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Abstract

The synthesis of the polysubstituted 8-oxa-1-azaphenalene lactone 4, which embodies the ABC-
ring system of stephaoxocanidine, a tetracyclic isoquinoline alkaloid recently isolated from the
tubers of Sephania cepharantha Hayata, is reported. Elaboration of 4 was carried out by means
of the camphorsulfonic acid-assisted lactonization of 9, coupled b a titanium(lV) chloride-
mediated aceta cyclization of the resulting lactone 10 to form the tricyclic intermediate 12,
followed by the base-promoted aromatization of the latter to 13 and final benzylic bromination.
Lactone 4 constitutes an advanced key intermediate for the total synthesis of stephaoxocanidine,
the simplest stephaoxocane.
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I ntroduction

The stephaoxocanes constitute a new, small family of isoquinoline akaloids sharing the
tetracyclic stephaoxocane® skeleton (1a). This family, which was independently uncovered
during the past decade by Japanese,' Chinese’ and Braziliar® research groups, has only five
members (Lb-1f), al of which have been isolated from Menispermacese employed in folk
medicine.* The structurally simplest stephaoxocane is stephaoxocanidine (1b), a Sephania
cepharantha Hayata alkaloid which contains a fully unsaturated isoquinoline ring system like
eletefine (Lc), isolated from Cissampelos glaberrima (also known as Cissampelos pareira).
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Other stephaoxocanes such as stephaoxocanine (1d), excentricine (1e) and N-methyl excentricine
(af) display their AB-ring systems in the dihydro- and tetrahydro- states, respectively.
Structurally, the stephaoxocanes are reminiscent of other tetracyclic isoquinoline natural
products, such as the tropoloisoquinolines [for example: grandirubrine (2a) and imerubrine (3b)]
and the azafluoranthenes [for example: rufescine 3a), norrufescine 3b) and imeluteine (3c)].
These are biosynthetically related alkaloids isolated from Menispermacesg including C. Pareira,
which have shown healing properties as well as interesting cytotoxic and antitumor activities.
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We have demonstrated that the cyclization of sulfonamido acetals originally reported by
Jackson and coworkers is a versatile protocol, capable of providing useful intermediates towards
polysubstituted  isoquinolines, tetrahydroisoquinolines and tetahydroprotoberberines.” In
addition, we have recently reported® the synthesis of a tricyclic oxazaphenalene derivative
related to the stephaoxocanes, employing a reaction sequence entailing a Friedel-Crafts acylation
in association with a benzylic functionalization strategy and a Jackson-type toluenesulfonamide
acetal cyclization.®

As part of our ongoing project aimed to the synthesis of stephaoxocanes, we describe here
the elaboration of polysubstituted 8oxa-1-azaphenalen9-one 4 from the previously reported
tricarbonylic compound 5, in turn easily accessible from commercialy available 2,3-
dimethoxytoluene® Tricyclic lactone 4 embodies the ABC-ring system of stephaoxocanidine
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(1b) and constitutes a convenient advanced key intermediate for its total synthesis. The 8-oxa-1-
azaphenalene structure is a new and unprecedented heterocyclic ring system, being this unit
unique to the stephaoxocanes.

Results and Discussion

As shown in Scheme 1, the synthesis commenced with the selective reduction of tricarbonylic
compound 5 to mandelate 6. Sodium cyanoborohydride proved to be a more appropriate
reducing agent than sodium borohydride, which caused partial removal of the acetate, furnishing
the benzylic alcohol in 91% yield. Next, alcohol 6 was smoothly and efficiently transformed into
the related chloride 7 in 82% vyield by reaction with methanesulfonyl chloride, employing
triethylamine as base.® By analogy with similar processes, this transformation most probably
proceeded through chloride ion displacement™® of a transient mesylate,** which was not isolated.

Benzylic chloride 7 was aminated with aminoacetaldehyde dimethyl acetal in a DM SO-
toluene (1:4) solvent mixture,'? to which N-ethy! diisopropylamine was added as HCI scavenger,
furnishing secondary amine 8 in amost quantitative yield. In turn, this was uneventfully
converted into the related sulfonamide (9) with tosyl chloride under forcing conditions,® required
to overcome the steric crowding surrounding the nitrogen atom.

We have previously reported that submission of 9 to Jackson's protocol for 1,2-
dihydroisoquinoline formation (6 N HCI, dioxane, reflux) resulted only in moderate yields of
tetrahydroisoquinoline derivative 10. We have also recently disclosed that N-sulfonyl
tetrahydroisoquinolines bearing a carbonyl substituent at C-1 are capable of undergoing
aromatization of the heterocyclic ring on exposure to KF supported on alumina under microwave
irradiation.®® With these precedents in mind, attempts were made to cyclize 9 under more
efficient, alternative conditions, however, cyclization with HCI in dioxane to which EtOH was
added™ did not yield improved results and reaction of sulfonamido acetal 9 with SnCl, at —40°C
produced only scarce amounts of 10, together with a complex mixture of decomposition
products.

Thus, a stepwise approach towards the desired tricyclic compound was explored, consisting
in the elaboration of lactone 11 as a first step, followed by its subsequent submission to an acetal
cyclization protocol and a final B-ring aromatization. Not unexpectedly, however, initia
attempts to lactonize 9 either by basic hydrolysis (LiOH, THF/H,O and K>,COs, MeOH/H»0)
followed by acidic work-up or by transesterification under basic conditions (K 2COs in MeOH)™
met with failure, probably due to the acidity of the tertiary benzylic proton, which resulted in
oxidative desulfonylation of 9, with loss of para-toluenesulfinic acid and subsequent hydrolysis
of the resulting imine, to yield 5. This side reaction is analogous to one previously reported in a
similar environment.*®

Therefore, we turned our attention to an acid catalyzed lactonization process,'’ which to
our delight provided lactone 11 in 94% yield, when performed with catalytic amounts of
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camphorsulfonic acid (CSA) in dry methanol. With isochroman-3-one 11 in our hands,
exploration of the Lewis acid promoted acetal cyclization was undertaken. However, exposure of
11 to BF3.Et;O during 4 h at —78°C or 15 h at —20°C gave no reaction, while running the
transformation at 0°C resulted in a series of products which decomposed on contact with the
silica gel during the chromatographic purification step.

NaCNBHg, AcOH, H,NCH,CH(OMe),,
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Scheme 1l

On the other hand, when the reaction was carried out with 2 equivalents of SnCl, for 2 h at
—65°C or during 20 min at —30°C, smooth and complete cyclization of 11 to a slightly less polar
compound was observed. Interestingly, only one diastereomer was obtained, to which structure
12 was assigned by analogy with previous work® and taking into account the results of
differential NOE experiments, showing a 2% enhancement of the H-9a signal upon irradiation of
H-3, and the coupling constant values Jyzax-+z= 10.1 Hz and JnoeqH3= 4.8 Hz. Formation of a
single diastereomer is probably due to severe dteric restrictions imposed by the
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isochroman3-one system to the nucleophilic attack of the activated acetal by the aromatic
moiety during the cyclization.®

In spite that tricyclic compound 12 tolerated basic work-up, it proved to be unstable and
readily decomposed upon contact with silica gel; however, pretreatment of the chromatographic
medium with 2% triethylamine in hexane caused efficient in situ transformation of 12 into
oxazaphenalene 13,2 this becoming the preferred method for accessing the isoquinoline.

Aromatization of the nitrogen containing heterocyclic ring may be the driving force of this
transformation which, as shown in Scheme 2, could probably take place through an initial base-
assisted oxidative desulfonylation of 12 entailing loss of para-toluenesulfinic acid to give
intermediate 14, a process favored by the acidity of H-9a. In turn, and after dimination of
methanol, 14 would readily provide compound 13, carrying a fully unsaturated AB ring system.
The overal transformation is somehow reminiscent of the scarcely employed Pictet-Gams
modification of the classical Bischler-Napieralski synthesis, capable of converting b-hydroxy- or
b- methoxy- phenethylamine derivatives into isoquinolines.*®

H+
‘\QMe
MeO '3th MeO X
|© B
N N
MeO 7 Et N) N Meo 7
3 .
MeOH
B 0" ~0 ] 0" ~0
14 13

Scheme 2

The proposal that oxidative desulfonylation precedes the loss of methanol during the
aromatization is supported by the relatively harsh conditions required to transform N-tosyl-1,2-
dihydroisoquinolines into isoquinolines,** compared to the observed ease with which the base-
promoted desulfonylation reaction takes place.

Finally, benzylic bromination of 13 with NBS in refluxing CCl, under the assistance of
AIBN, furnished brominated derivative 4 in moderate but satisfactory yield.?% Interestingly, in
spite that the benzylic bromination of benzyl ethers has been studied in some detail,?* there are
only scarce references to the bromination of lactones carrying a benzylic nethylene attached to
oxygen.?? Compound 4 has different C-7 and C-9 functionalities, suitable for the elaboration of
the remaining oxocane-type D-ring of stephaoxocanidine.
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Conclusion

The synthesis of polysubstituted 8-oxa-1-azaphenalene derivative 4 was successfully and
efficiently achieved in 8 steps and 21% overdl yield from tricarbonylic compound 5. Efficient
synthesis and amination of chloride 7, coupled to lactonization of acetate 9 prior to aceta
cyclization and use of tin(1V) chloride as cyclization promoter proved to be crucial for attaining
good yields of tricyclic product 12, while the unusual base-promoted aromatization of 12 was
fundamental for accessing oxazaphenalene derivative 13 in good yields. Studies employing 4 as
key intermediate for the total synthesis of stephaoxocanidine are under way and will be reported
in duetime.

Experimental Section

General procedures. Melting points were taken on an Ernst Leitz Wetzlar model 350 hot-stage
microscope apparatus and are informed uncorrected. FT-IR spectra were determined with Bruker
IFS 25 or Beckman Acculab 8 spectrophotometers as thin films held between NaCl cells or as
dispersions in KBr disks The *H and **C-NMR spectra were acquired in CDCk employing TMS
as internal standard, with a Bruker AC200-E spectrometer operating at 200.13 and 50.33 MHz,
respectively. DEPT 135 and DEPT 90 experiments aided the interpretation of the fully decoupled
13C NMR spectra. HRMS and microanalytical data were obtained from Kent Electronics (UK),
Atlantic Microlab (USA) and UMYMFOR (Argentina). Reactions were carried out under dry
Nitrogen or Ar atmospheres, employing oven-dried glassware. Commercialy obtained reagents
were used without further purification. Dry THF and toluene were prepared by distillation from
Na benzophenone ketyl; anhydrous DM SO, N-ethyl diisopropylamine and EtsN were accessed
by reflux and distillation from CaH,; CHCk and CH,Cl, were distilled from P.Os and pyridine
was dried over KOH pellets and then distilled; anhydrous solvents were stored in dry Schlenk
bottles. All new compounds gave single spots on TLC plates run in different solvent systems.
Spots were visualized by exposure to UV light (254 and 365 nm), followed by spraying with
ethanolic p-anisaldehyde/sulfuric acid reagent and careful heating. Standard work-up procedures
consisted in diluting the reaction with brine (5— 20 mL) and extracting the products with EtOAc
(3x 20 — 40 mL); the combined organic extracts were washed once with brine, dried over
Na,S04, concentrated under reduced pressure and the respective residues were chromatographed.
Flash column chromatographies were carried out with silica gel 60 H, eluting with hexane-
EtOAc mixtures under positive pressure and employing gradient techniques. Mixtures of EtOAc-
acetone and EtOA c- EtOH were used for the separation of 4 and 13, respectively.

Ethyl{2-[ (acetoxy)methyl]-3,4-dimethoxyphenyl}-(hydr oxy)acetate 6 A solution of keto ester

5 (1001.4 mg, 3.23 mmol) in absolute ethanol (40 mL) was successively treated with glacial
acetic acid (0.184 mL, 3.23 mmol) and sodium cyanoborohydride (223.7 mg, 3.55 mmol), and
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the mixture was stirred overnight at room temperature. The reaction was quenched with 1N
NaOH (5 mL) and submitted to the conventional work-up procedure, providing mandelate 6 (918
mg, 91 %), asan ail; IR (film): 3460, 2980, 2850, 1750, 1740, 1600, 1500, 1460, 1280, 1090 and
810 cmit; *H NMR (d): 1.22 (t, 3 H, J= 7.1, OCH;Me), 1.57 (bs, wi,= 10 Hz, 1 H, OH), 2.07 (s,
3 H, MeCOy), 3.84 (s, 3 H, OMe), 3.86 (s, 3 H, OMe), 4.20 (dg, 2 H, J= 1.0, 7.1, OCH;Me),
5.35 (s, 2 H, ArCH;0), 5.40 (s, 1 H, ArCHOH), 6.92 (d, 1 H, J= 8.6, H-5) and 7.10 (d, 1 H, J=
8.6, H-6); *C NMR (d): 13.88, 20.86, 55.56, 57.60, 61.20, 61.97, 69.77, 112.71, 122.97, 128.03,
130.88, 148.46, 142.65, 170.73 and 173.60. HRMS m/z 312.12118; CisH200; requires
312.12087.

Ethyl {2-[(acetyloxy)methyl]-3,4-dimethoxyphenyl}[N-(2,2-dimethoxyethyl)amino]acetate 8
Triethylamine (1.66 mL, 11.97 mmol) was added to an ice-cooled solution of mandelate 6 (931
mg, 2.99 mmol) in CHxCl, (25 mL) and the resulting solution was treated dropwise with a
freshly prepared solution of methanesulfonyl chloride (0.697 mL, 8.98 mmol) in CH,Cl, (5 mL).
After stirring overnight, the reaction was submitted to the conventional work-up procedure,

furnishing chloride 7 (809 mg, 82 %) as a clear, dightly unstable ail. IR (film): 2982, 2941,

1748, 1735, 1683, 1583, 1497, 1378, 1323, 1288, 1177, 1086 and 978 cmi'; *H NMR (d): 1.26 (t,
3 H,J=7.1, OCH:Me), 2.08 (s, 3H, MeCO,), 3.86 (s, 3H, OMe), 3.87 (s, 3H, OMe), 4.19 (dq,
2H,J=7.1, OCH;Me), 5.29 (d, 1 H, J= 12.2, ArCH,0), 5.37 (d. 1 H, J= 12.2, ArCH,0), 5.66 (s,
1 H, ArCHCI), 6.96 (d, 1 H, J= 8.8, H-5) and 7.38 (d, 1 H, J= 8.8, H-6); 13C NMR (d): 13.79,
20.70, 55.10, 55.60, 57.21, 61.22, 62.29, 112.95, 124.53, 127.90, 128.34, 147.98, 153.11, 168.22
and 170.41. Without delay, chloride 7 was dissolved in a mixture of DMSO (5 mL) and toluene
(20 mL), to which N-ethyl diisopropylamine (3.82 mL, 21.99 mmol) and aminoacetaldehyde
dimethyl acetal (0.798 mL, 7.33 mmol) were successively added. The reaction was warmed to
60°C and stirred overnight until completion. Submission of the mixture to conventional work-up
conditions gave secondary amine 8 (954 mg, 98 %), as a clear oil. IR (film): 3550-2700, 2960,

2840, 1740, 1280, 1090 and 820 cmit; *H NMR (d): 1.20 (t, 3 H, J= 7.1, OCH;Me), 1.92 (bs, 1
H, NH), 2.05 (s, 3 H, MeCO,), 2.59 (dd, 1 H, J= 5.5, 13.0, NCH,), 2.74 (dd, 1 H, J= 5.5, 13.0,

NCHy), 3.34 (s, 3 H, CHOMe), 3.36 (s, 3 H, CHOMe), 3.85 (s, 3 H, OMe), 3.86 (s, 3 H, OMe),
413 (dg, 2 H, J= 1.0, 7.1, OCH;Me), 446 [t, 1 H, J= 55, CH(OMe),], 461 (s, 1 H,
ArCHCO,EY), 5.34 (s, 2 H, ArCH-0), 6.89 (d, 1 H, J= 8.6, H-5) and 7.10 (d, 1 H, J= 8.6, H-6);

3¢ NMR @d): 13.95, 20.86, 48.82, 53.46, 53.73, 55.59, 57.59, 60.76, 60.99, 61.22, 103.72,

112.78, 122.53, 128.38, 130.67, 148.42, 152.23, 170.65 and 172.72; HRMS nvz 399.1904;

C19H29NOg requir&e 399.1893.

Ethyl {2-[(acetyloxy)methyl]- 3,4-dimethoxyphenyl]- {N-(2,2-dimethoxyethyl)- N-(4-methyl
phenyl)sulfonyl]-amino}-acetate 9 Toluene-p-sulfonyl chloride (1133 mg, 5.94 mmol) was
added all at once to a solution of amine 8 (947 mg, 2.38 mmol) in a mixture of dry chloroform
(25 mL) and pyridine (0.862 mL, 10.69 mmol). The reaction was refluxed for 16 h and then it
was submitted to the standard work-up protocol, providing sulfonamide 9 (1064 mg, 81%), as a
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solid mp 88.5-90°C (hexane-EtOAcC); IR (KBr): 2940, 2840, 1740, 1600, 1500, 1460, 1350,
1290, 1170, 1090, 1080, 830 and 670 cmi*; *H NMR (d): 1.14 (t, 3 H, J= 7.2, OCH,Me), 2.11 (s,
3 H, MeCOy), 2.44 (s, 3 H, ArMe), 3.01 (s, 3 H, OMe), 3.21 (s, 3 H, OMe), 3.26 (dd, 1 H, J=
6.9, 15.7, NCHy), 3.49 (dd, 1 H, J= 4.0, 15.7, NCHy), 3.85 (s, 3 H, OMe), 3.86 (s, 3 H, OMe),
3.82-4.10 (m, 3 H, NCH,CH and OCH;Me), 5.13 (d, 1 H, J= 11.9, ArCH;0), 540 (d, 1 H, J=
11.9, ArCH0), 6.07 (s, 1 H, ArCHNTSs), 6.77 (d, 1 H, J= 8.6, H-5), 6.85 (d, 1 H, J= 8.6, H-6),
7.29 (d, 2 H, J= 8.3, ArH of tosyl) and 7.72 (d, 2 H, J= 8.3, ArH of tosyl); *C NMR (d): 13.75,
20.92, 21.94, 47.44, 54.48, 54.93, 55.56, 57.50, 59.97, 61.15, 61.20, 104.37, 111.83, 124.70,
125.91, 127.65, 129.26, 130.41, 135.78, 143.55, 146.91, 153.32, 170.11 and 170.52; Anal. Calcd.
for CosHasNO10S: C, 56.41; H, 6.37; N, 2.53; S, 5.79. Found: C, 56.53; H, 6.34; N, 2.55; S, 5.83.

N-(2,2-dimethoxyethyl)-4-methyl-N-(3-0x0-3,4-dihydr o-7,8-dimethoxy-1H-isochr omen-4-yl)
-benzenesulfonamide 11 A solution of acetate 9 (734 mg, 1.33 mmol) in dry methanol (20 mL)
was treated with camphorsulfonic acid (154.2 mg, 0.66 mmol) and the reaction was stirred at
room temperature until complete disappearance of the starting material (10 h). Then, most of the
solvent was removed under reduced pressure and the residue was submitted to the conventional
work-up procedure, furnishing isochroman3-one 11 (580 mg, 94 %), as a white solid mp 123-
125°C (hexane-EtOAC). IR (KBr): 2940, 2850, 1750, 1610, 1500, 1460, 1320, 1290, 1170, 1060,
1000, 830 and 670 cmi*; *H NMR (d): 2.44 (s, 3 H, ArMe), 3.00 (s, 3H, CHOMe), 3.17 (dd, 1 H,
J=5.7, 15.2, CH,CH), 3.17 (s, 3H, CHOMe), 3.42 (dd, 1 H, J= 4.7, 15.2, CH,CH), 3.66 (s, 3 H,
OMe), 3.67 (s, 3H, OMe), 4.16 (dd, 1 H, J= 4.7, 5.7, CH,CH), 5.33 (d, 1 H, J= 15.6, ArCH,),
5.52 (d, 1 H, J= 15.6, ArCH,), 5.87 (s, 1 H, ArCHCO,), 6.94 (d, 1 H, J= 8.6, H-6), 7.14 (d, 1 H,
J= 8.6, H-5), 7.32 (d, 2 H, J= 8.1, ArH of tosyl) and 7.90 (d, 2 H, J= 8.1, ArH of tosyl); *C
NMR (d): 21.46, 47.29, 53.94, 54.23, 55.78, 56.18, 60.54, 65.93, 103.26, 112.69, 122.30, 122.64,
124.48, 127.88, 129.40, 136.76, 143.64, 151.42 and 167.67. Ana. Calcd. for GH27sNOgS: C,
56.76; H, 5.85; N, 3.01; S, 6.89. Found: C, 56.83; H, 5.80; N, 2.95; S, 6.93.

5,6-dimethoxy-7H,9H-pyrano[3,4,5-ijJisoquinolin-9-one 13 A freshly prepared solution of
SnCly in CH,Cl, (6.5 mL, 2.61 mmol) was added dropwise to sulfonyl acetal 11 (578 mg, 1.24
mmol) was dissolved in dry CH,Cl, (14 mL) and cooled to —30°C. The resulting yellow mixture
was stirred 20 min at —30°C, then it was quenched with saturated NaHCO;3 solution (5 mL) and
subjected to the conventional extractive work-up procedure, affording a crude consisting
essentialy in the unstable sulfonamide 12. *H NMR (d): 2.44 (s, 3 H, ArMe), 2.66 (dd, 1 H, J=
10.1, 13.3, H-24), 3.58 (s, 3 H, CHOMe), 3.86 (s, 3 H, OMe), 3.89 (s, 3H, OMe), 4.14 (dd, 1 H,
J=4.8, 13.3, H2), 439 (dd, 1 H, 3= 4.8, 10.1, H-3), 5.26 (d, 1 H, J= 14.1, H-74), 5.55 (s, 1 H,
H-9a), 5.59 (d, 1 H, J= 14.1, H7ey), 7.12 (s, 1 H, H-4), 7.34 (d, 2 H, J= 8.2, ArH of tosyl) and
7.96 (d, 2 H, J= 82, ArH of tosyl); *C NMR @): 21.45, 43.43, 53.45, 55.88, 57.55, 61.24,
64.25, 73.29, 109.47, 118.50, 124.44, 127.82, 129.53, 132.08, 136.64, 143.86, 144.87, 152.00
and 168.92. Submission of the crude reaction product to chromatography on a silica gel column
pre-treated with 2% EtzsN in hexane, afforded oxazaphenaene lactone 13 (263 mg, 86%), as
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white needles mp 222-223°C (EtOH- EtOAC); IR (KBr): 2950, 2920, 1745, 1630, 1590, 1475,
1380, 1295, 1150, 1065, 980 and 880 ci’; *H NMR (d): 3.98 (s, 3 H, OMe), 4.04 (s, 3 H, OMe),
5.85 (s, 2 H, H7), 7.15 (s, 1 H, H-4), 7.71 (d, 1 H, J= 5.6, H-3) and 8.72 (d, 1 H, J= 5.6, H-2);
13C NMR (@): 55.94, 60.73, 66.57, 104.16, 119.95, 121.64, 122.80, 133.98, 139.18, 144.23,
145.12, 156.12 and 161.24. Anal. Calcd. for Ci3H1NOs: C, 63.67; H, 4.52; N, 5.71. Found: C,
63.63; H, 4.57; N, 5.69

7-Bromo-5,6-dimethoxy-7H,9H-pyrano[ 3,4,5-ij]isoquinolin-9-one 4 To a solution of 13 (16
mg, 0.065 mmol) in CCly (2 mL) were successively added NBS (12.1 mg, 0.068 mmol) and a
0.015 M solution of AIBN (0.2 mL, 0.003 mmol) in CCly, and the resulting mixture was gently
refluxed during 2.5 h. Then, the reaction was submitted to the standard work-up procedure,
providing 4 (10.1 mg, 47%), as a white solid (EtOAc) mp > 300°C (with decomposition). IR
(KBr): 2900, 1730, 1620, 1580, 1480, 1350, 1280, 1190, 1030, 990, 875, 750 and 680 cm*; *H
NMR (d): 3.97 (s, 3H, OMe), 4.03 (s, 3H, OMe), 7.26 (s, 1 H, H-4), 7.49 (s, 1L H, H-7), 7.76 (d,
1H, J= 5.5, H3) and 8.77 (d, 1 H, J= 5.5, H2); *C NMR (d): 56.04, 60.99, 74.80, 85.98,
106.03, 117.35, 122.95, 133.22, 144.19, 155.82 and 174.39. HRMS nvz 322.9797 Ci3H10BrNOy
requires 322.9793.
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