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Abstract - The absolute configuration of benzocyclobutene 

homoisoflavanones isolated from nuscari species was determined by 

the use of CD and X-ray analysis. 

In a previous paper1 we have described the determination of the 

absolute configuration at the chiral centre C-3 of a series of 

homoisoflavanones with 3-benzyl-4-chromanone skeleton, isolated from 

UscarL species. The adopted procedure (see Chart 1) implied the 

conversion, by reduction of the keto group at position 4, of suitably 

derivatized homoisoflavanones into two epimeric 4-alcohols, the 

g-bromobenzoylation of the 4-OH and 5-OH groups of these latter, the 

determination of the absolute configuration at the new chiral centre C-4 of 

the two 4,5-di-p-bromobenzoates by application of the exciton coupling 

method, and the elucidation of the configuration at C-3 relative to C-4 by 

'H-nmr analysis. All 3-benzyl-4-chromanone homoisoflavanones were found to 

possess configuration R. 

Chat 1 

w-qqJ+w 

OH 0 sr-&-0 H O-&-B 

Besides 3-benzyl-4-chromanone homoisoflavanones, we have isolated2 

from the same source a group of homoisoflavanones (I-S) possessing a 

skeleton constituted of a benzocyclobutene system fused at the 3-position 
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of a 4-chromanone system. The absolute configuration of the chiral centre 3 

of l-4 had not been elucidated, as it was, on the other hand, for 

scillascillin 5 that had been already isolated long before3 from a 

different plant. A procedure similar to that used for 

3-benzyl-4-chromanones has now been applied to the elucidation of the 

absolute configuration of benzocyclobutene homoisoflavanones. 

Rl a2 z5 RI z5 

1Oti cu OCHS OH H 

2OH OOH5OH OH H 

3OH OOH5 OH OOH5 H 

4 OH OHOH OOH5 H 

5 OH OH 0-0H2-0 H 

6 OH OOH5 OOH5 OOHJ H 

9 p-k-910 OOHJ OOH5 OOH5 H 

12 OH OCH5 H OOH5 OH 

Upon treatment with diazomethane 

homoisoflavanones 1, 2, 3, and 4, with 

RI '72 95 

7 p-Br-620 p-BP610 H 

8 p-BPBzO H p-s-920 

IO OH H H 

11 p-&-BzO H H 

in ether, the hydroxyl groups of 

the exception of the 5-OH chelated 

with the (4)C=0 group,4 were converted into methoxyl groups, affording the 

same destrorotatory 7,3 ',4'-tri-Q-methylated compound 6. Therefore, all 

four compounds l-4 possess the same configuration. 

Sodium borohydride reduction of compound 6 at the (4)C=O group and 

subsequent esterification by treatment with p-bromobenzoyl chloride gave 

the mixture of two 4-epimeric 4,5-di-B-bromobenzoates. The most abundant of 

the two compounds succeeded in being isolated by TLC. 

Identification of the a- or w-relationship occurring between the 

4-0COC6H4Br and the (9)CIi2 groups in the isolated compound was attained 

through analysis of its 'H-nmr spectrum (Table 1). This requested 

consideration of the ring-C conformational mobility, as depicted in Chart 

2, where both possibilities for the configuration at the position 4 are 

represented (7 and 8), whereas the 3-centre is depicted with the 

configuration that later on was actually ascertained. 

A four-bonding W-coupling (1.7 Hz) was observed (Table 1) to occur 
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Chart 2 (R = p-nr-C6H,-CO-) 

0 (1 f2 

between the l-proton responsible of the higher-field (6 4.2) double doublet 

and the 4-proton doublet (6 6.37). This requested that the latter is 

oriented pseudo-eguatorially as in the ~~ conformation of the & I-epimer 

7 or in the fl conformation of the trans 4-epimer 8. 

In the spectrum of the compound, a second W-coupling was observed to 

occur between the lower-field (6 4.65) 2-proton signal and the g-proton 

signal at 6 2.96. This is consistent only with the isolated 

di-p-bromobenzoates being the tram-isomer 0 in the fl conformation, since 

in the & 7 neither l-proton is W-arranged together with either g-proton, 

whereas in conformation tl of the w-epimer a near-coplanar 

W-arrangement can be seen for the ?-proton not W-coupled with the 4-H and 

the g-proton oriented towards the 4-H. 

The relative configuration of the chiral centres 3 and 4 of the pure 

4,5-di-p-bromobenzoate having been ascertained this way, the absolute 

configuration R at C-4, as depicted in 8 (Chart 2), was established from 

the negative sign af the A-value (-46.8) of the split Cotton effects 

exhibited by the compound, that indicated the counter-clockwise arrangement 

of the two p-bromobenzoate chromophores. Consequently, the C-3 centre 

possesses the R-configuration. The identical configuration must be also 

possessed by the parent natural homoisoflavanones l-4. 

The circular dichroism curves of compounds l-3 exhibited a positive 

cotton effect at 290-292 nm and a negative Cotton effect at 333-337 nm 

(Table 2), that therefore may be taken as indicative of the R-configuration 

at C-3. This configuration must also be assigned to scillascillin 5, whose 

CD curve (Table 2) appeared to be similar to those of l-3. 
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P-Cll2 

lrbl. 1. 'n-11 &tm In alc13: 

r-Cur-cn2 9.cn2 4-n. 8-R 2'-I 5'-1( Othbm 

6 4.56, 4.69 3.06, 3.64 6.06, 6.10 6.6Sb s 6~50~. 3.Q 3.B s, s, 3.87. 
M M Al 
(11.0 WX) (14.0 WI) (2.1 lIZI 

Saab 

8 4.20 dd 6.37 d 2.w dd 6.41. 6.46 6.ab. 6.Ab s J.lll 3.62 s, s, 3.62 s 
(11.1, 1.7 RX) Cl.7 HZ, (14.1, 1.0 Ill) Am 

(2.5 Wx) 7 51 d 55 d. 7.75 d. 4.65 dd 3.19 d y,Cp 

(11.1, 1.0 HZ) (14.1 HZ) G.9 WX) 
2rBrC&aYo- 

9 4.60. 4.63 2.%, 3.56 6.42, 6.49 6.6p. 6.TJbs 3.60 3.63 1, ., 3.69. 
#A bJ M sxa 
(11.0 I(X) (14.0 HZ, (2.4 Hz) 7.61 d, % A4 d. 

(8.7 RX) 
wC6qCm- 

10 4.17 s 2.66, 2.% 2.93, 3.12 6.03, 6.12 b.bOb s 6.tsb. 3.76 3.K s, ., 3.87 s 
M AD Al 
(16 llz, (13.8 Ill) (2 Ill) 

3xali3 

11 4.18. 4.22 z.TI, 2.w 2.99, 3.11 6.39. 6.45 6.59b . 6.75bs 3.60 3.fJl s, ., 3.65 . 
Am A) M M 
(11.0 HZ, (16 Hz, (14.0 HXI (2.3 IIt) 

sxall, 
7.63 d. 8.03 d. 
(8.7 nz> 
rrC6&axJ- 

The asslunment of the absolute I TablO 2. CD 6tr of l-3, 5, rd 12 in *ro1( 1 

configuration to the above 

homoisoflavanones 1-S was confirmed 

through X-ray analysis of a crystalline 

derivative prepared from 6. Compound 6 

was converted by p-bromobenzoylation 

into ester 9. Sodium borohydride 

reduction of 9 unexpectedly gave the 

I-deoxy 5-hydroxy compound 10 (%i-nmr: 

(4)CIi2 ARg at 6 2.86, 2.94. MS:328 m/z), 

m 

333 
290 

337 
292 

335 
290 

332 
296 

336 
29a 

-6,800 
l 2C,5CC 

-9,000 
l 28.600 

-16,500 

*,m 

-20,490 
l 56,ooa 

-5,900 
l 12,500 

probably due to the shift of the p-bromobenzoyl group from the 5- to the 

4-oxygen and subsequent hydrogenolysis of the group at that benzylic 

position. Anyway, p-bromobenzoylation of 10 gave 11, whose crystals, grown 

from methanol as needles, were submitted to X-ray analysis, which allowed 

to determine unambiguously the absolute stereochemistry of the compound 

(Fig. 1). 

The structure was solved by Patterson and Fourier techniques and 

refined to a conventional R index of 0.035 and a weighted Rw index of 

0.042. The opposite enantiomorph was also refined and the conventional and 

the weighted indices were 0.043 and 0.052, respectively, at convergence. 
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The corresponding Hamilton~s ratios5 1.229 and 1.238 indicate, with a very 

high statistical significance, the chirality of C-3 as R. 

The molecule can be shortly described as an assembly of three roughly 

planar fragments, stiffened by extended I electron charges. Apart from 

C(20)," C(2) and C(3), which are respectively 0.172(4), 0.226(4) and 

0.519(3) A out of the best plane, the chromanone fused system is planar 

within O-024(4) A. The dihydro-y-pyrone ring displays a nearly perfect 

half-chair conformation with the following values of the ring puckering 

parameters according to Cremer and Pople' for the sequence 

O(l)-C(9)-C(lO)-C(4)-C(3)-C(2): Q (puckering amplitude) = 0.487(4) A, 8 = 

51.9(7)', @ = 259(l)'. The di-methoxy-benzo-w-butene fragment, planar 

within 0.057(4) A and with a slight bend around the fusion bond 

C(12)-C(13), is almost perpendicular to the chromanone system [interplanar 

angle = 82.9(l)*]. The p-bromo-benzoate group also fulfils the condition of 

planarity with the outermost atoms Br and C(5) displaying the largest 

displacements of 0.047(l) and 0.054(4) A, respectively. This plane, too, is 

almost perpendicular to the chromanone system [interplanar angle = 

84.7(l)']. 

Homoisoflavanone 12, isolated2 from bulbs of m D, can 

also be assumed to possess R-configuration, as a positive Cotton effect at 

290 nm and a negative Cotton effect at 336 nm were observed in its CD 

a Labelling of 11 as in Figure 1. 
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h k 1 Are A8 

-5 -2 1 0.47 0.25 

-3 -3 10 0.14 0.17 

-2 -4 5 -0.12 -0.19 

-2 -4 6 0.3a 0.14 

0 -3 a 0.29 0.22 

2 -3 a 0.12 -0.12 

3 -1 2 -0-M -0.22 

3 -3 0 -0.12 -0.14 

4 -1 3 -0.w -0.10 

4 -7 10 -0.26 -0.10 

5 -5 4 0.20 0.12 

6 -4 3 0.39 0.14 

6 -2 a 0.36 0.11 

7 -2 1 0.2a 0.11 

a -4 6 -0.20 -0.12 

curve. However, because of the different substitution pattern of the ring 

B, confirmatory evidence for this assumption was searched from X-ray 

analysis of the compound recrystallized from methanol. The structure was 

solved by direct methods using MULTAN807 and refined to R = 0.035 and Rw = 

0.047. Two independent molecules with the same configuration at C-3 are 

contained in the asymmetric unit. In this case the lack of strong anomalous 

scatterers prevent the use of the Hamilton's test as a discriminator for 

the determination of the correct absolute structure. The problem was 

solved by the Bijvoet difference method. 15 Friedel pairs with FC 

differing significantly at the end of the refinement were remeasured with 

great care. The agreement, shown in Table 3, between observed and 

calculated AF for the structure containing molecules with R-configuration 

gives an enough clear evidence that this structure, to which the drawing in 

Fig. 2 and the coordinates of Table 6 refer, is that with the correct 

absolute configuration. The two independent molecules show a close 

correspondence in bond lengths and angles, except three valency angles 

involving C(3).b These differences are connected to a remarkable 

conformational variation occurring in the central fragment made up by the 

dihydro-y-pyrone and cvclo-butene rings. It is allowed by the flexibility 

ccqand 11 carpand 12 

Crystal dimnslm, I 0.1Ox0.20xo.50 0.07x0.14x0.4~ 

FDrul~ 

roru1r wl9ht 
::gF%" Wl6 

Q=@WaO P212121 P21 
l . 4 7.431(l) 10.241X0 

b. h 11.736(Z) 10.344(l) 

c. h 2&492(L) 14.673~5> 

b. * 
v, 13 

101.49(P) 

2310.5(7) 1523.9(a) 

2 4 4 (2 mlr pLT 

YIs"::3* 

"W. ml0 

i .4m 1.431 

1.5411 1.541a 

e_ (0) 76 76 

Uawptim cmfficimt (p), cn -1 27.6 a.6 

no. indap. refl. 2772 3357 

no. rcft. bow 30(I) 2530 3023 

R 0.035 0.035 

l" 0.042 0.047 

u- (Inverted ~trueturc) 0.043 0.036 

I-Y (inwrted l tructurc) 0.052 0.047 

____ 

b Labelling of 12 as in Figure 2. 
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C(l5' 1.0474CS' 0.667& 
w14 1.205lC5> 0.674% 
C(l7) 1.3379(5' 0.5916i 
CC18) 1.3%s<?) 0.77164 
CCl9' 
WOO) 
Ct21' 

1,x 0, .,'. 

x 
'wl 

4) 0.04509<0 6.167W 
I' 
i> 

-0.24124<9' ;.;;X:; 
-0.2481<1' 

;' -0.17541(9' 7:26(E) 
!' -0.l2121t8' 4.130) 
I' 

1: 

c' 
1' 
b' -0.163SCl) f.91<6) 
;' 
;' :*z 
" 4:22(6' 
" 4.01(6) 
'1 
a 
;' 
;I -0.1475(0 4.3%?) 
;3 -0.14.4262(1' 4.63(7) 
" -0.1130(1' 4.51(7) 
1' -0.Ou31<1) 4.72<7) 
'I -0.0654<1> 4.9!%8) 

:: 
-0.0165(2' 7.4fl) 
-O.l3m(P' 6.3(l) 

1: 
-G?268~21 

:-z; -0.ls3OCl~ . 
Cc221 O.b%Sib’ 0.0714<3? 
a233 0.472sfSf 0.0680~4' 

yw~;~ 

-0:657x1, 
SE' 

8x24' o.sSl9cs' 0.0746<5' 6:1(l) 
CG5' 0.4157(5' 0.@560' -0.ow2<1' 4.43<?' 
CC26' 0.!5%3(5' O.CWOC4' 0.mo7<1' 5.3oco 
C(27) O.TlR(5 o.onai -0.Osa9(1' 5.13(I) 

Frvtfml rtcrfc kxlofpiruta tirgdwknt fsoWC@C 
thwwl pwrrtm CA ) of the nm-hykcwnator ulth 
the l .s.d.‘a In pmtheus for the cqxnnd 12. 

I = 4n r,r,0,,ap 

x 

Oil' 1.033%2' 

z3: 
0.7450(2' 
0.6507<3' 

oc4' 1.2135<3' 
0<3' 0.76Wf2 

:::: 
0.5971<3' 
0.975x3> 

::t: :=:f: 
WI' 
CC6' :%E 
C(7' 1:1222cs, 
CC8' 1.1213<4' 
CC9' l.lw6cs' 
CClO' 0.9x9(3) 
cc10 0.76330) 
C(l2' 0.6&5Ls(s 
CClS' O.MlCS) 
CC14' yo7w; 
CC15) 
1X16' 0:572OC4, 
Ul7' 0.6036<4' 
C<lI' 0.5457<4' 
Ix191 1.3136<4' 
Wl" 0.9629<2' 
0<2" 1.2861<3' 
OW l.lw!CJ' 
o(4" 0_m54<3' 
OCS" 1.2077<3? 
o(6" 1.39wf' 
CCZ" t.0332tS' 
CCS" 1.1794CS' 
CC4" 1.1912(3' 

CC7" 0.6939(S) 
CW) 0.8834(3' 
UP" 0.9781(3' 
C(l0" l.m69(3) 
Ull" 1.2691(4) 
C(l2" 1.3419(S) 
C(l3'3 1.2642(f) 
C(l4" 1.2829<3' 
C<lS" 1.3667(3' 
1X16') l&3%4 
Ul7" 1.4424<4) 
CCl6" l.S112(4' 
CCl9" 0.6971~4' 

Y 

-0.3609 
-0.oao9<3’ 
0.0356(S) 
-0.1632<3) 
*OAal7(3) 
-0.6765(31 
-0.3320<4' 
-0*2629<3f 
-0.165X4 
-0.06.35<4' 
-0.OMdKL' 
-0.167MO 
-0.2675(4' 

:;*:gg; 

*0:2746(41 
-0.3933<4) 
y939::; 

+043~~; 

-0:49l2(4) 
-0.79790) 
-0.2616(i) 
0.3273a~ 
0.0930~3' 
-O.M07<3) 
0.0519<3) 
o.t766<3) 
0.2879G' 
0.3275(4> 
0.2941<3> 
0.1649(4 
0.0229<3' 
-0.mwC4) 
0.0859<4) 
O.lwN4) 
0.2164(J' 
0.1345(3~ 
0.40f1(4) 
0.4112(4) 
0.3153c31 
0.2736CJ' 
0.3%5<40 
0.432oC4' 

0.7491<2' 
0.6847<2' 
O.a401(2' 
1.037?;21 
O.an6~1' 
~*~~~~~ 

0:6437<2' 

EE:3: 
0:934wn 

b%%:: 
0:m99<2, 
0.7w2(2) 

Ez: 
0:6517(2) 
0.7116(2' 
0.66w2' 
0.5741~5' 
0.5152(3' 
0.6959G' 
1.0518~3) 
0.7146<2' 

Ez:f: 
0:4563<2, 
1.0319(2' 
1.156666(2' 
0.6lm;2' 
O.lvb(P' 
o.m2cz, 
0.63&x2 
O.S597(2' 
O.SS41(2' 
0.5855(2) 
0.66SSC2' 
0.6941(2~ 
0.7842(2' 
0.&%66(3' 
0.9142<2' 
l.m46<2' 
1.0675<2' 
l.o39u(3' 
0.9454<5' 
1.22%<3' 
0.422x3' 

0 cq 
3.60(5’ 
4.4X6' 
5.29<6' 
4.76<6' 
3.62<5' 
4.39CS' 
3.3K7' 
3.23<7' 
X36(4 
S.asC7' 
4.39(6' 
X77(7' 
3.65(7> 
X.16(6' 
J.27(6) 
3.9503' 
X57(7' 
X11(6' 
3.00(6) 
X39(7) 
3.94(6' 
4.16<8' 
5.26(9) 
4.74<9' 
JAB<5 
4.41<6? 
L.Xbf6' 
X97(3' 
4.21<5> 
4.W6' 
3.45(T) 
X19(6 
3.&3(7> 
3.24(6' 
3.52(7' 
J.25<6' 
3.X7' 
3.16C6' 
3.04(6' 
3.53(7 
X72(7' 
3.21(6' 
J.23<7' 
3.65<7' 
4.3OCd' 
4.3tw 
3.67C9' 
4.RC9' 

of the dihydro-y-pyrone ring and is due to packing requirements. In both 

molecules the dihydro-y-pyrone ring adopts a sofa conformation with C(2) 

out of the chromanone plane but on the opposite sides in the two cases. The 

ring puckering parameters for the sequence O(l)-C(9)-C(lO)-c(r)-c(3)-c(2) 

are : Q - 0.466(4) A, 8 - 125.0(7)', # - 110(l)' for the unpriced molecule 

and Q = 0.462(4) A, 8 - 55.4(7)*, Cp - 286(l)' for the primed molecule. 

The primed molecule appear to be more regular and consists essentially 

of two roughly planar atomic distributions: the chromanone system and the 

benzo-w-butene moiety. Their interplanar angle is 78.0(Z)'. Horeover, 
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the skeleton of the primed molecule is conformationally congruent with that 

of the molecule of 11. The unprimed molecule, instead, exhibits a strong 

dietorsion localized at the w-butene fragment. In both molecules there 

is an omologoue strong intramolecular H-bond between O(3) and O(2) (see 

Table 8). 

EXPERIHBRTAL 

Nmr spectra were recorded at 400.13 (%I) and 100.75 (13C) MHz with a 

400-AM Ff epectromer (Bruker). CD curves were measured with a Jasco J-600 

dichrograph. Mass spectra were recorded with a Xratoe MS50 instrument. PLC 

was performed on precoated silica gel layers Merck P254, 0.5 mm. 

H&&l !&r.ivative p. Samples (Ca. 20 mg) of 1, 2, 3 and 4 were 

separately treated with a solution of diazomethane in ether for 40 h at 

r.t.. PLC (5:3:2 hexane-dioxane-ether, 2 rune) of the crude products 

obtained after usual work-up gave pure dextrorotatory 6 (15+18 ng) in all 

cases. 'Ii-nmr: Table 1. 

p-Brme a. 6 (30 mg) was treated in methanol with sodium 

borohydride for 10' at O'C. The crude product, obtained by addition of 

acetic acid, evaporation of the solvent and extraction with ethyl acetate, 

was treated with p-bromobenzoyl chloride in anhydrous pyridine for 24 h at 

r.t.. Usual work-up and PLC (98:2 benzene-ethyl acetate) gave pure 8 (19 

mg) - %I-nmr: Table 1. CD (methanol): Ac23g = +18.9, h245 = 0, h,,, = 

-27.9, A-value - -46.8. 

m u. 6 (11 mg) was treated with p-bromobenzoyl chloride 

in anhydrous pyridine for 24 h at r.t.. Usual work-up gave p-bromobenzoate 

9 (11 mg); 'Ii-nmr: Table 1. Treatment of 9 (10 mg) with sodium borohydride 

in methanol as above afforded 10 (8 mg); 'H-nmr: Table 1; EIMS 70 eV: 328 

R/f (R+). p-Bromobenzoylation of 10 (6 mg) as above and PLC (9:l 

benzene-ethyl acetate) gave 11 (6 mg); 'H-nmr: Table 1. 13C-nmr (CDC13): 6 

30.1 and 40.2 (CH2-4 and CH2-9); 44.7 (C-3); 55.6, 56.5 and 56.6 (3xOCH3); 

72.9 (CH2-2); 100.0 and 101.4 (CH-6 and CH-8); 106.1 and 108.5 (CH-2' and 

CH-5'); 102.4 (C-4a); 128.3 and 129.0 (C-Br and C-C=O); 131.8 and 132.1 

(4xCH of p-bromobenzoyl group): 135.3 (C-l'); 140.2 (C-6'): 150.1, 150.3 

and 150.9 (C-3', C-5 and C-4): 156.3 and 159.4 (C-7 and C-8a); 163.1 (C=O). 

X-RavAnalvses. 

Crystal data and relevant details of the structure determinations for 

the compounds 11 and 12 are presented in Table 4. The final atomic 

parameters of 11 and 12 are given in Tables 5 and 6 while the values of 

the bond lengths and angles are reported in Tables 7 and 8. 

An Enraf-Noniue CAD4 diffractometer on line with a VAX 750 computer was 
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O(l)-C(2) 
O(l)-CC9' 
C(Z'-C(J) 
US'-CO' 
CO'-UIO 
C(lO'-UP' 
C(lO'-CO 
CC5'-CM 
cm-UT' 
C(T)-cm 
cm-C(9) 
c(3'-c(ll' 
US'-C(l3' 
c(ll'-c(l2' 
c(l2'-C(ls' 
C(l3'-CCl4' 
C(lL'-C(l5' 
C(lI'-C(l6' 
C(l6'-C(l7' 
C(l7'-C(l2' 
C(l6'-o(6) 
o(6)-C(l8' 
C(l5'-O(5) 
O(5)-C(l9' 
CC7WX2' 
O(2)-C(20' 
CO'-Oc4' 
O(4)-C(21' 
C(Zl'-O(S' 
C121'-C(22' 
C(22'-U23' 
C(U)-CC24' 
C(24'-U25' 
C(25'-lx6 
1X26'-C(27' 
C(27WX22' 
Cm'-Br 

o(l'-c(2'-c(s' 
C(Z)-C(3)%(4) 
cm-C(4)-CXIO' 
c(4'-c(lO'-c(9' 
cc10'-C(9'-0(1' 
C(9)-O(l)-CC2' 
UP'-C(lO'-C(5) 
C(lO'-C(5)-C(6' 
C(5'-C(6l-C(7' 
C(6)-C(T)-C(8) 
C(T)-CNwC(9' 
Cm-C(9'-C(lo' 
c(2'-Ca'-c(ll' 
C(2'-Ca'-c(l3' 
c~4'-cO'-C(ll' 
c~4'-ca'-C(lS' 
c~ll'-c(3'-c(lS' 
CO'-C(ll'-C(l2' 
Ccll'-C(l2'-ccl3' 
C(l2'-c(l3'-C(3' 
cO'-c(l3'-C(l4' 
C(lZ'-C(lS'-C(O) 
C(ll'-C(lZ'-C(l7) 
1X13'-CflZ'-C(l7' 
c(1s'-c(l4'-c(l5' 
C(l4'~C(l5'-C(l6' 
C(l5'-C(l6'-C(l7' 
1X16'-C(l7'-C(l2' 

1.44m5' 
l&9(4 

:~zz 
1:5&x5' 
1.46005' 
1.3760' 
1.376(5' 
1.40000(6' 
l.376(5' 
1.392C5' 
1.5'9(5' 
1.526(5' 
1.526C6' 
1.370(5' 
1.376(6) 
1.3940' 
1.416<6' 
1.367(6' 
1.392(6' 

ZE: 
1:370(5' 
1.421(7' 
1.364(5' 
1.428(5 
1.427<4' 
1.346(5' 
l.lea(5' 
l&27(5 
1.371(5' 
l-374(5' 
1.360(6' 
l.367(6' 
1.3645(5' 
1.3&L(5) 
1.902(4' 

111.4(3' 
109.1(3' 
110.8(3' 
129AL3 
122.2(3' 
117.70' 
115.40' 
125.4(S) 
116.6(4' 
120.5(3' 
120.1(3' 
121.6(3' 
113.00 
114.60 
117.20 

'AZ:: 
85:7(3' 

:%: 
142:2w 
124.1(4' 
l&.0(4' 
121.4(4' 
115.5(4' 
121.2(4' 
121.6(b) 
116.X4 

W lmthr (A’ ti r.lwmt urlanc. 
rplem (” ulth tkfr . . . . d.‘r In 
prmtheses fortheaqmdl2. 

uprf=d Crlrd 
WlUUl. daul~ 

o(l)-u2 1.4366(3' 1.44lC3' 
Oco-C(9) l.s(u(3' 1.36463' 
CCZ'-us 1.514m 1.517(3' 
C(3)-C(4) 1.514(4' 
cc4'-c(lO' 1.446(J' :~~::: 
CClO'-C(9) 1.4ow' 1:4tocm 
C(lO'-CC5' 1.43of4' 1.4270' 
C(5)-C(6) 1.365(3' 1.371(3' 
C(6)-UT' 1.3950' 1.398(4' 
C(7)-C(8' 1.39lxo 1.3w4' 
C(fwC(9' 1.373c33 1.362(3' 
C(3'-Ull' l.WC3' 1.396(4' 
cc3'-cm' 1.5320' 1.5lS(S' 
c(ll'-ccl2' 1.523(4' 1.528(3' 
C(lZ'-Cll' 1.196(3' 1.387(4' 
c(l3'-ccl4' 1.373(4' 1.3R(3' 
C(l4'-C(O) l.iW(J' 1.414C3' 
1X15'-C(l6' 1.397(3' I.3870 
C(l6'-1X17' l&2(4 1.412(4' 
C(l7'-1X12' I.3700 1.366(4' 
C(L)-O(2) 1.24lC3' 
C(5)-00' 1.x66(3 z::3: 
C(f)-O(4) 1.361(3' 1:355c3, 
O(4)-C(l9' 1.431(4' 
C(l4'-O(5) 1.366f3' :%:: 
C(l5'-O(6) 1.3ms I ~3mm 
O(6)-C(W) 1.424(4) 1.406(4' 
0(3'***.0(2' 2.616(3' 
tlm3'~~~0(2' :.z:' 1.74(2' . 

O(l'-C(2)-C(3) 111.5C2' 112.0(2' 
C(Z)-US'-C(4' lW.8(2' lW.S(2' 
C(S'-C(o-c(lO' 115.2(2' 115.7(2' 
Cc4'-c~lO'-c(9' 121.5(2' 121.4(2' 
c(lo'-c(9'-O(l' 121.2(2' 121.1(2' 
UP'-O(l)-C(2) 

:::*:::: 
115.4(2' 

c(9'-c(lo'-c(5' 116.9(2' 
1X10'-C(5)-C(6) 121:5(2' 121.4(2' 
CO'-C(6)-C(7) 119.5(3' 119.X2 
C(6'.C(7'-C(8' 12l.CC2' 121.6(2' 
c(l'-cm'-c(9' 118.lC2' 118.4(2' 
cm-c~9'-c(lo' 123.2c2, 122.X2' 
c(2'-c(3'-c(ll' 111.0(2' 115.7(2' 
c(2'-Ca'-C(lS' 112.0(2' ltL.a(Z' 
c(4'-C(S'-C(ll' 118.7(2' 112.6(2' 
C(I)-cm-C(l3' ll7.2(2' 117.1(2' 
ccll'-cc3'-c(l3' M.2(2' 65.9(2' 
c(3'-c(ll'-c(l2' l%.5(2' lu.1m 
1X11'-1X12'-1x13' 93.5(2' 93.3(2' 
c(l2'-C(l3~-ct3' 93.1(2' 94.7(2' 
c(3'-C(l3'-C(lL' 142.4(2' 142.7(2' 
C(lZ'-C(O)-C(l4' 123.3(2' 122.6(2' 
C(ll'-C(lZ'-CXIT' 144.5(2' 143.9(3' 
ECU)-C(lZ'-C(l7' 121.60' 122.8(3' 
C(l3'-C~l4'-C(l5' 115.2(2' 115.5(2' 
C(lL'-C(O)-C(l6' 122.0(2' 121.6(2 
C(lI'-1X16'-C(l7' 121.1(2' 121.4(2' 
C(l6)-C(lT'-Ult' 116.6(2 115.8(3' 
OO'-H(Ca'..*O(2' 136(2' 142(2' 
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used for the data collections with the o/0 scan technique at room 

temperature. The intensities were corrected for Lorentz and polarization 

factors and for the absorption effects by the empirical correction 

according to North & d..8 The refinement of the positional and 

anisotropic thermal parameters for non-hydrogen atoms was carried out by 

full-matrix (on P) least-squares cycles. The Ii atoms were generated at 

their expected positions taking into account the indications of the 

difference Fourier map for the methyl and hydroxyl groups. All the H-atoms 

were included, using a riding model, in the last refinement with the 

isotropic thermal parameter slightly larger than the Beq of the carrier 

atoms. For both compounds the refined parameters included an overall 

scale factor and the positional and anisotropic thermal parameters of the 

non-drogen atoms. In particular, for 11 the refinement included also a 

correction for the secondary extinction [g = 9.9(5)xlO'7]. The weighting 

scheme, according to Killean and Lawrence9 was l/w = 

[u2(Po) + (0.02 x F,)' + l] and the absolute value of the highest positive 

or negative peaks in the final difference Fourier map was not larger than 

0.3 e Ae3 . For the compound 12, the weighting scheme was l/w - 02(Fo) and 

the positive and negative heights in the final difference map did not 

exceed 0.16 and 0.18 e AB3, respectively. Atomic scattering factors and 

anomalous dispersion corrections were taken from international Tables for 

K-ray Crystallographylo. The Enraf-Nonius package of computer programs 

(SDP) was used. Lists of structure factors, anisotropic thermal parameters 

and H-atom parameters have been deposited at the Dipartimento di Chimica of 

the University of Naples and are available from F.G.. 

YMR rpectrr ware taken at the Cmtro di Ietodologic Chlmlco-finiche delta Unlwr#ltR di YapoIl. ThrouGhout the 

cryrtallogr&~c work the cquiprnt of this Cmtre was used. UC thti Winirtcro della Ricwca Scientifica e Tecml~ica, 

Ror, md Centro Y~zbr~l. 611. Rlcerche, Rae, for flmial uqport of this work. 
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