.6 Hz), 6.14 (1H, d,= 6.0 Hz),
7—Acetoxy-2—_acetyl—1,7,2_3,8a—tetrahydrbl-}SoqumoI.me—S—one and 6.40 (1H, ddJ = 6.0 and 1.6 Hz) ppmi3C-NMR
(12): A solution containing 0.3 g (1.7 mmol) dfl in 10 mL (100 MHz, CDC}) &: 30.6, 35.0, 35.2, 35.5, 52.9, 78.1,
qf acetic anhydride was heated at reflux for 20 h. The-solu85_6, 137.3, 137.4, and 168.4 ppm. Anal. calcd. for
tion was concent_rfated und_e_r reduced pressure and the (_:ru@elonlsNoz: C 67.02, H 7.31, N 7.82: found: C 66.75, H
product was purified by silica gel chromatography to give7 54N 7.73.
0.36 g (85%) of12 as a white solid, mp 160-161°C; IR
(neat): 1734, 1676, 1467, 1371, and 1289 tmH-NMR 5 Fyran-2-yIN-prop-2-ynyl-acetamidel@): To a solution
(400 MHz, CDCY) 6: 1.46 (1H, dd,J = 12.8 and 11.6 Hz), containing 0.8 g (6.4 mmol) of furan-2-yl-acetic acity in
2.11 (3H, s), 2.30-2.35 (1H, m), 2.56 (3H, s), 2.69-2.7605 ML of CH,Cl, was added 1.4 g (8.6 mmol) of 1;1
(1H, m), 2.99 (1H, tJ = 12.8 Hz), 4.75 (1H, dd) = 12.8  carhonyidiimidazole. After stirring at room temperature for
and 4.8 Hz), 5.55-5.59 (1H, m), 5.83 (1H, 8= 2.0 Hz), 1.5 h, 0.6 mL (8.7 mmol) of propargylamine was added and
6.20 (1H, d,J = 10.0 Hz), and 6.35 (1H, ddl = 10.0 and  the mixture was stirred for an additional 1 h. The solution
2.0 Hz) ppm; “C-NMR (100 MHz, CDC}) 3: 21.0, 27.2, was concentrated under reduced pressure and the crude
31.9, 45.8, 68.6, 120.0, 127.3, 138.6, 151.0, 165.9, 170-Qproduct was purified by silica gel chromatography to give
and 172.8 ppm. Anal. calcd. for,§1,NO,: C 62.64, H 0 9 g (86%) 0f18 as a white solid, mp 75-76°C; IR (neat)
6.07, N 5.62; found: C 62.52, H 6.09, N 5.54. VE 3286, 1648, 1552, 1424, and 1240 —émlH_NMR
(400 MHz, CDC}) 6: 2.23 (1H, t,J = 2.4 Hz), 3.63 (2H, s),
N-Allyl-2-furan-2-yI-N-methyl-acetamidel6): To a solution ~ 4:02 (2H, ddJ = 2.8 and 2.4 Hz), 6.23 (1H, d,= 2.8 Hz),
of 0.6 g (4.8 mmol) of furan-2-yl-acetic acid@ in 20 mL  9:34-6.36 (1H, m), 6.50 (1H, brs), and 7.38 (1H, s) ppm;
1 .
of CH,CI, was added 1.0 g (6.4 mmol) of Idarbonyl- C-NMR (100 MHz, CDCY) &: 29.1, 35.7, 71.4, 79.2,
diimidazole. After stirring for 1 h at room temperature, 0.7 g 108-4, 110.6, 142.3, 148.2, and 168.4 ppm. Anal. calcd. for
(9.6 mmol) of N-methylallylamine was added and the mix- CoHeNO,: € 66.25, H 5.56, N 8.58; found: C 66.16, H 5.49,
ture was stirred for an additional 1 h. The solution was con-" ©-
centrated under reduced pressure and the crude product w,

purified by silica gel chromatography to yield 0.8 g (94%) of d 2 X
15 as a pale yellow oil which contained a mixture of amide” Selution containing 0.2 g (1.4 mmol) of fura8in 10 mL
rotamers in solution: IR (neaty: 1652, 1477, 1396, and of acetic anhydride was heated at reflux for 24 h. The solu

1147 cnt’; 'H-NMR (400 MHz, CDC) 3: 2.94 (3H, s) and tion was concentrated under reduced pressure and the crude
3.00 (3H ’s) 3.71 (2H, s) and 3.76 (2H .s). 3.97 (éH m) an({)esidue was purified by silica gel chromatography to give
401 (2|_’| r’n). 511-5.24 (2H. m) 5 68-5 79 (1’H m) .24 g (69%) of19 as a pale yellow oil; IR (neat): 1760,
6.19-6.20 (1M, m), 6.31-6.33 (L1, m). and 7.34-7.35.705, 1498, 1367, and 1208 th H-NMR (300 MHz,

(1H, m) ppm;l?:C_NI\'/lR (100 MHz, cbcg) 5 33.5. 33.6, CDCl3) d: 2.32 (3H, s), 2.58 (3H, s), 3.74 (2H, s), 4.92

34.0, 34.9, 50.0, 52.4, 107.4, 110.4, 116.7, 117.2, 132. ;ZLE S), 7-02_‘1%)?“'\(/'1;:’7”;)“7”05 c(gc': Sg_‘iznld07-§$‘27-26
1325, 141.5, 141.6, 148.6, 148.7, 168.3, and 168.7 pprkir: M) ppm; “C-NMR ( z, CDCY 3: 21.0, 27.2,

. . ) 40.8, 45.3, 119.2, 121.2, 127.5, 129.5, 133.5, 149.4, 169.2,
HRMS calcd. for GoHyNO, 179.0946; found: 179.0939.  j70% ™2 b 15590 150 8s D80 Bl e oh5) caled,  for

CyaH1NO,Li (M + Li): 254.1005; found: 254.1006.

—SAcetyI—7—acetoxy-1,4—dihydrd=2isoquino|in—3—one 19):

7-Acetoxy-2methyl-1,7,8a-tetrahydro-Bi-isoquinoline-3-one

(16): A solution containing 0.2 g (1.1 mmol) of furalb in N-[2-(3,4-Dimethoxyphenethyl)]-2-furan-2-yl-acetamid)

10 mL of acetic anhydride was heated at reflux for 20 h. TheTo a solution containing 0.86 g (6.8 mmol) of furan-2-yl-
solution was concentrated under reduced pressure and tlaeetic acid 10) in 25 mL of CH,CIl, was added 1.5 g
crude solid was purified by silica gel chromatography to(9.0 mmol) of 1,1-carbonyldiimidazole. After stirring for
give 0.21 g (83%) ofl6 as a white solid, mp 104-105 °C; 1 h at room temperature, 1.9 g (10.3 mmol) of 3,4-
IR (neat)v: 1730, 1652, 1590, and 1232 th!H-NMR dimethoxyphenethylamine was added and the mixture was
(400 MHz, CDC}) &: 1.38-1.47 (1H, m), 2.10 (3H, s), stirred for an additional 1 h. The solution was concentrated
2.24-2.30 (1H, m), 2.82-2.85 (1H, m), 3.01 (3H, s), 3.26—under reduced pressure and the crude product was purified
3.36 (2H, m), 5.52-5.55 (1H, m), 5.77 (1H, 8= 1.6 Hz), by silica gel chromatography to give 1.7 g (87%)aff as a
6.02 (1H, d,J = 10.0 Hz), and 6.29 (1H, dd] = 10.0 and white solid, mp 78-79°C; IR (neat): 3293, 1648, 1511,
1.6 Hz) ppm;13C-NMR (100 MHz, CDC}) &: 20.9, 31.2, and 1258 cm!; *H-NMR (400 MHz, CDC}) &: 2.72 (3H, t,
31.8,34.2,52.9, 68.6, 119.8, 127.9, 135.3, 145.4, 165.4, an#i= 6.8 Hz), 3.46 (2H, dtJ = 6.8 and 6.0 Hz), 3.57 (2H, s),
170.2 ppm. Anal. calcd. for GH;sNO;: C 65.14, H 6.83, N 3.84 (3H, s), 3.85 (3H, s), 5.85 (1H, brs), 6.15-6.16 (1H, m),
6.33; found: C 65.38, H 6.91, N 6.47. 6.31-6.33 (1H, m), 6.63-6.67 (2H, m), 6.76-6.78 (1H, m),
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and 7.32-7.33 (1H, m) ppmtC-NMR (100 MHz, CDC})  3.66-3.73 (1H, m), 3.86 (3H, s), 3.88 (3H, s), 4.89 (1H, dd,
0:34.9, 36.1, 40.7, 55.6, 55.7, 108.3, 110.6, 111.1, 111.7)J = 4.0 and 1.6 Hz), 6.14 (1H, d,= 5.6 Hz), 6.37 (1H, dd,
120.4, 131.0, 142.2, 147.4, 148.6, 148.8, and 168.3 ppm] = 5.6 and 1.6 Hz), and 6.75-6.81 (3H, m) pp*C-NMR
Anal. calcd. for GgH1gNO,: C 66.42, H 6.62, N 4.84; found: (100 MHz, CDC}) &: 30.3, 33.5, 35.9, 36.0, 50.0, 51.6,
C 66.40, H 6.60, N 4.89. 55.7, 55.8, 78.1, 85.6, 111.1, 111.8, 120.6, 131.4, 137.3,

_ i 137.4, 147.4, 148.7, and 168.6 ppm; Anal. calcd. for
4-[2-(3,4-Dimethoxyphenethyl)]-11-oxa-4-aza-tricyclo[6.24]0 ¢, ;H,.NO,: C 69.28, H 7.04, N 4.25; found: C 69.11, H
undec-9-ene-3,5-dion€1): To a solution containing 0.5 g 7.09 N 4.21.
(2.7 mmol) of amide20 in 15 mL of CH,CIl, was added
1.7 g of powdered molecular sieves (4 A) followed by 0.46 g2-[2-(3,4-Dimethoxyphenethyl)]-7-hydroxy-1,7a,8,8a-tetrahy
(5.1 mmol) of acryloyl chloride and the mixture was stirred dro-2H-isoquinoline-3-one25): To a solution containing
at room temperature for 20 h. The solution was filtered0.24 g (10 mmol) of sodium metal in 25 mL of EtOH was
through a pad of celite and concentrated under reduced preadded 1.0 g (3.0 mmol) of cycloadduz4 at 0 °C. After stir
sure. The crude product was purified by silica gel chromaring for 1 h atroom temperature, 20 mL of water was added
tography to give 0.2 g (35%) d?l as a pale yellow solid, and the solution was extracted with gE,. The organic
mp 170-171°C; IR (neat): 1730, 1680, 1515, and 1365 Tin  layer was dried over MgSf concentrated under reduced
IH-NMR (400 MHz, CDC}) &: 1.74 (1H, dd,J = 12.0 and  pressure, and the crude product was purified by silica gel
4.8 Hz), 2.26-2.32 (1H, m), 2.75-2.78 (3H, m), 3.24 (1H, d,chromatography to give 0.9 g (92%) 86 as a white solid,
J =16.8 Hz), 3.46 (1H, dJ = 16.8 Hz), 3.86 (3H, s), 3.88 mp 137-139°C; IR (neaty: 3348, 1641, 1511, 1478, and
(3H, s), 3.91-4.06 (2H, m), 5.09 (1H, dd, = 4.8 and 1244 cm?* !H-NMR (400 MHz, CDC}) &: 1.21-1.30
2.0 Hz), 5.78 (1H, dJ = 5.6 Hz), 6.56 (1H, dJ = 5.6 Hz), (1H, m), 1.91 (1H, dJ = 6.6 Hz, exchangeable with,D),
and 6.75-6.81 (3H, m) ppmC-NMR (100 MHz, CDC})  2.08-2.13 (1H, m), 2.57-2.60 (1H, m), 2.80-2.85 (2H, m),
0: 28.6, 33.4, 40.5, 41.5, 47.1, 55.7, 55.8, 80.3, 82.1, 111.8.17 (1H, s), 3.20 (1H, dJ = 3.6 Hz), 3.51-3.73 (2H, m),
112.0, 120.9, 130.6, 131.6, 141.7, 147.6, 148.7, 170.0, an8.86 (3H, s), 3.87 (3H, s), 4.41 (1H, dd, = 10.0 and
171.0 ppm; Anal. calcd. for gH,;NOs: C 66.46, H 6.16, N 4.8 Hz), 5.71 (1H, dJ = 1.6 Hz), 6.17 (2H, ddJ = 18.8 and
4.08; found: C 66.39, H 6.14, N 4.06. 10.0 Hz), and 6.76—6.83 (3H, m) ppAYC-NMR (100 MHz,

. i CDCly) &: 31.8, 33.5, 35.4, 49.0, 51.9, 55.6, 55.7, 65.9,

N-Allyl-[2-(3,4-dimethoxyphegthyl)]-2-furan-2-yl-acetamide 111 2 111.9, 118.3, 120.6, 126.0, 131.3, 141.1, 147.4,
(23): To a solution containing 0.2 g (1.7 mmol) of furan-2- 148 7, and 165.8 ppm; Anal. calcd. fofdl,sNO,: C 69.28,

yl-acetic acid 40) in 8 mL of CH,Cl, was added 0.4 g H 7.04, N 4.25; found: C 69.14, H 7.05, N 4.20.
(2.5 mmol) of 1,1-carbonyldiimidazole. After stirring at

room temperature for 1 h, 0.5 g (2.4 mmol) of allyl-[2-(3,4- 7-Benzyloxy-2-[2-(3,4-dimethoxyphenethyl)]-1,7a,8,8a-tetra-
dimethoxyphenethyl)Jamine2R) (34) was added and the hydro-ZH-isoquinolin-3-one Z6): To a 5 mL solution of
mixture was stirred for an additional 2 h. The solution wasTHF was added 0.04 g (1.0 mmol) of NaH (60% dispersion)
concentrated under reduced pressure and the crude prodwehich had been rinsed with hexane. After cooling to 0°C,
was purified by silica gel chromatography to give 0.4 g0.13 g (0.4 mmol) of alcohoP5 in 10 mL of THF was
(77%) of 23 as a clear oil which contained a mixture of am added and the mixture was warmed to room temperature.
ide rotamers in solution; IR (neat): 1651, 1515, 1457, and After stirring for 2 h, 0.24 g of benzyl bromide was added
1260 cn!; 1H-NMR (400 MHz, CDC}) &: 2.74 (2H, t.J=  and the solution was heated at 60°C for 15 h. The reaction
7.2 Hz) and 2.82 (2H, tJ = 7.2 Hz), 3.51-3.56 (2H, m), was cooled to 0°C and 10 mL of water was added slowly.
3.70 (1H, s), 3.82-3.83 (2H, m), 3.84 (3H, s) and 3.85The mixture was extracted with ethyl acetate and the organic
(3H, s), 3.86 (3H, s) and 3.87 (3H, s), 4.02 (1H, d= layer was dried over MgSf£and concentrated under reduced
6.0 Hz), 5.13-5.21 (2H, m), 5.71 (1H, m) and 5.81 (1H, m),pressure. Purification of the crude mixture by silica gel ehro
6.14-6.18 (1H, m), 6.31-6.34 (1H, m), 6.65-6.83 (3H, m),matography gave 0.12 g (83%) &6 as a white solid, mp
and 7.33-7.36 (1H, m) ppm?C-NMR (100 MHz, CDC})  118-119°C; IR (neaty: 1647, 1510, 1453, and 1260 cthn
5: 33.4, 33.5, 33.7, 34.5, 48.0, 48.6, 49.2, 51.1, 55.7, 55.8H-NMR (400 MHz, CDC}) &: 1.25-1.38 (1H, m), 2.14—
55.9, 107.4, 107.5, 110.4, 110.5, 111.1, 111.4, 111.8, 111.2.19 (1H, m), 2.50-2.58 (1H, m), 2.81-2.85 (2H, m), 3.11—
116.6, 117.1, 120.6, 120.7, 130.5, 131.6, 132.7, 133.13.21 (2H, m), 3.52-3.73 (2H, m), 3.85 (3H, s), 3.87 (3H, s),
141.6, 141.7, 147.4, 147.8, 148.7, 148.8, 168.3, and.2l (1H, dd,J = 10.4 and 5.2 Hz), 4.62 (2H, s), 5.74 (1H,
168.7 ppm; Anal. calcd. for gH,3NO,: C 69.28, H 7.04, N d, J = 2.4 Hz), 6.22 (2H, s), 6.75-6.81 (3H, m), and 7.30—
4.17; found: C 68.98, H 7.04, N 4.22. 7.36 (5H, m) ppm;*3C-NMR (100 MHz, CDC}) &: 31.8,

_ . 32.7, 33.7, 49.0, 52.1, 55.7, 55.8, 70.5, 73.2, 111.1, 111.9,
4-[2-(3,4-Dimethoxyphenethyl)]-11-oxa-4-aza-tricyclo[6.2810  119.4, 120.6, 126.9, 127.6, 127.8, 128.4, 131.6, 137.9,

undec-9-en-3-one2fl): A solution containing 0.17 g (5.2 mmol) 146.6, 147.4, 148.8, and 165.2 ppm; Anal. calcd. for
of furan23in 10 mL of xylene was heated at reflux for 20 h. ¢ HoNO,: C 74.44, H 6.97, N 3.34; found: C 74.28, H

The solution was concentrated under reduced pressure a@cfgo, N 3.31.

the crude solid was purified by silica gel chromatography to

give 0.15 g (90%) oR4 as a white solid, mp 119-120°C; IR 7-Benzyloxy-2-[2-(3,4-dimethoxyphenethyl)]-octahydroisoq
(neat) v: 1644, 1513, 1449, and 1154 cip H-NMR uinolin-3-one 27): To a solution of 0.05 g (0.13 mmol) of
(400 MHz, CDCL) o: 1.39-1.44 (2H, m), 1.71-1.75 26 in 8 mL of EtOH was added a slight excess of Raney
(1H, m), 2.79-2.83 (2H, m), 2.92 (1H, d,= 18.8 Hz), 3.15 nickel. After stirring at room temperature for 15 h, the
(1H, d,J = 18.8 Hz), 3.18-3.22 (2H, m), 3.51-3.58 (1H, m), mixture was filtered through Celite with ethyl acetate. The
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solution was concentrated under reduced pressure and the.
crude product was purified by silica gel chromatography to10.

give 0.047 g (85%) oR7 as a clear oil; IR (neaty: 1636,
1511, 1452, and 1264 cth 'H-NMR (400 MHz, CDC}) &:
1.49-1.69 (5H, m), 1.83-1.91 (2H, m), 2.07-2.11 (2H, m),
2.27-2.47 (2H, m), 2.76-2.85 (2H, m), 3.07 (1H, dds

12.0 and 2.8 Hz), 3.33-3.43 (3H, m), 3.68-3.75 (1H, m),13

14.
15.

71.6.

3.84 (3H, s), 3.87 (3H, s), 4.54 (2H, d,= 2.4 Hz), 6.73—
6.77 (3H, m), and 7.25-7.35 (5H, m) ppm3C-NMR
(100 MHz, CDCh) &: 26.3, 26.7, 30.8, 31.4, 32.3, 32.6,
33.1, 49.1, 52.9, 55.7, 55.8, 69.8, 76.1, 111.1, 112.0, 120.
127.3, 127.4, 1283, 131.6, 138.7, 147.4, 148.8, and 168.9 PPY;
HRMS calcd. for GgHaaNO,: 423.2410; found: 423.2397.

10-Benzyloxy-2,3-dimethoxy-5,8,8a,9,10,11,12,12a,13,13a-
decahydro-61-isoquino[3,2-alisoquinoline §): To a solution

of 0.3 g (0.6 mmol) of27 in 10 mL of benzene was added
0.2 g (1.3 mmol) of phosphorous oxychloride. After heating
at reflux for 2 h, the solvent was removed under reduced
pressure and the crude product was taken up in 10 mL of
methanol. To this solution was added 0.05 g (1.3 mmol) of

sodium borohydride and the mixture was stirred for an addi1g,

tional 2 h. The solvent was removed under reduced pressure
and the crude material was purified by silica gel chromatog
raphy to give 0.15 g (52%) @ as a yellow foam; IR (neat)

v: 1601, 1510, and 1270 cy *H-NMR (400 MHz, CDC})
0:1.32-1.45 (1H, m), 1.56-2.04 (9H, m), 2.39 (1H, 3t

11.6 Hz and 3.6 Hz), 2.50-2.57 (2H, m), 2.72 (1H, dd;

11.6 and 1.6 Hz), 2.81-2.85 (1H, m), 3.02-3.11 (2H, m),

3.34-3.42 (1H, m), 3.84 (3H, s), 3.85 (3H, s), 4.55 (2H, dd,20.

J=23.6 and 12.4 Hz), 6.57 (1H, s), 6.68 (1H, s), and 7.24—
7.33 (5H, m) ppm;**C-NMR (100 MHz, CDC}) &: 27.0,
29.4, 295, 32.0, 32.3, 34.3, 35.1, 526 55.7, 55.9, 62.
63.3, 69.3, 78.0, 108.0, 111.3, 127.0, 127.1, 127.3, 128.
130.5, 139.3, 147.0, and 147.1 ppm; HRMS calcd. fo
CyeH33NOg: 408.2539; found: 408.2526.
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