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Abstract: anti-Benzol1,2-h;4,5-h'lbis(benzo[ 1,2-c]bicyclo[4.4.1]undeca-3,8-diene-11-one) (7a) and
bis(naphtho{2,3-c]bicyclo[4.4.1]undeca-3,8-diene-1 1-ane) derivative 7b reacted with Grignard reagents
(MeMgl and PhMgBr) to give bis(alcohol)s 10-12 or monoalcohols 13 and 14, depending upon the
amount of the reagent used. Similarly, syn-bis(alcohol)s 15-17 and syn-monoalcohols 18 and 19 were
obtained in the reaction of syn-benzol1,2-h;4,5-h'bis(benzol 1,2-clbicyclo[4.4.1lundeca-3,8-dienc- 1 1-one)
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isomers and each isomer was isolated by HPLC. The structures were determined by 1H and 13C NMR
spectra, NOE study, and X-ray crystallographic analyses of 12a, 13, and 17a. The triple-layered
[3.3][3.3]orthocyclophanes 10-12 take the (twin-chair)/(twin-chair) arrangement and in the structure, the
top and the bottom aromatic rings sandwich a central benzo ring. syn-Cyclophanes 15-17 exist as an
equilibrium mixture of two equivalent (twin-chair)/(chair-boat)- and (chair-boat)/(twin-chair)-confonmners
in solution. In the solid, the conformation is fixed, as clarified by X-ray crystallographic analysis of

17a. Because of steric congestion, the central benzene ring in 17a is not planar. Monoalcohols 13-14

and 18-19 have a rigid and layered twin-chair substructure and a flexible chair-boat part. The existence of

12 was determined on the basis of a long wavelength shift in UV spectra, as compared to the spectra of
13-19 having a double-layered [3.3]Jorthocyclophane-substructure.
© 1998 Elsevier Scicnce Ltd. All rights reserved.

Introduction

Closely layered n-systems in cyclophanes have attracted a lot of attention over the last years.1,2) They are
interesting candidates for the study of non-bonded rn—n interactions. Moreover, changing the n-basicity of

aromatic ring systems by n-= interactions may alter the chemical reactivity of the aromatic rings and also help

interaction between the aromaiic rings. Recently, more research has been focussed on n-systems that are closely
layered and rigidly held in place, but show virtuaily no deformation due to their specific connection to the rest of
the molecule. [3.3]Orthocyclophanes of type 1-6 represent such a class of molecules with virtually non-deformed
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n-systems. 3-6) Nevertheless, different members of these [3.3Jorthocyciophanes show different conformational
behavior depending on their functionalization on the methylene-bridge, and in multi-bridged systems 5and 6, on

the relative stereochemistry of the bridges (syn- or anti-).
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As part of the study on these orthocyclophanes, the preparation of the [3.3]{3.3Jorthocyclophane acetals 5
with rigid triple-layered benzo/benzo/benzo- and naphtho/benzo/naphtho-systems from the ani-diketone 7 as
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precursor was reporied recently (Scheme 1).5) The n-n interaction in these systems has been noted. On the
other hand, the corresponding bisacetals 8 of the syn-diketones 9 have been found to be flexible and it was
supposed that they exist as a quickly equilibrating mixture of conformers, as was indicated in VT-1H NMR
studies at a temperature range from -60 °C to rt. Nevertheless, the conformations could not be clarified in detail at

that time.
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orthocyclophanes are described in this paper. Also, X-ray
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crystallographic analyses of 12a, 13, and 17a have been provided.

Results and Discussion
Preparation of [3.3][3.3]Orthocyclophane Alcohols

stereoisomers (Scheme he produ 0-19 could be separated by preparative HPLC (Table 1-2).
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7 RMgX RMgX/5 (imol/mol) Products (Isolated Yield, %)
7a MeMgl 5 10a (21), 1la (43), 12a (23)
Ta PhMgBr 15 10b ( 6), 11b (12), 12b (19)
7b MeMgl 10 10c ( 4), 11c (62), 12¢ (12)
7b MeMgl 5 13 (64), 14 (21)
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In the reaction of anti-diketone 7a with 5 equivalents of MeMgl the
expected triple-layered bis(alcohol)s 10a, 11a, and 12a were produced.
The ratios of isomers formed of 10a, 11a, and 12a are very close to
statistical values. The use of a large excess (15 equiv.) of PhMgBr was
necessary to obtain the desired bis(phenylalcohol)s 10b, 11b, and 12b.

The corresponding monoalcohol derivatives were not formed, even when a

lesser amount of PhMgBr was used. In these cases, a mixture of
unchanged diketone 7a and the bis(alcahe!)s 185, 11h and 12b were
s -t 1 Vo VORIV SRSy I e boall o B i gl___ Y. OO 1_ 1 tat
oplainca. vn e ouncr ﬂdﬂu ﬂdpﬂ no lﬁlllelVC 71 4d1101rdca cCIuvIcCI

methylalcohols 13 and 14 or a mixture of bis(alcohol)s 10c, 11¢, and 2
12¢, depending upon the amount of MeMgl used. The reaction with 5 ""‘W"" & “‘SO d"
equivalents of MeMgl gave a 3:1-mixture of 13 and 14, while only

bis(alcohol)s 10¢-12¢ were produced in the reaction with 10 equivalents  Fig. 1 ORTEP view of 13

of MeMgl. The first attack of the Grignard reagent on one of the two

carbonyl functions of 7b occurs from the less hindered side to give naphtho/benzo/naphtho-orthophane alcohol
13, as opposed to 14. The ORTEP drawing of 13 (Fig. 1) gives evidence that the naphthalene rings shield the

carbonyl function from attack of the reagent. Thus, the sccond attack is slowed and the two naphtho units of 7b
may control the direction of the incoming Grignard reagent, leading to the predominant formation of 11c
R._OH HO.__R
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9 - - |
T TNa e
48 h
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- Il h
18 19
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Scheme 3
The reaction of syn-diketone 9a also gives either bis(alcohol)s 15-17 or monoalcohols 18-19, depending

upon the nature of the Grignard reagents and the amount used. In the reaction with MeMgl, bis(alcohol)s 15a,
16a, and 17a were produced in a close-to-statistical ratio. The reaction with PhMgBr proceeded in a
diastereoselective manner (Table 2), probably due to the fact that a phenyl group is bulkier than a methyl group.
When 10 equivalents of PhMgBr were used, bis(alcohol) 16b was formed as the major product, accompanied by
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a smail amount of 15b. Isomer 17b was not obtained in the reaction. Monoalcohols 18 and 19 were obiained in
the reaction using 5 equivalents of PhMgBr. Each of the two monoalcohols was isolated by HPLC, but their

structures could not be assigned.

Table 2. Reaction of 9 with Grignard reagent

9 RMgX RMgX/5 (mol/mol) Products (Tsolated Yield)
9a MeMgl S 15a (23), 16a (37), 17a (27)
Sb PhMgBr 10 15b ( 5), 16b (20)

9b PhMgBr 5 18 +19 (16 +26)2

a) The structures could not be assigned.

Structures
Bis(alcohol)s 10a-c¢, 11a-c, and 12a-c have two stacked [3.3]orthocyclophane systems and exhibit Iy
NMR spectra similar to those of triple-layered [3.31[3.3]orthocyclophanebis(acetals) 5.5) The methylene

protons on the bridges appear as several sets of double doublets and the methine protons on the bridgehead

positions show a multiplet peak. Protons of the stacked aromatic rings show an up-field shift (Table 3), as is in
1 £ st T 2 Phoooa oabl o ke O e Ao al o oa o o B el L e o o al ol o oall e
ine case ol ine acetais d, Due {0 iné anisot OPIC CHICCLS QU 10 UIC LOP dlld HIC DOUOIT alumalc THigs, UIC proions
of the centrai benzo ring show a remarkabie up-field shift

Table 3. Chemical shifts of the central aromatic-ring protons of §, 10, 11, and 12.

Compd & ppm Compd  d ppm Compd & ppm Compd & ppm
Sa 5.91 10a 597 10h 6.31 10c 5.71
11a 6.06 11h 6.26 11c 5.75
Sb 5.86 12a 6.12 12b 6.02 12¢ 5.78

Of the three stereoisomeric bis(methylalcohol)s 10a-12a, unsym-
metric exo,endo-diol 11a is easily recognisable due to the presence of -
two different methyl signals in the |H NMR spectrum. The IH NMR 7

spectra of 10a and 12a reflect the symmetric structures of the two

conformers, as the two methyl and the two hydroxyl groups of each g Q - ?w
conformer are observed as a singlet each, and the methylene protons S

appear as four sets of double-doublet peaks. A suitable crystal of a 1:1- Sﬁ)

compiex of 1Za with chioroform was obtained and the X-ray crystal

analysis confirms the exo,exo-configuration (Fig. 2), in which the two -
hydroxy! groups on the methylene bridges are directed to the outer side of M

the molecule. In this way 10a could be assigned as endo,endo-diol. The ;ﬁr "

NOE spectra (Fig. 3) can explain the configurations assigned to 10a- Fig.2 ORTEP view of 12a

12a reasonably well. Moreover, the stereochemistry of each isomer
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endo,endo-10b-c, exo,endo—iib«é, and exo,exo-12b-c¢ could be

determined on the basis of NOE experiments (Fig. 4). l \ﬁ-\
- o il
The bis(twin-chair) conformer seems to be highly improbable in ~\ or
P . . . C
the case of syn-bis(alcohol)s 15-17, because in these imaginary . (jﬁ:a)\oﬁd
conformers, the two outer rings have to collapse onto the central ring. (K M
A symmetric structure of 15a seems obvious, as it shows ten A N 219,
4 ¥ ldu Zt /o
signals in the 13C NMR at room temperature. Only one signal for the \~|~\\J
manthe]l crmcicean nicd mwa Fae tha hudeanes ]l meabano ~anld ha Alcacerad S
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the 'H NMR : Fig.3 NOE Data of 10a

NMR, which shows the methyiene proions as four sets of
double-doublet peaks. NOE studies on 15 (Fig. 5) disclose that the
two hydroxyl groups of endo,endo-diol 15a are directed away from

\—'\..DQH = < Wnu

H H! HO QN /R OH?
\W } 1% \7"—::(/ Ho A as%
Hb ) 10% HPJ 4%
15a 21% . 23%
el 100
Fig. 5 NOE Data of i5a,b

the central benzo ring. Diol 15a is thought to exist as an equilibrium mixture of (boat-chair)-(twin-chair), (chair-
boat)-(twin-chair), (twin-chair)-(boat-chair), and (twin-chair)-(chair-boat) conformers in solution (Fig. 6).7)
The structure of endo,endo-15b was similarly determined. The presence of only one peak for the hydroxyl

re for 15b and by NOE experiment the arrangement of the two phenyl

nratne intravhiurad hoy tha rianard additinn ~onld ha datarmined _rayu ~ructallacgranhics analveic chae o
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symimeiric exo,exo-siruciure for 17a. On the other hand, 16a has an unsymmeiric exo,endo-siruciure. The *H

NMR spectrum at -60 "C shows a complex signal pattern and overlapping peaks for the methylene protons.
Therefore, the conformation of 16a remains unknown. The exo,endo-structure of 16b is shown by the
presence of two singlets due to the two hydroxyl protons (6= 1.54 and 1.68 ppm, respectively) in the 1H
NMR, but again the conformation could not be determined because of complex overlapping of the methylene
signals. By X-ray crystallographic analysis, compound 17a was found to take the (twin-chair)/(chair-boat)-
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Fig. 6 Conformation Change of syn-layered [3.3][3.3]Orthocyclophanes

conformation in the solid state (Fig. 7).
The two hydroxyl groups of exo,exo-17a
are oriented in different directions. In
solution, 17a exists as an equilibrium
mixture of two equivalent conformers, in
which one bicyclof[4.4.1]undecane-unit
takes a (twin-chair) conformation and the
other has either a chair-boat or a boat-chair
conformation. At room temperature the 1H
NMR spectrum of 17a shows three broad
peaks for the aromatic protons, eight sharp
peaks for the methylene protons and a broad
peak for the methine protons. At -60 °C,
four aromatic peaks could be observed, and
the methylene and methine protons appeared
as complicated multiplets of sharp peaks.
These facts suggest the presence of an
equilibrium between two equivalent (twin-
chair)/(chair-boat)-conformers. In this
conformation, the benzo rings at both ends
come close to each other, as evidenced by

Outside

Fig. 7 ORTEP view of 17a

Inside

[s]

1.4
C10, 27 C12,25

-------- — ... 3.899°(0.157
0.765°(0.132) cin, 26 NS 2 899°(0.157)
9,28 C13, 24
Qutside

Fig. 8 Side view of 17a

the separation of C18 and C7 by 369 nm. This may lead to a steric repulsion between the two outer benzo rings,
and all benzo rings in 17a are deformed from planarity to a certain degree (Fig. 8). The central benzo ring is

bent to a lesser extent than the outer rings. Such a repulsion does not exist in a bis(chair-boat) conformation of

17a, however, this conformation is less favorable in the arrangement of the outer benzo rings with hydroxyl

5177



substituents. The corresponding symmetric conformer 17b was not found in the reaction of 9a and PhMgBr.
Monoalcohols 13, 14, 18, and 19 have a rigid twin-chair unit and either a flexible chair-boat or boat-

chair substructure in the molecule. The assignment of the configurations of 13, 14, 18, and 19 by means of

IH NMR spectra is difficult, since each of the alcohols shows broad peaks even at -60 ‘C. The endo-

configuration of 13 was determined by X-ray crystallographic analysis and, consequently, the stereostructure of
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UV Spectra of [ 3.3]3.3]Orthocyclophane alcohols.
UV spectral data for benzenophane(alcohol) derivatives 10-19 and diketones are given in Table 4. Anti-
diketone 7a is insoluble in all solvents useful for the UV-measurements.

When aromatic rings are stacked face-to-face, a long wavelength shift in the UV/VIS spectra is seen, as

ac alen heen renorted in the cace of multi-lavered meta- and naracvelonhanes, 1b 8) The UV m of ketone
has also been reported 1n the case of multi-layered meta- ang paracyclop! tr of kKeton
Ba chinssrn mm obhift ¢ basmmne wravalamathe s han Animnnead ta that AF tha vafaranca ~amananndes MY and 31 00
Fa& SIIUWD IR DL WO ) IIECI yueiol Blllb, YYI1n [ IRV § lpa Al LU ulat Ul uiv [CIVIVIIVe LUI‘(IJUU Uy v aitld «1 \LU\,’

and 274 nm). A broad absorpiion band couid be found at ionger wavelengihs in the specira of bis{aicobols)
i0a-12a, where the conformation is fixed in the bis(twin-chair) conformation. The vaiues for Aax (301-303
nm) of isomers 10a, 11a, and 12a are very close to those reported for triple-layered orthocyclophanc
bis(acetal) Sa (299 nm).s) These results are in sharp contrast to the finding that the Amax (272 nm) of triple-
layered phane 6 is almost identical to that (273 nm) of the corresponding double-layered phane 2.4b) On the
other hand, no difference is seen in the Amax-values of syn-bis(alcohol)s 15a-17a and syn-mono(alcohol)s 18
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hown by X-ray crystailographic analysis. From comparison of ihe Amax-vaiues of bis{aicohol)s i0a-12a
monoalcohols 18-19, and ketone 9a, it can be said that the stacking of one dimethylbenzo-unit causes a long
wavelength shift of about 10 nm.

Table 4 UV Spectra of anti- and syn—[3.3][3.3']Orthocyclophanes.

13313310 hnrvr‘lnnhsmpc {lmnv a} loo £)
[ LA A g g)

‘ .............. AMMiax P’

Tripie-iayered phanes Doubie-iayered phanes Keiones

10a (303, 2.73), 10b (301, 2.81) 15a (293, 2.74), 15b (290, 2.76)

11a (301, 2.68), 11b (298, 2.79) 16a (291, 2.63), 16b (293, 2.63) 9a (280, 2.95)
Benzo/benzo/benzo |12a (301, 2.56), 12b (304, 2.80) 17a (291, 2.64)

18 (291, 2.71), 19 (291, 2.65)

Sa (299, 2.56) 8a (291, 2.66)
Al nambabla n fon manlo b 1Than~ (241 DAY 110 7240 2 80 1T (222 2 A0 14 (22R 12 A Th (3997 2 QM
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Diketones 7b and 2,3-dimethyinaphthalene 22

have their absorption maximum at Amax = 322 nm. /"\v&k‘ m/)\ k:’ i v//k‘

Stacking of benzo-rings and naphtho-rings in on o4 e
mono(alcohol)s induces a red-shift of 16 nm in the UV <! “<

spectra of 13 and 14, but a further stacking of another naphtho-ring causes only a small red-shift (2-3 nm) in
the spectra of bis(alcohol)s 10c, 11c, and 12¢ (Amax =340-341 nm), as was also reportedS) in the casc of 5a-

Conclusions

The degree of n—n through-space interaction present in anti- and syn-[3.3][3.3]Jorthocyclophane aicohols
10-19 was estimated by IH NMR and electronic spectra and X-ray crystallographic analysis. In IH NMR
spectra, the central benzene ring of anti-alcohols shows a large up-field shift as compared to 1, 2, 4, 5-
tetramethylbenzene (20). This can be attributed to the anisotropic effect of a sccond, proximate and stacked

aromatic ring. Just as in anti-bis(acetal) 55), the conformations of anti-bis(alcohols) 10-12 are rigid and the

rh yonnell Fat y 214 1y t Ji a I | 3101401 )

Anti_hiclalanhaly 12a Tha canfarmatinn af cun_hiclalenhnlle 18_17 ic tan flavikhlae tn ha dAatarminad hy Ty
anii-cis{aiCons1) itaa. 1 0C CONIOIMauion O1 §Yn-0151aiCOi0i1)s 13-4/ 15 00 11CX101€ O o€ GEWermineéa o ju
ATRATY o b o ) & (P P FS " T | SIS PP . B PPN [ (i R SRS S | g YRR - R S
INIVIK bpﬁhl[ Ubb()py. nowever, Uie A-idy Crysidl diidiysls 01 174 could pe ovudicu. uvwne o1 Lwo

bicycio[4.4.1jundeca sub-units in 17a adopts a boat-chair conformation, while the other subunit takes the twin-
chair conformation.

Additionally, the values for Amax of the anti-benzo derivatives 10a-b, 11a-b, and 12a,b show a shift
to longer wavelengths with an increasing number of aromatic ring layers. In contrast, Amax values of the anti-

naphtho derivatives 10¢, 11¢ and 12¢ remain constant as the laycrs increase from two to three, with a doubling

of the value for £. This fact means that the absorption band at 340 nm of 12¢ represents the sum of two 2,3-
dimethvinaphthalene (22V/1.2 4 S-tetramethvibenzene (20) interactions. On the other hand. the value for Aivas
FAMGQPUURRITIT ek 7 1,4, T, JT I Gl Y 1UVLLVIY (&7 BRI abuling. Wi ual Uit adinua, v vairus GUL Aqpax

EV-2% Lo |

of syn-bis(alcohot)s 15-17 in their elecironic specira is focated at the same wavelengih as compared to that of
syn-monoalcohols 18 and 19, respectively. This indicates that there are many conformers contributing to the
clectronic spectrum of the compound, in which the central benzo ring is stacked with one of the outer aromatic
rings. Therefore, it can be concluded that the position of Amax in the described orthophanes is mainly governed
by the same type of aromatic stacking, in spite of differences in the stereochemistry of the bridges in multi-

bridged orthophanes and in spite of differences in substituents on the bridges.

bt
O

General. Melting points are uncorrected. Infrared spectra were obtained in KBr peliets. UV/VIS spectra were

measured in CHCI13. {H NMR and Difference NOE spectra were recorded at 270 MHz. CDCI3 served as the
solvent. High-resolution mass spectra (HRMS) were recorded on a JEOL JMS 700 instrument. Mass spectral

analyses were performed under 70 eV electron-impact (EI) conditions. HPLC was carried out on a JASCO 880

HPLC (Develosil Packed Column: F 25 mm/250 mm).

Rortinn af P with Ivionard vegocente Tunical Procedure A colhiition of 7a (0 A2 o () 05 mmaly in THE (20
NEGCHION 0] « Wil UFIgnara redgents. 1 ypicas croceaire. i SGIICH O /& \W.545 g, u.50 N0 10 1k (av
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mixture was heated under reflux for 48 hours under argon. 5 % aq. Hydrochloric acid (30 ml) was added to the
reaction mixture, and the organic layer was separated, dried, and evaporated in vacuo to afford a solid, which
was recrystallized from methanol to give a mixture (0.395 g, 87%) of benzo[1,2-h;4,5-1’Jbis(11-hydroxy-11-
methylbenzo[ 1,2-c]bicyclo[4.4.1]undeca-3,8-diene)s 10a, 11a, and 12a. HPLC (ethyl acetate/chloroform=1:4)
of the mixlure gave 96 mgv (22%) of 10a, 198 mg (43%) of 11a, and 92 mg (22%) of 12a.

232 dn i da Al TNae e 207700 o ~nlarlace nasdlag fmethanal/chlarafarm)- T TR (chY 2450 (hr) 20584
ENUG,CNUCO- 11U 10 1P L7 17477 Ny VUIVLIVOD HULUILS LHIVUIAUUT VIIVIVIVIML ], LN JJ T 0 (Ol ), THIU (UL J, JNIT57,
AT AOIN 1TA0A 1870 1270 1AN0NT 1AM0 11177 1N INAL 102 00 ONn0 114 =l lyy nanam 1 oAz s
2996, 2910, 1494, 1438, 1378, 1293, 1228, iii7, 1072, 1046, 1023, 929, 509, 736 cm™1; *H NMR 1.46 (s,
6H), 1.55 (s, 2H), 2.01-2.11 (br s, 4H), 2.26 (dd, J=5.6, 15.2 Hz, 4H), 2.65 (dd, J=5.4, 15.5 Hz, 4H), 3.11

(dd, J=3.0, 15.5 Hz, 41!) 3.19 (dd, J=0.3, 15.2 Hz, 4H), 5.92 (s, 2H), 6.50-6.55 (m, 4H), 6.63-6.78 (m,
4H); 13C NMR 30.73, 35.06, 37.94, 44.69, 77.13, 124.80, 130.51, 132.83, 136.32, 139.21; EI-MS m/z 478
(M*, 31), 337 (56), 233 (10), 155 (18), 129 (50), 104 (100); HRMS (M*) Calcd for C34H3802: 478.2872,
Found 478.2882.

andn sva-Nial 11as mn 244 _24AK 0 prnlarlace nricme (fmathannl/rhlaraform) TR 2880 (chY 2494 (hey 2NSA
NGO, 2X0-1710% 1 ra@. MiP 455-450 L, CO1ONCSS PSS (INCUIAN0y OO0}, 1N 333V \811), 53544 (01, SUl4,
ANNA 21N 1E€NQ 1 A0 1AL 123772 17300 1977 11N 1NCA 1NEN 1NDN1T 0T ~1277 ‘u—1= Tir nanaD 1 40 .
L4, LT 1U, 1IUD, 1470, 1400, 1370, 1LY0, 1£34, 11D, 1UOA, 1UOVLIVULL, P47, /D7 CIM1 *; 11 INIVIIK 1.48 (5§,
3H), 1.51 (s, 3H), 1.58 (br s, 2H), 2.08-2.19 (m, 4H), 2.33 (dd, J=15.2, 5.6 Hz, 2H), 2.44 (dd, J=15.8, 5.0
Hz, 2H), 2.56 (dd, J=14.5, 6.6 Hz, 2H), 2.67 (dd, }=15.8, 5.3 Hz, 2H), 2.84 (d, J=15.8 Hz, 2H), 3.15 (dd,

J=15.8, 0.1 Hz, 2H), 3.28 (dd, J=14.5, 4.5 Hz, 2H), 3.45 (d, }J=15.2 Hz, 2H), 6.06 (s, 2H), 6.55-6.58 (m,
2H), 6.67-6.69 (m, 2H), 6.71 (br s, 4H); 13¢ NMR 30.0, 30.7, 35.0, 35.8, 37.7, 38.1, 447, 449, 77.2,
77.7, 124.3, 125.6, 129.4, 130.8, 133.9, 1354, 136.7, 139.3, 140.0; EI-MS m/z 478 (M*, 27), 355 (9), 286
(7), 181 (10), 155 (49), 129 (80), 104 (100); Anal. Calcd for C34H38072: C, 85.31; H, 8.00 %. Found: C,

85 50- H R01 9
85.59; i1, 6.1 o,

exo,exo-Diol 12a: mp 275-277 °C,; colorless prisms (methanol/chioroform); IR 3664 (sh), 3392 (br), 3054,
2992, 2910, 1494, 1435, 1371, 1308, 1107, 1054, 928, 740 cm-1; IH NMR 1.53 (s, 6H), 1.57 (br s, 2H),
2.12-2.20 (m, 4H), 2.47-2.58 (m, 8H), 2.96 (d, J=16.5 Hz, 4H), 3.37 (dd, J=14.9, 4.3 Hz, 4H), 6.12 (s,
2H), 6.65-6.73 (m, 8H); 13C NMR 30.19, 35.88, 37.56, 44.89, 76.14, 124.99, 129.72, 134.73, 135.74,
140.16; EI-MS m/z ; EI-MS m/z 478 (M*+, 100), 304 (31), 287 (78), 156 (18), 129 (85); Anal. Caled for
C34H3802:C, 85.31; H, 8.00 %. Found:C, 85.24; H, 8.01 %.

Benzol 1 .2-i:4.5-% 1bis( 11 PN
bensoL,2L l‘l-,-)'ﬂ JOIS( 1 I-1IYUIUAY- l pllCllle Loy

1
i
12b). A solution of 7a (420 mg, 0.094 mmol) in Tt

,2-clbicyclof4.4.1jundeca-3,8-diene-11-one) (10b, 11b,
F(60 mi) was added dropwise at room temperature to a
solution of PhMgBr (14.0 mmol) in THF (6 ml) and the mixture was heated under reflux for 48 hours under
argon. 5 % aq. Hydrochloric acid (10 ml) was added to the reaction mixture, and the organic layer was separated,
dried, and evaporated in vacuo to afford a solid, which was recrystallized from methanol to give a mixture (215
mg, 37%) of benzo[1,2-h;4,5-k’ Jbis(1 -hydroxy-11-phenylbenzo| 1,2-c]bicyclo[4.4.1]Jundeca-3,8-diene)s 10b,

11b, and 12b. HPLC (hexane/chloroform=1'4) of the mixture gave 31 mg (6%) of 10b, 71 mg (12%) of 11b,

\

and 108 me (199%) of 12h. Recrvstallization from a mixture of methanol/chloroform afforded 11b and 12b as a
and g mg (1Y%) of 12, Ke ation rom a mixture of methanol/chlio dce 22 ang 1z asa
PP P P e S D i Y o Ty T e e P oY TR |

LUI[lP]EX Wil Ciitoroi1orin in a non-stoiCniometric 14U, ICSpPTLUIVeLY
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endo,endo-Diol 10b: mp >280 °C (decomp.); white powder (methanol); IR 3544, 3058, 3014, 2914, 1494,
1443, 1040, 998, 948, 907, 766, 739, 698 cm~ i 1H NMR 1.52 (s, 2H), 2.55 (dd, J=5, 6 Hz, 4H), 2.71 (dd,
J=7, 8 Hz, 4H), 2.90 (dd, J=4, 15 Hz, 4H), 3.09-3.21 (br s, 4H), 3.70 (dd, J=4, 14 Hz, 4H), 6.31 (s, 2H),
6.52-6.56 (m, 4H), 6.58-6.62 (m, 4H), 7.12-7.16 (i, 2H), 7.30 (d, J=5 Hz, 4H), 7.52 (d, J=8 Hz, 4H), 3¢
NMR 35.02, 36.66, 39.64, 78.67, 125.08, 126.00, 126.81, 128.31, 128.35, 129.61, 133.64, 136.55, 139.19;
EI-MS m/z 602 (M, 2), 584 (7), 566 (100), 475 (14), 461 (43), 348 (34), 229 (20), 217 (42); HRMS (M)
Calcd for C44H42072: 602.3185, Found 602.3209.

11h. o I NN o

rlu’i’l/,(zul Diol 11b: Tip <<0-2v (.,, CGAGT%GSS y}at\n \lllCl}lullU:lIChIG fOi"ﬁ); IR 3542, 3056, 3014, 29}4, 1495,
1444, 996, 945, 907, 766, 738, 698 ¢ 1. 14 NMR 1.33 (s, 1H), 1.45 (s, 1H), 2.29-2.44 (m, 4H), 2.56-2.84

(m, 8H), 3.08 (d, J=8 Hz, 2H), 3.22-3.31 (br s, 2H), 3.63 (d, J=15 Hz, 2H), 3.91 (dd, J=0.1, 12 Hz, 2H),
6.26 (s, 2H), 6.50-6.52 (br s, 4H), 6.89-6.91 (br 5, 4H), 6.97-7.02 (m, 2H) 7.06-7.11 (m, 3H), 7.29 (m, 3H),
7.50 (d, J=8 Hz, 2H); 13C NMR 35.02, 35.81, 39.37, 39.53, 39.88, 77.68, 78.51, 125.03, 125.36, 125.62,
125.82, 126.22, 126.77, 127.31, 127.80, 128.27, 128.99, 130.67, 132.82, 136.35, 136.73, 139.35, 139.93,
146.12, 146.61; EI-MS m/z 602 (M*, 8), 568 (23), 566 (100), 461 (43), 348 (56), 217 (60); HRMS (M)
Calcd for C44H4202: 602.3185, Found 602.3183. Anal. Calcd for (C44H4202 + 1.3 CHCI3): C, 71.79; H,
5.76 %. Found: C, 71.75; H, 5.61 %.

Py ’\

,7 =3 QA4 NOs
jé mg; mp 264-230

exo,exo-Diol 12b: Yield 108 orless prisms (methanol/chloroform); IR 3544, 3056
3014, 2914, 1495, 1444, 1070, 1001, 947, 906, 762, 738, 699 cm!; 1H NMR 1.56 (s, 2H), 2.45-2.58 (m
8H), 2.74 (dd, J= 3, 12 Hz, 4H), 3.09-3.29 (br s, 4H), 3.53 (br d, J=14 Hz, 4H), 6.02 (s, 2H), 6.68 (dd, J=
5, 13 Hz, 8H), 6.90-6.98 (br s, 2H), 7.25-29 (m, 4H), 7.58 (d, J=8 Hz, 4H); 13C NMR 35.01, 36.64, 39.62,
78.65, 125.07, 125.98, 127.31, 127.92, 128.34, 129.60, 133.62, 136.53, 139.16; EI-MS m/z 602 (M*, 2),
564 (13), 568 (100), 461 (23), 328 (66), 204 (35); HRMS (M) Calcd for C44H42072: 602.3185, Found
602.3189. Anal. Calced for (C44H4207 + 1.3 CHCI3): C, 71.79; H, 5.76 %. Found: C, 71.24; H, 5.61 %.

Benzo[1,2-h;4,5-h’ Jbis(11-h ydroxy—l I-methylnaphtho[2,3-c]bicyclo[4.4. 1Jundeca-3,8-diene) (10¢, 11¢, and
12Z¢). According to the typical procedures described above a mixture (296 mg, 78%) of 1fic, ilc, and 12¢ was
obtained in the reaction of 7b (356 mg, 0.651 mmol) and MeMgl (1.08 g, 6.51 mmol) and the isomers were
separated by HPLC (hexane/chloroform=1/9 as eluant). Compounds 11c¢ and 12¢ were obtained as hydrates in

the recrystallization from methanol/chloroform, respectively.

endo,endo-Diol 10c¢: Yield 15 mg (4%); mp > 305 °C (decomp.); colorless plates (methanollchloroform); IR

3448, 2914, 1438, 1105, 1053, 929, 905, 873, 724; 1H NMR 1.42 (s, 6H), 1.55 (br s

1-2.79 (m, 8H), 3.13 (d, J=16
A

-

o -

endo,exo-Diol 11c: Yield 234 mg (62%); mp > 279 °C (decomp.); colorless needles (methanol/chloroform); IR



wh
N

182 S. Mutaka et al. /

3428, 3048, 2992, 2916, 2850, 1460, 1436, 1107, 929, 903, 865, 742 cm™ 1 14 NMR 1.19 (s, 3H), 1.21 (s,
3H), 1.44 (s, 1H), 1.51 (s, 1H), 1.87-2.08 (m, 4H), 2.19 (dd, J=14, 0.2 Hz, 2H), 2.21-2.31 (m, 2H), 2.53
(dd, J=14, 3 Hz, 2H), 2.80 (dd, J=14, 2 Hz, 2H), 2.92-2.95 (m, 4H), 3.19 (d, J=7 Hz, 2H), 3.42-3.44 (m,
2H), 5.75 (s, 2H), 6.86 (s, 2H), 6.93 (s, 2H), 7.09-7.20 (m, 4H), 7.37-7.46 (m, 4H); EI-MS m/z 578 (M,
24), 542 (68), 205 (100), 181 (82), 178 (76), 154 (86); HRMS (M) Calcd for C42H42072: 578.3185, Found
578.3186. Anal. Calcd for (C42H4207 + H20): C, 84.53; H, 7.43 %. Found: C, 84.13; H, 7.74 %.

v gy Tl %A,
A, EAU-LIIUL R4,
o nna A

> o

Y}

3428, 2993, 2914,
1.96-2.02 (m, 4H), 2.22-2.44 (m, 8H), 2.53 (dd, J=17, 4 Hz, 4H), 3.58 (br d, I=16
6.76 (s, 4H), 7.07 (dd, J=3, 3Hz, 4H), 7.33 (dd, J=3, 3 Hz, 4H); EI-MS m/z 578 (M+, 37, 54 31), 336
(60), 205 (100), 178 (80); HRMS (M*) Calcd for C42H42072: 578.3185, Found 578.3195. Anal. Calcd for

(C42H4207 + H20): C, 84.53; H, 7.43 %. Found: C, 84.60; H, 7.67 %.

26-Hydroxy-26-methyl-27-oxobenzo[ 1,2-h;4,5-h’ Ibis(naphtho[2,3-c]bicyclo|4.4.1]undeca-3,8-dienc).

(13 and 14). According to the typical procedures described above, a mixture (0. 45 g, 85%) of 13 and 14 was
obtained in the reaction of 7b (0. 53 g, 0. 95 mmol) and MeMgl (0.79 g, 0.475 mmol) and the isomers were
separated by HPLC (hexane/chloroform=1:9).

endo-Alcohol 13: Yield 19 mg (64%); mp > 296 °C (decomp.); (methanol/chloroform); IR 3428, 3050, 2918,
1693, 1501, 1459, 1433, 1105, 1027, 926, 981, 745 cm~1; 1H NMR 1.19-3.93 (br, 26H), 6.50 (s, 2H), 7.13
(br, 12H); EI-MS m/z 525 (M* + 1, 33), 524 (M, 14), 507 (64), 229 (18), 217 (32), 157 (49), 141 (37), 129
(79), 115 (100); HRMS (M*) Caled for C41H38072: 562.2872, Found 562.2863.

exo-Alcohol 14 : Yield 7 mg (21%), mp > 280 °C (decomp.); colorless needles (methanol/chloroform); IR
3_/1_/1‘. (I8} 70094 ’7014 169’1 1(0’) IA37 l’)(}o 1105 10(’7 l!}’l’) (7)20 8{)2 744 Cf"-]’ ]IJ NAMMD | £Q

YU, JVUJU, LT7TT, LT, Ty JUL, I | P4 s 11U, Ly L\ L, 7, » 11 y 11 UNMIVIIN 1.U7F
1 £1 (b 1TIN 1t 77 7 ATIN 1 00 N £ (ann 17T Y TTITTONY MY e NATIN TN 711 ¥ T A S TY a2 & Y AN /L ¥
1.01 {018, 1), .73 (S, ), 1.98-2.05 (m, 1Zn1), 2.//-2.50 (m, 2n), 3.U2 (44, J=i4, 2 1z, in), 3.40 (or d,
i4 Hz, 2H), 3.81 (br d, J=13 Hz, ZH), 6.43 (s, ZH), 7.16 (s, 2H), 7.22 (m, 2H), 7.30 (m, 2H), 7.38 (s, 2H),
7.48 (m, 2H), 7.60 (m, 2H); EI-MS m/z 525 (Mt + 1, 33.0), 524 (M, 14), 507 (64), 229 (18), 217 (32), 157

(49), 141 (37), 129 (79), 115 (100); HRMS (M%) Calcd for C41H3802: 562.2872, Found 562.2853.

Benzo[1,2-h;4,5-h’Ibis(11-hydroxy-11-methylbenzo[1,2-c]bicyclo[4.4.1]Jundeca-3,8-diene) (15a, 16a, and
17a). According to the typical procedures described above, a mixture (400 mg, 87 %) of 15a, 16a, and 17a

was obtained in the ction of 9a (417 g, 0. 934 mmol) and Me! VIgl (776 mg, 4.67 mmol) and the isomers were
conaratead hu HPI (" (havane/chliarafarm—=1/4Y Recrvetallizatinn fram methanal affarded 18a and 160 ac a
'}\/llulﬂ\.\du ‘,J I 9 § O & \ll\a/\ull\d'\»l AVISS AV vy W J LQALILLAVIVEY 11y 11 LIy CLIEUVLIULVU Ko f€E Al EUR <10 O

complex with methanol, respectively, and 17a as a hydrate.

endo,endo-Diol 15a: Yield 119 mg (27%); mp 281-282 °C; colorless prisms (methanol); IR 3550, 3432, 3050,
2998, 2914, 1508, 1492, 1435, 1374, 1298, 1102, 1052, 923, 903, 748; IH NMR 1.48 (s, 6H), 1.63 (br s,
2H), 2.20-2.33 (m, 4H), 2.52 (dd, J=14.8, 7.6 Hz, 4H), 2.62 (dd, J=16.2, 5.0 Hz, 4H), 3.07-3.22 (m, 8H),
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6.48 (s, 2H), 6.59 (br s, 4H), 6.90 (Br s, 4H); 13C NMR 35.87, 38.04, 45.32, 77.21, 126.21, 129.14,
135.11, 136.31, 140.34; EI-MS m/z 479 (Mt + 1, 24), 304 (24), 287 (56), 155 (100), 129 (80); HRMS (M+)
Calcd for C34H3807: 478.2872, Found 478.2876. Anal. Calcd for (C34H38072 + 0.2 CH30H): C, 84.68; H,
8.06 %. Found: C, 84.57; H, 8.56 %.

endo,exo-Diol 16a: Yield 168 mg (37%); mp 255-256 °C; white powder (methanol); IR 3560, 3428, 3050,
2996, 2914, 1491, 1436, 1375, 1102, 1048, 926, 748 cm~1; IH NMR (at rt ) 1.51-1.63 (br, 8H), 2.20-2.31
(m, 4H), 2.46-2.72 (br, 10H), 3.12-3.26 (br, 6H), 6.51-7.20 (br, 10H); 'H NMR (at -60 °C) 1.31-1.41 (br s,
3H), 1.65-1.69 (br s, SH), 2.20-2.39 (br, 4H), 2.39-2.64 (br, 8H), 2.86 (br d, J=12 Hz, 2H), 3.09 (br d, J=13
Hz, 2H), 3.35 (br d, }J=12 Hz, 2H), 3.78 (br d, J=13 Hz, 2H), 5.98-6.02 (br s, 4H), 6.54-6.56 (br s, 2H),
6.67-6.71 (br s, 4H); EI-MS m/z 478 (M+, 18.2), 355 (29.7), 287 (49), 181 (19), 155 (58), 129 (73), 104
(100); HRMS (M+) Calcd for C34H38072: 478.2872, Found 478.2878. Anal. Calcd for (C34H3802 + 0.2
CH30H): C, 84.68; H, 8.06 %. Found: C, 84.48; H, 8.53 %.

exo,exo-Diol 17a: Yield 102 mg (23%); mp 282-283 °C; colorless needles (methanol); IR 3444, 3050, 2996,
2914, 1494, 1436, 1374, 1107, 916, 746 cm~1; IH NMR 1.57 (s, 6H), 1.62 (br s, 2H), 2.09-2.21 (m, 4H),
2.39 (dd, J=14.8, 6.0 Hz, 4H), 2.59 (dd, J=15.5, 6.3 Hz, 4H), 2.99 (dd, J=15.5, 4.6 Hz, 411), 3.41 (dd,
J=14.8, 0.1 Hz, 4H), 6.41 (s, 2H), 6.59-6.63 (m, 4H), 6.81-6.84 (m, 4H); 13C NMR 31.48, 35.49, 37.32,
44.82, 77.21, 125.75, 130.06, 133.03, 137.39, 139.69; EI-MS m/z 478 (M*, 90), 337 (100), 287 (4), 233
(12), 195 (18), 131 (39), 104 (46); HRMS (M%), Calcd for C34H3802: 478.2872, Found 478.2867. Anal.
Caled for (C34H3807 + 1.5 Hp0): C, 80.75: H, 8.17 %. Found: C, 80.86; H, 8.50 %.

Benzo|1,2-h;4,5-h'Ibis(11-hydroxy-1 I-phenylbenzo{1,2-c]bicyclo{4.4.1]undeca-3,8-diene) (15b and 16b).
According to the typical procedures described above, a mixture (140 mg, 30 %) of 15b and 16b was obtaincd in
the reaction of 9a (420 mg, 0. 95 mmol) and PhMgBr (1.72 g, 9.50 mmol) and the isomers were separatcd by
HPLC (ethyl acetate/chloroform=1:19). Recrystallization from a mixture of methanol/chloroform afforded 15b
and 16b as a complex with chloroform in a non-stoichiometric ratio, respectively.

endo,endo-Diol 15b: Yield 15 mg (5 %); mp 286-292 °C; colorless plates (methanol/chloroform); IR 3548,
3058, 2914, 1492, 1440, 1029, 998, 947, 901, 767, 754, 700 cm-1; 1H NMR 1.47 (br s, 2H), 2.61-2.88 (m,
12H), 3.07-3.30 (br s, 4H), 3.83 (d, J=15 Hz, 4H), 6.23-6.28 (br s, 4H), 6.62 (s, 2H), 6.62-6.64 (m, 4H),
7.05-7.29 (m, 4H+2H), 7.54-7.56 (m, 4H); EI-MS m/z 602 (M+, 15), 584 (21), 566 (100), 461 (45), 348 (44),
243 (23), 217 (59); HRMS (M*) Calcd for C44H42072: 602.3185, Found 602.3190. Anal. Calcd for
(C44H42072 + 1.1 CHCI3) : C, 73.79; H, 5.92 %. Found: C, 73.32; H, 5.55 %.

endo,exo-Diol 16b: Yield 85 mg (20 %); mp 291-296 °C; colorless plates (methanol/chloroform); TR 3482,
3056, 3018, 2914, 1596, 1494, 1445, 1028, 1000, 948, 911, 769, 738, 699 cm-1; 1H NMR 1.54 (br s, 1 H),
1.68 (brs, 1 H), 2.45-3.71 (m, 20 H), 6.23-7.68 (m, 20 H); EI-MS m/z 602 (M*, 33), 584 (39), 568 (26), 566
(94), 461 (43), 348 (65), 243 (32), 229 (33), 217 (100); HRMS (M*) Caled for C44H4207: 602.3185, Found
602.3186. Anal. Calced for (C44H4202 + 1.2 CHCI3) : C, 72.77; H, 5.84 %. Found: C, 73.17; H, 5.54 %.
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Table 5. Crystallographic Data Collections and Refinements.

Compound 12a 13 17a
Formula C34H3807 (+CHCI3) [ C42H4207; C34H3307
Formula Weight 598.01 578.80 478.64
Temperature (K) 293 (2) 296 (1) 293 (2)
Crystal System monoclinic monoclinic monaoclinic
Space Group P2i/n P2y/n P2i/n
Unit Cell Dimensions
a 13.291 (2) 7.034 (1) 24.217 (8)
b 26.148 (9) 21.609 (6) 8.555 (2)
c 8.6050 (10) 20.082 (5) 13.0390 (10)
a 90.00 90.00 90.00
b 96.730 (10) 90.23 (1) 105.57 (2)
g 90.00 90.00 90.00
Volume 2969.9 (12) 3052.4 2602.2 (11)
Z 4 4 4
Density (Calculated) 1.337 1.26 1.222
Crystal Size (mm) 0.25*0.15*0.10 0.40 * 0.17 * 0.17 0.40 * 0.30 * 0.20
q range 3.38-64.97 3.00-64.98 3.52-64.98
Index ranges
h 0-15 -8-0 -28-0
k 0-30 0-25 -10-0
l -10-10 -23-23 -14-15
Radiation CuKa CuKa CuKa
Monochromater Graphite Crystal, Graphite Crystal, Graphite Crystal,
Incident Beam Incident Beam Incident Beam
Data Collection Mode | w-20 scan w-20 scan w-20 scan
No. Refl. Measd. 5275 5654 4524
No. Unique Refl. 5048 5196 4414
No. Refl. 3188, F > 26 (F) 3832, F> 20 (F) 3034, F > 20 (F)
Lin. Abs. Coeff. (cm’ll 3.030 0.543 0.567
Data/Parameter Ratio | 5048/367 5196/393 4414/332
R,Rw 0.0492, 0.1151 0.0418, 0.1085 0.0445, 0.1163
Weighting Scheme W=l/[62(F02)+ w= 1/[02(F02)+ le/[0'2(F02)+
(0.0585P)240.6964P]. | (0.0585P)2+0.6964P], | (0.0585P)2+0.6964P],
P=(Fo2+2Fc2)/3 P=(Fo2+2F:2)/3 P=(Fq2+2F:2)/3
I.,argf%s( Diff. Peak/Hole{ 0.296/-0.427 0.171/-0.212 0.232/-0.170
(e. A=)
Solution by Direct Method SIR 92 | Direct Method SIR 92 | Direct Method SIR 92
Method of Refinement | Full Matrix LSQ, Full Matrix LSQ, Full Matrix LSQ,

Diffractometer

All H atoms were
restrained to ride on the
atom to which they are
bonded. Isotropic
thermal factors of H
atoms were held fixed
to 1.3 times U~eq~ of
the riding atoms.
Enraf-Nonius

All H atoms were
restrained to ride on the
atom to which they are
bonded. Isotropic
thermal factors of H
atoms were held fixed
to 1.3 times U~eq~ of
the riding atoms.
Enraf-Nonius

All H atoms were
restrained to ride on the
atom to which they are
bonded. Isotropic
thermal factors of H
atoms were held fixed
to 1.3 times U~eq~ of
the riding atoms.
Enraf-Nonius

FR-590 FR-590 FR-590
Program Used MolEN, SHELXL.93 | MolEN, SHELXL93 | MolEN, SHELXL93
(Enraf-Nonius) (Enraf-Nonius) (Enraf-Nonius)
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22-Hydroxy-22-phenyl-23-oxobenzo[ 1,2-h;4,5-h’'Jbis(benzo| I,2-c]bicycio[4.4.1jundeca-3,8-diene) (18 and
19). According to the typical procedures described above, a mixture (155 mg, 42%) of 18 and 19 was obtained
in the reaction of 9a (314 mg, 0.703 mmol) and PhMgBr (638 mg, 3.52 mmol) and the isomers were separated
by HPLC (ethyl acetate/chloroform=1:19). Compound 19 was obtained as a« complex with chloroform in the
recrystallization from methanol/chloroform.

1rnhnal 18- Viald 87 mo (1A)Y: mn 278277 °C: calarlece nowder (methanal/chlarafarm): 1R 2482 10SA
AaCOLUL av. 1000 U4 Iy (1070, dup £70 74007 ey LOIUHLSS pUWGLST GOlulanouyCinCiOntiill, oy 25064, JV09,
(¢} nM (8 7ATANNNS ) 011 TL£T 7720 £00 Am—l ]" NIRADY 1 £ 1 ON rlo.. o 1

Zil, 171, 100, UZ7 CH11 *, 711 INIVIIN 1.0OU-1.0U (UL 5, 1

iZ Hz, 2H), 6.12-6.19 (m, 4H), 6.62-6.69 (m, 4ii), 6.7i (s, ZH),
7.28-7.29 (m, lH), 7.40-7.41 (m, 2H), 7.73 (d, J= 8 Hz, 2H); EI-MS m/z 524 (M*, 31), 506 (37), 288 (50),
217 (100), 217 (100); HRMS (M) Calcd for C38H36072: 524.2715, Found 524.2717. Anal. Calcd for
C38H3602: C, 86.99; H, 6.92 %. Found: C, 86.84; H, 7.23 %.

Alcohol 19: Yield 89 mg (26%): mp 249-251 °C; colorless needles (methanol/chloroform); IR 3438, 3014,
2014, 1697, 1494, 1088, 1041 700 cm‘l, IH NMR 1.51-1.60 (br s, 1 H), 2.30-3.30 (m, {8 H), 4.03 (d, I=
14 Hz, 21D, 6.21-6.30 {(m, 4H), 6.50 (s, 2H), 6.68-6.77 (im, 4H), 7.28-7.29 (i, 1H), 7.39-7.40 (m, 2H),
7.72 (d, J= 8 Hz, 2 H); EI-MS myz 525 (M*+1, 33), 524 (M, i4), 507 (64), 229 (i8), 217 (32); HRMS (M™)
Calcd fi I 24.2715, Found 524.2714. Anal. Calcd for (C3gH3602 + CHCI3): C, 72.73; H, 5.79

Single crystal X-ray diffraction analyses of 7a, 8, and the chloroform-complex of 12a. All

crystallographic measurements were carried out at 296 K on a Enraf-Nonius FR-590 diffractometer operating in

the m-28 gcan mode ngine oranhite monochromated CuKor-radiation ()\— 154184 AY SQtructurec of 7a 8 and
the »-28 scan mode using graphite monochromaled CuKo-radiation (A Qalsd A structares of /a, 8 and
TV cxtAasa o~ Ternd W Aicannt smaathads ioiny QID n’VQ‘ and eafFimad ho F11ll mnteiv lano 0 nnnnnnnnnnnnn

148 WEIC s0i1ved oy GifeCl melnodas, USINg oSin Y47/ and {eiincd oy 1tu-matrix icasi-squaies umus

crror vy 1O
SHELXL. v/ Refinement was essenuauy the same for ihe three COIﬂpOUI’lGS in thai aii-non- nyurogen atoms

were refined with anisotropic displacement parameters. All hydrogen atoms were constrained to calculated
positions. The weighting scheme w = 1/[02(Fo2)+ (0.0585P)2+0.6964P], P=(FoZ+2Fc2)/3 was used.
Crystallographic data collections and method of refinements are given in Table 5. The supplementary data has
been deposited at the Cambridge Crystallographic Data Center.
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