
HETEROCYCLES. Vol. 45, NO. 2,1997 287 

CONFORMATIONAL ANALYSIS OF 
TETRAHYDROFUROFURAN LIGNANS: 

SESAMOLIN 

* 
Gerda Lu tza ,  Ottnar Hofera,  Giinter ~ r a d e r  h, and Christoph Kratky 

a Institute of Organic Chemist~y. University of Vienna, A-I090 Wien, Austria 

Comparative Phytochemistry Department. Institute of Botany, University of 

Vienna. A- 1030 Wicn. Austria 

Institute of Physical Chemistry, University of Graz. A-XOIO Graz. Austria 

Abstract - The stereochemistry of sesamolin (1). an aryl-aryloxy-tarahydro- 

furofuran derivative comprising a main component of the lignans isolated from 

Sescrmrrm inrlicum, was investigated. The favoured conformation was determined 

using several methods of conformational analysis: nuclear Overhauser effect 

(NOE), lanthanidc induced shifts ('H-LIS), molecular mechanics (force-field) 

calculations (FF). and X-ray crystal stmctule determination. The conformation 

was found to deviate from the more common analoguous diaryltetnhydrofurofuran 
derivatives. The reason is the anomeric effect of the cyclic acetal favouring a 

pseudo-axial position of the a~yloxy suhstituent. 

In continuation of our interest in the stereochemistry of tctrahydrofurofuran l i g n a n ~ l . ~  we investigated the 

conformation of sesamolin (1) in solution and in the solid state. Two further lignans of known 

conformation, sesamin (2) and episesamin (3) were used for comparison. All three lignans have heen 

isolated from the oil of Sc.wmrrni in(1icrrni DC. (= S. inrlicrrni L. + S. orirnrrrlr L.). 

Diaryltetrahydrofurofurans have attracted much attention concerning their relative and ahsolute stereo- 

chemistries'-'2 and theirchemicall3-18 and hiological activitics.lR-24 Especially the lignans from the widely 

used sesame oil wcrc the suhjcct of cxtensivc investigations. recently mainly hy Japanese a u t h o r ~ . I 8 - ~ ~ , ~ ~  

The stability of sesame oil towards oxidation is attrihutcd to the antioxidant properties of  l i g n a n ~ . l 3 - ~ ~  

However, these antioxidants have also hcen shown to possess most interesting hioactive properties. 

including anticholcstcrcnic'"-?I and anticancer a c t i ~ i t ~ . l ~ , ~ ? - ? ~  
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2 Sesamin "eq/eqN 

3 Episesamin "rq/ax" 

The conformational hchaviour of the two five-memhered rings of the tetrahydrnfurofulan skeleton is rather 

interesting. The oxolane ring annclation is always cis and the two rings form an envelope conformation, 

with the oxygen atom out of the plane of the other four (carhon) atoms. Depending on the relative position 

of the aryl suhstituents at C-1 and C-4. the oxygen atoms 0-2  andlor 0-5 may either he k n t  away from the 

other oxolane five-ring ( e . ~  topology or chair conformation; e.g. Figure I ,  compound 2: two chairs, 3: left 

ring only) or they may point towards the second five-ring (endo or hoat: e.g. 3: right ring). Consequently. 

the eight atoms of the annelatcd two-ring system (8-memhered main ring, with a zero-hridge from C-3a to 

C-6a in the hicyclic 3.7-dioxahicyclo[3.3.O]octane system) may either form a chairlchair (e.g. 2). a 

chairlhoat (e.g. 3). or a hoatlhoat conformer (e.g. compound 3 i n  This chair or hoat confo~mations 

of the half molecule in relation to the other half are governed hy the 1.4-aryl suhstituents, which adopt 

generally a pseudo-equatorial position.' In the literature, however, the relative positions of the two aryl 

suhstituents of diarylfurofurans are usually chakctcrized as heing either "axial" or "quatorial", presuming 

a chaidchair conformation of the dioxahicycloocvane system (e.g. Refx). This denotation is only correct in 

the case of "eqleq" aryl substitution at C-l and C-4 (and chairlchair conformation). In all other cases 

("eqlax" and "axlax") these ~ ~ r m s  an: convenient hut misleading, hecause the tive-ring with the "axial" aryl 

suhstituent flips, forming a hoat conformation with the former "axial" suhstituent in an actually equatorial 

(or hetter pseudo-equatorial) position. "Axlax" derivatives havc even a prefencd conformation of hoatlhoat 

topology and hoth suhstituents are again positioned pseudo-equatorial2 Therefore the diaryltetrahydro- 

furofurans which are classically denoted as "eqleq" may also he called chairlchair isomers, "eqlax" 

corresponds to the c o r ~ ~ c t  expression chairlhoat, and "adax" is actually hest descrihcd as the hoatlhoat 

isomer with all suhstituents pseudo-equatorial. The suggested denotation using "hoat" and "chair" with the 

supplementary note "all suhstituents in pseudo-eq. position" descrihes the conformation and the relative 

configurations at C-l and C-4 c o ~ ~ e c t ,  clear and illuarative. (For description of the relative configurations 

only, one should use cis and troris relative to some rcfcrence, hut not the conformationally dcte~mined terms 

axial or equatorial.) 
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All these considerations concerning the conformational hehaviour are valid for the widespread simple 

diarylfurofuran lignans, where the aryl rests are directly linked to the tetrahydrofurofuran system (e.g. 2 or 

3). However. matters seem to he different for the less common aryloxy-suhstituted tetrahydrofurofurans. 

One of these rare aryloxy-tetrahydrofurofurans is sesamolin (1) which comprises a main component of the 

lignans isolated from Srsomrrm indicum. The 'H-nmr spectrum of the "eqleq" sesamolin 

(methylenedioxy~-methylcnedioxyphenvloxy-tetrahydrofurofuran) shows some unusual shift and 

coupling parameters in comparison with "eqleq" ~ t e t r a h y d r o f u r o f u r a n s .  The chiroptical properties 

differ as  well. Usually the [a],, values for "eqleq" diary1 lignan derivatives are +60° f 10 (+120° + 10 for 

"eq/axM. and +3M0 * 20  for "axlax").'l For the "eqleq" sesamolin [all, is +21X0.2sa The C D  spectrum, on 

the other hand, with maxima at 292 nm (A& = +0.7) and 237 nm (+2.X) is very similar to the one of 

sesamin (2) (see Exp. and Rcf.12). For the correlation of ,he ahsolute stereochemistries of sesamolin and 

sesamin see Ref.2" for the ahsolute configurations within the (+)-diaryltctrahydrofurofuran series see 

1 Especially the unexpected coupling constants in the H-nmr spectrum prompted us to investigate the 

favoured conformation (and relative configuration) of this compound. using several methods of 

conformational analysis: evaluation of vicinal coupling constants, nuclear Overhauser effect (NOE). 

lanthanide induced shift3 ('H-LIS), molecular mechanics (force-field) calculations (FF), and X-ray crystal 

st~ucture determination. 

I H - N ~ ~ :  Chemical Shihs and Coupling Constants 

1 The H-nmr spectrum of the "cqleq" type sesamolin (1) shows some unexpected features in comparison 

with the "eqleq" sesamin (2). If the hasic tetrahydrofurofuran systems of sesamolin and sesamin were 

comparahlc, the chemical shifts and coupling consvants of protons not too close to the acetal position C-4 

should also he  comparahle. However, the chemical shifts and especially the conformationally significant 

coupling constants of I agree much hctter with the corresponding values of the "eqlax" episesamin (3): 

J(6P.6a) = I Hz for 1 comparcs very well with J(6P.6a) - 0 Hz for 3 (J(6P,6a) = 6.9 Hz for 2 ), 

J(6a.6a) is 6.0 Hz for 1 and 6.1 Hz for 3 (3.6 Hz for 2). J ( l . 6 4  = 7.6 Hz  for 1 and 7.1 Hz  for 3 (4.4 Hz 

for 2)  (see Tahlc 1 and Figure I). There is only one chamcteristic deviation in the coupling constants 

hctween compounds (1) and (3). namely thc coupling constant of the acetalic proton 4-H; J(3a.4) - 0 Hz 

for 1, hut 5.3 Hz for 3. The mnst striking hypothesis to explain these data is to assumc a similar topology 

for 1 and 3 with a pseudo-equatorial position of the C-4 aryl suhstituent in 3 and a pseudo-axial 

position of the C-4 aryloxy-suhstitucnt in sesamolin (I )  (compare Figure 1). 

This assumption is consistent with the postulated so-called "eq/eqH configuration of sesamolin. 25b 

However, the overall confmmation of the tctrahydrofurofuran system resembles the one of the "eqlax" 

episesamin, namely chairlhoat and not chairlchair (like the "cqlcq" sesamin). Tahle 2 shows all relevant 

configurational and confnrmational interrelations. It shows also that only in the case of sesamin the 

charackrimtion of the ~clative cnnfigurations as "eqlcq" is idcnticdl with thc rcal positions of the a~yl resLs at 

the tetrahydrofurofuran system. 
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Table 1. l H - ~ m r  data for compounds (1-3) (6lppm. CDCIj. TMS) 

No. 1 2 3 No. 1 2 3 

1 4.40 d 4.72 d 
3 a  4.45 dd 3.87 dd 
3p 3.64 dd 4.23 dd 
3a 3.31 ddd 3.05 m 
4 5.50 s 4.72 d 
6 a  4.13dd 3.87 dd 
6P 3.96 dd 4.23 dd 
6a 2.95 dddd 3.05 m 

* Interchangeable 
Coupling constants: 1 : J(1.6a) = 7.6 H7, J(3a.3P) = 9. I Hz. J (3a .k )  = 8.9 Hz, J(3P.3a) = 7.4 Hz. 
J(3a.4) < 0.2 Hz. J(3a.h) = 9.0 Hz. J(6a.6P) = 9.2 Hz. J(6cc.6~) = 6.0 Hz. J(6P.ha) = 1.0 Hz. 
J(5',6') = 7.9 Hz. J(5".6") = 8.4 Hz; 2 : J(1.6a) = J(3a.4) = 4.4 Hz. J(3a,30) = J(6a.6P) = 
9.2 Hz, J (3a .k )  = J(6a.6a) = 3.6 Hz. J(3!3.3a) = J(6P.6a) = 6 9  Hz. J(5'.6') = J(5",6") = 8.2 Hz; 
3: J(1.6a) = 7.1 H7.. J(3a.4) = 5.3 H7. J(6a.6P) = 9.4 Hz. J(ha.6a) = 6.1 Hz, J(hP.6a) < 0.2 Hz. 
NOE 1: 3P + 1, 3P + 3 a  (strong). 3P + 4 (st.); 3a + 3 a  (st.), 3a + 4. 3a + 6a (st.); 4 + 3P 
(st.). 4 + 3a. 4 + 2" (st.). 4 + 6" (st.); 6 a  + 6P (st.). 6 a  + 6a (st.); 6P + I (st.), 6P + 6 a  (st.); 
6a -t 3a (st.). 6a + 6 a  (st.); 6a + 2' (st.). 

Table 2. Classical stereochemical denotation of suhstitutcd tctrahydroiuran lignans, actual 
conformations or the hridgcd ring system, and real posilions of the aryl moyeties. 

Relative Coniorma~ions of Real positions of 
conliguration the ring systems the ary11w.s 

Sesamolin (1) "cqlcq" chair I heat ps.-eq I ps.-ax 
Sesamin (2) "cqleq" chair1 chair ps.-eq I ps.-eq 
Episesamin (3) "cqlax" chair 1 hoat ps.-eq I ps.-cq 

I So far the stereochemistry or 1 outlined ahove is mainly hased on direct comparison of H coupling 

constants of cyclic ethers (2. 3) with a cyclic acctal (1). Howcvcr, chemical shifts and - to a less extent - 

coupling constant? may he inllucnccd hy thc additional hctero-atom. especially in the close vicinity of the 

acetal position C-4. The dcrived conclusions need thclefore additional support. Further pieces of evidence 

were provided hy NOE measurements and 'H-LIS data. 
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Nuclear Overhauser EffecLq 

Irradiation at 4-H of sesamolin (1) gave a clear NOE on the resonance of  3a-H and vice versa (3a H 4). 

This implies that 4-H is positioned in a ps.-eq position, hecause there are usually no NO-effects hetween 

trons-orientated axially positioned vicinal protons (e.g. no NOE between 3P  and 3a). The strong effects 

hctween 6 8  + 1. 3B tt 4,  and 3 p  -, 1 are clearly in favour of a s o  called "eqleq" suhstituted 

etrahydrofurofuran derivative with I-H and 4-H (and aryl and aryloxy) in a relative ci.r configuration, hut 

they do not allow to discriminate hetween hoth possihle conformers of 1 (compare Figure I). However. 

following the former finding, the 0 - A r  suhstituent is clearly in ps.-ax position (4-H ps.-eq), which in turn 

implies that the conformations of the aryl- and aryloxy-subslituted five-rings are in a chairthoat and not in a 

chairlchair arrangement. All NOE dam (Tahlc I )  are compatihle with the assumed overall chairlhoat 

conformation with 0 - A r  pscudo-axial. However, with the exception of the NOE 4 tt 3a all other dara are 

compatihle with the other conformer as well (compare Figure 1). Unfortunately, the expected NOES 6a + 
6J3 or 6P  + 6a ("symmetrical" to 3a tt 4 ) are not ohservahle. Further evidence for an unambiguous 

conformational analysis of 1 was furnished hy mcasulwncnt of lanthmide induced shift data. 

Scsamin (2) 
"cqlcq" chairlchair 

Sesana~lin ( I )  
"eqleq" chairlhoat 

Episesamin (3) 
"eqlax" chairlhoat 

Figure 1. Sereofo~mulas  of 1 - 3. In the casc ofscsamolin ( I ) ,  the possihle conformational equilihrium 
is shown fo ra  direct comparison of  the chairlchair gcometry of 1 with 2 and the actually p r w n t  chairlhoat 
geometry of 1 with 3 (Note: no cvidcncc for the chairlcl~air conformer of 1 with 0 -Ar  ps.-eq was found). 
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Lanthanide Induced Shifts (LIS) 

In a previous paper2 we have ohserved that in the case of a chairlchair type tetrahydrofurofuran there 

seems to occur some kind of hidentate complexing with the cyclic ether oxygen atoms co-ordinated 

to the europium shift reagent. Since this is not the case for chairboat or hoatlhoat conformations, this 

method should help to discriminate hetween the two possihle conformations chairlchair or chaidhoat of 

sesamolin (1, Figure 1). Figure 2 shows the lanthanide induced shift values (LIS) for compounds (1-3). 

For hetter comparison the LIS data are normalized to a value of 1.00 for protons 4-H in all three 

compounds. Themost striking result of the LIS experiment is the very good agreement of the LIS 

values of sesamolin (1, "cq/eqW-type) with the corresponding data of episesamin (3, "eq/axM-type, 

chairlhoat conformation); the only differences are - for ohvious reasons - within the aryloxy moiety. The 

data for sesamin (2. "eqlyU-type, chairlchair confolmation) diffcr very much from the data of 1 and 3, and 

they agree very well with the data for a previously analyzed "eq/eqV-type tetrahydrofurofuran with 

chairlchair topology.2 The only reasonable conclusion of these findings is that the ring conformations of 2 

and 3 are hoth of chairboat typc. This rcsult is primarily valid for the complcx species. However, since the 

progressive complexation (see Exp. Part) does not cause any changes in the coupling constants of the ring 

protons, a change of ring conformations in thc complex can he excluded. Therefore the complex geometry 

of sesamolin is identical with the free suhstrate, namely chairlhoat conformation with a pseudo-equatorial 

aryl rest at C-l and a pseudo-axial aryloxy rest at C-4. The direct comparison of the LIS values (Figure 2) 

is rather convincing. and the dcrived chairlhoat coniormation of 1 in solution agrees fully with all other 

evidence derived so far. 

Figure 2. ' ~ - ~ m r  LIS data for compounds (1 - 3). nolmali7ed to the value of 1.00 ppm for 4-H in the 
1:l complex of sesamolin (1). The normalization factor is 3.W for 2 and 0.3 for 3 (complexation of 2 is 
three times hctter than I ,  complexaticm of 3 thrcc timcs worse). 



HETEROCYCLES, Vol. 45. No. 2,1997 293 

Force Field Calculations 

Next we were interested, if a simple force field calculation was ahle to descrihe the conformational 

hehaviour of tetrahydrofurofuran lignans properly. The calculations (programme PCMODEL 4.0. "gas 

phase" calculation) gave the expected energy minimum conformations of chairlchair for sesamin and 

chairlhoat for sesamolin. Even if the calculations started from a hypothetical chairlchair for sesamolin, no 

local energy minimum was found for this geometry and the molecule changed unequivocally into the 

chairlhoat conformation: generally, no local minima for less favoured conformations were found, therefore 

no estimates of energy diffe~~nces can he given. 

X-Ray Svucture Analysis 

The crystal structure of sesamolin ( 1 )  (Figurc 3 and Tahlcs 3 and 4) supports fully the results of 

conformational analysis in solution. The two five-rings of the tetrahydrofurofuran structure exhihit a clear 

envelope conformation with the four atoms C-1 -C-6a-C-3a-C-3 and C-4-C-3a-C-6a-C-6 almost in plane 

(compare entries 2 and 7 in Tahlc 4). The oxygen atoms are hcnt either cxo (0-2) or endo (0 -5)  relative to 

the second five-ring. The former IS the case for the aryl-suhstituted ring (ring "A" in Tahle 4, forming a 

chair-like partial structure), thc lattter happens with the aryloxy-suhstituted ring (ring "B", boat-like). The 

r~ su l t  is a chairthoat conformation for the tetrahydrofurofuran system with the aryl rest pseudo-equatorial 

and the aryloxy rest pseudo-axial (compare Figure 3). The ring puckering angles of the two 5-ring systems 

(folding angles hetween thc plancs defined hy atoms 1.2.3 and 1.6a.3a.3 in ring "A", and 4.5.6 and 

4.3a.6a.6 in ring "B") were found to he 43" in ring "A" and 39' in ring "B". Similar results (42 k lo) were 

found for the diaryltetrahydrofirrofumns of RcLI. 

Figure 3. Thc asymmctric unit in thc crystal structure of scsamolin (1).  
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Table 3. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (A2 x 103) for the 
atoms in the crystal st~uctuw of sesamolin (1). Estimated standard deviations in parentheses. Hydrogen 
positions have heen computed on the hasis of stereochemical plausibility and included into the refinement 
with fixed isotropic displacement parameters. Ueq is defined as one third of the trace of the orthogonalized 
U,, tensor. 

C6' 

CK-H 

C7' 

C7'-1 la 

C7'-llh 

C3 '4  

C4'-0 

C4-0 

Cl" 

C2" 

CX'-H 

C3'. 

C4" 

C5" 

C5"-11 

C6" 

C6"-H 

C7" 

C.7"-lla 

C7"-llh 

C3"-0 

C4"-0 

Conclusions 

Contrary to the "eqleq" 1.4-dia~ylle~rahydrofurofuran lignans which prefer a chairlchair conformation of the 

hicyclic tetrahydrofurofuran skeleton i~sulting in a pseudo-equatorVal configuration for the two aryl rests, 

evidence is in favour of a cha i rha t  conformation with aryl pseudo-equatorial and a~yloxy pseudo-axial 

in the "eqleq" 1-aryl-4-aryloxytct~.ahydroi'urofuran derivative sesamolin (1).  The sterically unfavoulahle 

pseudo-axial position of 0-Ar in  1 is obviously f a v o u ~ d  due to an electronic interaction. namely the 

anomeric effect. This effect is well known from othcr cyclic ncctalic compounds, especially in carbohydrate 
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chemistry. The reason is an overlap of a non-hondcd orhital of the ring oxygen with a a* orhital of the 

acetalic C-atom.2R-11 This stabilizing n-a* interaction is only possihle in a conformation with the aryloxy 

suhstituent pseudo-axial. A consequence of this overlap is a partial double hond character of the 

hond 0-5-C-4. The corresponding hond shortening can he observed in the X-ray data: the hond length of 

0-5-C-4 is 1.39 A, compared to 1.42-1.43 A for all other @C honds in the two five-rings ( 0 - 5 4 - 6 ,  

0-2-C-1, and 0-2-C-3). According to the orbital theory of the anomeric effect, the exocyclic C-0  hond 

(C-4-4-0 in 1) should he  elongated. It is found to he 1.41 A in sesamolin (I), which may he explained hy 

the fact that the next C-0  hond (4-=-I") is again of partial douhle hond character (aromatic C-0 hond, 

1.38 A) resulting in the "con.jugatedW sequence 0-S=C-4--4-0-C-1" with corresponding hond legths 

1.39/1.41/1.38 (compared to 1.43 A for a paraffinic C-0 hond).32 Together with all other evidence, the 

hond shortening of the cyclic C-4-0-5 hond to 1.39 A proves clcarly the presence of an anomeric effect 

causing a chairlhoat conformation for sesamolin (1)  with the aryloxy suhstituent pseudo-axial in solution 

and in the solid phase. 

Table 4. Selected torsional angles (") of sesamolin (1): comparison of X-ray data and calculated values 
(PC-MODEL). 

- 

Torsional angle X-ray PC-MODEL 

Ring A 

1. 02-C 1 -C6a-C3a -24.9 -20.2 
2. Cl-C6a-C3a-C3 - 0.7 - 4.1 
3. C6a-C3a-C3-02 26.2 27.2 
4. C3a-C3-02-C 1 -43.6 -41.6 
5. C3-02-C1-C6a 42.8 38.8 

Linking Ring A and B 

1 1. C I - C 6 a - C k C 4  - 120.0 - 123.3 

Torsional angle X-ray PC-MODEL 

Ring B 

6. 05-C4-C3a-C6a 24.2 25.2 
7. C4-C3a-C6a-C6 - 0.9 - 3.0 
8. C3a-C6a-C6-05 -2 1.9 -20.2 
9. Cha-C6-05-C4 39.0 37.6 

10. C6-05-C4-C3a -39.7 -39.5 

In the force field calculation (PC-MODEL) the overall chairlhoat conforniation of the cyclic tetrahydro- 
furofuran system of I (caused hy the anomeric eflkct) is reproduced very well (Tahle 4). although this 
geometry puts the 0-Ar suhstiluent in the generally less favoured pseudo-axial position. In the case of 
sesamolin, the halance hetween stcric and electrnnic interactions is reproduced correctly hy the programme. 
n i e  calculated torsional snglcv rharartcri7.ing the topology of the hicyclic tetrahydrofurofuran system agree 
also very well with the corresponding data of lhc experimental X-ray structure analysis (Tahle 4). Concerning 
the hond length. Ihe PC-MODEI. calculalion assumcs standard C-O hnnd lengths of 1.42 A for all four C-0 
honds in the ring system showing no hond shortening due to the anomeric effcct (thc aromatic C-O hond is 
standardized to the length of 1.37 A). 
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EXPERIMENTAL 

Nmr: Bruker AM 400 WB (a) MHz) and Bruker WM 250 (250 MHz). - CD: Johin-Yvon CD 6. 

Compounds (1-3) were isolated from sesame oil (Sesamol hell, "Naturgarten", Naturkostladen G.m.h.H. 

A-8462 Gamlitz, Japanese origin). 50 g oil was extracted with 5 x 80 ml of methanol. After concentration 

to 25 ml the extract was allowed to rest in the refrigerator overnight for the separation of rests of the oily 

phase (some drops of oil). The remaining solution was evaporated to dryness and separated by means of 

medium pressure chromatography on silica gel with petrol ether : ethyl acetate = 85 : 15 as eluent. After 

repeated purification cycles 250 mg of sesamin (2) (0.5 %), 100 mg of sesamolin (1) (0.2 %). and 15 mg 

of episesamin (3) (0.03 %J) were isolated. For the crystal structure analysis sesamolin was slowly 

crystallized from ether (refrigerator, 3 weeks). 

CD spectrum of 1 (EtOH. c = 0.8 . molll. 20 "C) h (AE) = 292 nm (+0.7. max.), 258 (0.0, min.), 
240 (+2.8, max.). 218 (+1.2, min.). < 218 (strong positive effect). 

'H-LIS data of 1-3: Increasing amoune of E ~ ( d p m ) ~  were added to solutions of ca. 6 mg suhstrate in 0.5 

ml of CDCI?. The LTS for the concentration ratio R,,:S, = 1:1 ("1:l complex") were ohtained by 

extrapolation of 5-7 different reagent concentrations in the range of R,,:S, = 0.0-0.7 : 1 .  No changes in the 

coupling constants were ohscrved, indicating that no changes in the suhstmte conformations occurred in the 

course of complexation with the shift reagent. 

X-Ray crystal structure analysis ol' sesamolin (1): Colourless crystals ohtained from diethyl ether were 

investigated on a locally constructed 4-circle diffractometer at 85(3) K using MoKn radiation (h = 0.71073 

A). A crystal specimen of 0.5 x 0.5 x 0.2 mm was used for all diffraction experiments. Unit cell 

dimensions were ohtained hy lcast-squares against the setting angles of 51 reflections hetween 4 S 2 8 s  10: 

Monoclinic. C2, Z = 4 for CZOHIX07 ,  a = 16.609(3) A. h = 6.2370(10) A, c = 16.015(3) A. P = 

104.75(3)0. V = 1604.3(5) A'. F(OO0) = 776. 2997 symmetry independent and 2573 significant (I > 
2 0 0 )  intensity values were measured (o-scan. Ao = 1.2'. 3.14 S 8 S 27.54. -19 5 h S 19, -7 S k S 8, -1 

5 1 5 19, no ahsorption correction, = 0.1 17) and used for direct-methods structure solution and least- 

squares refinement (244 parameters rcfincd against 2993 intensity ohservations), which converged at 

wRZ = [Z[w(Fo2- Fc2)2] / Z[w(F,,2)2]]"~ = 0.1 161 (a11 2997 reflections). RI = X I I F,I - 1  F, I I / Z I F,I = 

0.0571 (all reflections) and RI = 0.0442 (2573 significant reflections). Residual features up to fl.336 eA-3 

were ohserved in a final difference map. All computations were performed with version 5.03 of the 

SHELXTL PC program system (Siemens Analytical Instruments, Inc.. 1994). 
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