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Abstract: Carbanions of chloromethyl phenyl sulfone and chloromethyl p-tolyl sulfone react with
anthraquinone containing electrondonating substituents in two major ways: vicarious nucleophilic
substitution (VNS) of hydrogen and addition to the carbonyl group. The reaction course depends on
electrondonating effects of these substituents - strong electron donors promote the VNS reaction.
© 1998 Elsevier Science Ltd. All rights reserved.
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Vicarious nucueopnmc substitution (VND) or nyor‘oge‘n isa general reaction between
electrophilic arenes mainly nitroarenes and nucleophiles containing leaving groups at

nucleophilic centres such as a-halocarbanions, alkylhydroperoxides, 4-amino-1,2,4-
1r127nlnc cllfenamidesg ntrM-Al In this process functionalized carbon substituents
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hydroxy and aminogroups can be directly introduced into the aromatic ring. A variety of
electrophilic arenes: carbo and heterocyclic nitroarenes, heterocycies being
electrophilic due to their electronic structure such as 1,2,4-triazine or pteridine and also
nonbenzonoid electrophilic arenes: tropilium cation, azulene etc undertake this

reaction[5-9]. A similar process, although of limited scope can occur in electrophilic
alkenes[10]. Due to the know electrophilic character of anthraguinone it appeared that

the VNS reaction should occur with this arene. Thus simple synthesis of functionally
substituted anthraquinones would be possible. There is one known reported example of
the intermolecular VNS reaction in anthraguinone molecule — 5-hydroxyquinizarin was

PN I um r P LA Leblald

0040-4020/98/$19.00 ©® 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(98)00307-X



\\

P ey | s AN A 7T1TNNON £ 1 4™ 1840
V. VIgKOoSZd €l di. Tetrahedron 54 (1793)014/—-010%

varidin mimm aAf A mideaan s .l mandbaid Aibaiiadom A/ALIN & v om o [ 9
t f 4-nitromethyl-5-methyl dihydro-2(3H)-furanone. in

1
this process the nitro group acted as the leaving group[11]. An interesting example of
intramolecular VNS reaction in the anthraquinone ring, a key step in the synthesis of

aklavinone precursor was also reported. The reaction consisted of the Michael addition
of PhSCH,CN to 1-hydroxy-8-methoxy-2-(1'-0x0-2'-pentenyllanthraquinone followed
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with ring closure and B-elimination of PhSH[12-13].

Our first attempts at the VNS reaction of 9,10-anthraquinone and 1-chloro-9,10-
anthraquinone with the carbanion of chioromethyl p-tolyl sulfone (2b) in DMSO in the
presence of -BuOK failed. On the other hand 1-amino-9,10-anthraquinone (1) which
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chioromethyl aryl suifones 2a and 2b according to the VNS pathway giving two
isomeric products of substitution of hydrogen in position 4 and 2 (Scheme 1) with yield
40 and 16% for 2a, 23 and 8% for 2b correspondingly.
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Ar =p-Tol {2b) Z =NH, ; Ar =p-Tol {3b) Z =NH, ; Ar =p-Tal (4b)
Z =0H (5} Z =0H ; Ar =Ph (6)
Scheme 1
The reaction with both of these sulfones 2a and 2b proceeded preferentially at
os:téon 4 rat;o 2-: 4- s'-bcfituti was 1:2,5 and correspondingly. Also 1-hydroxy-
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g a single product of the
VNS in posmon 2, yleld 20% whereas 52% of the substrate was recovered. Since
spectral analysis (NMR and IR) was insufficiently diagnostic to determine the site of the
substitution in 1-amino-9,10-anthraquinone, structures of products 3a and 4a were
unambiguously established by way of chemical transformations (Scheme 2).
Diazotation of the amino group in the minor product (4a) foliowed by reduction of
the diazonium salt with phosphinic acid gave 2-phenylsulfonylmethyl-9,10-anthra-
quinone (8) in which the position of the substituent was established on the basis of H

NMR, nnrqnl\] Coup!ing onstants 1H-3H(1 9Hz), 1H-4H(0,5Hz) and 3H- 4H(8,0H 2).
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salt, resulting in the formation of the anthraquinono pyrazoie derivative (7) took piace.
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Scheme 2

The cyclization was the only reaction giving 7 in yield 97%, when the diazonium salt
was not treated with the reducing agent. The formation of the anthraquinono pyrazole
derivative confirms location of the sulfonylmethyl substituent ortho to the amino group.
Since 4a was identified as the VNS product in position 2, 3a should contain the
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ubstituent in position 4.
The VNS product in 1-hydroxy-9,10-anthraquinone was identified in a simiiar way.
Diazotation of 3a followed by hydrolysis resulted in the formation of 1-hydroxy-4-
phenyisulfonyimethyl-9,10-anthraquinone (10). This product was not identical to the

product of VNS in 1-hydroxy-9,10-anthraquinone (8) hence the latter should contain
phenyisuifonyimethyl substituent in position 2. Moreover in 'H NMR spectrum of 6
'H,"H coupling constants of aromatic region were very similar to that of 4a and 4b
(Table1).

Table 1. 'H,"H (ortho) coupling constants (Hz) of 2H,3H,4H aromatic protons for disubstituted anthraquinones.

3a 3b 4a db 3 10
2H-3H 87 8,7 - - - 8,8
3H-4H - - 77 7.7 77 -
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Thus the intermolecular VNS reaction in the anthraquinone containing strong
electrondonating substituents does occur. Apparently conjugation of these substituents
with one of the carbonyl groups as shown in Scheme 3 using resonance structures -
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the ring thus rendering it more sensitive to
nucieophiiic attack. Such peculiar phenomena that electrondonating substituents can
activate electrophilic aromatic ring towards nucleophilic attack were reported for other

systems[14].
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Ar = p-Tol, 3b Ar = p-Tol, 4b
Scheme 3
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reaction was carried out in the presence of KOH in DMSO a complicated mixture of
products was formed which were not separated and identified. On the other hand when

an equimolar mixture of the reactants in DM! 0O wae treated with ~RuOK
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formula indicated stoichiometry 1:2, the reaction was carried out using two-fold excess
of the sulfone giving 12 in 61% yield. The structure of compound 12 was elucidated on
the basis of NMR, mass spectra and X-ray analysis. Its '"H NMR spectrum contains
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signals of 12 protons in the aromatic region, moreover one signal of the phenolic proton
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at 10,9 ppm was aiso present. in the "*C NMR spectrum only one signai of carbon atom



Af ~o rhhn\ i rerean

Vi Qi WYl gluup (
established by X-ray crystaliography as is shown in Figure 1. Formation of 12 can be
rationalised by speculative mechanistic pathway as shown in Scheme 4.
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Scheme 4

The difference in the reaction course between the carbanion of 2a and 1-Oivie and
1-OH anthraquinones is apparently due to much less efficient conjugation of MeO than

O substituents with the quinone moiety. In the latter case the aromatic character of the
ring is lost so it is more susceptible to nucleophilic addition whereas the reaction of

carbanion with 1-methoxy-9,10-anthraquinone proceeds at the carbonyl group. Some

examples of nucleophilic addition of carbanions to the carbonyi group of anthraquinone
are reported[15,16,20].
Attempts at the reaction of chloromethyl phenyl sulfone carbanion with 1- and 2-N,N-

dimethylamino-9,10-anthraquinone res.l,!ted in formation of complicated mixtures of
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processes we have observed additional formation
2-N,N-dimethylamino-9,10-anthraquinone.
Interestingly, adduct of DMSO carbanion addition to the carbonyl group of 2-N,N-
dimethylamino-9,10-anthraquinone (14) was obtained in good yield (85%), when KOH
was added to a solution of 13 in DMSO. The product was formed as a mixture of
diastereoisomers which was oxidized to the single product - sulfone containing N,N-

dimethylaminooxide substituent (Scheme 5) Introduction of two oxygen atoms was
established by elemental analysis. The structure of 15 co-crystallized with one molecule
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invoivement of the O5 atom as an acceptor in the two strong hydrogen bonds indicate
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Addition of DMSO carbanion to the carbonyi group of some ketones were described in
the literature[17-19]. Moreover, a similar example of the addition of the DMSO
carbanion to 1-N,N-dimethylamino-9,10-anthraguinone was reported recently[20].
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given in Hertz. Infrared (IR) absorptlon spectra were recorded on Acculab 1 Beckman
spectrometer in KBr disks. Mass spectra were recorded on AMD 604 Interctra
spectrometer. All reactions were carried out under argon atmosphere unless otherwise
noted in glassware that was oven-dried. Silica gel Merck 60 (230-400 mesh ASTM)
was used for coiumn chromotography. The foliowing starting materiais were prepared
according to the published procedures: chloromethyl phenyl (and p-tolyl) sulfone (2a
and 2b)[21], 1-hydroxy-9,10-anthraquinone (5)[22], 1-methoxy-9,10-anthraquinone

(11231, 2-N N-dimethvlamino-9.10-anthraquinone (13) was prepared from 2-amino-
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g,1u-a Leuckait redclur at 14U U, YiciU 7 1 7o0{£4], 11L.pP. 100-100 U

uie
C) Other reagents were commercially availabie.

General procedure for the reaction of chloromethyl aryl sulfones with 1-amino-
9,10-anthraqumone. To a stirred solution of potassium tert-butoxide (392 mg, 3,5
mmoi) and 1-amino-9,10-anthraquinone (223 mg, 1 mmol) in DMSO (8 mL) a solution
of sulfone 2a or 2b (1 mmol) in DMSO (2 mL) was added dropwise at 18-20 °C during

3-4 min. The reaction mixture was stirred for 1 hour, poured into 5% aq HCI (200 mL)
and the solid product was filtered. After separation by column chromotography
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obtained.
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ethyi acetate/methyiene chioride, dark red soiid (yieid 149 mg, 40%), m.p. 248-251 °C.
'H NMR (200 MHz, CDCl3) &: 8.21-8.14(m, 1H), 7.94-7.87(m, 1H), 7.77-7.60(m, 4H),
7.44(d, 1H, J=8.7), 7.40-7.27(m, 3H), 6.96(d, 1H, J=8.7), 5.29(s, 2H); IR vy 3449,

3332, 1663, 1642, 1618, 1305, 1148 cm . Anal. caled for C,:HsNSQ,: C 66.83

4.01, N 3.71, S 8.50. Found: C 66.75, H 3.82, N 3.86, S 8.54.
1-Amino-2-phenylsulfonylmethyl-9,10-anthraquinone (4a). Recrystallized from

ethyl acetate/chloroform, orange solid (yield 59 mg, 16%) m.p. 292-295 °C(dec.). 'H

NMR (200 MHz, CDCl;) &: 8.37-8.22(m, 2H), 7.88-7.51(m, 7H), 7.49(d, 1H, J=7.7),
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6.94(d, 1H, J=7.7), 4,47(s, 2H); IR vmax 3458, 3452, 3295, 1661, 15€
1149 cm™. Anal. calcd for Co1H1sNSQ4: C 66.83, H 4.01, N 3.71, S 8. 50 Found: C
66.75, H3.71, N 3.86, S 8.53.

1-Amino-4-(p-tolylsulfonylmethyl)-9,10-anthraquinone (3b). Recrystallized from
H 23%) m.p. 206-208 °C N (200 MH~> CNCL)
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.19-8.13(m, 1H), 7.88 -7.60(m, 2H), 7.56-7.48(m, 2H), 7.44(d, 1H
J=8.7), 7.12-7.02(m, 2H) .95(d, 1H, J=8.7), .26(s, 2H), 2.14(s, 3H); IR vmax 3450,

3328, 1641, 1612, 1298, 1272, 1150 cm™". Anal. calcd for Co,H17NSO4: C 67.50, H 4.38,
N 3.58, S 8.19. Found: C 67.51, H4.46, N 3.46, S 8.14.

)

1-Amino-2-(p-tolylsulfonylmethyl)-9,10-anthraquinone (4b). Recrystallized from
EtOH, orange solid (yield 30 mg, 8%), m.p. 252-254 °C. '"H NMR (200 MHz, CDCls) &:
8.37-8.20(m, 2H), 7.86-7.62(m, 4H), 7.47(d, 1H, J=7.7), 7.36-7. 26(m, 2H), 6.92(d, 1H,

J=7.7), 4.44(s, 2H), 2.45(s, 3H): IR vmax 3454, 3452, 1660, 1615, 1303, 1282, 1146

PR mmlan far NCN -~ R7EN LI A 0 Qo140 Eriind- ~ A7 &2 H
cm . Anal. calcd for uz2n17wou4 v O/.0uU, 1 4. O, v 0.19. rOuUnNG. L /.99, N

410, N 3.40, S 8.24.
1-Hydroxy-2-phenylsulfonylmethyl-9,10-anthraquinone (6). A solution of 1-
hydroxy-9,10-anthraquinone (224 mg, 1 mmol) and chloromethyl phenyl sulfone (191

20 N 2
20, IN J.

&)

mg, 1 mmol) in DMSO (15 mL) was added dropwise to preformed anion NaCH-.SOCH;
b\ cnlimas AL A i ~d N O Tl adlcei:m rarmn Ammdimiaas] far 4l
(3,5 eq) in DMSO (3 mL) during 10-12 min at 20 °C. The stirring was continued for 1h

under this conditions. The reaction mixture was poured into 5% aq HCI (200 mL), the
solid was filtered and dried in air. After purification by column chromotography
(methylene chloride/hexane - 5/1 to methylene chioride eluent) product 6 was obtained
(yield 74 mg, 20%). Recrystallization from ethanol gave a yellow solid, m.p. 198-200 °C.
'H NMR (200 MHz, CDCl3) &: 12.73(s, 1H), 8.35-8.21(m, 2H), 7.83(d, 1H, J=7.7), 7.89-
7.71(m, 4H), 7.67-7.56(m, 1H), 7.47(d, 1H, J=7.7), 7.52-7.36(m, 2H), 4.59(s, 2H); IR
vmax. 1673, 1632, 1434, 1305, 1295, 1256, 1150 cm™. HRMS(EI): M" 378.05687; calc.

for C. SO 378 066109
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3-Phenyisuifonyi-anthraquinono{2,1-d}- n-i‘:‘y‘f‘ic‘)ie (7). To a stirred soiution of 4a
(3,0 mg, 0,008 mmol) in 96% H,SO, (0,3 mL) a solution of sodium nitrite (1,0 mg,
0,015 mmol) in H,O (1 drop) was added at 0 °C. After 15 min the cooling bath was

removed, the reaction mixture was diluted with H,O (6 mL) and heated on the boiling
watar hath for 4Ah Aftar cooling the raaction mixture was extracted with CH.CL, the
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extract dried with MgSO,4 and the solvent evaporated. The product was purified by flash
chromatography (methylene chloride/ether - 10/1 eluent) to give 7 as a yellow crystaliine
product (yield 3,0 mg, 97%), m.p. 335-337 °C. "H NMR (200 MHz, DMSO-d) &: 8.58 (d
1H, J=8.5), 8.26-8.18 (m, 2H), 8.17 (d, 1H, J=8.5), 8.13-8.05 (m, 2H), 8.01-7.90

[ 1 AN 7'7 . ADNO AL A4 ACO™7 AQALN AN°2N A2N7 4
zn), f IUIOl\III orl), IR vmax. 3305, 1668, 1651, 1587, 1350, 1330, 1307

1147, 1080, 996 cm™. HRMS(EI): M* 388.05191; caicd for C,1H12N2SO,4: 388.0
2-Phenylsulfonylmethyl-9,10-anthraquinone (8). To a stirred solution of 4a

0,05 mmol) in 96% H,SO,4 (0,5mL) a solution of sodium nitrite (6 mg, 0,07 m I,
°(‘,_ After 158 min 0 a
cocii'ng bath removed. reaction mixture wa
stirred for an additional 4h and extracted with CH,Cl,. The organic extract dried wuth
anhydrous MgSO, and the solvent evaporated. The residue was purified by passing
through a short silicagel column (methylene chloride to methylene chloride/ether - 10/1
eluent) to give 7 (yield 5 mg, 28%) and 8 (yield 8 mg, 41%). Recrystallization from ethyl
acetate/hexane give 8 as paie yellow crystais, m.p. 212-214 °C. '"H NMR (200 MHz,
CDCIy) &: 8.36-8.27 (m, 2H), 8.27 (dd, 1H, J=8.0; 0.5), 7.95 (dd, 1H, J=1.9; 0.5), 7.87-

7.78 (m, 2H), 7.75-7.61 (m, 3H), 7.66 (dd, 1H, J=1.9; 8.0), 7.56-7.45 (m, 2H), 4.50 (s,

. -1 +
2H); IR vnax 1673, 1663, 1318, 1311, 1298, 1156 cm™. HRMS(E!l): M" 362.06107,
caic SO, 362 28.

) —

d for b21l‘114DU4 362.06
1-Phenylsulfonyimethyi-9,10-anthraquinone (9). From 3a (38 mg, 0,immoi)
according to the procedure used for 8 compound 9 was obtained (yield 35 mg, 96%) as

pale yellow crystals, m.p. 242-243 °C. "H NMR (200 MHz, CDCl,) 3: 8.42(dd, 1H,

Tyewaio,
7 2(m 3IH)

=5 -7 2.6) 8.27 Q4I7(m, 1H), 811'801( i, H), 7 82"7 QQ(II Iy 6H), 7.4g=t SILNNTE, Vi),

J=6. /,£.0), 0.27/-0
5.45(s, 2H); IR vmax 1669, 1308, 1143 cm™. HRMS(EI): M" 368.06107; calcd for
C,1H44S0,4: 368.06128.

1-Hydroxy-4-phenylsulfonylmethyl-9,10-anthraquinone (10). From 3a (38 mg, 0,1
mmol) in 96% H,SO, (1mL) and solution of sodium nitrite (7 mg, 0,1 mmol) in H20 (3
drops) according to the procedure used for 7, compound 10 was umauneu (yield 16 mg,
42%) as a dark yellow solid, m.p. 230-232 °C (hexane/ethyl acetate). 'H NMR (200
MHz, CDCl,) &: 13.28 (s, 1H), 8.28-8.18 (m, 1H), 8.07-7.98 (m, 1H), 7.83-7.69 (m, 4H),
7.61 (d, 1H, J=8.8), 7.47-7.33 (m, 3H), 7.30 (d, 1H, J=8.8), 5.33 (s, 2H); IR vmax 1642,

f e, v

n
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,21H14S05: 378.05619.
[9-Hydroxy-1-methoxy-anthryl-(10)]-phenylsulfonyichloromethyl ketone (12). To

a stirred solution of t-BuOK (224 mg, 2 mmol) and 1-methoxy-9,10-anthraguinone (119
ma 0.5 mmnl\ in DMSQO (ﬁml \ a solution of chloromethy! phenvl sulfone (200 ma. 1.05

T ™ P S BWE N i WA ,l Pll\all’l [SAS L RA L B A \‘-U\l |lls 1.

mmol) in DMSO (1 mL) was added dropwise at 18 °C. The reaction mixture was stirred
at 20 °C for 1h and poured into 5% HCI. The precipitate was filtered and purified via
column chromathography (silicagel was washed with AcOH before used,
hexane/methylene chloride/ether - 3/1/0, eluent). Yield 135 mg (61%), m.p. 206-207 °C

S 10.90(s 1H) 8 49

fim 1H
V.OULS, 111}, C.5o\1 i

P

-\.] f
o) (
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) : 40(
416(s 3H) '°C NMR (500 MHz CDCl3) &: 191.0, 1572 1565 1356 134.6, 132.3,
131.2, 130.3(2C), 129.7, 128.8(2C), 128.3, 124.3, 123.7, 123.5, 121.4, 119.9, 118.2,
100 & 1071 7‘%7 RRR IP \y_-_\.' ’%')7’) 1R7R 1R1Q 1‘-'\7R 1KARK 1ARn 1'2'-14 1’)R')

FWw.w, max- 1w,

1249, 1225, 1172, 1155, 1130, 1084, 761 cm™; HRMS (El): M* 440,04870, calcd for
C23H17CISOs: 440,04843. Anal. caicd for C,3H47CISOs: C 62,65; H 3,89; Ci 8.04; S 7,27.
Found: C 62,41; H 3,98; Cl 8.21; S 7,19.

2-N,N-dimethylamino-9-hydroxy-9- methylsulﬁnylmethyl 10-anthrone (14a,b

P51 ma 1 mm
\L\ll llls' 1 IBRIaR]

. To

stirred solution of 2- I\I I\I_rhmnfhulnmmn Q 10-2 ra )
1 A A d] uk\l I HTIN \l' A4 184 \J!J

MSO (20 mL) powdered potassium hydroxide (5 :
at 20 °C. The reaction mixture was stirred at 20 °C for 1h and poured into cold 5% HCI.
The product was extracted with methylene chloride, th extract was washed with water

and dried over anh. MgSO,. The solvent was evaporated and the residue was purified

\n:: flash chromatoaranhy (methviene chioride +n methvlene r-hlhrmlnlaﬁofnnn - 1/
IcAvl11 Ulllulllaluslapll] \Illbll lyl\.‘ll\l AR IAVI R AV | [REA2 8 ) ’l 2LV AVIRIAVIRAV AW J & LWL L V) [ A |

eluent). Yield of a mixture of diastereoisomers (14a,b) 280mg (85%), m.p. 190-191
°C(dec.). Recrystallization from methylene chioride gave one diastereoisomer 14a, m.p.
202-203 °C(dec.). 'H NMR (500 MHz, CDCl5) &: 8.22(m, 1H), 8.09(d, 1H, J=8.8 Hz),
8.05(m, 1H), 7.66(m, 1H), 7.51(m, 1H), 7.23(d, 1H, J=2.6 Hz), 6.73(dd, 1H, J=8.8, 2.6

Ll C QOAfa N NE/A ALd 1_40 4 Liw\ 7 AL/~ N oNn/iA  4L1 Li=s\ " AL/~
Hz), 5.84(s, 1H), 3.25(d, 1H, J=13.1 Hz), 3.15(s, 6H), 2.80(d, 1H, J=13.1 Hz), 2.45(s,

3H); *C NMR (500 MHz, CDCl;) &; 181.7, 153.9, 148.9, 144.3, 132.2, 131.3, 130.1,
128.6, 127.4, 125.8, 118.5, 11.5, 1069 73.3, 69.3, 40.2, 39.2; IR vmax 3182, 1659,
1600, 1576, 1372, 1322, 1003 cm CEI MS: M 329. Anal. calcd for C1gH1oNSOa: C

AERA-HUHEQ1 - NAP2DE-C Q74 FnimaA- CREQ7- HANRA N A1 € O A8
OJ, 00, 11 J,01, IV9,£49, O 9,/ 5. TUUIIU, » UJ, 07, 11 U,UU, IV 7,10, O J,Uu.

2-N,N-dimethylamino-9-hydroxy-9-methylsulfonylmethyl-10-anthrone N-oxide
(15). To a stirred solution of 14a,b (329mg, 1mmol) in AcOH (6 mL) 30% H,O, (680 mg,
20mmol) was added at 90 °C. The reaction mixture was stirred at 90 °C for 0,5h. The
solvent was removed in vacuo and the residue was purified by flash chromathography

a
-
2TV T (20 mL) b PR R P I roxid
L
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(meathvlana chinrida/mathannl - 2/1 A 1/1 ahiantly DRansnsctallizatinn framm mathodama abla
VITRCU Y IS I W T IAIG7 15 IS UG TV YWY T CIUTHIY. INCUl yolallicaluull nurh fncutyieiic uino-
el o fm bl e .. AR D O AFrAARIRAS/ N e A Arm 4 s O osa \ — .
riae/einer gave 19, yiela £¥4mg(si17), m.p. 145-147 "C(dec.). For X-ray analysis 15 was

recrystallized from hexane/methylene chloride/ether/methanol - 3/3/1/0.5, p.dec. 134 °C.

'H NMR (500 MHz, CDCl;) &: 10,09(vbr, 1H), 8,34-8,30(m, 2H), 8,15-8,12(m, 1H),
7,85-7,80(m, 1H), 7,67-7,62(m, 2H), 7,03-6,98(m, 1H), 3,67(s, 3H), 3,49(d, 1H
J=15,1Hz), 3,31(s, 3H), 3,13(d, 1H, J=15,1Hz), 2,77(s, 3H); *C NMR (500 MHz, CDCl,)
5: 181.7, 155.5, 146.8, 146.5, 134.3, 130.8, 130.5, 129.1, 128.3, 127.5, 126.3, 119.3,
119.0, 69.6, 69.5, 63.3, 60.5, 43.9; IR vimae 3423, 3449, 2920, 1664, 1602, 1310, 1133

cm™. LSIMS(HR): (M+H)* 362,10622; calcd for C1gHxoNSOs: 362,10664.

Table 2. Crystal data and structure refinement for the compounds 12 and 15.
Identification code 12 15
Empirical formula CnHi7ClOsS CioH»zO; S
Formula weight 440.88 395.43
Temperature (K) 293(2) 293(2)
Wavelength (A) 1.54178
Ciystal system Monoclinic Monoclinic
Space group P21/n c2
Unit cell dimensions (A, °):
a 8.342(1) 17.922(2)
b 10.197(2) 8.4543(7) A
c 23.779(3) 14.0470(10) deg.
B 93.82 117.39(9)
Voiume (A% 2018.4 1889.8(3)
Z 4 4
Deac (Mg m™) 1.451 1.390
Absorption coeff (mm™") 2.935 1.867
F(000) 912 836
Crystal size (mm) 0.14x0.14x0.07 0.07x0.14x0.07
g-range for data collection (°) 3.73t0 72.82. 3.54 t0 62.92
Index ranges -10 <h <0, -12 <k <0, -29 < <29 -14 <h <19, -9 <k <9, -14 <1 <15
Reflections collected 2576 2536
Independent reflections 2396 [R{int) = 0.2252] 24432 IR(int) = 0.0185]

Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2c ()]

R indices (all data)

Extinction coefficient

Full-matrix least-squares on F?
2396/0/275

1.070

R1=0.0750, wR2 = 0.1918
R1 =0.0826, wR2 = 0.2005

nnnnnnn

2443 /1/265

0.867

R1=0.0472, wR2 = 0.1344
R1= 0478 wR2 = 0.1356

Lists of the fractional coordinates and anisotropic temperature factors, bond lengths and bond angles have been
deposited at the Cambridge Crystallographic Data Centre.

X-Ray structure

determination of compounds 12 and 15. The crystals of 12

suitable for diffractometric measurements were obtained by recrystallization from
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methanol turned orange on exposure to light and X-rays. Two experiments were taken

for the same crystal: one, immediately after removing from the mother solution second,

24 hrs after the crystal turned orange. The same unit cell parameters and space groups
were asmcned in both exnenmenh For the second set of data however, Ipaqt-qmmrpq

refinement gave lower standard deviations and smaller temperature factors. Crystal
data and detaiis of data coiiection and structure refinement are coiiected in Tabie 2.

The structures were solved by direct methods[26] and refined by full-matrix least-
squares[27]. The H-atoms were placed in idealised positions and refined riding on their

parent atoms. The H-atom displacement parameters were assigned to be 1.2 U, nf the

it hat it = PR b A
parent atom. The positions for the hydroxyl hydrogens were found from diff“re"lce maps
and refined.
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