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Abstract: Starting from methyl 2-hydroxy-4-methoxy-6-methyl-
benzoate (6) and its regicisomeric dehydrodimers 7-9, readily
available by an oxidative coupling reaction of 6, the naturally occur-
ring coumarins siderin (1), kotanin (2), isokotanin A (3) and deser-
torin C (4) were synthesized in a novel and highly efficient three-
step transformation. In the case of kotanin (2) both atropisomers
were prepared from the pure atropisomers of 7.
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Thebiaryl unitisawidely distributed structure element in
many natural product classes.! However, itschemical syn-
thesis often requires multistep procedures especialy if the
synthesis has to be atropselective. The polyketide-
derived? dehydro-metabolites discussed in this work are
regioisomeric dimers of the trisubstituted coumarin sid-
erin (1). They and their demethyl derivatives are produced
by different Aspergillus species: kotanin (2) was isolated
from A. clavatus, A. niger and A. alliaceus;® isokotanin A
(3) wasfoundin A. alliaceus and its teleomorph Petromy-
ces alliaceus;* and the constitutionally unsymmetric
dimer desertorin C (4) was obtained from Emericella de-
sertorum (Scheme 1).5 The biosynthesis of 2—4 is as-
sumed to proceed through dehydrodimerization of a
monomeric precursor like siderin (1) or its demethyl de-
rivative 5.

For a study on the stereo- and regiosel ective dimerization
of these coumarins in filamentous fungi, an analytical as-
say had to be established. Therefore, a short and simple
chemical access to both the monomeric and the oxidative
coupled coumarins was required. Even though racemic
and atropselective syntheses of these compounds have
been reported in the literature,® these methods include
multistep procedures and were not suitable for our pur-
pose.l® Here we describe a consistent and efficient new
access to the monomeric and dimeric 4,7-dimethoxy cou-
marins 14 (see Scheme 4). Since the biaryl precursors 7—
9 areavailablein asingle step by an unselective oxidative
phenol coupling®! of readily available methyl 2-hydroxy-
4-methoxy-6-methylbenzoate (6), the syntheses of the

Synthesis 2003, No. 12, Print: 02 09 2003. Web: 13 08 2003.
Art 1d.1437-210X,E;2003,0,12,1803,1808,ftx,en; T05603SS.pdf.
DOI: 10.1055/s-2003-41027

© Georg Thieme Verlag Stuttgart - New York

(o]
~
A. niger, O % O 0
A. clavatus,
A. alliaceus 2 .
kotanin (2)
o~ o~
. 2¢ *
AN A. alliaceus N
R
~o o~ Yo

R=H :5
R = Me: siderin (1)

Emericella
desertorum

desertorin C (4)

Scheme 1 Regioisomeric bicoumarins isolated from filamentous
fungi and their putative monomeric precurorsin biosynthesis

three regioi someric bicoumarins 2—4 could be realized ef-
ficiently.

For the transformation of benzoate 6 into 4-hydroxy-
coumarin 12, acetic ester enolate should be added to the
ester moiety followed by acidic hydrolysis and cycliza-
tion. However, neither the conversion of 6 with the lithi-
um enolate of tert-butyl acetate nor treatment of acetate
10 with LDA gave the desired product (Scheme 2).1?
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Scheme 2 Attempted cyclization of 10 to 4-hydroxycoumarin 12
with LDA
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In afurther attempt, we used acetonitrile as an acetic ester
equivalent®® to obtain a compound in 80% yield, which
proved to be the intramolecular cyclization product 11 of
the expected B-keto nitrile (Scheme 3).
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Scheme3 Synthesis and possible tautomers of product 11

The cyclization reaction is described in the literature to
yield both 2-aminochromen-4-ones' like 11 and the tau-
tomeric 2-iminochromen-4-ols (4-hydroxyiminocoumar-
ins) likeimino-11.1°

However, no NMR data were given for the latter. The

HCI (32%) /

(@] (@]
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80% 90%
™ OH ’ o 07 “NH; ’ o

67%

two-proton signal at § = 7.18 in the 'H NMR spectrum of
compound 11 (DMSO-d;) suggests the presence of an
amino group as expected for an aminochromenone. Since
11 crystallized readily from an agueous ethanol solution,
the exclusive existence of this tautomer could also be
proved by X-ray structure analysis (Figure 1).

Figurel Molecular structure of 11

The acidic hydrolysis of 11 was carried out by refluxing
in a methanol-hydrochloric acid mixture to give the pure
4-hydroxycoumarin 12 in 90% yield. After methylation
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Scheme 4  Syntheses of monomeric and dimeric coumarins starting from methyl benzoate 6
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with dimethyl sulfate under standard conditions, siderin
(1) was obtained in 81% yield (Scheme 4).

Encouraged by these results, we adopted this method for
the syntheses of the bicoumarins 2—4 starting from the
corresponding biaryl esters 7-9. The transformation with
the lithium salt of acetonitrile took place as for the mono-
meric compound, albeit in dightly lower yields. For the
acidic hydrolysis of the resulting aminobichromenones
13-15, the reaction time had to be adjusted, since the re-
activity of these compounds decreases from the 6,6-
dimer 14 to the 8,8'-dimer 13. On the other hand, decar-
boxylation products were observed if the reaction time
wastoo long. Because of their low solubility evenin polar
solvents, the 4,4’-dihydroxybicoumarins 16-18 were used
for the next step without further purification. Due to the
low reactivity of the hydroxy group in 16-18, an opti-
mized method described in the literature was adopted for
the final methylation step using dimethyl sulfate, sodium
hydride, and HMPT (Scheme 4).16 Alternatively, these
highly toxic reagents can be avoided by using acid-cata-
lyzed etherification for O-methylation.’

M oreover, both atropisomers of kotanin (2) were prepared
from the pure atropisomers of dimeric ester 71! in 24%
and 10% yield,*® respectively (Scheme 5). P-(+)-Kotanin
(P-2) was obtained from P-(+)-7 and M-(-)-kotanin (M-2)
from the M-(-)-isomer of 7.1°

In summary, we have developed a new, consistent and
highly efficient synthetic access to the naturally occurring
coumarins siderin (1), kotanin (2), isokotanin A (3) and
desertorin C (4) starting from benzoate 6 and its readily
available dehydrodimers 7-9. It is based on a new and
straightforward synthetic approach from 2-hydroxyben-
zoates to 4-hydroxycoumarins. In the case of kotanin (2)

90 -

60 -

30 -

_o OO g O OH
s / O ~ O N
o

both atropisomers were prepared in optically pure form
from the corresponding isomers of biaryl ester 7.

All reagents were used in anaytical grade. Solvents were dried by
standard methods, if necessary. Methyl 2-hydroxy-4-methoxy-6-
methylbenzoate (6)%° and its dimers 7, 8 and 9 were synthesi zed ac-
cording to published procedures.!' Flash column chromatography
was carried out on silica gel 60 (Merck) (particle size 40-60 um).
NMR spectra were recorded on a Bruker AMX 300 spectrometer
operating at 300 MHz (*H) and 75 MHz (*3C). Chemical shifts § are
reported in ppm relative to CHCI; (*H: & = 7.25) and CDCl, (*C:
§=7723) or to DMSO (*H: §=250) and DMSO-d; (*C:
8 = 39.51). GC-MS were recorded on a HP 6890 Series GC System
equipped with a HP 5973 Mass Selective Detector (Hewlett Pack-
ard, capillary column HP-5 MS 30 m:250 pum; Tge
(injector) = 250 °C, Ty (ion source) = 200 °C, time program (ov-
) Tomin=60°C, T3nin=60°C, Tymn=280°C (heating
rate =20 °C:min?), Tigmin=280°C, MS: El, 70 eV). MS and
HRMS (El) were carried out at the Analytical Department, Che-
mische Institute der Universitét Bonn, Germany. Optica rotations
were measured on a Jasco P-1020 polarimeter. CD spectrawere re-
corded on a Jasco 3810 Spectropolarimeter in MeCN. Circular
dichroic absorptions A are reported in cm?-mol—. IR spectra were
recorded on a Nicolet 360 FTIR spectrometer. Melting points were
measured on a Biichi B-540 heating unit.

2-Amino-7-methoxy-5-methyl-4H-chr omen-4-one (11)

Under argon, n-BuLi (2.5 M in hexane, 8.16 mL, 20.4 mmal) was
added dropwise to a solution of anhyd MeCN (1.13 mL, 20.39
mmol) in anhyd THF (50 mL) at —78 °C. After stirring for 45 min
at —78 °C, asolution of methyl 2-hydroxy-4-methoxy-6-methylben-
zoate (6; 1.00 g, 5.10 mmal) in THF (20 mL) was added over a 10
min period. After stirring for 30 min at —78 °C, the reaction mixture
was allowed to warm to r.t. and was stirred for afurther 60 min. The
reddish suspension was hydrolyzed with ag NH,Cl solution (120
mL) and diluted with EtOAc (120 mL). The aqueous |ayer was sep-
arated and extracted with EtOAc (3 x 70 mL). The combined organ-
ic layers were dried (MgSO,) and the solvent was removed at
reduced pressure. The crude product was purified by flash column
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Scheme5 Syntheses of P- and M-kotanin (2) and CD spectra (acetonitrile) (*For reaction conditions, see Scheme 4)

Synthesis 2003, No. 12, 1803—-1808 © Thieme Stuttgart - New York

Downloaded by: Rice University. Copyrighted material.



1806 W. Hiittel et al.

PAPER

chromatography (EtOAc—propan-2-ol, 10:1) and recrystallization
(EtOAC) to give product 11 as colorless needles (833 mg, 80%);
R 0.29; mp 225-226 °C.

IR (KBr): 3347, 3117, 1655, 1616 cm™.

1H NMR: (DMSO-dy): 5 = 2.68 (s, 3 H, CH,), 3.79 (s, 3 H, OCHy),
504 (s, 1 H, CH), 6.62 ('S, 2 H, ArH), 7.18 (s, 2 H, NH,).

3C NMR: (DMSO-dy): § =22.4 (CHj), 55.5 (OCH,), 85.8 (CH),
98,5 (CH), 114.56 (C,), 114.65 (CH), 140.7, 156.3, 160.7, 163.4,
1775 (Cy).

MS (El): m/z (%) = 205 (M*, 100), 164 (M* — C;H,N, 10).
HRMS (El): m/z calcd for Cy;H,;NO;: 205.0739; found: 205.0741.

X-ray Structure Analysis®

C1;H13NO,: colorlesscrystals, crystal dimension 0.15 x 0.30 x 0.40
mm3; M =223.22; monoclinic, space group P2l/c (No. 14),
a=10.6943(3), b =8.1814(3), c = 12.9573(5) A, 5 = 114.006(2)°,
V = 1035.63(7) A3, Z=4, u(Moy,) =0.110 mmL, T =123(2) K,
F(000) = 472. 4804 reflections up to 26, = 50° were measured on
a Nonius KappaCCD diffractometer with Moy, radiation, 1824 of
which were independent and used for all calculations. The structure
was solved by direct methods and refined to F? anisotropically, the
H atoms were refined with ariding model [H(O, N) free]. The final
quality coefficient wR2(F?) for al datawas 0.0884, with a conven-
tional R(F) = 0.0354 for 158 parameters and 4 restraints.

4-Hydr oxy-7-methoxy-5-methyl-2H-chr omen-2-one (12)

2-Amino-7-methoxy-5-methyl-4H-chromen-4-one (11; 500 mg,
2.44 mmol) was dissolved in amixture of MeOH (25 mL) and HCI
(32%, 25 mL) and refluxed for 5 h. From the resulting suspension,
the MeOH was evaporated at reduced pressure and H,O was added
(50 mL). The colorless precipitate was filtered off, washed with dil.
HCI (1%, 30 mL) and air dried at 60 °C to yield the crude product
as a colorless solid (455 mg, 90%), pure enough to be applied for
the next step. For further purification, the crude product was recrys-
tallized from MeOH as colorless needles (68%); mp 289 °C (dec.).

IH NMR: (DM SO-d,): § = 2.60 (s, 3 H, CH,), 3.80 (s, 3H, OCH.,),
5.39 (s, 1 H, CH), 6,69 (d, 1 H, “J= 2.6 Hz, ArH), 6.74 (d, 1 H,
4)=2.6 Hz, ArH), 12.20 (s, 1 H, OH).

13C NMR: (DMSO-dg): 5 = 22.8 (CH,), 55.7 (OCHj), 88.7 (CH),
98.7 (CH), 107.6 (C,), 114.8 (CH), 138.6, 157.0, 161.7, 16128,
168.9 (C,).

MS (El): miz (%) = 206 (M*, 97), 178 (M* — CO, 6), 164 (M* —
C,H,0, 100), 136 (M* — C;H,0,, 24).

4,7-Dimethoxy-5-methyl-2H-chromen-2-one (Siderin, 1)
4-Hydroxy-7-methoxy-5-methyl-2H-chromen-2-one (12; 250 mg,
1.21 mmoal), K,CO; (610 mg, 4.41 mmol) and dimethyl sulfate
(0.32 mL, 3.41 mmol) were suspended in acetone (50 mL) and re-
fluxed for 4 h. The mixture was then diluted with H,O and extracted
with CHCI; (4 x 75 mL). The combined organic layers were dried
(MgSO,) and the solvent was evaporated at reduced pressure. After
purification by flash column chromatography (CHCI,—EtOAc, 10:
1) product 1 was obtained as colorless needles (216 mg, 81%); R
0.45; mp 191 °C.

HNMR: (CDCl,): 8 = 2.56 (s, 3H, CH,), 3.79 (s, 3H, OCH,), 3.89
(s, 3H, OCH,), 5.48 (s, 1 H, CH), 6.55 (d, 1 H, 4] = 2.6 Hz, ArH),
6.60 (d, L H, 4= 2.6 Hz, ArH).

13C NMR: (CDCly): & =23.6 (CHs), 55.7 (OCH,), 56.1 (OCHy),
87.6 (CH), 98.8 (CH), 108.0 (C,), 115.7 (CH), 1386, 156.8, 162.0,
163.3,169.9 (C,).

MS (E): miz (%) = 220 (M*, 100), 205 (M* — CHj, 3), 192 (M*—
CO, 43), 177 (M* — CO, CH, 29).

Synthesis 2003, No. 12, 1803—-1808 © Thieme Stuttgart - New York

2,2’-Diaminobichromenones 13-15; General Procedure

Under argon, n-BuLi was added dropwise to a solution of anhyd
MeCN inanhyd THF at —78 °C. After stirring for 45 min at —78 °C,
the appropriate biaryl orsellinate 7-9, dissolved (suspended in the
case of 7) in THF, was added during 10 min. After stirring for 30
min at =78 °C, the reaction mixture was allowed to warm tor.t. and
stirred for afurther 60 min. The reddish suspension was hydrolyzed
with aq NH,CI solution and diluted with EtOAc. The aqueous layer
was separated and extracted with EtOAc (3 x). The organic layers
were combined and dried (MgSO,). After remova of the solvent,
the crude product was purified by flash column chromatography
(EtOAc—propan-2-ol, 3:1) to yield the product as ayellowish solid.
The product can be recrystallized (MeOH—-EtOAC) to obtain color-
less needles.

(rac)-2,2-Diamino-7,7-dimethoxy-5,5-dimethyl-4H,4’'H-8,8'-
bichromene-4,4'-dione (13)

Compound 13 was obtained from (rac)-dimethyl 2,2’-dihydroxy-
6,6'-dimethoxy-4,4’-dimethyl-1,1’-biphenyl-3,3'-dicarboxylate (7;
100 mg, 0.26 mmal), MeCN (84 mg, 2.05 mmol) and n-BuLi (2.5
M in hexane, 0.82 mL, 2.05 mmol) in THF (15 mL) according to the
general procedure; yield: 79 mg (75%); R; 0.41; mp 335 °C (dec.).

IR (KBr): 3475, 1648, 1619, 1581 cm™.

IH NMR: (DMSO-dg): 3 =2.80(s, 6 H, 2 x CH,), 3.74 (s, 6 H, 2 x
OCH,), 4.98 (s, 2H, 2 x CH), 6.88 (s, 2 H, 2 x ArH), 6.89 (s, 4 H,
2 x NH,).

13C NMR: (DMSO-dy): § = 22.9 (2 x CHj), 55.9 (2 x OCH.), 85.4
(2xCH), 107.0(2x C;), 111.3(2 x CH), 114.8, 140.1, 153.4, 15823,
1633,177.7 (12 x C,).

MS (EI): m/z (%) = 408 (M*, 100), 393 (M* — CH3, 58), 377 (M* —
OCH;, 19).

HRMS (EI): miz calcd for C,oH,oN,O5: 408.1321; found: 408.1330.

(rac)-2,2-Diamino-7,7-dimethoxy-5,5-dimethyl-4H,4'H-6,6'-
bichromene-4,4'-dione (14)

Compound 14 was obtained from (rac)-dimethyl 4,4’-dihydroxy-
6,6'-dimethoxy-2,2'-dimethyl-1,1’-biphenyl-3,3'-dicarboxylate (8;
500 mg, 1.28 mmol), MeCN (468 mg, 11.4 mmol) and n-BuL.i (1.6
M inhexane, 7.13 mL, 11.4 mmol) in THF (60 mL) according to the
general procedure; yield (after recrystallization): 403 mg (77%);
R 0.36; mp 262 °C (dec.).

IR (KBr): 3386, 3152, 1654, 1602, 1547 cm 2.

IH NMR: (DMSO-dg): 8 =2.30(s, 6 H, 2 x CH,), 3.69 (s, 6 H, 2 x
OCH,), 5.07 (s, 2H, 2 x CH), 6.79 (5, 2 H, 2 x ArH), 7.17 (s, 4 H,
2 x NH,).

13C NMR: (DM SO-dy): 8 = 17.4 (2 x CHs), 55.9 (2 x OCHy), 86.1
(2 x CH), 97.0 (2 x CH), 114.4, 123.0, 138.9, 155.8, 158.9, 163.1,
177.8 (14 x C).

MS (EI): m/z (%) = 408 (M*, 30), 393 (M* — CHa, 100), 377 (M* —
OCH;, 26).

(rac)-2,2-Diamino-7,7’-dimethoxy-5,5-dimethyl-4H,4'H-6,8"-
bichromene-4,4’-dione (15)

Compound 15 was obtained from (rac)-dimethyl 2,4’-dihydroxy-
6,6’-dimethoxy-2',4-dimethyl-1,1"-biphenyl-3,3"-dicarboxylate (9;
500 mg, 1.28 mmol), MeCN (468 mg, 11.4 mmol) and n-BuL.i (1.6
M inhexane, 7.13 mL, 11.4 mmol) in THF (60 mL) according to the
general procedure; yield (after recrystallization): 347 mg (66%);
R; 0.38; mp 264 °C (dec.).

IR (KBr): 3386, 3152, 1655, 1604, 1546 cm.

IH NMR: (DMSO-dg): § =2.38 (s, 3 H, CHs), 2.79 (s, 3 H, CH,),
3.70(s,3H, OCH,), 3.72 (s, 3H, OCHs,), 4.96 (s, 1 H, CH), 5.06 (s,
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1H, CH), 6.79 (s, 1 H, ArH), 6.84 (s, 1 H, ArH), 6.86 (s, 2 H, NH,),
7.14 (s, 2 H, NH,).

13C NMR: (DMSO-dy): § = 17.8 (CH,), 22.8 (CHs), 55.85 (OCHy),
55.88 (OCH,), 85.4 (CH), 86.0 (CH), 97.0 (CH), 1105 (C,), 111.0
(CH), 114.5, 114.8, 119.3, 139.4, 140.0, 153.1, 156.0, 157.9, 159.3,
163.0, 1633, 177.64, 177.72 (C,).

MS (El): m/z (%) = 408 (M*, 100), 393 (M* — CH, 21), 377 (M* —
OCHs, 70).

HRMS (El): m/zcalcd for C,H,oN,O: 408.1321; found: 408.1330.

Acidic Hydrolysis of the 2,2’-Diaminobichr omenones 13-15;
General Procedure

The aminochromenone was dissolved in a mixture of MeOH and
32% HCI (1:1) and refluxed for several hours. From the resulting
suspension, the MeOH was evaporated at reduced pressure and H,O
was added. The colorless precipitate was filtered off, washed with
dil. HCI (1%) and air dried at 60 °C to yield acrude product asacol-
orless solid which is pure enough to be used in the next step.

(rac)-4,4-Dihydroxy-7,7’-dimethoxy-5,5"-dimethyl-2H,2'H-8,8'-
bichromene-2,2’-dione (16)
(rac)-2,2’-Diamino-7,7’-dimethoxy-5,5"-dimethyl-4H,4’H-8,8"-bi-
chromene-4,4’-dione (13; 69 mg, 0.16 mmol) wasrefluxed for 13 h
in the hydrolytic mixture (20 mL) according to the genera proce-
dure; yield: 45 mg (67%); mp >350 °C.

IH NMR: (DMSO-d): 8 = 2.75 (s, 6 H, 2 x CH,), 3.75 (s, 6 H, 2 x
OCH,), 5.38(s,2H, 2 x CH), 6.97 (s, 2H, 2 x ArH), 12.27 (s, 2 H,
2 x OH).

13C NMR: (DMSO-dy): 8 = 23.2 (2 x CHy), 56.1 (2 x OCH,), 88.6
(2xCH), 106.4,107.9 (4% C,), 111.2 (2 x CH), 138.6, 153.7, 159.3,
161.6,169.1 (10 x C,).

MS (El): m/z(%) = 410 (M*, 100), 369 (98), 327 (93), 295 (83), 269
(75).

(rac)-4,4-Dihydroxy-7,7’-dimethoxy-5,5-dimethyl-2H,2'H-6,6"-
bichromene-2,2’-dione (17)
(rac)-2,2’-Diamino-7,7’-dimethoxy-5,5"-dimethyl-4H,4’H-6,6"-bi-
chromene-4,4’-dione (14; 100 mg, 0.24 mmol) was refluxed for 3.5
hin the hydrolytic mixture (10 mL) according to the general proce-
dure; yield: 73 mg (73%); mp 206-208 °C.

IH NMR: (DMSO-dg): § = 2.22 (s, 6 H, 2 x CH,), 3.70 (s, 6 H, 2 x
OCH,), 5.47 (s, 2 H, 2 x CH), 6.94 (s, 2 H, 2 x ArH), 12.30 (s, 2 H,
2 x OH).

13C NMR: (DMSO-dy): 8 = 18.2 (2 x CH,), 56.2 (2 x OCHy), 89.1,
97.6 (4 x CH), 107.6, 122.7, 136.8, 156.6, 159.9, 161.7, 169.2
(14%Cp).

(rac)-4,4’-Dihydr oxy-7,7’-dimethoxy-5,5-dimethyl-2H,2'H-6,8'-
bichromene-2,2’-dione (18)
(rac)-2,2’-Diamino-7,7’-dimethoxy-5,5-dimethyl-4H,4’"H-6,8"-bi-
chromene-4,4’-dione (15; 320 mg, 0.78 mmol) was refluxed for 6 h
in the hydrolytic mixture (32 mL) according to the general proce-
dure; yield: 215 mg (67%); mp >350 °C.

IH NMR: (DMSO-dg): § =2.26 (s, 3 H, CHs), 2.74 (s, 3 H, CH,),
3.68 (s, 3H, OCH,), 3.76 (s, 3H, OCH,), 5.40 (s, 1 H, CH), 5.48 (s,
1H, CH), 6.94 (s, 1H, ArH), 6.97 (s, 1 H, ArH), 12.30 (br s, 2 H, 2
x OH).

13C NMR: (DMSO-d,): § = 18.2 (CH,), 23.3 (CHs), 56.07 (OCHy),
56.14 (OCH,), 88.7 (CH), 89.1 (CH), 97.6 (CH), 107.6, 108.0,
1103 (C,), 111.1 (CH), 119.2, 137.1, 1385, 1535, 156.7, 159.0,
160.1, 161.66, 161.71 (C,), 169.2 (2 x C,).

MS (EI): mz (%) = 410 (M*, 100), 382 (45), 368 (90), 351 (94), 295
(69).

O-Methylation of the 4,4’-Dihydr oxybicoumarins 16-18; Gen-
eral Procedure

To a stirred solution of 4,4’-dihydroxybicoumarin in anhyd hexa-
methylphosphoric acid triamide (HMPT) under argon was added
NaH. After the evolution of gas had ceased dimethyl sulfate was
added and stirring was continued for 2 h. The reaction mixture was
diluted with EtOAc (15 mL), washed with2 M HCI (2 x 15mL) and
brine (15 mL). The brine washing was extracted with CHCl; (10
ml). The combined organic layers were dried (MgSO,) and the sol-
vent was evaporated at reduced pressure. The residue was purified
by flash column chromatography (CHCI,—EtOAc, 3:1) to yield the
product as a colorless solid.

44,7, 7-Tetramethoxy-5,5-dimethyl-2H,2’"H-8,8"-bichr omene-
2,2-dione (K otanin) (2)

Racemic Kotanin (2)

Racemic kotanin (2) was obtained from (rac)-16 (55 mg, 0.13
mmol), NaH (60% in oil, 14 mg, 0.33 mmol), dimethyl sulfate (51
mg, 0.40 mmol) and HMPT (0.8 mL) according to the general pro-
cedure; yield: 35 mg (59%); R; 0.31; mp 360 °C (dec.).

H NMR: (CDCly): §=2.70 (s, 6 H, 2 x CHg), 3.79 (s, 6 H, 2 x

OCHj), 3.92 (s, 6 H, 2 x OCH,), 5.50 (s, 2 H, 2 x CH), 6.71 (s, 2 H,
2 x ArH).

13C NMR: (CDCly): § = 24.3 (2 x CHg), 56.1 (2 x OCH3), 56.3 (2 x
OCH,), 87.9 (2 x CH), 107.6, 108.6 (4 x C,), 111.6 (2 x CH), 138.7,
153.7,159.7, 163.3, 170.1 (10 x Cy).

MS (El): miz (%) =438 (M*, 57), 421 (C,,H»O,", 15), 407
(C33H1e0O7", 100).

Atropisomerically pure P-(+)- and M-(-)-kotanin (P-2, M-2) were
obtained from the corresponding isomerically pure biarylic esters
P-(+)-7 and M-(-)-7 in 10% and 24% overall yield, respectively, as
described for the racemic compound.

P-(+)-Kotanin (P-2)

Mp >320°C; [0]p® +27.6 (c=0.4, CHCIy) {Lit.™® [a]p?° +38.4
(c=0.44, CHCI,); Lit.3 [a] p22+40.0 (c = 1.65, CHCI,)}.

CD: X (Ag) = 206 (-55), 215 (—20), 220 (—26), 232 (+7), 238 (+6),
260 (+24), 291 (-17), 322 nm (+32).

MS and NMR spectraidentical to those of racemic 2.
M-(-)-Kotanin (M-2)
Mp >320 °C; [0]p® —37.2 (¢ = 0.3, CHCl,).

CD:  (Ag) = 206 (+79), 215 (+30), 220 (+37), 232 (~10), 238 (-8),
260 (~34), 291 (+23), 322 nm (~46).

MS and NMR spectraidentical to those of racemic 2.

(rac)-4,4',7,7’-T etramethoxy-5,5-dimethyl-2H,2'H-6,6"-bichr o-
mene-2,2-dione (I sokotanin A, 3)

Racemic isokotanin A (3) was obtained from (rac)- 17 (55 mg, 0.13
mmol), NaH (60% in oil, 14 mg, 0.34 mmol), dimethyl sulfate (51
mg, 0.40 mmol) and HMPT (0.8 mL) according to the general pro-
cedure; yield: 35 mg (68%); R; 0.37; mp 321 °C (dec.).

!H NMR (CDCly): =222 (s, 6 H, 2 x CHg), 3.71 (s, 6 H, 2 x
OCH,), 3.93 (s, 6 H, 2 x OCH,), 5.58 (s, 2 H, 2 x CH), 6.77 (s, 2 H,
2 x ArH).

13C NMR: (CDCly): § = 18.9 (2 x CHg), 56.2 (4 x OCHj), 88.1 (2 x
CH), 97.6 (2 x CH), 108.3, 123.6, 137.4, 156.5, 160.3, 163.3, 170.3
(14xC).

MS (El): m/z (%) = 438 (M*, 100), 410 (CH,,0;", 8).
(rac)-4,4',7,7’-T etramethoxy-5,5-dimethyl-2H,2'H-6,8"-bichr o-
mene-2,2-dione (Desertorin C, 4)

a) According to the General Procedure: Racemic desertorin C (4)
was obtained from (rac)-18 (150 mg, 0.37 mmol), NaH (60% in oil,

Synthesis 2003, No. 12, 1803—-1808 © Thieme Stuttgart - New York

Downloaded by: Rice University. Copyrighted material.



1808 W. Hiittel et al.

PAPER

30 mg, 0.73 mmoal), dimethyl sulfate (111 mg, 0.88 mmol) and
HMPT (2 mL) according to the general procedure; yield: 88 mg
(55%); R; 0.34.

b) From 6,8’-Aminobichromenone 15: (rac)-15 (30 mg, 0.07 mmol)
was dissolved in MeOH (2 mL) and HCI (37%, 1 mL) and refluxed
for 4.5 h. The mixture was diluted with MeOH (2 mL) and dimethyl
carbonate (2.7 mL, 32.0 mmol), and acetyl chloride (0.38 mL, 5.4
mmol) was added dropwise. After refluxing for a further 24 h, the
reaction mixture was poured into H,O (30 mL) and extracted with
EtOAc (3 x 15 mL). The combined organic layers were dried
(MgSO,) and the solvent was evaporated under reduced pressure.
The residue was purified by preparative thin layer chromatography
(CHCI;—MeOH-formic acid, 30:2:1) to yield desertorin C (4) as a
colorless solid (11 mg, 34%); R; 0.57; mp 332 °C (dec.).

IH NMR: (CDCl,): 8 = 2.26 (s, 3H, CH,), 2.71 (s, 3H, CH.), 3.68
(s, 3H, OCH,), 3.77 (s, 3H, OCH,), 3.88 (s, 3 H, OCH,), 3.92 (s, 3
H, OCH,), 5.50 (s, 1 H, CH), 5.53 (s, 1 H, CH), 6.70 (s, 1 H, ArH),
6.74 (s, 1 H, ArH).

13C NMR: (CDCly): & = 19.4 (CHa), 24.3 (CHj), 56.09 (OCHy),
56.15 (OCHS), 56.17 (OCH5), 56.21 (OCHS), 87.9 (CH), 88.0 (CH),
97.7 (CH), 108.3, 1086 (C,), 111.3 (CH), 1115, 1195, 137.8,
138.4, 1535, 156.7, 159.4, 160.5, 163.1, 163.4, 169.9, 170.4 (C,).

MS (EI): mz (%) = 438 (M*, 100), 407 (C,3H;40, 23).
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