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ABSTRACT: A concise synthesis of erysotramidine (an alkaloid belonging to the erythrina family) was achieved starting with an
inexpensive phenol and amine derivative. The synthesis is based on oxidative phenol dearomatizations mediated by a hypervalent
iodine reagent and includes a novel route to a key indolinone moiety.

erysotramidine

I E rythrina alkaloids' are natural tetracyclic compounds 1 of this note is to illustrate the effectiveness of hypervalent iodine
isolated from wide variety of tropical plants (Figure 1). The reagents in total synthesis of natural products, Figure 2.
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Figure 1. Erythrina alkaloid members.
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structures contain an aza-spiran ring and exhibit hypotensive, _— o . 6
dati d . Isi . 1l lik Oxidative HO MeO
sedative, and anticonvulsive properties as well as curare-like dearomatization 5 NH,
effects.” The compounds may be divided into aromatic structures
such as erysotramidine® 2 and erysotrine® 3 and nonaromatic Figure 2. Retrosynthesis of erysotramidine.

structures such as f-erythroidine 4.* The publication of several
elegant syntheses has generated widespread interest in these
compounds in the scientific community.>®

In this note, we describe a concise preparation of
erysotramidine, an alkaloid belonging to the aromatic erythrina
family, in eight steps.

Our approach employed a hypervalent iodine reagent’ to
promote dearomatization of phenol subunits into advanced
functionalized intermediates. Hypervalent iodine reagents are
often used in synthetic procedures because these environ-
mentally benign and inexpensive reagents reduce the need for
toxic heavy metals. Transformations involving hypervalent
iodine have already demonstrated their remarkable synthetic
utility, as described in the pioneering work of Kita and co-
workers.® Our synthesis involved two oxidative dearomatiza-
tions, a new tandem aza-Michael-rearomatization process to
produce a key indolinone moiety, a Pictet—Spengler cyclization,”’ Received: July 15, 2014
a stereoselective reduction, and an etherification. One objective Published: August 20, 2014

The synthesis began with commercially available phenol § and
amine 6, which were joined through an amide linkage to produce
7 in 84% yield using a reaction promoted by an aluminum salt."’
Amide 7 was treated in methanol with (diacetoxyiodo)-benzene
(DIB) to induce the first oxidative dearomatization, resulting in
the functionalized prochiral dienone 8 in 62% yield. An
interesting aspect of this transformation is its ability to
reconfigure the inert unsaturations of the phenol moiety 7 into
the oxidized intermediate 8, in which the unsaturated bonds are
readily functionalized, Scheme 1.

Treatment of dienone 8 with TMS-OTf followed by BF;-Et,O
led directly to indolinone 10. This transformation took place
through silyl activation of the enone functionality, enabling a 1,4

W ACS Publications  ©2014 American Chemical Society 8481 dx.doi.org/10.1021/j0501583c | J. Org. Chem. 2014, 79, 84818485


pubs.acs.org/joc

The Journal of Organic Chemistry

Scheme 1. First Oxidative Dearomatization Process
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attack via a Michael process to afford the bicyclic intermediate 9,
which was subsequently transformed into the aromatic
compound 10 through further Lewis acid activation of the
methoxy group. The transformation of compound 7 into 10
represents a new two-step route to indolinone derivatives
through the equivalent of a C—H activation mediated by a
hypervalent iodine reagent,'" Scheme 2. The first step of this

PhI(OAc),

MeOH, 2 min
rt, 62%

Selectride primarily produced the undesired diastereomer 14
(9:1 by NMR). Interestingly, and for reasons that are unclear,
only Luche’s conditions resulted in a favorable ratio (2.4:1 by
NMR) of the desired diastereomer 15,'* Scheme 3.

Scheme 3. Formation of the Main Tetracyclic System
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Scheme 2. Second Oxidative Dearomatization Process
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sequence is related to the noteworthy stereoselective process
developed by Wipf and Kim to produce hydroindole cores." It
should be noted that the prochiral dienone 8 obtained during the
first activation could be used in an enantioselective synthesis of
the erythrina alkaloids if the first aza-Michael process was
enantioselectively controlled."® Unfortunately, in our hands, all
asymmetric 1,4-addition attempts failed. At this stage, a second
aromatic activation mediated by bis(trifluoroacetoxy)-
iodobenzene (PIFA) led to a separable mixture of the desired
dienone 11 and a similar byproduct 12 bearing one more
methoxy group in 68% yield, in a favorable ratio (3.5:1) of
compound 11. Formation of compound 12 could be explained
by a first methanol addition, during the oxidative activation, in
ortho position instead of the required para position followed by a
rearomatization process that would lead to an ortho-methoxy
analogue of compound 10 that would be then oxidized into
byproduct 12, Scheme 2.

The main tetracyclic core 13 was obtained under acidic
conditions in 71% yield. The transformation resembled a Pictet—
Spengler rearrangement, which is a popular method of producing
the aza-spiran moiety of the erythrina alkaloids.” The ketone
functionality may be selectively reduced at this point using a
hydride reagent. We had supposed that the bowl-shape generated
by rings A and B would control the stereoselectivity, but
unfortunately hydride reduction using LiBH,, Red-Al, or L-
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If compound 15 represented a potential precursor of
erysotramidine 2, then the stereoselectivity observed during
the reduction process was not good and required optimization.
Consequently, the transformation of compound 13 into the
desired target was improved by delaying the ketone reduction in
order to produce the desired alcohol stereocenter with greater
stereoselectivity at the end of the synthesis. Consequently, the
polyconjugated system appearing in the structure of 2 was first
obtained by treatment of compound 13 with KHMDS, leading to
the flattened structure 16 through an E1cB mechanism in 82%
yield. It should be noted that the conformation of the
polyconjugated scaffold 16 is more conducive to the desired
stereochemistry than its precursor 13, and treatment of 16 with a
hydride provided the desired alcohol with a diastereoselectivity
0f 9:1 by NMR. The synthesis of erysotramidine 2 was concluded
with a mild and quantitative methylation in the presence of Ag,0
and iodomethane in 86% yield overall from compound 16. The
NMR and mass spectrometry data obtained were identical with
the data reported in the literature.” It should be noted that
erysotrine 3, a relative alkaloid of the same family, may be
obtained by further treatment of erysotramidine 2 with AlH; in
80% yield, as previously reported in the literature,'> Scheme 4.

A natural product belonging to the erythrina family was
synthesized from inexpensive starting materials. The synthesis
demonstrated the power and utility of hypervalent iodine
chemistry in total synthesis and highlighted the development of a
novel method for producing indolinone cores.

Scheme 4. Syntheses of Erysotramidine and Erysotrine

1) NaBH,4,CeCly
MeOH, 5 min, -78°C
2) Ag,0, Mel,
85°C, CHCl3

86% overall

KHMDS, THF
-78°C, 1h, 82%

13

AlH3, THF, 1 h
rt, 80%
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B EXPERIMENTAL SECTION

Unless otherwise indicated, 'H and '*C NMR spectra were recorded at
300 and 75 MHz, respectively, in CDCl; solutions. Chemical shifts are
reported in ppm on the & scale. Multiplicities are described as s (singlet),
d (doublet), dd, ddd, etc. (doublet of doublets, doublet of doublets of
doublets, etc.), t (triplet), q (quartet), quin (quintuplet), m (multiplet),
and further qualified as app (apparent), br (broad). Coupling constants,
], are reported in Hz. HRMS were measured in the electrospray (ESI)
mode on a LC-MSD TOF mass analyzer.
N-(3,4-Dimethoxyphenethyl)-2-(4-hydroxyphenyl)-
acetamide (7). To a mixture of 2-(3,4-dimethoxyphenyl)ethanamine 6
(6.16 mmol, 1.04 mL, 2.8 equiv) in anhydrous THF (17 mL, 0.1 M) at 0
°C was added dropwise DIBAL-H in hexane (1.0 M, 6.65 mmol, 6.65
mL, 3.0 equiv). The solution was stirred for 10 min at 0 °C and then was
allowed to warm to room temperature. The mixture was stirred for 1.5 h,
a solution of methyl 2-(4-hydroxyphenyl)acetate 5 (2.2 mmol, 368.2
mg, 1.0 equiv) in THF (S mL) was added, and the mixture was stirred
overnight. The reaction was quenched by addition of 1.0 M HCI, and the
organic layer was washed with brine and ethyl acetate and dried over
sodium sulfate. The crude was purified by flash silica gel chromatog-
raphy (65 — 90% ethyl acetate/hexane) to give 579.5 mg of product 7
(84% yield) as a white solid. mp 156 °C; 'H NMR (300 MHz, DMSO-
dg) 9.25 (br, 1H), 7.97 (br, 1H), 7.04 (d, ] = 7.8 Hz, 2H), 6.86 (d, ] =
8.0 Hz, 1H), 6.80 (s, 1H), 6.70 (d, J = 8.0 Hz, 3H), 3.74 (s, 6H), 3.41 (s,
2H, rotamer), 3.27 (t, ] = 6.9 Hz, 2H), 2.66 (t, ] = 6.9 Hz, 2H); *C NMR
(75 MHz, DMSO-d,) & 170.4, 155.7, 148.4, 147.1, 131.8, 129.7, 126.4,
120.3,114.8,112.4,111.7,55.4, 55.2, 41.5,40.3, 34.5; HRMS (ESI) m/z:
caled for C,gH,,NO, (M + H)*, 316.1543; found, 316.1536.
N-(3,4-Dimethoxyphenethyl)-2-(1-methoxy-4-oxocyclo-
hexa-2,5-dien-1-yl)acetamide (8). To a solution of compound 7
(0.944 mmol, 297.7 mg, 1.0 equiv) in methanol (7.4 mL) at 0 °C was
added a solution of DIB (1.322 mmol, 425.6 mg, 1.4 equiv) in methanol
(2.0 mL). The reaction was stirred for S min and was filtered in silica gel
with 20% MeOH in DCM. The crude was purified by flash silica gel
chromatography (80% ethyl acetate/hexane) to provide a yellow oil
(201.2 mg, 62% yield). "H NMR (300 MHz, CDCl,) 6 6.78 (d, ] = 8.6
Hz, 1H), 6.72 (¢, 2H), 6.67 (d, ] = 10.2 Hz, 2H), 6.40 (t, ] = 6.6 Hz, 1H),
629 (d, ] =10.2 Hz, 2H), 3.84 (s, 3H), 3.82 (s, 3H), 3.52 (q, J = 6.6 Hz,
2H), 3.08 (s, 3H), 2.76 (t, ] = 6.6 Hz, 1H), 2.45 (s, 2H); *C NMR (75
MHz, CDCL,) & 184.3, 167.7, 148.9, 148.3, 147.6, 131.4, 131.0, 120.5,
111.7, 111.1, 72.9, 55.7, 52.9, 49.8, 46.4, 40.3, 34.9; HRMS (ESI) m/z:
caled for C;oH,,NOg (M + H)*, 346.1649; found, 346.1650.
1-(3,4-Dimethoxyphenethyl)-6-hydroxyindolin-2-one (10).
Dienone 8 (0.037 mmol, 12.8 mg, 1.0 equiv) and anhydrous
triethylamine (0.11 mmol, 154 uL, 3.0 equiv) were dissolved in
anhydrous DCM (7.0 mL, 0.2 M). TMSOTY (0.092 mmol, 16.8 uL, 2.5
equiv) was added at 0 °C, and the reaction mixture was allowed to warm
to room temperature. The reaction was followed by TLC until the
starting material disappeared (10 min), and BF;-Et,O was then added
(0.11 mmol, 14.0 uL, 3.0 equiv) during 90 min. An aqueous solution of
ammonium chloride was added, and the organic layer was washed with
brine and dried over sodium sulfate. The product was purified by flash
column chromatography (60% ethyl acetate/hexane) to provide a
yellow oil 10 (7.6 mg, 68% yield). '"H NMR (300 MHz, CDCL,) § 7.05
(d,J=7.8 Hz, 1H), 6.78 (s, 1H), 6.76 (d, ] = 14.6 Hz, 1H), 6.38 (dd, ] =
8.0,2.1 Hz, 1H), 6.47 (d, ] = 2.1 Hz, 1H), 3.86 (t, ] = 8.0 Hz, 1H), 3.85
(s, 3H), 3.83 (s, 3H), 3.43 (s, 3H), 2.89 (t, ] = 8.0 Hz, 2H); '3C NMR
(75 MHz, CDCL,) § 175.8, 156.1, 148.9, 147.7, 145.6, 130.6, 125.0,
1207, 116.0, 112.0, 111.3, 108.3, 97.1, 55.9, 55.8, 41.6, 35.1, 33.1;
HRMS (ESI) m/z: caled for C,gH,oNO, (M + H)*, 314.1387; found,
314.1379.
1-(3,4-Dimethoxyphenethyl)-3a-methoxy-3,3a-dihydro-1H-
indole-2,6-dione (11). To a solution of compound 10 (0.056 mmol,
17.6 mg, 1.0 equiv) in methanol (0.4 mL) at 60 °C was added a solution
of PIFA (0.078 mmol, 33.7 mg, 1.4 equiv) in methanol (0.4 mL). The
reaction was stirred for S min and was filtered on silica gel with 20%
MeOH in DCM. The crude was purified by flash silica gel
chromatography (40% ethyl acetate/hexane) to provide a brown oil
(11.2 mg, 58% yield) of compound 11 and a dark yellow oil (2.0 mg,
10% yield) of compound 12. "H NMR (300 MHz, CDCl;) 5 6.76 (d, ] =
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8.0 Hz, 4H), 6.70 (d, ] = 10.0 Hz, 1H), 6.68 (s, 1H), 6.53 (d, J = 10.0 Hg,
1H), 6.34 (dd, J = 10.0, 1.4 Hz, 1H), 5.78 (d, ] = 1.4 Hz, 1H), 3.90 (m,
1H), 3.82 (s, 3H), 3.80 (s, 3H), 3.52 (m, 1H), 3.35 (dd, J = 8.7, 5.1 Hz,
1H), 2.91 (s, 3H), 2.80 (t, 7.6 Hz, 2H), 2.72 (d, 16.2 Hz, 1H), 2.56 (d,
16.2 Hz, 1H); *C NMR (75 MHz, CDCL,) 5 184.6, 173.1, 158.0, 148.8,
1477, 1369, 133.5, 129.5, 120.5, 111.6, 111.1, 103.9, 72.7, 55.7, 50.9,
42.1, 41.3, 32.6; HRMS (ESI) m/z: caled for C,Hp,NOs (M +
H)*:344.1492; found: 344.1484.
1-(3,4-Dimethoxyphenethyl)-3,3a-dihydro-3a,5-dimethoxy-
1H-indole-2,6-dione (12). 'TH NMR (300 MHz, CDCl,) 5 6.80 (d, ] =
8.0 Hz, 4H), 6.74 (dd, ] = 8.2,2.0 Hz, 1H), 6.69 (d, J = 2.0 Hz, 1H), 6.37
(t,J=2.1Hz, 1H), 5.52 (s, 1H), 3.87 (s, 3H), 3.85 (s, 3H), 3.78 (t, ] = 8.0
Hz, 2H), 3.39 (s, 6H), 3.30 (d, J = 2.1 Hz, 2H), 2.82 (t, 8.0 Hz, 2H); '*C
NMR (75 MHz, CDCl;) § 1914, 172.7, 154.6, 149.0, 148.0, 129.6,
129.3, 128.5, 120.7, 111.8, 111.4, 97.2, 91.9, 55.9, 55.8, 50.2 (*2), 42.0,
32.4, 32.1,; HRMS (ESI) m/z: caled for C,0H,sNNaOg (M + Na)*,
396.1418; found, 396.1419.
(4aS,13bR)-4a,11,12-Trimethoxy-4a,5,8,9-tetrahydro-1H-
indolo[7a,1-alisoquinoline-2,6-dione (13). The compound 11
(0.088 mmol, 30.0 mg, 1.0 equiv) and phosphoric acid 85% (11.1
mL) were stirred at reflux for 3 h. The mixture was poured into a 2 M
NaOH solution, extracted with DCM, washed with water, and dried with
Na,SO,. The residue was then purified by silica gel chromatography
with 100% ethyl acetate to give enone 13 (21.2 mg, 71%) as a brown oil.
"H NMR (300 MHz, CDCL;) 6 7.12 (d, J = 10.5 Hz, 1H), 6.59 (d, ] =
10.5 Hz, 1H), 6.27 (d, ] = 10.6 Hz, 1H), 4.31 (ddd, ] = 13.0, 8.0, 2.2 Hz,
1H), 3.82 (s, 3H), 3.68 (s, 3H), 3.12 (d, ] = 16.2 Hz, 1H), 3.11 (m, 1H),
3.03 (s, 3H), 2.96 (d, ] = 17.2 Hz, 1H), 2.91 (m, 1H), 2.81 (d,] = 17.2
Hz, 1H), 2.70 (d, ] = 16.2 Hz, 1H), 2.69 (m, 1H); *C NMR (75 MHz,
CDCly) 6 195.1, 168.6, 148.2, 148.1, 147.3, 128.5, 126.8, 125.8, 111.7,
108.6, 78.8, 68.5, 55.6, S1.6, S1.4, 41.3, 35.1, 28.0; HRMS (ESI) m/z:
calcd for C;gH,NOg (M + H)":344.1492; found: 344.1487.
(2S,4aS,13bR)-2-Hydroxy-4a,11,12-trimethoxy-4a,5,8,9-tet-
rahydro-1H-indolo[7a,1-a]isoquinolin-6(2H)-one (14). To a
solution of 13 (9 mg, 0.026 mmol, 1.0 equiv) in trifluoroethanol (0.26
mL) at 0 °C was added CeCl;-7H,0 (0.11 mmol, 20 mg, 4.1 equiv) and
then NaBH, (0.110 mmol, 2.1 mg, 4.1 equiv). The solution was allowed
to room temperature, and the reaction was followed by TLC. The
reaction was quenched by a solution of NH,Cl, and the organic layer was
washed with brine and DCM and dried over sodium sulfate. The residue
was then purified by silica gel chromatography (2% MeOH in DCM) to
give the compound 14 (5.2 mg, 58%). '"H NMR (300 MHz, CDCl;) §
7.07 (s, 1H), 6.58 (s, 1H), 6.06 (s, 2H), 4.28 (t, ] = 6.0 Hz, 1H), 4.13
(ddd,J=13.1,6.5,3.3 Hz, 1H), 3.85 (s, 3H), 3.83 (s, 3H), 3.26 (m, 1H),
3.18 (s,3H), 3.05 (m, 1H), 2.69 (d, J = 16.9 Hz, 1H), 2.68 (m, 1H), 2.49
(d,J=16.9 Hz, 1H), 2.34 (dd, ] = 14.3, 5.6 Hz, 1H), 2.19 (dd, ] = 14.3,
5.6 Hz, 1H); *C NMR (75 MHz, CDCl,) § 172.2, 147.9, 146.7, 132.6,
130.0, 129.0, 126.5, 111.4, 77.8, 65.1, 64.2, 55.8, 55.6, 51.5, 43.0, 41.8,
359, 27.3; HRMS (ESI) m/z: caled for C,gH,,NO; (M + H)Y,
346.1649; found, 346.1642.
(2R,4aS,13bR)-2-Hydroxy-4a,11,12-trimethoxy-4a,5,8,9-tet-
rahydro-1H-indolo[7a,1-a]isoquinolin-6(2H)-one (15). Pale yel-
low oil: 2.2 mg, 24%; "H NMR (300 MHz, CDCl,) § 6.83 (s, 1H), 6.64
(s, 1H), 6.11 (dd, J = 10.4, 1.9 Hz, 1H), 6.02 (dt, J = 10.4, 1.9 Hz,
1H),4.39 (br, 1H), 4.13 (m, 1H), 3.86 (s, 3H), 3.78 (s, 3H), 3.40 (m,
1H), 2.98 (s, 3H), 2.90 (m, 2H), 2.85 (d, J = 16.9 Hz, 1H), 2.72 (dd, ] =
16.9, 1.2 Hz, 1H),2.57 (ddd, J = 12.4,5.1,1.2 Hz, 1H), 1.73 (dd, J = 12.4,
10.2 Hz, 1H); '*C NMR (75 MHz, CDCl;) 6 169.7, 148.1, 146.8, 132.1,
130.7, 127.1, 125.6, 111.5, 109.9, 77.7, 66.4, 65.2, 5.9, 55.7, 51.1, 45.1,
41.7, 34.9, 27.4; HRMS (ESI) m/z: caled for C,sH,,NO; (M + H)*,
346.1649; found, 346.1653.
(5)-11,12-Dimethoxy-8,9-dihydro-1H-indolo[7a,1-al-
isoquinoline-2,6-dione (16). To a solution of 15 (0.0273 mmol, 9.4
mg, 1.0 equiv) in anhydrous THF (0.4 mL) at —78 °C was added
KHMDS (0.5 M in toluene, 0.06 mmol, 0.12 mL, 2.2 equiv) dropwise.
The reaction was followed by TLC, and after completion, a solution of
NH,Cl was added. The organic layer was washed with brine and AcOEt
and dried with Na,SO,. The product was purified by silica gel
chromatography (5% MeOH in DCM) to give the compound 16 (7.0
mg, 82%) as ayellow oil. 'H NMR (300 MHz, CDCL;) §7.75 (d, J=10.1
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Hz, 1H), 6.84 (s, 1H), 6.65 (s, 1H), 6.41 (d, ] = 10.1 Hz, 1H), 6.38 (s,
1H),4.21 (ddd, J=11.6,4.9, 1.7 Hz, 1H), 3.83 (s, 3H), 3.73 (s, 3H), 3.39
(m, 1H), 3.27 (d, J = 15.1 Hz, 1H), 3.02 (m, 1H), 2.82 (m, 1H), 2.79 (d,
J = 15.1 Hz, 1H); C NMR (75 MHz, CDCl;) § 195.2, 169.7, 154.7,
148.7, 1472, 138.4, 131.8, 128.0, 125.9, 125.5, 112.4, 107.8, 67.7, 55.9,
55.8, 52.4, 36.9, 27.6; HRMS (ESI) m/z: calcd for C;gH;gNO, (M +
H)*, 312.1230; found, 312.1235.

(2R,13bS)-2-Hydroxy-11,12-dimethoxy-8,9-dihydro-1H-
indolo[7a,1-alisoquinolin-6(2H)-one (17). To a solution of 16
(0.0112 mmol, 3.5 mg, 1.0 equiv) in methanol (0.12 mL) at —78 °C was
added CeCl;-7H,0 (0.046 mmol, 17.1 mg, 4.1 equiv) and then NaBH,,
(0.045 mmol, 1.7 mg, 4.0 equiv). After S min, the reaction was quenched
by aqueous NH,C], and the organic layer was washed with brine and
DCM and dried over sodium sulfate. The residue may be purified by
silica gel chromatography (2% MeOH in chloroform) to afford
compound 17 (3.1 mg, 90%). However, this intermediate was air-
sensitive and was rapidly used for the further transformation. "H NMR
(300 MHz, CDCl,) 6 6.87 (dd, J = 10.1, 2.4 Hz, 1H), 6.79, (s, 1H), 6.71
(s, 1H), 6.30 (d, J = 10.2 Hz, 1H), 6.03 (s, 1H), 4.30 (br, 1H), 3.97 (m,
1H), 3.85 (s, 3H), 3.75 (s, 3H), 3.60 (m, 1H), 3.07 (m, 1H), 2.96 (dd, ] =
15.9, 1.9 Hz, 1H), 2.81 (dd, J = 11.2, 4.4 Hz, 1H), 1.70 (dd, ] = 11.2, 10.4
Hz, 1H); BC NMR (75 MHz, CDCL,) § 170.9, 156.9, 148.5, 147.0,
138.9, 1284, 1264, 123.7, 120.3, 112.1, 108.0, 66.5, 55.9, 45.0, 37.4,
27.0; HRMS (ESI) m/z: caled for C,gH,,NO, (M + H)*, 314.1387;
found, 314.1392.

Erysotramidine (2). To a degassed solution of 17 (0.01 mmol, 3.1
mg, 1.0 equiv) in anhydrous acetonitrile (0.2 mL) were added Ag,O
(0.05 mmol, 11.6 mg, 5.0 equiv) and Mel (0.05 mmol, 3 uL, 5.0 equiv).
The solution was stirred in a sealed tube overnight at reflux in the dark.
The reaction was quenched with water, and the organic layer was washed
with brine and AcOEt and dried with Na,SO,. The residue was purified
by flash column chromatography (5% MeOH in DCM) to provide
erysotramidine 2 (3.4 mg, 95%). "H NMR (300 MHz, CDCl;) & 6.89
(dd,J=10.1,2.2 Hz, 1H), 6.80 (s, 1H), 6.72 (s, 1H), 6.33 (d, ] = 10.1 Hz,
1H), 6.04, (s, 1H), 4.00 (dt, J = 13.2, 7.5 Hz, 1H), 3.86 (s + m, 4H), 3.76
(s, 3H), 3.62 (m, 1H), 3.34 (s, 3H), 3.04 (m, 2H), 2.81 (dd, ] = 11.0, 5.0
Hz, 1H), 1.71 (dd, J = 11.0, 10.1 Hz, 1H); '*C NMR (75 MHz, CDCl,)
5 170.9, 157.0, 148.6, 147.0, 1363, 128.7, 126.5, 124.1, 120.3, 112.2,
108.2, 74.9, 66.3, 56.4, 56.1, 55.9, 41.4, 37.3, 27.0; HRMS (ESI) m/z:
caled for C gH,,NO, (M + H)*, 328.1541; found, 328.1543.
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General experimental procedures and 'H and *C NMR
characterization data. This material is available free of charge
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