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Among seventeen different Lewis acids, TiCI, was found to be the best catalyst for the [4 + 21 cycloaddition 
of cyclopentadienc to N,N‘-fumaroylh~s[(2R)-bomane-10,2-suItdrn] (( -)-1). Independently of the TiCI, molar 
concentration, almost constant and complete (98-89 % d. e.) diastereofacial n-selection was achieved in the 
Diels-Alder addition of (-)-1 to cyclopentadiene, cyclohexadiene, isoprene, and 2,3-dimethylbuta-l ,.?-diem. 

Introduction. ~ We recently reported the preparation of (-)-1 [l] as well as its 
cycloaddition to cyclopentadiene 2a [2] 2 ,  and found that, under the cooperative influence 
of two prosthetic groups [ 5 ] ,  the uncatalysed reaction occurs smoothly at  -78” in 
CH,Cl, to afford, after total conversion, the major cycloadduct (2R,3R)-3a in 95 % yield 
and 89 % d.e. (see Scheme) 3). Complete conversion and n-facial selectivity (98 -99 O/O 

d.e.) were also achieved under the same conditions, independently of the TiCl, molar 

Scheme 

(-1-1 2a nR’ 1H R2 H 3a-d Ro= qg2 
b 2 H  H 
c OMe H 

4a-d 

d OMe Me 
i) CH,CI,, -78”, 20 h. 1.0 mol-equiv. of Lewis acid. ii) LiAIH,, T H E  

Present address: Firmenich SA, Corporate R 8~ D Division, P.O. Box 239, CH-1211 Geneva 8. 
For earlier asymmetric [4 + 21 cycloadditions of fumarates, see ref. cit. in [2]; for more recent references, 
see [ 3 ] ;  for a recent review on asymmetric intermolecular homo- and hetero-Diels-Alder reactions, see (41. 
PM3 Calculations suggest that the four lower uncatalysed transition states, expressed in kcal/mol, are the 
following: C(n)-ue bis(anti-s-cis): - 133.15; C(r)-re syn-s-cis-s-cis-anri: ~ 132.23; C(n)-re bis(syn-s-cis) 
- 131.82; C(a)-si bis(syn-s-cis): ~ 131.27 [6] 171. Under catalysed conditions, the situation is more complicated 
since neithcr the ratio nor the relative reactivity of the respective mono-, di-, and non-coordinated species is 
known. 



HELVETICA CHIMICA ACTA- Vol. 81 (1998) 325 

concentration (0.25-2.5 mol. equiv.). The major diastereoisomer (2R,3R)-3a was ob- 
tained pure in 95 % yield by simple recrystallization or chromatography, and the abso- 
lute configuration was ascertained by chiroptical analysis of the known corresponding 
diol (2R,3R)-4a [8]. We wish now to report on the influence of diverse Lewis acids and 
dienes on the [4 + 21 cycloaddition to dienophile (-)-1. 

Results and Discussion. - The first screening was performed, as previously reported 
for TiCl,, at - 78" for 4 h in the presence of 1 .O mol-equiv. of Lewis acid in CH,Cl, . The 
conversion and diastereoselectivity were directly determined by integration of the olefinic 
signals in the 'H-NMR spectra of the crude reaction mixture of (-)-1 and cycloadducts 
(2R,3R)-3a/(2S,3S)-3a [2]. First of all, the isosteric analogous Lewis acid SnCI, gave 
complete conversion with a slightly lower selectivity (92.5 O/o d. e., see Table I ,  Entry a)  as 
compared to TiC1,. Since TiCl,(O'Pr), was earlier used to minimize the diene polymer- 
ization [9], we then compared a series of titanium-isopropoxide-derived catalysts of 
decreasing Lewis acidity and chelating properties (Entries b-e), which resulted in average 
in a consequent decrease of the diastereoselectivity, reaching even lower values (82-86 % 
d. e., Entries d and e)  than that observed for the noncatalysed reaction. This may tenta- 
tively be rationalized by favoured SO,/C=O anti, C=O mono-coordinated species, or 
even C=O/C=C s-trans conformations3). A similar n-face selectivity was observed with 
TiCl,(OEt), (Entryf) .  

The complex with AICI, was not fully dissolved and formed a suspension in CH,Cl, , 
leading to a conversion and n-facial differentiation comparable with SnC1, (Entry g). The 

Table 1. Cycloaddition of ( - ) - I  to Cyclopenta-1.3-diene (2a) at - 78" (4 h) in the Presence of 1 mol-equiv. of 
Lewis Acid 

Entry L m i s  acid Solvent Conversion [YO] d.e. [YO] 

U 

b 

d 
c 

e 
f 
R 
h 
i 
i 
k 
1 
in 
n 
0 

P 
q 
r 
Y 

t 

SnCI, 
TiCI,(O'Pr) 
TiCI,(O'Pr), 
TiCI(O'Pr), 
Ti(O'Pr), 
TiCI,(OEt), 
AICI, 
AICI, 
AlC1,Me 
AICI,Et 
AICIMe, 
AICIEt, 
AIMe, 
AIEt, 
ZnCI, 
ZnCI, 
ZnBr, 
ZnBr, 
BF, . OEt, 
BCI, 

CH,CI, 
CH,CI, 
CH,CI, 
CH,CI, 
CH,CI, 
CH,CI, 
CH,Cl,a) 
THF 
CH,CI, 
CH,CI, 
CH,CI, 
CH,CI, 
CH,CI, 
CH,CI, 
CH2C12a) 
THF 

TH F 
CH,CI, 
MeOH 

CH2C1za) 

100 

100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

88.1 

76.5 

83.0 
56.5 
53.0 
34.0 

100 
100 

92.5 
90.2 
90.2 
82.3 
86.0 
86.0 
92.1 
85.0 
97.8 
84.9 
94.6 
84.1 
91.5 
90.0 
13.3 
60.0 
89.1 
80.0 
87.0 
84.1 

") Suspension of the complex. 
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complex was soluble in THF, but this resulted in a drop of diastereoselectivity (Entry h, 
85% d.e.),). Previously, AlC1,Et was preferred over TiCl, for the cycloadditions of 
(2R)-N-acryloylbornane-l0,2-sultam to 2a and buta-I ,3-diene [l 11. In our case, compari- 
son of several alkylchloroaluminium catalysts (Entries i -n)  suggests that the size of the 
aluminium substituents may play a role in the dienophile conformational equilibrium, or 
may sterically interact with the incoming diene. In all cases. the diastereoselectivity was 
lower when compared with TiCI, or even with the uncatalysed reaction; it reached a 
maximum of 97.8 YO d. e. with AIC1,Me. ZnC1, and ZnBr, formed also a partially insoluble 
complex, resulting in lower conversion and diastereoselectivity (Entries o and 4). The use 
of THF diminished even more drastically the chemical and optical yields, supposedly by 
additional or competitive coordination to the metal. Finally, under non-chelating boron- 
derived Lewis acid conditions (Entries s and t ) ,  we observed, similarly to N-acryloyl- and 
N-crotonoylbornane-10,2-sultams [l 11, a worse diastereoselectivity, even lower as that 
obtained under uncatalysed conditions. 

Convinced that TiCl, was the best chelating agent 9, we then studied the influence 
of its molar concentration on the cycloaddition to diverse dienes (see Table 2). First of 
all, the least reactive cyclohexa-l,3-diene (2b) was studied, and the desired ratios were 
determined by ‘H-NMR analysis6). The diastereoselectivity was constant and very high 
(> 95% d.e.), independent of the TiCl, concentration. The conversion was low for 
0.25 mol-equiv. of TiC1, and increased gradually to reach almost complete conversion 
within 20 h for 1.0 mol-equiv. of Lewis acid. The major diastereoisomer (2R,3R)-3b 
could be obtained pure by chromatography (98 YO) of the totally converted material 
(2.0 mol-equiv. of TiCl,). The situation was nearly identical with isoprene (2c), which 
shows virtually complete conversion and diastereoselectivity for 1 .O mol-equiv. of 
TiC1,’). Chromatography of crude 3c (2.0 mol-equiv. of TiCl,) afforded pure (1R,2R)-3c 

Table 2. Cyluddition of i - i - 1  lo Diverse Dirnes ut - 78” in CH,Cl, (20 h) in the Presence of Increasing 
Amounls of TiCI, 

TiCI, [mol. equiv.] Cyclohexa-I ,3-diene (2b) Isoprene (2c) 2,3-Dimethylbuta-l,3-diene (2d) 

Conversion [YO] d. e. [Yo] Conversion [%I d. e. [ %] Conversion [%I d. e. [ %J 
~ 

0.25 
0.50 
0.75 
1 .OO 
1.25 
1 .50 
1.75 
2.00 
2.25 
2.50 

5 
10 
21 
95 
91 
98 
99 

100 
I00 
100 

95 
95 
95 
96 
96 
91 
97 
98 
98 
98 

36 
52 
13 
95 
97 
99 

100 
100 
100 
100 

95 
95 
95 
96 
96 
97 
91 
98 
98 
98 

100 
100 
100 
100 
100 
100 

100 
100 
100 

1 no 

84 
85 
89 
87 
85 
82 
82 
82 
82 
82 

4, 

’) 
6 ,  

’) 

For a study of the solvent cffect on the diastereoselectivity of chiral dienophiles, see [lo]. 
For an X-ray analysis of TiCI, chelated to (2R)-N-crotonoylbornane-10,2-sultam, see [12]. 
The major diastereoisomer (2R,3R)-3b exhibits two well-resolved signals resonating at 6.06 and 6.48 ppm, 
while the minor diastereoisomer (2S,3S)-3b shows two sets of signals at 6.28 and 6.45 ppm. 
The major diastereoisomer (1 R.2R)-3e exhibits a signal resonating at 1.1 5 ppm. while the minor diastereoiso- 
mer (lS,2S)-3c shows a signal at 1.20ppm. 
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in 98 YO yield. The more reactive 2,3-dimethylbuta-1,3-diene (2d) gave constantly full 
conversion, even at low concentrations of catalyst. The diastereoselectivity was also 
constant at 82% d.e., with an optimum for 0.75-1.0 mol-equiv. of TiCl, (89-87% 
d. e.)8). Under these optimal conditions, pure (1R,2R)-3d (93 %) and (1S,2S)-3d ( 5  %) 
could be separated by chromatography. 

In all cases, the absolute configuration of the main diastereoisomer was ascertained 
by reduction to the known corresponding diols (2R,3R)-4b [13], 4c [14], and 4d [15], 
respectively, with non-destructive removal of the chiral auxiliary, isolated in 92 to 98 YO 
yield by chromatography. 

Conclusion. - TiCl, as chelating agent shows the best chemical as well as stereochem- 
ical efficiencies for the cycloaddition of dienophile (-)-I to cyclopenta-1,3-diene (2a). In 
the presence of 1 mol-equiv. of TiCl,, high conversion (95- 100 %) and high diastereose- 
lectivity (89-98 %) was achieved for the [4 + 21 cycloaddition of (-)-I to cyclohexa-1,3- 
diene (2b), isoprene (2c), and 2,3-dimethylbuta-1,3-diene (2d) in CH,Cl, at - 78" for 
20 h. The absolute configurations of the main cycloadducts may be rationalized by attack 
of the dienes on the C(a)-re face of the mono- or di-chelated bis-SO,/C=O syn,bis-C=O/ 
C=C s-cis conformer of (-)-I, as previously proposed for simple N-acryloyl and N-cro- 
tonoylbornane-10,2-sultams [2] [ll]. The cycloadditions of dienophiles derived from 
nonsymmetrical O-alkylfumaroyl-N-bornane-l0,2-sultams will be presented in due course. 

Financial support from the Polish Academy of Sciences and from the University of Warsaw (BST562/18/97) 
is gratefully acknowledged. 

Experimental Part 

General. See [16]. Standard deviation for 'H-NMR determination: 2%. 
(-)-N,N'-Fumaroylhis[(2R)-bornane-lO,2-sultam] (= (-)-l.l'-[(E)-l,4-Dioxobut-2-ene-1,4-diyi]hi.~[(3aS, 

6R, 7aR)-l,4,5,6,7.7a-hexahydro-B,8-climethyl-3H-3a,6-m~t~ia~1o[2,l]benzisothiazole] 2,2,Z',Z'-Tetraoxide; (-)-1). 
To a suspension of NaH (50% in mineral oil; 300 mg, 6.25 mniol) in dry toluene (50 ml) under Ar at -5", a soh .  
of (ZR)-bornane-l0,2-suItam (1.3 g, 6.05 mmol) in toluene (15 ml) was added slowly. After 30min, a soin. of 
fumaroyl chloride (0.33 ml, 3.05 mmol) in toluene (15 ml) was added dropwise within 1 h, and the resulting 
mixture was stirred overnight at 20". MeOH (5 ml) and then H,O (20 ml) were added, and the aq. phase was 
extracted with toluene (2 x 10 ml). The org. phase was washed successively with H,O (20 ml) and NaHCO, (20 ml) 
soln., dried, and evapo'rated. The crude material was crystallized from CH,Cl,/hexane: pure (-)-1 (66%). M.p. 
247-248". [E]:' = - 135.6 ( C  = 1.18, CHCI,). IR: 2990, 1710, 1340, 1140, 1050. 'H-NMR: 0.98 (s, 6 H); 1.15 
( s ,6H) ;  1.13-1.50(m,4H); 1.82-2.0(m,6H);2.08-2.18(m,4H); 3 .49(AB,J=13.8 ,4H) ;3 .95( t , J=6 .8 ,  
2 H); 7.63 (s, 2 H). I3C-NMR: 19.7 (C(9)); 20.6 (C(8)); 26.2 (C(5)); 32.7 (C(6)); 38.1 (C(3)); 44.6 (C(4)); 47.8 
(C(7)); 48.7 (C(1)); 52.9 (C(10)); 65.1 (C(2)); 132.5 (C=C); 162.2 (CO). HR-MS: 510.1855 (C,,H,,N,O,S,t, 

General Proceduie,for the Cycfoadditions. To a soh. of (-)-1 (51 mg, 0.1 mmol) in CH,CI, (2 ml), l~ Lewk 
acid soh .  (0.025-0.25 ml, 0.025-0.25 mmol) was added. The mixture was cooled to - 78" and SM precooled diene 
soln. (2 ml, 1 mmol) was added dropwise and slowly along the inside cold wall of the reaction flask. After 4-20 h, 
the reaction was quenched with NH,F and equilibrated. After addition of H,O, the mixture was extracted with 
CH,CI, and the extract dried (MgSO,) and evaporated under medium, then high vacuum. Conversion was 
measured by 'H-NMR analysis. Pure material was obtained after chromatography (SiO,, hexane/AcOEt 7: 3 to 
6:4). 

General Procedure for  the Reduction. A soln. of diastereoisomerically pure cycloadduct 3 (0.25 mmol) in THF 
(1 ml) was added to a suspension of LiAIH, (19 mg, 0.5 mmol) in THF (1 ml). After 1 h at 20", the reaction was 

h"'.; cak. 510.1858), 446.2239 (C,,H,,N,O,S+, [ M  - SO,]' ; Cdk. 446.2239). 

') The major diastereoisomer (1 R,2R)-3d exhibits a signal resonating at 1 . I  5 ppm, while the minor diastereoiso- 
mer (1S,2S)-3d shows a signal at 1.20 ppm. 
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quenched with NH,CI, the mixture filtered over Celite, and the filtrate evaporated and purified by chromatogra- 
phy (SO,, hexane/AcOEt 7: 3 to 6:4): 4 besides (2R)-bornane-10,2-suItam. 

1 ,l'-{(j2R,3R) -Bicyclo(2.2.2]oc~t-5-ene-2,3-diyl]dicarho~zyl} bis(j3aS,6R, 7aR) - /,4,5,6,7,7u-hexahydro-8,8- 
dimet~i~~l-3€i-3u,6-methuno[2.l]henziso1hiazolt.] 2,2,2',2'-Tetraoxide ((2R,3R)-3b). Obtained in 98 % yield from 
( - ) - I ,  using 2.0mol-cquiv. of TiCI,. M.p. 311-313" (CH,Cl,/hexane). [E]:' = - 165.53 (c = 1.01, CHCI,). 
IR:  2958,2880,1691,1460,1414,1334,1211,1135,1068,999,780,687,547,535,501,437. 'H-NMR: 0.97 (s, 6 H); 
1.10 ( m , 2 H ) ;  1.17 ( s ,3H) ;  1.18 (s,3H); 1.25-1.40 ( m , 6 H ) ;  1.48 ( m , 2 H ) ;  1.80-1.95 (m,6H) ;  1.95-2.15 
( m , J H ) ; 3 . 0 9 ( i ~ , 2 H ) ; 3 . 4 5 ( m , 4 H ) ; 3 . 7 2 ( m , l H ) ; 3 . 8 5 - 3 . 9 5 ( m , l H ) ; 6 . 0 6 ( t , J = 7 , 1 H ) ; 6 . 4 9 ( r , J = 7 , 1  H). 
13C-NMR: 19.1 (y); 19.9 (4); 20.7 (y); 20.8 (y); 24.8 (2r); 26.4 (21): 32.7 ( 1 ) ;  33.7 ( I ) ;  34.7 ( 2 4 ;  38.4 ( 1 ) ;  38.7 (t); 
44.5 (d ) ;  44.6 (d);  45.0 (d ) ;  45.8 (d); 47.7 (2s); 48.2 (2s); 53.1 (2t): 65.15 (d) ;  65.2 ( d ) ;  130.7 (d) ;  135.2 ( d ) ;  171.9 
( s ) ;  172.5 (s). HR-MS: 590.248805 (C,,H,2N206S,+, M + ' :  calc. 590.24842). MS: 590 (1.5, Mt'), 526 (I) ,  511 
(27). 375 (33),  348 (72). 311 (lo), 296 (loo), 284 (5), 270 (17), 233 (17), 150 (18), 135 (88), 107 (22), 93 (19), 

I ,  1'- {((l R,2R) -4- Methylc~~clohex-4-et1c- 1 ,2-diyl/ dic urhonyl} bis((3aS,6R, 7uR) -1,4,5,6,7,7u-hexulzydro-8,8- 
dimethyl-3H-3a,6-mcthano/2.l]benzisorhiuzole] 2,2,2',2'-Tetraoxide ((1 R,2R)-3c). Obtained in 98 YO yield from 
(-)-l, using 2.0mol-equiv. of TiCI,. M.p. 249-251" (CH,Cl,/hexane). [E]? = - 157.64 (c = 1.01, CHCI,). IR: 
2960, 2882, 1695, 1483, 1457, 1414, 1333, 1266, 1210, 1136, 1115, 1069, 996, 813, 764, 609, 550, 536, 500, 435. 
'H-NMR:0.95(.r,3H);0.96(s,3H);1.13(.s,3H);1.155(.~,3H);1.25-1.40(m,4H);1.64(.s,2H),1.66(s,3H); 
1.8-1.9 (m,6H) ;  1.95-2.15 (m,6H) ;  2.52 (dd , J=4 .5 ,  15, I H ) ;  2.65 ( m , l H ) :  3.5-3.59 (ni ,4H):  3.93 
(ddd, J = 4.5, 8.5, 12.5, 2 H); 5.37 (d, J = 5, 1 H). I3C-NMR: 19.9 (y); 19.91 (4); 20.86 (4 ) ;  20.93 (4) ;  23.0 (y); 
26.44 (2f); 29.23 ( I ) ;  32.8 (2t); 33.6 (1 ) ;  38.5 (2t); 42.7 ( d ) ;  43.1 (d);  44.6 ( 2 4 ;  47.7 (2s); 48.3 (2s); 53.1 (2t); 65.0 
(d) ;  65.1 (d ) ;  119.3 (d ) ;  132.4 (s): 174.0 (s): 174.1 (s). HR-MS: 578.248529 (CZ9H4,N2O6S2+, Mt' ;  calc. 
578.24842). MS: 578 (0.5, M") ,  363 (loo), 335 (54), 271 (17), 244 (48), 165 (25), 152 (41), 135 (72), 121 (28), 107 
(17). 93 (36). 

1 I 1'- {(il R,2RJ - 4 5  ~imethylc.~~clohe,~-4-ene- 1,2-di~l]dicurbony~bis[i3aS,6R,7uR J - I,4,5,6,7,7~-hexahydro- 
8,8-dirrletlz~l-3H-3a,6-mrthunu[Z. l]benzisothiuzole] 2,2,2',2'-Te/ruoxide (( 1 R,2R)-3d). The major diastereoisomer 
was obtained in 93% yield from (-)-1, using 0.75 mol-equiv. of TiCI,. M.p. 158-160". [a]:' = - 173.82 

( , r ,6H);  1.25-1.40(m,4H); 1.60(.s,6H); 1 . 8 0 - 1 . 9 0 ( m , 6 H ) ; 2 . 0 - 2 . 1 2 ( m , 6 H ) ; 2 . 5 0 ( d , J = 8 , 2 H ) ; 3 . 4 7  
(s, 6 H); 3.93 (&I, J = 2.5, 4, 2 H). ',C-NMR: 18.7 (4) ;  19.9 (4) ;  20.9 (y); 26.4 ( I ) ;  32.7 ( t ) ;  35.0 ( t ) ;  38.4 ( t ) ;  43.3 
(d): 44.6 ( d ) ;  47.7 (s); 48.3 (s); 53.0 ( I ) ;  65.0 ( d ) ;  124.1 (s); 173.9 (s). HR-MS: 592.25421 (C,oH44N206S,+, M I.; 

c d k  592.26408). MS: 592 ( I ,  M") ,  528 (I), 377 (75), 349 (60), 244 (19), 179 (20), 152 (21), 135 (69), 106 (loo), 

79 (1  5). 

(C = 1.02,CHC13). IR:  2960,2883,1693, 1334, 1211, 1136, 1114, 990,760, 547, 534. 'H-NMR:0.96(.7, 6 H); 1.155 

93 (25 ) .  
Cycloud(1uc.t jlS,2SJ-3d. The minor diastereoisomer was obtaincd in 5% yield from (-)-l,  using 1 .0 mol- 

equiv. of TiCI,. M.p. 326-328'. [E];' = + 5.83 (c = 1.02, CHCI,). IR:  2990, 2960, 2886, 1688, 1454, 1411, 1394, 

(m,2H):1.85-1.95(nz,4H);2.0-2.1 (m,4H);2.1-2.2(m,2H);2.54(d,  J =  8.5 ,2H) ;3 .40(d ,J=7 ,2H);3 .50  

( I ) ;  44.5 ( d ) ;  44.7 (d ) ;  47.76 (3 ) ;  48.5 (s); 52.9 (1); 65.2 (d ) ;  123.8 (s); 174.2 (s). HR-MS: 592.2636 
(C,0H,,N,0,S2f: calc. 592.26408). MS: 592 (1, Mt.) ,  377 (36), 349 (55), 285 (15). 244 (lo), 152 (17), 135 (53), 
106 (loo), 93 (21). 

(2R,3K J-Bicy~lo/2.2.2]uct-5-ene-2,3-dimethunol ((2R,3R)-4b). Obtained in 98 YO yield from (2R,3R)-3b. 
[a]:' = + 81.1 (c = 0.845, CHCI,) ([13]: [m]? = - 93.8 (c = 0.56, CHCI,) for the cnantiomer). Analyses fully 
identical with those reported in [13]. 

j l R , 2 R ~ - 4 - M r 1 h ~ ~ l c y c l u / z e x - 4 - e n e - 1 , 2 - d i m l  ((1 R,2R)-4c). Obtained in 97 % yield from (1 R,2R)-3c 

1153, 1129, 1075, 1047, 1003, 959, 778, 725, 665, 503, 477. 'H-NMR: 1.25 (ni, 2H) :  1.65 (s, 3 H);  1.66 (m, 2 H); 
1.83(m,2H);3.00(br..s,2H,OH);3.59(ddd,J=1.5,7.0,11.0,2H);3.73(ddd,J=3.5,6.0,10.0,2H);5.35 
(d. J = 3.5, 1 H). ',C-NMR: 23.3 (Me-C(4)); 28.8 (C(6)); 33.5 (C(3)); 39.7 (C(1) 01- C(2)); 40.2 (C(2) or C(1)); 
66.3 (OCH,-C(1) or 4 2 ) ) ;  66.4 (OCH,-C(2) or -C(l)); 120.0 (C(5)); 133.2 (C(4)). HR-MS: 138.204465 
(C,H,,O+; [ M  - Ii,O]'; calc. 138.21133). MS: 138 (15, M + . ) ,  120 (14). 107 (loo), 91 (42), 79 (30), 67 (12), 55 
(81, 41 (9). 

(iR,2R~-4,5-~iinethvlc~~clokr.u-4-ene-1,2-dimc~thunol((1 R,2R)-4d). Obtained in 95% yield from (1 R,2R)-3d. 
[XI;) = - 67.7 ( C  = 0.4, CHCI,) ([IS]: x h 2  = - 67.5). Analyses fully identical with those reported in [15]. 

1333, 1135, 990, 762, 545, 534. 'H-NMR: 0.965 (s, 6 H); 1.20 (s, 6 H); 1.25-1.45 (m, 6 H); 1.61 ( ~ , 6  H); 1.18 

(d, J = 7, 2 H); 3.85 (dd, J = 3.5, 4, 2 H). 13C-NMR: 18.6 (4 ) ;  19.9 (4 ) ;  20.6 (4) ;  26.3 ( t ) ;  32.8 ( I ) ;  34.3 ( t ) ;  38.5 

[w]:" = -~ 78.13 (C = 0.32, CHCI,) ([15]: EP = - 78.8). IR :  3296, 2965, 2915, 2887, 2827, 1474, 1452, 1439, 1378, 
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