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Abstract: In an attempt to explore a possible approach to 3-aryl-5-hydroxyanthra[1,2-b]furan-6,11-diones 4
via the nitro-derivatives 3, we have unexpectedly obtained, starting from leucogumlzann 1 and various (2-chioro-
2-nitroethenyl)benzenes 2, the hitherto unknown title amhracene-9 10-diones 5, 6 or 7 depending on the reaction
conditions employed.

Molecules exhibiting an anthraquinonoid structure constitute an important class of chemicals. In particular,
anthracene-9,10-dione derivatives have received considerable attention due to their industrial applications (e.g.
textile dyestuffs,l pulping additives,? pigments for reprography,3 organic dyes for liquid-crystal display
devices," materials for optical data storage, 5...) or their biological properties and the ensuing pharmaceutical
potentialities. In this connection, the 9,10-anthraquinone molecular skeleton has given rise to numerous
products which have been successfully evaluated in various fields (e.g. for their antibacterial,’ antifungal,7
antimalarial ® laxative,” spasmolytic,10 or anti-HIV"! properties). However, most efforts have been directed
towards syntheses of anthracene-9,10-dione-based antitumor antibiotics,”” and several anticancer drugs
belonging to this series are widely used in the treatment of neoplastic diseases.'?#1

In this context, and in the course of our continued interest in the utilization of (2-chloro-2-nitroethenyl)benzenes
2 as building blocks in synthesis, 1 we have investigated the reaction of these B-chloro-B-nitrostyrenes 2 with
2,3-dihydro-9,10-dihydroxyanthracene-1,4-dione (leucoquinizarin) 1. This work was undertaken with the aim
of performing a novel approach to 3-aryl-5-hydroxyanthra[1,2-b]furan-6,11-diones 4. The devised route
involved the preliminary formation of 3-aryl-2,3-dihydro-2-nitro-5,6,11-trihydroxyanthra[1,2-b]furans 3, the
further denitration of which, followed by oxidation, would have given the anticipated furoanthraquinones 4.
Unexpectedly, however, the attempted base-promoted reactions between the above-mentioned reagents failed to
yield any heterocyclic compound, but gave the so far unknown 2-substituted-anthracene-9,10-diones §, 6 or 7
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depending on the reaction conditions and relative amounts of base involved. Thus, as depicted in scheme 1,
under inert atmosphere, using anhydrous and previously swept free of air tetrahydrofuran as solvent, we have
found that :

1) In the presence of a slight excess of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU), at room temperature, the
reaction of Z-(2-chloro-2-nitroethenyl)benzenes 2a-g provides the 2-(1-aryl-2-nitroethyl)- 1,4-dihydroxy-
anthracene-9,10-diones Sa-g (table 1), whereas the treatment of the B-chloro-B-nitrostyrenes 2h-j (bearing a
nitro group on the aromatic ring) gives mainly the methylidene derivatives 6h-j. Nevertheless, the use of
potassium fluoride (instead of DBU) enabled us to obtain the pure dinitro compound §j although, in the cases of
5h and 5i, the products remain contaminated with variable quantities of unreacted leucoquinizarin in spite of
repeated chromatographies.

2) For all the considered examples, the use of a larger amount of DBU results in the formation of the
denitrated 2-(1-arylethenyl)-1,4-dihydroxyanthracene-9,10-diones 6a-j when the reaction is performed at 20°C
(Table 2).

3) In the presence of a same excess of DBU, a prolonged refluxing of the reaction medium affords the
2-(1-arylethyl)-1,4-dihydroxyanthracene-9,10-diones 7a-g if the condensation is carried out starting from the
B-chloro-B-nitrostyrenes 2a-g (table 3), but produces complex and untractable mixtures when the dinitro
compounds 2h-j are involved. In these last instances, only quinizarin could be isolated in the reaction residues,
and characterized.
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Furthermore, we have checked, in the case of 5b selected as a representative of its class of products, that the
conversion of the nitro-derivatives 5§ into the arylethyl products 6 is achievable by treatment with potassium
carbonate in boiling butanone or with an excess of DBU in tetrahydrofuran at room temperature. Such base-
catalysed eliminations of a nitro group are greatly facilitated by the lability of the benzylic proton.ls

We have also established that, under argon atmosphere, when treated with an equimolecular amount of DBU
in dry, oxygen-free tetrahydrofuran, at room temperature, the leucoquinizarin 1 is completely converted, after
four hours, to give 49% of pure isolated 1,4-dihydroxyanthracene-9,10-dione (quinizarin) and uncharacterized
very polar material. Such a side-reaction could be responsible for the rather low yields obtained, even if (as
practised in the present work) the syntheses are carried out with an excess of leucoquinizarin 1.

DBU has been selected to promote these reactions after we had ascertained that other bases such as
tricthylamine, pyridine, 2,6-lutidine, sodium amide, 1,5-diazabicyclo[4.3.0]non-5-ene (DBN) or 1,4-
diazabicyclo[2.2.2]octane (DABCO) lead to lower yields or no reaction at all under various conditions.

A proposed mechanism to account for the formation of the anthraquinone derivatives § and 6 is reported in
scheme 2. With regard to the methyl compounds 7, Their obtaining is all the more difficult to explain since we
have checked that neither the nitro derivatives 5, nor the methylidene derivatives 6 give products 7 when treated
with DBU in refluxing THF. However, hypotheses involving a disproportionation process (the yields in
compounds 7 never overstep 50%) or a single electron transfer mechanism implicating one of the reaction
intermediates (such a possibility could be related to previous works devoted to replacement of nitro groups by
hydrogen'®) cannot be completely discarded.
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The reactions described herein are related to the Marschalk alkylation.'” In particular, enolate reactions of
leucoquinizarin with Michael type acceptors have been reported.'®

The spectral data for compounds §, 6 and 7 are reported in tables 4, 5 and 6, respectively. Such substituted
1,4-anthracene-9,10-diones can be regarded as novel intermediates to provide access to biologically attractive
derivatives related to anthracyclines, and several encouraging attempts in this field are currently in progress.



"0081T-11T 1e 98ueyo sidonopy
"De9L1-TLI 18 93ueyd owdonofy 0
"DeSLI-OLI 8 98ueyd rdonony
*Z uo paseq npaid amd AjresnAreus jo piarx .
“uuwziumboonay
PIIOBAIIM LM PIIBUIITENI0D SKBMIE 124 AU} 95TE30q PITEIOSY 123q 10U 9wy stonpoid amd ¢ { PUE 1§ SIATIRALD OIUIP 0} PIUBE YIA |

D. DAUZONNE and S. FOURIS

8868

(Lz9) @8ze) (1019) Wvep) (auszuag/jouedoid-7)
S¥'9 sT€ €8°09 BoiNTTHED £VT-THT 182 fs
(ee) s1rv)  (50'99) @e61v) (suazuaq/iouedoid-7)
vE'E 60v  L8'SY Lont'uto ST 09 8¢
(s0¢) (960  (£9°S9) W'619) (suazuaq/jowredord-7)
ve'E 60y L3'S9 LoNtuED 802-90T 187 Is
(67°¢) Loy) (659 W6ip) (suszuaq/jouedaid-7)
vE'E 60y L8'S9 Lont'u®D 081-8L1 0s g
(€z¢) Us® (6779 (C¥%47) (suazuag/jouedoxd-7)
0€'€ €€°€ SE'T9 oNI'H®D pCITIIT €€ PS
(1¢¢) €re)  (W79) 8€zp) (suazuaq/jouredoad-7)
0g'e €€ SET9 2ONID""H®D LE81-081 137 2§
(s1°¢e) Tee)  eTo (8°€TY) (auszuaq/jouredord-7)
0€'€ £€°€ S€'79 SoNID"'H%D 081-6L1 0s qs
(st°€) Lg€)  (86'L9) (¥°68¢€) (suszuaq/fiouredoud-7)
09°¢ 88°€ L8'L9 ON*TH®D 012-60T Ss v
N H o) (wuaajos
(punoy) / parenore) (ySrom Jenadiou) UOnBZIEISAIIA)
(%) stshreuy E[NULIO} JEMAI[OW (Do) tur0d Sunaux (%) PRPIX punodwo)

o Poredaud fg pue 3-8g spunodwio) :[3Iq8L



8869

Novel anthracene-9,10-dione derivatives

*Z uo paseq 1onpoad ad LjreonAreue jo pro1x e

(s9€) (e (0T'89) (¥'L8€) (3uszu3q/oULXAYO[OAD)
79°€ 8€°€ 7789 oNE %D 881-981 62 fo
ore)  (0s€)  (92'89) (#'L8€) (au92U/5UBXIYO[IAD)
79°€ 8€'€ 7789 SoN'H%D S0T-H0T 9 19
(€8€)  (Lge)  (6€89) (¥'L8€) (auZU3G/oUBXIYO[IAD)
9°¢ 8€°E 7789 oNt'H%D 167052 Y44 49
- 61'v)  (€TYL) WeLe) (au9zuaq/2uExY0[dAd)
- €€y 61'vL o3l e EP1-TY1 € 89
- @y  (66'€L) #'TLE) (suazuaq/ouexayo]o4d)
- €€y 61'vL 50°'u%D 0£1-821 oy 19
- (€ey)  (e6'cL) 'TLE) (suazuaq/ouexayoLd)
- €€y 61vL o3¢ e 0L1-891 9z 29
- or€)  (60°0L) (8'9LE) (1ouedoxd-7)
- 8h'E €1°0L Yo% OVI-LET €€ P9
- (8se)  (900L) (8'9L¢) (suazuaq/ourexay)
- 8v'€ €10L Yo%) 1ST-6v1 9¢ 29
- w9e) (ovou (8'9L€) (su9zuaq/aUeXaYO[oA2)
- 8p'E €1°0L Yontu%o T81-8LI 8¢ a9
- Wty L &ve) (suazuaqfrouedoxd-7)
- 487 8T°LL Yo''H%o 0ST-6v1 43 89
N H o) (udajos
(punoy) / parernoe) (1yBram re[noajouw) uonezieIsK15I)
(%) stsheuy ¥[OULIO} JMOAOI (Do) tutod Sunpsuw (%) PRIX punodwo)

‘paredaxd (-e9 spunodwo)) :zajqeL,



D. DAUZONNE and S. FOURIS

8870

*PAIRIOSI U23q 19A3U 9ARY [-y £ s1onpoid Surpuodsarnios aip pue samyxmu xa1dwos 03 pesy suonseds oy ¢ [-yz woy Sunrelg e

*Z uo paseq 1onpoad amd A[resnAeue Jo Iy q

8Ly) (85°€L) rLe) (suexay)

8y 6LEL So¥'ut L91-991 o€ 8,
(/37 (15°€L) FyLe) (suexay)

3% 6LEL So8'HED 9EI-HEl €€ i
WLy (10'L) WvLe) (suexayo[dko/auexay)

8y 6LEL 0¥t L91-991 182 L
(€66 (86'69) (8'8L€) (suexay)

66'€ 9L'69 YopS'H 6S1-LST LE PL
(€0'p) (€5°69) (8'8L¢) (suazuaq/euexay)

66'€ 9L'69 Yo YD 102-00Z 6€ 2L
0ov) (c0'0L) (8'8L£) (suszuaq/jouedord-z)

66'€ 9169 Yo 'H%D ELI-TLT ov q
99'%) (€S'9L) #'ve) (suexay)

89y €8'9L Yo' 1D 6L1-8LI LE 8L

H Qo (JudAj0S
(punoy) / paremore) (ySrom remaojour) uonezyeISA15a1)

(%) sishreuy B[OULIO} JE[MIS[O (Do) wutod 3unpow (%) PPIA punodwo)

a.vo.an_pa 8-ezspunodmio) :gajqe L



8871

Novel anthracene-9,10-dione derivatives

*("HN / uoDeZIuOl [eoTWISY) 3§ 103 140X (A3(L) 1oedur uondfg

Ip-OSING U POULIOpIJ

q
e

A_Aou.n_ Qi s[qeadueydxa ‘HI ‘s '1q) 97'E1 {(O°q P
s[qeasueyoxs ‘HI ‘STIq) LLZT {(H6 W) LE'S-€Y'L (HE W) L6S-LTS

(0°a wm dqealueyox ‘HI ‘s) 09°€1 H(O°A
yum ojqeaiueyoxs ‘Hi ‘s) $8°Z1 (HZ ‘W) €6°8-L7°8 (HT ‘W) 00'8-TL'L
(HS'W) Ly'L-€8'9 (L = [ “HI ) €9°C “(HT ‘W) LE'S-88% ‘(HE S) S8'€E

(0" i s[qesdueyoxa
‘HI ‘S) 09°€1 “(0°A Yy 3[qeadueyoxa ‘HI ‘) €871 (HT ‘W) $6'8-€T'8
(HT ‘W) 86°L-0L'L ‘(HS ‘W) 84°L-8L'9 *(HE ‘W) TS'S-€8'% ‘(HE ‘S) Z8'E

(O°Q Yy J1qeaSueyoxa “HJ ‘S) ¥S°E1
4O°a yum d1qeadueyoxs ‘Hi ‘s) 8L°71 {(HT ‘@) 81'8-07°8 {(HT ‘W) 00'8
-89°L {(Hp ‘W) €p°L-SL'9 ((HI ‘S) ST'L {(HE ‘W) Lp'S-8LY (HE 'S) 8L'C

(0°Q yim d[qeasueyOXa ‘HI *S) T9'ET (O'A
yum s[qeadueyoxa ‘HI ‘s) 1871 “(HT ‘W) €6°8-7¢'8 (HC ‘W) 86'L-0L'L
‘(HY ‘W) 09°L-TTL (HI *S) €0°L (L = [ “HI ) T8'S (HT ‘W) 0€'S-€8¥

(O° @ P Sqeadueydxe
‘HIT ) L€ H(O°a ymm o[qeaSueyoxa ‘HI ‘s) Z8°TT {(HZ ‘W) LL'8-81'8
(HT ‘W) §6°L-L9°L ‘(HY ‘W) SH'L-TT'L “(HI ‘S) €1°L ‘(HE ‘W) Ly'G-T8P
(O°A Y s1qeaBueyoxs
‘HI ‘) 86°€T Y(O°A I 9[qeaSueydxa ‘HI “s) 08°Z1 {(HT ‘W) SH'8-81°8
(HT ‘W) 66°L-89°L ‘(Hy ‘W) €4°L-81°L “(HI ) TI'L “(HE ‘W) Ly'S-LL'Y
(O°d ym s[qeasueyoxa

‘HI ‘S) LS'ET H(O°a M S[qeaduryoxs ‘HY *s) 08°C1 ((HT ‘W) €4'8-91°8
(HT W) €6°L-89°L “(HS W) Ly"L-TTL “(HI *S) SU'L *(HE ‘W) 8y°S-8L'Y

(read 9swq) € “LL ‘16 ‘9TT ‘TYT ‘00€
‘8TE “THE ‘9SE ‘0LE ‘88E ‘(LW ¥EY

LL ‘(read aseq) €8
‘G8 L8 ‘16 ‘SOT “6L1 ‘€1T ‘€ST ‘LTE
‘I¥€ ‘THE ‘SS€ ‘TLE ‘ELE ‘(LW 61¢

(read aseq) ¢
‘LL ‘€8 “S8 ‘16 “SOT ‘6Z1 ‘6¥1 ‘SLI
€17 ‘6S€ ‘0S¢ ‘8¢ ‘€LE ‘(LW 61¥

sel
‘(read aseq) QST ‘691 L61 ‘0T “ELE
‘e8¢ ‘CHW) 0¥ ‘("HN + WD Lev

£y ‘(yead aseq)LL ‘101201
‘SOT ‘€11 ‘8TI ‘TST ‘€1T ‘97T ‘6£T
‘IpE ‘9LE ‘8LE ‘(.. WD £T¥ PUR GTH

£ ‘LL ‘0Cread aseq) €8 ‘C8 ‘70T ‘6€T
‘0PT ‘€1€ “I¥E ‘8SE ‘09€ ‘OLE ‘LLE
8L€ ‘6L€ ‘LOY ‘(W) €TY Pue STP

LL “€8 ‘S8 “TOI ‘9ZT ‘6£T ‘OVT ‘¥TE
‘LTE ‘THE ‘8SE ‘09E ‘OLE ‘LLE ‘8LE
‘6LE ‘(.. “Yead aseq) €7y pue CTP

€ ‘L ‘(read aseq) ¢8
‘S8 ‘6ET ‘OVT'L6T VTS “STE ‘OVE
V€ “THE ‘€vE ‘sSEeLE ‘(N 68€

L7291

9791

L2791

9791

Lo91

8791

L791

L1091

rs

3g

Is

ag

143

g

qs

D rQ
AAN-H:

zyu
+SW

() O=A
Al

punodwio)

s pue 3-wvg punodwod Jo eiep [endcedsg :p Jjqer



D. DAUZONNE and S. FOURIS

8872

(A30L) 1oedun uondald

O Y 31qeadueydoxd ‘HI °S) L6'E1

{O*a yua 9[qeadueqoxa ‘HI ‘) L0'€T1 {(HT ‘W) 0$°8-€T°8 {(HT ‘W) 06'L
-TLL (Hy ‘w) O1'8-TH'L “(HT ‘S) O1°L {(HI ‘S "1q) 81°9 “(HI ‘S '3q) €L'S
(0" P 3[qeadueyoxs ‘HI ‘s) €61

(0°q yum d1qeasueyoxd ‘HI *s) 0T'E€T (HT ‘W) 76'8-0€°8 {(HT ‘W) 67'8
-01'8 (HT ‘w) 00'8-08"L {(HE W) TLL-ST'L “(HI ‘S) €6'C {(HI S) OL'S
(0°d yim 9qeaSueyoxa ‘Hi ‘s) ST'ET Q7 Y djqealurgoxo

‘HI ‘S) 16'CT “(HT ‘W) v1'8-0¢°8 (HT ‘W) ST'8-€1'8 {(HT'W) Z6'L-08'L
(HT ‘W) €6°L-+'L ((HT S) 9L (T =1 ‘HI ‘P) L6S (T =( ‘HI ‘P) £L'S
(0" yim 91qeaBueydxa ‘Y *S) €9°€T H(0°Q P dqueasueyoxa ‘HI ‘)
€8°C1 ((HT ‘W) SH'8-L1°8 {(HT ‘W) £6°L-€9°L (HE ‘W) Lp'L-TT L (HT W)
O1°L-SL'9 (ST = [ ‘HI ‘P) €6'S «S'T = [ ‘HI ‘P) LL'S (HE ‘S) S9°€
(0" P S[qeadueydxa ‘HI ‘s) 0¢"E1 (0°A P djqeosueyoxs

‘HI ‘s) L8°TT “(HT ‘W) Lp'8-81'8 ‘(HT ‘W) €6'L-€9'L ‘(HT ‘W) €L
-0T'L (HE'®W) TO'L-EL'9 “(HI ‘S) 78S “(HI s) ¢S (HE *S) SLE
(O°Q Y 2[qeasueyoxa ‘HI ‘s) 8§'€1 {(Q°Q P d[qeadueydxs

‘HI ‘S) 10°€T “(HT ‘W) Sp'8-L1'8 {(HZ ‘W) L6L-L9°L ‘(HE ‘W) 8L
=CU'L (HT'W) Q0°L-LL'9 (HT ‘S) TL'S (HI S) T¥'S ‘(HE ‘S) T8¢
(O°Q P Jqqeadueyoxa ‘HI ‘S) OL'ET {O'Q P

s[qeadueyaxa ‘HI ‘s) €8'21 {(He ‘W) Lp'8-ST8 YHT ‘™) T6'L-TLL “(HY
‘un) QY L-LT°L (HT S) 80°L (T1 = [ ‘HI ‘P) ST'9 (T 1 =1 ‘HI ‘P OL'S
(O° Y 9jqeadueyoxs

‘HI'S) 1€°€1 (0 yum 9iqeadueyoxs ‘HI ‘s) 88°71 (HZ ‘W) IS8
-TT8 ((HT W) 00°8-TL'L ‘(HS ‘wr) 8%'L-L1°L ‘(HI °S) §8°S “(HI *S) 09°S
(O°Q P diqeasueyoxo

‘HI *S) 0£'€1 {(O°a W 3[qeadueydxs ‘Y ‘) 06C1 (HT ‘W) £5°8-€T'8
‘(HT ‘m) L6°L-69°L “(HS ‘W) 8Y°L-ST°L (HI ‘s "IQ) TS ‘(HI ‘s "1q) SS°C
(O Y d1qeadueydxa ‘H ‘s)

€€°ET ((0° s dqeadueydxa ‘HI *s ) §6°71 (HT ‘W) 0$'8-£T'8 (HT ‘W)
L6'LOLL *(H9 ‘W) 8S°L-LT1°L (6°0 = [ ‘“HI P) £8°S (60 = [ ‘HI ‘P) €SS

LL €8 S8 ‘101 “TOT ‘SO1

‘LTT “6¥1 ‘97T “LET “SST ‘9TE ‘IvE
‘TYE ‘85¢ ‘Oread aseq) oL¢ ‘(. L8E
€v ‘LL ‘€8 ‘101°Z01

TST9TT *6€T ‘SST ‘€8T ‘€TE ‘OVE
‘1€ ‘69€ ‘0L “(yead aseq ‘. W) L8E
(oread swq) LLT01

“ZOT “SOT ‘9T1 “ZST ‘80T ‘9TT ‘6€T
‘89T ‘S6T ‘€€ ‘0vE ‘69€ ‘(L L8E

LL ‘TOY ‘TOT ‘SOT ‘ST1 ‘8TT “6€1
‘9T “6€T ‘OVT ‘SST ‘€8T ‘11€ ‘6€€
‘I¥E ‘PSE ‘LS ‘Oread aseq . W) TLE
LL ‘€8 “TOTSIT ‘LTI “TST ‘SST “SIT
‘9TT ‘OVT ‘SST ‘€8T ‘T1€ “6€€ ‘1€
‘(Oread 9sq) g ‘c6E ‘L6€ ‘(LN TLE
LL “€8 “TOT “SO1 ‘SIT ‘TST “8S1
‘S1T ‘92T ‘OVT ‘SST ‘€8T ‘T1€ ‘6E€
“Iv€ “pSE ‘LSE ‘(fead aseq ) TLE
(oread aseq) £/

“I0T ‘TOT “SOY ‘€11 ‘91 ‘97T ‘6€T
‘66T ‘€1€ ‘T¥E ‘(L) 9LE PUB 8L

LL “TOT‘TOT ‘€11 ‘9T¢

‘6ET ‘L9T ‘¥8T ‘S6T “€TE ‘THE ‘8SE
‘09¢ ‘(- “Yead 3seq) 9L pue 8¢
LL €8 “TOT'LTT ‘IST ‘6£T ‘€ST

‘L9T *S6T ‘€TE ‘TvE ‘8SE ‘6S€ ‘09€
‘19¢ ‘(. “Yead 3seq) 9L¢ pue 8¢
LL ‘€8 ‘S8

‘10T “TOT*SOY “STT ‘8TT ‘TSI ‘STT
.omm.hmnxxm&ogexm.?—zvmvm

S091

9791

9791

§T91

V91

¥791

6291

SI91

$T91

6291

re

99

39

19

29

P9

29

q9

B9

GEre
YAN-H:

2w
S

(o) 004
Al

punoduwo)

(-9 punodumod Jo eep [ensads :§ Iqe



8873

Novel anthracene-9,10-dione derivatives

"(A3QL) wedw uonsarg ,

(O°@ P a1qeaBueyoxa ‘HI ‘5) €571 H(O°A s djqeadueyaxd
‘H1 ‘S) L6'Z1 ‘(HZ ‘W) 8$°8-ST'8 ‘(HZ W) L6°L-99'L (HI ‘S) SO'L
(Hy ‘W) 0p'L-08'9 Y(S'L =1 ‘HI ‘D) L6V ‘(HE ‘S) SL'E€ ('L = [ ‘HE ‘P) LS'T

(O Y s1qeadueyoxa *HI ‘s) 1$°€T O Y d1qeadueyoxa ‘HI ‘S) 76°T1
(HZ ‘W) €p'8-€T°8 HT ‘W) $6°L-L9°L (HI S) ST°L “(HI ‘W) L£°LTI'L
‘(HE ‘W) £6'9-L9°9 {(S'L =1 ‘HI ‘D) €9'v {(HE ‘S) €L°€ AS'L =1 ‘HE ‘P) T9'1

(0" P ajqeaSueyoxa ‘Y1 ‘) €6°€1 (O P dqeasueyoxd ‘HI ‘S) £6°C1
(HZ ‘W) '8-07°8 {(HT ‘W) €6'L-89°L ‘(HI ‘S) ST'L (HT ‘W) LEL-O1'L
HZ ‘W) L6'9-9L'9 {S'L=1 ‘HI ‘D) so'¥ ‘(HE ‘S) 8L'€ (S'L = [ “HE 'P) T9'1

(O Y 9[qeaTurydxd “HI ‘) 0S°€T
(0*q i s1qeaSueyoxa *HI S) §6°71 (HT ‘W) LF8-07'8 (HT ‘W) €6'L-L9°L
‘(HY ‘W) Z6'L-0UL (HI ‘9 00°L S'L=1 ‘HI ‘D) 20'S «(S'L =1 ‘HE ‘P) 09'1

(0" W 1qesdueyaxa *HI s)
8°€1 H0°Q Ui 91qeaSueydoxa ‘HI ‘s) €671 (HT ‘W) S¥'8-7¢'8 (HT ‘W)
€6'L-TL'L (HS ‘W) €E°L-ETL ('L =1 ‘HI ‘B) L9 (S'L = [ 'HE ‘P) €9'1

(O Y 9[qeadueydxa ‘Hi ‘s) o€l
0" Y 9qeadueydxa ‘g ‘s) 68°1 {HT ‘W) LF'8-TT'8 {(HT ‘W) €6'L-LY'L
(HY ‘W) LE°L-L1L (HL*S) SI'L S L=1 ‘Hl ‘D) €9y A(S'L = *HE ‘P) 79’1

(O° W a1qeadueydxd ‘HI ‘s ) Ly'¢l
40" yum aqeadueyoxd ‘HI s ) L8T1 {(HT ‘W) 8"8-€T°8 “(HT ‘W) €6'L-L9'L
(HS ‘W) Op'L-0T'L (HI *S) LI'LXS'L=1 ‘HI D) L9V (S'L=1HE P) €91

(ead as8q) LL 16 ‘TOT ‘201
‘60T ‘SOT “STT “IZTI ‘8TI1‘8ST ‘9T
‘66T ‘LTE'EVE ‘9S€ ‘6S€ ‘(LW PLE

(read aseq) £/ ‘16 ‘101 “TOT°€01
‘COT ‘STT ‘LT1'6TT ‘8ST ‘€17 ‘9T
“Ive‘ere ‘95¢ “LSE ‘66€ ‘(W) PLE

LL “16 ‘10T “ZOT *€0T *SO1
‘ST1 ‘ST “8ST ‘v91 ‘L8T “I¥E ‘EvE
‘95€ ‘LSE ‘65¢€ ‘(read aseq ‘., pLE

gp*(yead aseq) LL ‘10101601
‘ST1 ‘821 “6E1 ‘6Y1 ‘97T “6€T ‘L€
‘8T€ ‘e¥E “‘vbE ‘(N 8LE PUR 08¢

LL ‘€8 ‘S8 ‘101 ‘TOT ‘SOT *6€1
*CTT “€ST ‘8TE ‘E¥E “09€ ‘19€ ‘T9E
‘€9¢ ‘(. “ead aseq) 8/¢ pue 08¢

LL ‘101 ‘TOT ‘SOT “‘6€1 ‘S1T ‘9TT
6€T ‘€ST'RTE ‘EVE ‘09€ ‘19¢ ‘TIE
‘€o¢ ‘(W ‘Yead aseq) 8.L€ Pue (8¢

LL ‘16 ‘101 ‘TOI ‘SO1
‘STILTT ‘8ST'SIT ‘9TT ‘6ET ‘€ST
‘97€'LTE 6TE “(read aseq . W) pHE

€091

y91

$791

Y791

¥791

142

£091

8L

L

L

PL

oy

qL

BL

(@ r'e
JAN-H:

2w
SW

() 08
A

punodwo)

3-e/ punodwioo jo wep rensads 9 aqel



8874 D. DAUZONNE and S. FOURIs

EXPERIMENTAL

Melting points were measured on a Kofler hot stage apparatus and are uncorrected. Mass spectra were
obtained with a Nermag-Ribermag R10-10C spectrometer either under electron impact conditions (70 V) or
using chemical ionization method (NH,). Infrared spectra were recorded on a Perkin-Elmer 1710
spectrophotometer as chloroform solutions. 'H NMR spectra were determined either at 90 MHz with a Varian
EM 390 spectrometer or, in the case of difficultly soluble products, at 270 MHz using a Bruker HX 270
apparatus for deuteriochloroform solutions (unless otherwise stated) with tetramethylsilane as internal reference.
Microanalyses were carried out by the "Service d'Analyse du C.N.R.S., Vernaison". Silica gel Merck (230-400
Mesh ASTM) was used for column chromatography. Anhydrous tetrahydrofuran was obtained by distillation
from benzophenone/sodium, then saturated, prior to use, by bubbling with dry Argon in order to remove
dissolved oxygen and avoid interfering oxidations. Starting Z ;c(2-chloro-2-nitroethenyl)benzcnes 2a-j were
synthesized according to a previously described procedure.™ Commercially available reagents (Janssen
Chimica) were used without further purification.

Preparation of 2-(1-aryl-2-nitroethyl)-1,4-dihydroxyanthracene-9,10-diones:

-Compounds Sa-g:

A mixture of the appropriate (2-chloro-2-nitroethenyl)benzene (2a-g, 5 mmol), leucoquinizarin (1, 1.45 g,
6 mmol) and anhydrous, oxygen-free tetrahydrofuran (25 mL) was placed, under inert atmosphere, in a dried,
two-necked, 50 mL round-bottomed flask fitted with a septum inlet. This mixture was vigorously stirred with a
magnetic bar till the starting materials were completely dissolved, and DBU (0.99 g, 0.97 mL, 6.5mmol) was
added with a syringe. A slight heating occured whilst a change in the colour took place. The stirring was
continued, at room temperature, for four additional hours before the solvent was removed under reduced
pressure. The residue was taken up with dichloromethane (150 mL) and normal hydrochloric acid (100 mL).
The organic layer was separated, then the aqueous phase extracted with dichloromethane (3 x 40 mL). The
combined organic extracts were dried over anhydrous magnesium sulfate, filtered, then evaporated in vacuo to
leave a crude material which was chromatographed on a silica gel column (120 g, eluent
chloroform/cyclohexane 2:1, then pure chloroform). Removal of the solvents under reduced pressure provided
satisfactorily pure Sa-g (Table 1) which were subsequently recrystallized.

-Compounds 5h-j:

As described above, starting from B-chloro—B-nitrostyrenes 2h-j, but replacing DBU by potassium fluoride
(0.58 g, 10 mmol) and maintaining the stirring for six days at room temperature, pure 5j was obtained after
silica gel chromatography (150 g, eluent dichloromethane) followed by recristallization (benzene/2-propanol).
Unfortunately, under the same conditions, 5h and 5i remained contaminated with starting unreacted
leucoquinizarin, even after repeated chromatographies and recrystallizations.

Preparation of 2-(1-arylethenyl)-1,4-dihydroxyanthracene-9,10-diones 6a-j:

A mixture of the appropriate (2-chloro-2-nitroethenyl)benzene (2a-j, 5 mmol), leucoquinizarin (1, 1.45 g,
6mmol) and anhydrous, oxygen-free tetrahydrofuran (25 ml.) was placed, under inert atmosphere, in a dried
two-necked, 50 mL round-bottomed flask equipped with a septum inlet. The mixture was efficiently stirred with
a magnetic bar. When the reagents were completely dissolved, DBU (3.81 g, 3.73 mL, 25 mmol) was added
with a syringe. The reaction was moderately exothermic and a modification of the colour occured. The reaction
mixture was stirred at 20°C for four additional hours. The solvent was removed under diminished pressure to
leave a crude material which was taken up with dichloromethane (150 mL in the cases of 6a-g, 400 mL in the
cases of 6h-j) and normal hydrochlorid acid (100 mL). The organic phase was separated. The aqueous layer
was extracted with dichloromethane (3 x 60 mL). The combined dichloromethane extracts were dried
(Magnesium sulfate), filtered, then evaporated under reduced pressure to give a residue which was flash-
chromatographed on a silica gel column (200 g, eluent chloroform). Removal of the solventin vacuo gave pure
6a-j which were further recrystallized under appropriate conditions (Table 2).

With regard to the starting dinitro compounds 2h-j, it is noteworthy that the above-described method for the
preparation of 5a-g, which involves only a slight excess of DBU (1.2 eq.), proved efficient to afford the
methylidene derivatives 6h-j in yields similar to those obtained using a larger excess of base (5 eq.).

Preparation of the 2-(1-arylethyl)-1,4-dihydroxyanthracene-9,10-diones 7a-g:

A mixture of the appropriate (2-chloro-2-nitroethenyl)benzenes (2a-g, 5 mmol), leucoquinizarin (1, 1.45 g,
6 mmol) and anhydrous, oxygen-free tetrahydrofuran (25 mL) was placed, under inert atmosphere, in a dried,
two-necked, 50 mL round-bottomed flask provided with a septum inlet and a water condenser. This mixture
was magnetically stirred until the starting materials were completely dissolved, then gently refluxed using a
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thermostated oil bath. DBU (3.80 g, 3.73 mL, 25 mmol) was carefully added with a syringe maintaining a
moderate boiling. Seven hours later, the reaction mixture was allowed to cool to room temperature, placed in a
500-mL erlenmeyer flask, then dissolved in dichloromethane (150 mL). To this stirred solution, 3N
hydrochloric acid (50 mL) was added. Ten minutes later, the organic layer was separated, and the aqueous
phase extracted with dichloromethane (3 x 60 mL). The combined organic extracts were dried over magnesium
sulfate, filtered, then concentrated under reduced pressure to leave a crude product which was chromatographed
on assilica gel column (200 g, eluent chloroform). Evaporation of the solvent in vacuo gave pure 7a-g (Table
3) which were subsequently recrystallized.
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