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Abstract—Akylation of xanthopwrpurin (8) by 2-hydroxy-6-methylhtetrahydropyran (éa aad 6b) produced bis-

deoxyverufanin (9). This reaction was first carried out in aqueoss sodium bicarbonate solution. Use of (S)}{-)-
proline in dimethyMormamide gave a quantitative yiold of 9. wnu-ma,wmmxywm

(6 was alkyisted by 2-hydroxytetrabydropyraz (15).

the reaction mixture produced

mm(lnmwua«&ymmuwd(:umm(mmmmm

achieved.

The Cas-anthraquinones isolated from Aspergillus ver-
sicolor (Vuillemin) Tirasboschi coustitute a unique class,
aﬂofthemhmmcomal},ﬁ}-wﬁydroxy-
anthraquinone nucieus’ which is bound through carbon
2 to an alkyl chain with the first carbon oxygenated.t
This O atom is cither part of a hydroxy (averantin),
ketone (norsolorinic acid), ether (1,3,6,8 - tetrahydroxy -
2 - (' - methoxyhexyDanthraquinone), cyclic ether
(avaufm(ﬂ))ucycbckeﬂhm(amﬁn) The

(Scheunl)AC;.polykeMechm:upmdneedbythe
acetate-polymalonate pathway. The first anthraquinone
resulting from the cyclization of this chain would be a
1,3,6,8-tetrabydroxyanthraquinone ii containing an oxi-
dized bearylic position. Biosynthesis of averufin and
amﬂmmﬂhumnumldmvolvenep-
wise modifications of the polyketonic side-chain by
reduction of the CO groups and cychization.

Aneﬂcnentmed:odo(alkyhboaotl&d‘hz‘dmx-
anthraquinone has been previously reported
paper describes the application ol (S)-(—)-pmline
catalyzed alkylation® in the synthesis of (+)-averufanin
(12) and noraverufanin (17) and includes experimental
details of the alkyltion of xanthopurpurin (8) by 2-
hydroxy-6-methylitetrahydropyran (6a and 6b).

Our primary interest was to develop a synthetic ap-
prouchthneouldbemedfouymbuhofmoudlhe
metabolites of Aspergifing versicolor, Such a procedure
would require & method for hydroxyalkylation of 1,3
dihydroxyanthraquinones. In a two step synthesis, Cas-
tonguay and Brassard’® were able to prepare 1,368-
tetramethoxyanthraquinone, a common moiety of all
metabolites, on a 3gram scale. Anthraquinone 3 was
obtained in low yield by treatment of i
zoquinone (I) with keteme dimethyl acetal (2). Total

1This pigment has also boca named avermutin. See Ref. 1.
$The pigment averythrin is counsidered as a dohydration
Mdamuduoxyamnwm

demethyhmdSmnmekeleCllAlClsmnmm
quantitative.”

Numerous preparations of 2-hydroxy-6-methyltetra-
llydmpynn(&andﬁ)requimdforlhelynthemo(
(2)-averufanin 12 have been published.'** However,
most of them involved difficuit multi-step syntheses and
suffered from low overall yield. For example, we were
unable to prepare 6a and 6b by acid hydrolysis of 2-

excess of methylmagnesium iodide to furish the expec-
ted 2-hydroxy-6-methyltetrahydropyran (6a and 6b). Gas
chromatography and 'H NMR spectra show the presence
of the two anomers s and 6b (ratio 3:2).

Alkylation of xanthopurpurin (8) with an excess of
2-hydroxy-6-methyhtetrabydropyran (6a and 6b) in the
presence of two equivalents of (S)<(—)-proline weat to
completion within 15hr. The yellow solid isolated in
quantitative yield by preparative tic was identified as
bis-deoxyaverufanin (9).

Alkylation of carbon 2 is confirmed in "H NMR spec-
trum by the lack of aromatic proton sbsorption below
7.00 ppm and by assignment of the singlet at 7.53 ppm to
the 4-H. Comperison of the mass spectra of 9 and of
(+)-averufanin indicate that both have the same carbon
hckbm.MMnmScbemeZallfnmmobuvd
mﬁemmdho&oxmmtfm(ﬂm
mthcmspecwmof(ﬂ-cvemfamnbmdmusedby
32 units. For the eventual synthesis of (+)-averufanin
(12) it was essential to elucidate the stereochemistry of
the tetrahydropyran ring of anthraquinone 9. 'H NMR
spectrum shows that the 6'-Me absorbed as a doublet
indicating the presence of only one sterecisomer. The

nncbmwuexpectedtoocwpynm
torial rather than axial position.” This was confirmed by
the absorption of the benzylic proton, H-2', as a doublet
of doublet with coupling constants of 10.0 and 2.0 Hz.
The 'H NMR spectrum did not permit elucidation of the
stereochemistry of 6' asymmetric center since the 6-H
absorption was a broad muitiplet centered at 3.72 ppm.
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Synthesis of (+)-averufanin, noraverufanin and bis-deoxyaverufanin

R, O HO

|
@‘O + (6a+6b) —o
R; OH
o)

4 R,=OH

8 R|'H

Methylation of bis-deoxyaverufarin (9) was achieved
with dimethyl sulfate and potassium carbonate in
acetone. Treatment of 9 with one equivalent of dimethyl
sulfate almost the 3-OH. The

selectively
monomethyl ether 10 obtained in 87% yield was con-

taminated by a small amount (6%) of 1,3 - dimethoxy - 2 -

(6’ - methyltetrahydropyran - 2 - ylanthraguinone (11).

Rdnm!wﬂhncmddhﬂhylwlfatefot”hr

yielded 11. The similarities in the *C NMR

(Table 1) of the tetrahydropyran ring of 9 and (+)-

-mwmuo"wwmu
mmwym.idmh

q R|'°H 3
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9 Rl'Rg'Rs 'R. sH

10 R|.Rg 'R; sH, RQ'CH,
" Rl'Rg 'H,Rs'RQ 'CH3

12 R|'°H.Rg 'R; 'R4 sH

13 Rl-OH,Rs 'R"H,Rg' ;;i;

CHj
|4 R,;*OCHy,Rp=H,R5 =R, =CHg

the aldehyde (6a and 6b). Interestingly, such compounds
were not observed when using the (S)(—)-proline
catalyzed alkylation method.
1,3,6,8-Tetrahydroxyanthraquinone (4) has two sites
susceptible to alkyiation, carbon 2 and 7. We recognized
that the time of reaction and the ratio of anthraquinone
to aldehyde would be critical. Consequently, we decided
to study the alkylation of anthraquinone 4 with com-
mercially available 2-hydroxytetrahydropyran (15). When
4 was beated with an excess of the Iactol 15 and two
equivalents of (S){—)-proline for 8.5 hr, we obeerved by
chromatography two alkylation products, 17 and 18 along
with some starting material. The two anthraquinones 17
and 18 were extracted with cthy! acetate and purified by
preparative tic. Beside the preseace of the molecular ion
at 356 the mass spectrum of noraverufanin (17) shows
many fragments (272, 285, 286, 297, 299, 310 and 311)
also found in the mass spectrum of (+)-averufanin, in-
dicating ';ﬁmwdmmwm
ring in Such data are in agreement with
WMMbenmheduMnm
Scheme 2,

(t)-Averufanin (12) was prepared by alkylation of
1,3,6 8-tetrahydroxyanthraquinone (4) with 2-hydroxy-6-

R, O HO
R
——
R; H
I6 Ry=Rg*H

17 R;=OH,Rg=H

18 R.-ou.a,-'ﬂ
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Scheme 2. Mass spectrometry fragmentation of (+ )-averufanin, bis-deoxyaverufasia (9) and noraverufania (I7).

methyltetrahydropyran (6a and 6b). Two oquivaleats of
(S){-)-proline were stirred with 4 and with 0.6 ml of the
Inctol 6a and &b at 50°. No alkylation reaction was found
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Synthesis of (+)-avorcfasia, norsverufania aad bis-dooxyaverufamin 1561
Table 1. 13C chomical shifts (in ppm from TMS) of alkylated anthraquinoues
Compound 16 1 1z [ 12 10 u T 13
Solveat ((Dy),80 1y ((Dy),% OBCly (CD3),80  CBCly cocl, coc1, oo,
c-1 162,10 161,23 (8) 161,50 161,02 161,55(8) 163,25(8)  161,98(S)  161,37(5) 160,68
c-2 119,60 119,05 (8) 120,13 119,27  119,99(8) 122,80(8) 131,69(8) 131,64(5) 120,47
c-3 162,95 163,26 (8) 162,36 163,22  162,28(8) 162,76(8) 162,4A(S) 161,38(5) 163,09
o4 108,48 110,11 () 108,77 110,33  108,78(D) 103,24(B) 105,74(D) 103,05(D) 110,65
c-3 126,62 127,07 (D) 108,77 127,17 108,78(D) 127,02(P) 126,40(D) 102,23(D) 110,65
c-6 134,39 133,82 (D) 165,28 134,00 165,22(5) 133,93(D) 132,90(D) 163,38(3) 163,09
c-7 134,39 133,82 (0) 108,23 134,01 108,13(D) 133,93(D) 134,14(D) 105,48(D) 120,47
c-8 126,30 126,42 (D) 164,26 126,66  164,28(S) 126,83(D) 127,12(D) 161,76(S) 160,68
c-9 186,25 186,91 () 188,86 186,92 188,78(s) 186,87(8) 180,09(S) 180,59(S)  190,96*
€-10 181,46 182,18 (5) 181,15 182,12 181,18(S) 182,29(S) 183,08(S) 183,A7(S) 181,58%
e-11 132,965 133,37%(8) 134,90 133,555 134,91(8) 133,61(8)  132,58(S)  136,29(S} 134,32
12 132,64%  133,37%8) 108,74  133,55° 108,75(5) 133,61(S) 133,45(S) 118,60(S) 109,52%
C-13 108,42 109,44 (8) 108,55 109,67 108,48(3) 111,18(S) 120,39(8) 122,48(S) 109,52%
C-14 133,27 133,40P(8) 133,26 133,615 133,28(5) 134,14(8) 136,03(S)  134,73(S) 134,32
c-2' 73,07 76,51 (D) 72,99 76,36  73,30(D) 72,01(D)  72,59(D)  72,74(D) 76,40
-3 28,84 30,70 (1) 28,80 29,97  28,42(T) 27,53(T)  28,09(T)  28,01(T) 30,09
o4 23,19 22,97 (1) 23,16 23,28 23.42(T)  24.2%(T)  24.18(1)  24,26(T) 23,24
c-s' 25,20 25,69 (1) 25,18 32,79 32,55(T)  32,9M(T)  33,1M(T)  33.IS(T} 33,02
c-6' 68,52 £9.50 (T3 68 S4 75,83  74,69(D) 74,80 (D) 74,67(D)  74,68(D) 75,88
cay - - - 22,08 21,99(Q)  22,31(Q)  22,36(Q)  22,36(Q) 22,03
ociy-1 - - - - - - 63,04(Q)  63,37(Q) -
oca,-3 - - - - - 36,20Q)  36,15(Q)  56,02(Q) -
ocu,~6 - - - - - - - 55,70(Q) -
o8 - - - - - - - 56,4200 -
*Value subject to uncartainty bacause of the unfavorable /N ratio due to low concentration.
hhutnuu assigmment.
€Preparstion of 16 1s described in refersnce 9.
between 3-OH and 1O. Polar solvents like (CD:,SO  Similar effects are observed with 2-C and 13-C. The
prevent such H-bonding but do not affect the strong  1-OMe is forced out of the plame of the anthraquinooe
H-bonding between 1-OH and the carbonyl.'*™ The: nucleus by the bulky adjacent group and the electron
prefesred conformation for the 3-OH is one in which the release by the methoxyl oxygen is significantly
OH group is distal to the C-2 substituent so that 4C reduced.* This steric hindrance explains the upfield shift
sbeorbs at a higher fleid in (CD,),SO than in CDCly. of 1-OMe of |3-dimethoxyaathraquinone from

56.41 ppm to 63.04 ppm.'* The same effects were obser-
ved for (+)averufanin tetramethyl ether (14)."” The
WMWfa(ﬂ.ﬂuﬂhﬁnqh
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2-hydroxy-6-methyltetrahydropyran,
(hydroxyl); 8 (CDCy) 1.06 (3H, 24, ] = 64 H2,
6’-CH,). 1.277-1.94 (6H, m, 3, 4, 5-H)), 3.27-4.27 (I1H, m, 6-H),
477, 5.27 (IH, 24, } = 10.0 He, H-2), 9.90 (1H, 5, 2-OH); m/e 99
o1 (lm). 81 (40%), 65 (%), 57 (&%), 55 (7%), 43 (6%). By
gic-MS, the 2 isomers have the same mass spoctra.

1,3 - Dikydroxy - 2 - (6' - methyltetrahydropyran - ¥ - )
anthraguinone (bis-deoxyaverufanin) (%)

Method A. A sl of ¥ (120mg) in DMF (1 ml) was stiered
under N; with (S){~)-protine (115 mg) sad éa sad 6 (0.5 mi). To
the mixtore w with an ol bath (459 was added asother
portion (0.5 mi) of e and b after 2 hr. The red soln was diluted
mmm 15hr and § was extracted with CH,Ch (4x
50 mi). Preparstive tic (silica gel, benzome-~EtOAC 20: 1, 2 migrs-
uou) afforded 9 (1M g, 100%), m.p. 209-210YCH,Cl-bexane);

s (BOH) 247, 200, 408 am (log ¢ 4.37, 441, 1.78). v, (KBr)
3m(ou).|m(mc-o)num(wc =0)cm™";
8 (CDCly) 1.28 (3R, d, I=6.0Hz, ¢-CH,), 120-220 (6H, m, ¥,
£, S-Hy), 355490 (1H, m, 6-H), 509 (I1H, dd, ] =100 and
20Hz, 2-H), 7.18 (IH, s, 4H), 755783 (3H, m, 6, T-H).
$.00-8.30 (2H, m, 3, 8-H), 9.90 (1H, s, OH-3), 13.75 (IH, s, OH-1).

Method B. Compound 8 (430 mg) was dissolved in NaHCO, aq
(315 mg; 4.5 ml) and treated with és and &b (1.16g) for 23 hr at

m

s Amax (BIOH) 248, 277, 410m (log ¢ 4.39, 446, 3.79)
s Vaan (KBr) 1670 (quinone C = 0), 1625 (chelated C = 0)
cm™; 8 (CDCly) 1.27 (3H, 4, I =6.1 Hy, 6-CH,), 1.36-3.02 (6H,
n.3' 4, 5'-Hy), 343-2.%6 (IH, =, ¢-H), 402 (3H, s, 30CH,),
5.13 (IH, &, J= 114He, J=23Hz, H-2), 738 (1H, s, 4H),
7.70-745 (2H, m, 6, 7-H), 8.17-831 (2H, m, 5, 8-H); sv/e 352 ")

Bmmofﬁohndnk,ﬂ‘lvﬂhB!OAchl
m-..mmnvhmmwmum

A. Casvonguay aad Y. Bmaome

0.36-0.50 with CH,Cl-EtOAc 10:1 fwnished 11 (114 mg, 96%)
m.p. 166167 (acotomo-hexane); A.,, (BtOH) 242, 277, 337 mm
(log ¢ 4.31, 4.57, 3.75) ¥eus (KBr) 160 (quinone C=0) cm™'; 8
(CDCly) 1.24 (3H, 4, I1=70, 6<CH)), 1.10-2.00 (6H, m, ¥, &,
§-Hy), 3.35-3.9 (IH, m, 6-H), 3.98, 4.02 (2 x IH, 23, 1, 3-OCHy),
$.10 (IH, &4, J= 11.0Hz, 20Hy), 767 (IH, 5, 4H), 7.10-785
(2H, m, 6,7-H), 8.11-8.41 (2H, m, 5, $-H); mie 366 (") (3%),
352 (14%), 351 (16%), 309 (47%), 292 (42%), 281 (72%), 279 (&%),
277 (28%), 268 (25%), 267 (25%), 255 (100%), 225 (36%).

13,638 - Tetrakydraxy - 2 - (tetrakydropyran - 2 - yl) antk-
raquinone. (Noraversfanin) (17). Compound 18 (0.2 ml) and (5)-
(~)proline (92 mg) were added to a stirred soln of 4 (34 mg) o
DMF (2.5 ml). The mixture was heated under N, with sn oil bath

at 507, After 8.5 br, tic showed some substrate
left along with a noticeable amount of dialkylation product. The
mixture diluted with water (10ml) was extracted with EtOAc
(5x50nl) mmmwwdmm
was chromatographed by preparative tic (silica gel, beazmne-
BtOAc 100:1, Zmﬁo-).Aﬁnbud(&-mmmd
with EtOAc yielded 18 (Omg, 10%), m.p. 264-265° (CHClr-
BEXAne); pop (KB!} 3140 (OH), 1670 (quimone C=10), 1610
{chelated C = ; ${CDCY) 142-213(12H, m, ¥, 4, S-Hy),
34239 ml.nﬂé’mm-{.&ﬂﬂ.h.l..-uo!k.
'-H equatorial), 5.07 (2H, brond d, J =9 Hz, 2-H axial), 7.28,
7.29 (2H, 2s, 4, 5-H); mie 440 (M*") (100%), 423 (9%), 422 (%),
394 (9%), 381 (10%), 370 (16%), 363 (24%), 309 (26%).

Ma-mwm-oal)mmund
crystallization from MW!T(H&”}.
m.p. 255-262° (scetone-hexanc); r... (KBr) 3480 (OH), 1660
(mhme C=0), 1615 (chelated C = 0) can™!; 8 ((CDy),S0) 1.30-
2.08 (6H, 2m, ¥, 4, 5"-Hy), 2.90-3.75 (1H, m, §-H axial), 4.04 (1H,
d, Jpa = 11.0Hz, 6'H 488 (1H, d, J=103Hy, 7-H
axial), 6.55 (1H, d, ] = 2.3 Hz, 7-H), 7.07 (1H, d, ] = 2.3 Hz, 5-H),
T.11 (1H, s, ¢H), 12.08, 12.55 2H, 2, 1, $-OH).

(1)-Avernfanin (12). A sola of 4 (54 mg) in DMF (2.5 ml) was
treated with (S){~)proline (92 mg) and 6 sad 6 (0.2 m)) at SO*
{extersal temp.). Two more portions of §e and & (0.2 mi each)
were added after 1.5 and 4.0br. The mixture diluted with water
(20 mi} was extracted with BtOAc (8x 20 mi). Removal of the

10%), m.p. 18-190" (CHCL), e (KBr) 3200 (OH), 1675

(quinone C =0}, 1620 (choisted C = 0) can™*; 3 (CDCly) 1.10 (6H,
d, I =7.0Hz, 6-CHy), 1.00-2.00 (12H, m, 3, &, 5-H)), 3.66 H,
m, e'm- 3.16 (23, m, 2.3}‘ 743 (23- 3, 4! 5'm 9~” (28. [ 8 3;
60H), 1291 (2H, 3, 1, 3-OH); s/e 468 (M**) (100%), 450 (2%),
440 (5%), 432 (¥%), 422 (5%), 410 (14%), 408 (12%), 407 (9%), 8
(3%), 393 (8%), 390 (11%), 384 (35%), 377 (11%), 366 (22%), 351
(16%), 337 (19%), 325 (19%), 323 (22%), 313 (15%), 311 (20%), 309
(20%), 299 (14%), 283 (9%).

Extraction of the yellow baad at R, =033 with EtOAc and
crystallization from EtOAc gave 12 (31 mg, £2%), mp. 253-2%9"
(BtOAc); Bt ™ m.p, 252-254%; It m.p. 271% it mp. 258°; v
(KBr) 3490 (OH), 1675 (quinome C = (),
cm™'; 8 (CDW,SO) 1.17 (3H, d, J =58 Hz, 6-CH,), 1.28-2.01
(64, m, 3, 4, 5-H), 296377 (IH, m, 6-H), 491 (1H, d,
J=85Hz, 2-H), 648 (IH, d, ] =23 Hy, 7-H), 6.9 (1H, s, H4),
7.00 (1H, 4, J = 23 Hz, H-5), 1088 (2H, m, 3, 6-OH), 12.00, 12.66
(H, 21, 1, 3-0H).
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