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The 8aR absolute stereochemistry of Wieland-Micsclier kctonc (-)-f  was cstahlislicd by the X-ray structure 
analysis of its bis(4-broniobenzoate) derivatives ( l~ t ,6 f t ,S~dt ) - ( t ) - fV  and (M,6S&dt)-(-)-V. The absolute 
configuration of (-)-f was corroborated further by the applicatioi1 of the C'D exciton chirality method to 
bis(4-bromobenzoates) ( t ) - I V  and (-)-V. 

Chiral Wicland-Micschcr kctonc I* h;is bccii widely cmploycd as a n  iiiiportant key 
compound for the total synthesis of various ctiiriil 11;iIuriil products2, cspccially, since 
the Hajos's3 and Edcr's4 groups iiidepciidciitly discovered lhc c;Iliilytic asyniiiietric 
synthesis of I. We rccciitly iichievcd the first tol;rl s y ~ i l l i c s i s ~ ~ ~  of (+) - t i ; i l c~ i i iq~i~i~ l ,  (+)- 
ha I e na q u i none, xcstoq u i iiol, a ~ i d  (+) -xes toq u i 110 nc , nov c I ca rd i 010 ni c liiil ri ne na tu ra 1 
products isolatcd froiii tropical seii spoIigcs, starting from 01)ticiilly active Wicland- 
Micscher kctom** ( - ) - I .  By the synthcsis, we dctcriiiiiicd thc ~ I ~ S O I U I C  configuration of 
these marine natur;~l products, and also cxpcrinicn1;illy proved thiit their absolute 
stereochemistry dctcriiiiticd by the thcorcticiil ~ i ~ l c ~ l ; i I i ~ t i  of CD spcclra' was correct. 
However, it was surprising thiit irrespective of such ii significiiiicc of coiiipouiid I ,  its 
absolute configuration has not bccii directly dctcniiiiicd by the X-ray cryst;illographic 
method. The absolute configunilion of I hits bccii originillly dctcriiiiticd on the basis of 
the coniparison of the optic;il rotiitioii d ; i h  of derivatives o f  I with those of stcroidal 
compounds by Prclog ;ind his coworker'. We rcport here tlic dircct dctcriiiination of the 
absolute stercorhcmistry of (-)-I by thc X-ray struclurc ;in;ilysis of ils bis(4-bromo- 
benzoate) derivatives IV and V. 

For recent synthetic studies see ref.'. 
* *  For preparation of optically pure1 see ref.7s-7c. 
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1460 llar;ida, Sugioka, Uda, Kuriki: 

RESULTS AND DISCUSSION 

Optically pure Wicliind-Micschcr ketone ( - ) - I  ( [ u ] ~  -98.96", ref.7c ) was reduced with 
LiAIH, to yield a n  epiiiicric niixture of glycols, which were scpiratcd by HPLC on 
silica gel. cis-Glycol (-)-I1 of the first-eluted frilctioli and frlJns-glyCOl ( - ) -I l l  of the 
second-eluted fraction were converted to bis(4-bromobeiizoates) (+)-N and (-)-V, 
respectively (Scheme 1). The rcliltivc stcrcochciuistry of IV and V wiis secured by the 
'H NMR data  (see ExpcrilIicntiiI). Both bis(4-broiiiobeiizoatcs) were recrystallized 
froiii ethyl acetate to give suittible crystills for X-riiy ;iniilysis. 

(8 a R )  - (4 - I  ( - I - / / ,  R =  H (-) -111 I R I H 

(IR16R,8aR)-(t)-1V 
R P 4-BrC6H,C0 

(IR , 6 S ,  8aR) 4 - 1  -V 
R = 4 - BrC,H,CO 

SCllEME 1 

The crystills of (+)-IV were fouiid to be orthorhombic and the space group to be 
P212121; a = 12.214 A, b = 31.5143 A , c = 6.076 A, V = 2 338.3 A3; p(ca1culiited) = 
1.557 g/c1ii3, p(obscrvcrd) = 1.561 g/cni3. The rryst;tl structure wils solved by the direct 
niethod and by the successive Fourier synthesis. The Iciist-squilre refinement of posi- 
tional and thcr1iiiil paranlctcrs, including iiiioiiialous scattcriiig factors, led to the final 
convergence with R = 5.26% for the (lR,GR,8;1R) absolute colifiguriitio1i (Table I), 
while a siiiiilar calcuhtion for the inverse structure gave R = 5.62%. Therefore, the 
absolute stereochemistry of (+)-IV was dctcriiiiiicd to be (lR,6R,8aR). 

The crystal structure of (-)-V wiis simililrly determined; orthorhombic, P2,2,2,; a = 
17.251 tk, b = 21.155 A, c = 6.540 A, V = 2 386.5 A3; p(riilcU1;ited) = 1.526 g/c1i13; 
p(observcd) = 1.516 g / c d .  Siiice the f i i i i i l  R-viilue (5.40%) of (1R,6S,8aR) absolute 
configuration (Table 11) WilS s1iiilller th;in th;it o f  the inverse structure (R = S.SS%), the 
(1R,6S,8aR) configuration wtis ilssiglicd to (-)-V. The 8aR absolute stereocheiiiistry of 
Wieland-Miescher ketone ( - ) - I  was thus doubly csti1blishcd by the X-ray crystal- 
lographic method. 

The absolute co~ifiguriitioli of these conipou~ids WiiS corroboriited further by the 
application of the CD exciton chiriility method'" to bis(4-bromobc1~zoates)* (+)-Nand 
(-)-V. The UV spectra of 4-broniobcnzoiitcs show ail intense JC -B JC* absorption band 

* The CD spectra of corresponding bis(4-Jinic~hylaminobcn~oatcs) gave more typical exciton split CD 
Cotton elfects than those of bis(4-bromobcnzoalcs) W a n d  V; see ref?. 
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TABLE I 
Fractional atomic coordinates (. lo‘) and thermal parameters given by the equivalent tempenture frctors 
(A2) for (lR, 6R, 8aR)-(+)-(IV) 

Atom X Y z flq 

1Br 
2Br 
30  
40  
5 0  
6C 
70  
8C 
9 c  

1OC 
11c 
12c 
13C 
14C 
1sc 
16C 
17C 
18C 
19C 
2oc 
21c 
22c 
23C 
24C 
25C 
26C 
27C 
28C 
29C 
3oc 
31C 

295ql) 

5326(5) 
289x6) 

-20(1) 

416(6) 
4434(7) 
2027(6) 
5658(7) 
3580(7) 
4619(8) 
4 3 6 m  
32070 
2188(8) 
5252(7) 
632(8) 

163 l(7) 
4877(8) 
1767(7) 
4840(7) 
9 5 m  

6803(7) 

446(8) 

3 6 0  

1305(7) 
4781(8) 

7 198( 8) 

3470(8) 
3716(7) 
2946(8) 

6446(8) 
4802(9) 

326(0) 
5693(0) 
2116(2) 
3861(2) 
1839(2) 
1462(3) 
3763(2) 
2517(2) 
790(3) 

3531(3) 
low31 
86x3) 

3260(3) 

4375(3) 

2859(3) 
4555(2) 
2587(3) 
4994(3) 
1368(3) 
4939(3) 
2999(3) 
1213(3) 
3457(3) 
2752(3) 
3132(3) 
2878(3) 
3368(3) 

3960(3) 

5148(3) 

1819(3) 
4587(3) 

2273( 2) 
-m6( 3) 
-1606(10) 
-4074( 12) 
-497q10) 
-1645( 15) 
-7398(14) 
-2659(16) 

6 W 7 )  
-387q 18) 

-147% 17) 
-572q 19) 
-2765( 18) 
-4651(19) 
-5269( 16) 
-2975( 18) 
-3378(16) 
-1813(14) 
-6856( 16) 
-2077( 19) 
-2973( 18) 

-6549( 17) 
-3 195(22) 
-2637( 18) 

-2769( 19) 
-2631(21) 

-24 13(2O) 

1643(16) 

439( 16) 

-4TBS( 19) 

74%17) 

6.7 
8.1 
4.4 
6.6 
5.8 
3.7 
8.3 
3.4 
3.9 
5.5 
3.9 
4.4 
5.0 
4.0 
5 s 
3.9 
4 5  
4.5 
3.3 
4.3 
4.9 
4.9 
4.0 
5.7 
7.3 
4.3 
5.4 
4.7 
5.9 
5.6 
5.5 
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TABLE I1 
Fractional atomic coordinates (. lo4) and tlicrnial piraiiicicrs given by ilir ec~uivalcnt tcniperature factors 
(A2) for (18, 6S, SaR)-(-)-(V) 

Atoni X Y Z 4, 

1131 
2Bi 
30  
40  
50 
6C 
7 c  
8C 
9 c  

100 
11C 
12c 
13C 
14C 
15C 
16C 
17C 
lSC 
19C 
2oc 
21c 
22c 
23C 
24C 
25c 
26C 
27C 
28C 
29c 
3oc 
31C 

13706( I )  
4941(1) 
7200(4) 

1E02(3) 

12684(5) 
6894(6) 

10399(5) 
11474(5) 
7000(5) 
6406(5) 
5775(6) 
5526(5) 
9406(5) 
5697(5) 

12466(5) 
9413(6) 

12215(5) 
11709(5) 
7671(5) 
9093(5) 
900S(6) 
6147(5) 
8283(5) 
9611(6) 
8225(6) 
7678(6) 
8493(6) 
6219(6) 
857 l(6) 

9990(4) 

11225(5) 

3882( I ) 

4253(3) 

3518(1) 
3120(3) 

4876(4) 
4101(5) 
2636(5) 
4533(5) 
458 I(5) 
2094(3) 
2865(4) 
2628(5) 
3246(5) 
4359(5) 
3653(5) 
4379(4) 
3895(5) 
4845(5) 
4442(5) 
4037(4) 
3450(5) 
3698(4) 
3300(5) 
3490(5) 
3814(5) 
3372(6) 
4312(5) 
2946(5) 
2748(5) 

4960(5) 
2437(5) 

15568( 3) 
10167( 2 )  
18512(11) 
20121(11) 
17399( I ? )  
16488( 18) 
17483(18) 
1S365( 17) 
158S9( 16) 
17846( 14) 
15725(16) 
12539(18) 
12454( IS) 
208&4( 17) 
13943( 16) 
17799( IS)  
18383(1S) 
21505( IS) 
15 185( 19) 
19075( 16) 
2175O( 17) 
2 1407( 16) 
19437(21) 
15637( 15) 
22366( 15) 

23940(17) 
20340( 19) 
19687(21) 
14225( IS) 
23260( IS) 

22987(11) 

8.3 
7.0 
4.6 
5.2 
6.8 
5.4 
5.0 
4.8 
5.3 
7.3 
4.6 
5.5 
5.5 
4.8 
4.8 
4.0 
5.1 
5.2 
5.7 
4.1 
5.0 
4.4 
6.1 
4.6 
4.3 
6.9 
5.5 
5.5 
7.0 
5.7 
5.5 
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(-)-Wieland-Miescher Ketone '1463 

a t  245 nni, which is pohrized illoiig the long itxis of the chroniophorc. In the corres- 
ponding region, thc CD spcctruni of (+)-IV exhibits typical cxciton split Cotton effects 
of positive first and negative second signs: he,, 252.3 iiiii, A& +14.1 and A,,, 235.4.nii1, 
A& -4.3; A = +18.4. The CD dittii indiciite tha t  the two bcIizoitIe groups constitute a 
clockwise screw sense, which is consistent with the X-rity cryst;illographic stereoview 
shown in Fig.1, leading to the (IR,6R,8;iR) absolute coiifiguration. On the contrary, i n  
the case of bis(4-broiuobcnzoate) (-)-V, o d y  the first negative Cottoii effect was 
observed: he,, 251.4 nm, A& -53.6. Although the second Cotton effect was not 
observed7c, the (lR,bS,SaR) configuration was assigned to (-)-V 011 the basis of the 
negative sign of the first  Cotton effect. The 8aR absolute stereochemistry of Wieland- 
Miesrher ketone ( - ) - I  was thus corroborated also by the CD spectroscopic method. 

EXPERIMENTAL 

Melting points are uncorrected. IR spectra (G, cm-') were obtaincd 21s KDr discs by using a Jasco FTIR- 
8300 spectrophotometer. 'ti NMR were recorded il l  C'DCI, on ii Uruker CXP 300 spectrometer, and all 
data are reported in  ppm (b) downfield from tctran~etbylsilane as an internal standard. Optical rotations 
[aID were measured at room temperature on a Jasco D1IJ-370 spcctropol;irimcter. 1JV and C D  spectra 
(k, nm) were recorded i n  ethanol on a ,Jasco Ubest-50 spectro~~liotometer and  B Jasco 5-720 spectrometer, 
respectively. The purity of all title conipounds was shown to be I 95% by 'I1 NMII, TW, tIPLC, and/or 
elemental analysis. The density of crystals was determined by flotation using carbon tetrachloride 
and hexane. 

FIG. l 
ORTEP drawing of the absolute 
stereostructures of ( IR,6R,SdaJ)-(t)-/V and 
( IR,6R,gaR)- ( - ) -V ( W, 65,8aR)-(-] -V 

Collect. Czech. Chem. Commun. (Vol. 57) (1992) 



1464 Harab, Sugioka, Uda, Kurilti: 

(1R.6R,&R~+>1,2,3,4,6,7,8.8r-0ctabydro~-methyl-l,6-naphthalenediyl Bis(4-bromobeauute) (m 
To a mixture of cit-diol (-)-/I (ref?? (0.950 g, 5.21 mmol), 4-bromobeazoic acid (3.15 g, 15.7 mmol), and 
tributylamino (11.74 g, 63.3 mmol) in dry toluene (100 ml) was added 2cbloro-1-mothylpyridinum p 
k d W ~ S r U l f O M t S  (8.26 g, 27.6 mmol), and tho mixture was refluxed for 5 b. After removal of tho solvent 
in  VICUO, the reddw w u  subjected to short column chromatography on s i l i a  gel (bexme-EtOAc 51) and 
tho product obtained was purified by HPU! on s i l i a  gel (hoxanc-EtOAc 8:l) to give bis(4-bromobeazo.ta) 
N (1.20 g, 40%) wbicb w u  recrystallized from ethyl acetats to g i w  prisms, m.p. 149.0 - 149.5 'C. I R  
rpcctrum: 2 981.2 947, 1718. 1591, 1483, 1441, 1398, 1278, 1 171. 1 117, 1070, 1012, 933,846, 
755, 487,453. 'H NMR spectrum: 1.34 s (3 H); 1.37 - 2.13 m (9 H) 2.26 brt (1 H, I = 13.5 Hz); 4.82 dd 

(2 Y J = 8.6 Hz); 7.59 d (2 H, J = 8.6 Hz); 7.90 d (4 H, I = 8.6 Hz). [alD +20.4' (c 1.205, CHCI,). W 
spectrum, A,,,x (c): 245.6 am (42, 100). CD spectrum, ( Ac): 252.3 (+14.1), 235.4 (-4.3). For 
C s H ~ B r 2 0 4  (548.3) calculated: 54.77% C, 4.41% H, 29.15% BC found: 55.08% C, 4.39% H, 28.93% Br. 

(1 H, I = 115, 4.4 Hz) 5.49 bt (1 H, I 7.1 Hz, Win 165 Hz); 5-57 b~ (1 H, Wtn 5.2 Hz); 7.56 d 

(1R,~,8aR)-(-)-1,2,3,4,6,7,8,8P-0cllhydro~a-methyl-l,6-napht~len~iyl Biu(4-bromobenzoate) (V) 

tranr-Diol ( - ) - /I]  (ref?? (0.539 g, 2.96 mmol) was similarly benzoylated to afford bis(4-bromobeazoa1e) 
V (1.10 g, 68%). which was recrystallized from hexane to give prisms, m.p. 124.5 - 125.0 'C. I R  
spectrum: 2 935, 2 858, 1 714, 1 591, 1 485, 1 398, 1 272, 1 172, 1 114, 1 102, 1 099, 1 068, 1 014,988, 
904,885,853,760,685,669. 'H NMR spectrum: 1.27 s (3 tQ 1.37 - 2.05 m (8 H), 2.10 bd (1 H, I = 12.8 Hz) 

I = 4.4 Hz, Wl, = 8.9 Hz): 7.50 - 7.63 m (4 H); 7.82 - 7.94 m (4 H). [a],, -331.9' (c 1.187, CHC13). W 
spectrum, &h.r (e): 245.4 (40, 700). CD spectrum, LX, (Ae): 251.4 (-53.6). For C S J H ~ ~ B ~ ~ O ~  (548.3) 
calculated: 54.77% C, 4.41% H; found: 55.02% C, 4.44% Ii. 

2.26 bt (1 H, I 12.8 Hz); 4.89 dd (1 H, J = 11.6, 4.7 Hz); 5.38 bs (1 H, Win I 11.6 Hz); 5.69 bd (1 H, 

X-Ray Crystallography of (1R.6R,80R)-1,2,3,4,6,7,8,8a-Octahydro-8a-methyl-l,6-naphthalenediyl 
Bis(4-bromobenzoate) (+)-(/V) 

A single crystal of (+)-IV (dimension 0.15 x 0.17 x 0.19 mm) was selected for data collection and 
mounted on a Rigaku AFCdB automated four-circle diffractometer. The crystal was found to be 
orthorbombic, and unit cell parameters and the orientation matrix were obtained. Data collection was 
arried out by using a 20 - 0 scan: C~H2~Br20,  (548.27); space group, P212,21; u = 12.214 (1) A, 6 = 
31.514 (3) A, c = 6.076 (0.4) A; V = 2 338.8 (3) A3; Z = 4; p(calcu1ated) = 1.557 p/cm3; p(observed) = 
1.561 g/cm3; diffractometer, Rigaku AFCdB; radiation, CuY, (1.541 78 A); monochromator, graphite 
crystp~; linear absorption coeffiient, 46.607 an-'; temperature, 20 T; scan type, 2 0  - 8; scan speed, 2.0 '/min; 
scan range, 1.4' + 0.5' tan 0; 20 scan limits, 2.0' - 130.0'; standard reflections. 3 per 50 reflections; 
indices, (3,4,0), (0,0,2), (2,6,1); crystal stability, no indication of decay during data collection; reflections 
scanned, 1 968; independent reflections Fo > 3.0 a(Fo), 1 815. 

The positions of the two bromine atoms were at first found by the direct method, and then those of the 
remaining non-hydrogen atoms were found by the successive Fourier synthesis. Absorption correction was 
made by using the data of face indices and the size of the crystal. All hydrogen atoms were placed in  
idealized positions. Block diagonal least-squares refinement of positional parameters, anisotropic thermal 
parameters for non-hydrogen atoms, and isotropic parametcrs for hydrogen atoms, including anomalous 
scattering factors of bromine, oxygen, and carbon atoms, led to the final convergence with R = 5.26% 
/C--l -.. ..C ..rAll.l-l 277. D... - I; <la\ f n p  ika I I R  CIR IlnR\ nhsnluin ~nnf in~ors i inn while a rimilnr rslru. 



(-)-Wieland-Miercher Ketone 1465 

X-Ray Crystallography of (1R,6S ,W)-1 .2~ .4 ,6 ,7~~~~ctahydro-&-methy l - l , 6 -~phtha le~ i~  
Bir(4-bmmobcruorlc) (-)-(V) 

Tbe X-ray structure a ~ l p i r  of (-)-V was similarly carried out as in the cue of compound IV: crystrl 
dimension, 0.14 x 0.12 x 0.21 mm; CUHI,B~&, (548.27): s p a  group, P2,2,2,; a = 17.251 ( 2 )  b = 
21.155 (2) A, c = 6.540 (1) A; v = 2 386.5 (4) A'; z = 4; p(aIcuIated) = 1.526 g/cm3; d o b r v d )  = 
1,516 g/cm3; linear JbrorpliOII coefficient, 45.676 cm-'; temperature, 20 *c; scan type, 28 - 8; scan 
speed, ZO'lmin; scan nnge, 1.3' + 0.5' trn 8; 2 8  l c ~ n  limits, 2.0' - 130.0'; standard reflectiom, 3 per 
50 reflections; indices, (4,1,1), (0,4,2), (1.6.0b cystr l  stability, DO indication of decay during data 
collection; reflections sanned, 1 921; independent r e f l ~ ~ t i o ~ ~  Fa 3.0 o(F& 1 765. Tbe f i ~ l  R-value was 
5.40% for (lR.6S.W) abrolute configuration, while the R-value for the inverse struclure was 5.88%. 

This work was suwd in parl by ~ronts  fron tht Minishy of Educatiotb Science, ~d Culhn, Jopon 
(Guwnl (A) No. 59430005, General (0) Na 01470026, Priorily Areas Nos. 01648501,02230201,02250103, 
03214107, a d  03236101 and Internotional Joiiil Ruearch N a  02W4014 lo N. M), the SWoty Iruh'tute fw 
Bioorpnic Ruearch (SUNBOR p w t a  lo N. H.), and the Japan Association Chaishy (lo N. H.). 
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