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Ethyl (1 R,2S)-2-hydroxycyclopentanecarboxylate and -cyclohexanecarboxylate ( l a  and 2a, respectively) 
obtained in 40 and 70 % yield by reduction of 3-oxocyclopentanecarboxylate and cyclohexanecarboxylate, 
respectively (Scheme Z), with non-fermenting yeast, are converted to bicyclic dioxanone derivatives 3 and 4 with 
formaldehyde, isobutyraldehyde, and pivalaldehyde (Scheme 3 ) .  The Li-enolates of these dioxanones are alky- 
lated (+5a-5i, 5j, 6adg),  hydroxyalkylated (+ 51,m, 6d,e), acylated (+ Sk, 6c) and phenylselenenylated (+7-9) 
with usually high yields and excellent diastereoselectivities (Scheme 3, Tables 1 and 2). All the major isomers 
formed under kinetic control are shown to have cis-fused bicyclic structures. Oxidation of the seleno compounds 
7-9 leads to a,p-unsaturated carbonyl derivatives 10-13 (Scheme 3) of which the products 12a-c with the C=C 
bond in the carbocyclic ring (exocyclic on the dioxanone ring) are most readily isolated (70-80% from the 
saturated precursors). Michael addition of Cu(1)-containing reagents to 12a+ and subsequent alkylations afford 
dioxanones 14a-i and 1 6 a 4  with trans-fused cyclohexane ring (Scheme 4 ) .  All enolate alkylations are carried out 
in the presence of the cyclic urea DMPU as a cosolvent. The configuration of the products is established by NMR 
measurements and chemical correlation. Some of the products are converted to single isomers of monocyclic 
hydroxycyclopentane (17-19) and cyclohexane derivatives (20-23; Scheme 5). Possible uses of the described 
reactions for EPC synthesis are outlined. The observed steric course of the reactions is discussed and compared 
with that of analogous transformations of monocyclic and acyclic derivatives. 

Introduction. - In the course of our endeavour in the synthesis of enantiomerically 
pure compounds (EPC synthesis [3] 141) from M - and p-amino- and hydroxyacids [5-81 we 
have recently studied the modification of (R)-3-hydroxybutanoic acid (A) via dioxanone 
derivatives (Scheme I). Thus, stereoselective alkylation at C(2) of this acid is possible via 
the enolate B [9] or the Michael acceptor C [lo]. New substituents can be introduced at 
C(3) via the dioxinone D [ I l l  1121 and at C(4) by generating the dienolate E [13-15]. 

Since it is highly desirable to have access to functionalized cyclopentane and cyclo- 
hexane derivatives with quaternary C-atoms [I 61 in enantiomerically pure form, we have 
investigated the reactions of bicyclic dioxinones from the readily available (1 R,2S)-2- 

I )  
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hydroxycyclopentanecarboxylic acid (1 b) and -cyclohexanecarboxylic acid (2b)')") 
(Scheme 2). In this paper, we will show that hydroxycycloalkanecarboxylic-acid deriva- 
tives of type F, G ,  H, and I can be prepared highly selectively5). 

Inspite of the advent of a possibly more powerful method of reducing P-keto-esters 
enantioselectively [29], we made use of the yeast reduction of ethyl 2-oxocyclopentan- 

Scheme 2 
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b R = H (98% from 2a) 
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l a  R=C,H, 
b R = H  (93%fromla)  

') Recent examples of EPC syntheses of functionalized cyclopentanes are: 13 + 21 cycloadditions [17], cycliza- 
tious of 3,3-disubstituted 2,5-diones [18], transformations of camphor [I91 and of suitable carbohydrates [20] 
[21], and a recent gingkolide synthesis [22]. 
Enantiomerically pure cyclohexane derivatives have been recently synthesized by Michael addition of organo- 
copper reagents to (R)- and (S)-5-(trimethylsilyl)cyclohex-2-euone [23], by diastereoselective Birch reduction 
and reductive alkylation of chiral benzoic- and anthranilic-acid derivatives [24], or from the pool of chiral 
building blocks [25], using monoterpenes [19a] [26] or carbohydrates [20] [27] as starting materials. 
Structures of type F- I occur in a wide variety of natural products [28]. 

4, 

5,  

27 
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carboxylate [30] [31] and -cyclohexanecarboxylate') [30a] [3 11 [33] [34]. The application of 
this reaction and its stereoselectivity were greatly improved by switching to non-ferment- 
ing conditions7) [31]. The esters l a  and 2a were saponified to the corresponding acids l b  
and 2b [35], which were pure, single isomers. 

Results. - The hydroxy-acids l b  and 2b were converted to the bicyclic dioxanones 3 
and 4, respectively, by acid-catalyzed acetalization with paraformaldehyde, isobutyralde- 

l b  

0 

3a R = H (78% from 1 b )  
b R = t - B u  (9&95%fromlb)  

2b RCHO He ,QiyR ___, LDA 

0 

4a R = H (84% from 2b) 
b R = I-Pr (76% from Zb) 
c R = t - B u  (85%fromZb) 

5k 51 R' = CH,, R2 = H 
m R' = COOCH,, R 2 =  CH, 

Qk PhSe 

7 

i 

0 

R'X 

R'X 

6c 

QoR PhSe 0 

8a R = H  
b R=i-Pr 
c R = 1-Bu 

6d 

5a-rn (for R' ,  R2, see Table 7 )  

Q~''@ 0 

6a-g (for R'. R', Tee Table 7 )  

6e 

Qf PhSe 0 

9a R = H  
b R=i -P r  
c R = f - B u  

6,  

7, 

For analogous reactions of 2-oxothiacyclopentancarboxylates and -cyclohexanecarboxylates, see [32]. 
In a battery of 20 2-1 flasks a total of 100 g of the keto-ester can be reduced by a total of 2.5 kg of yeast in 20 I 
H 2 0  within 1 day on a shaking apparatus (see Exper. Part) .  
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hyde, or pivalaldehyde in benzene or toluene by heating under reflux in the presence of or 
under molecular sieve [36] [37], in yields exceeding 80% (Scheme 3) .  In those cases which 
could have led to two stereoisomeric products, one isomer was formed preferentially (3b: 
> 98 YO ds; 4b: 95 % ds; 4c: > 98 % ds). The configuration of the newly formed acetal 
center was determined to be S by nuclear Overhauser effect (NOE) NMR measurements 
(positive NOE between H-C(2) and H-C(4) in 3b and 4c), as well as by an X-ray 

Table 1. Products 5 and 6 Obtained by Alkylution of the Bicyclic Dioxanones 3 and 4 via the Enolates J and K, 
Respectively. The yields refer to purified products. The diastereoselectivities (ds) refer to the content of the 
cis-fused products 5 and 6 in the crude product, as determined by 'H-NMR. Unless otherwise stated, the reactions 
were carried out in THFiDMPU by adding the electrophiles at -75". and allowing to warm up to r.t. overnight. 

Starting Electrophile 
mate r i a 1 

Product 

No. R' R2 Yield Diastereoselectivity 
1%1 dsl%l 

3a 
3b 
3b 
3b 
3h 
3h 
3h 
3h 
3b 
3b 
3b 
3b 
3h 
4a 
4a 
4a 
4a 
4h 
4c 

CH,I Sa 
CH,I Sb 

CH2=CHCH2CH2Br 5d 
CH2=CHCH2Br 5e 

CH3C(C1)=CHCH2CI 5g 
Br-CH2COOCH3 5h 
CH&H(Br)COOCH, Si 
CH,=C(CH,Br)COO(t-Bu) Sj 
CH3COCl 5k 
CH,CHO 51 
CH,COCOOCH, 5m 
CH31 6a 
CH2=CHCH2Br 6b 
CH3COCI 6c 
CH,CHO 6d 
CH31 6f 

CH2Br, SC 

CH3=C(C1)CH2CI Sf 

CHJ 6g 

H 
t-Bu 
t -Bu 
t -Bu 
I-Bu 

t-Bu 
t-Bu 
t-Bu 
t-Bu 
I-Bu 
I-Bu 
I-Bu 
H 
H 
H 
H 
i-Pr 
I-Bu 

t -Bu 

CH, 63 
CH, 86 
CH2Br 38 
CH,=CHCH2CH2 69 

CH,=C(CI)CH, 42 
CH,C(CI)=CHCH2 41 

CH,OOCCH(CHJ 42b) 
CH,=C(COO(f -Bu))CH2 45 

CH,=CHCH2 93 

CH300CCH2 75 

CH,CO 81 
CH3CH(OH) ") 

CH, 80 
CH,=CHCH, 77 

CH,CH(OH) f, 

CH,C(OH)(COOCH,) Me) 

CH,CO 42 

CH3 82g) 
CH? 809) 

> 95 
> 98 
> 98 
> 98 
> 98 
> 98 
> 98 
> 98 
> 9ga) 
> 98 
> 98 

") 
93 

> 98 
> 95 

60 
9 
579 

Racemic electrophile was used. Kinetic resolution, to a small cxtent, occurred. The product 5i was obtained as 
a 1.4:l mixture of epimers at C-1'. 
Corrected yield, 61 %. Ca. 30% of starting material 3b was detected in the crude reaction product ('H-NMR). 
Two diastereoisomers, epimeric at C(l'), were obtained, carrying out the reaction under the general conditions 
indicated in the head to the table, the overall yield was 79%; when the reaction was carried out in THF at -70" 
for 1.5 h, the yield was 91 %. The same stereochemical outcome was realized under both sets of conditions. 
Only two diastereoisomcrs, epimeric at C( l'), were detected in the crude product (facial selectivity of attack on 
enolate J,  > 98%); the ratio was 2.3 : l .  The major compound was obtained in isomerically pure form by 
fractional crystallization. 
Only two diastereoisomers, epimeric at C( I,), were detected, the ratio was 2 :  1. The major isomer was obtained 
in pure form by crystallization. 
When the reaction was carried out at -75', a 24:l ratio of 6d and 6e (Scheme 3) was realized (90% overall 
yield; 69% of 6d, after crystallization). Compounds 6d and 612 were obtained in a ratio of 3.5 :1 (85% overall 
yield; 55 ''A of 6d and 9 %O of 6e) when the reaction was performed in THF at -75" in the presence of ZnCI,. The 
other diastereoisomers were present in less than 1 % in the crude product. 
The product gave rise to a single spot on TLC in several mixtures of solvents. The yield was determined by 

The reaction was carried out from -100 to -75" (3 h). When the reaction was performed at -70", a 1 : 1 ratio of 
I H - N M R .  

diastereoisomers was obtained (yield > 95 % as determined by 'H-NMR). 
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structure analysis of a product') obtained from 4c. The overall conversion') of the 
yeast-reduction products l a  and 2a to the pure bicyclic acetals 3 and 4, respectively, was 
carried out on a 20-to-30-g scale in yields above 70%. 

For alkylations at C(4a) (ct -carbony1 position) of the dioxanone, the lithium enolates 
J and K were generated from 3 and 4, respectively, by addition to 1.1 equiv. of lithium 
diisopropyl amide (LDA) in THF at -75". Then, the cyclic urea DMPU (= 3,4,5-tetra- 
hydro-I ,3-dimethyl-2( 1H)-pyrimidinone) [40] was added as a co-solvent, followed by an 
excess of an alkyl halide. After slow warming to room temperature and aqueous workup, 
the products 5a-j and 6a,b,f,g (Scheme 3 and Table 1 )  were obtained in 40-90% yields 
and, in the case of the cyclopentane derivatives 3a,b and of the formaldehyde acetal4a, 
with excellent diastereoselectivity. The much higher reactivity of the enolates J contain- 
ing the five-membered ring allowed for alkylations with less reactive halides") than in the 
case of enolates K. Both bicyclic enolates were thermally much more stable") than the 
monocyclic analogues [9]. 

Addition of the enolates J and K to aldehydes and ketones and their acylation with 
AcCl led to products 5k-m and 6c+ (Scheme 3 ) ,  the methyl ketones 5k and 6c being 
formed as single stereoisomers, the hydroxyalkylated derivatives 51, m and 6d,e as two 
isomers epimeric at the carbinol center; the ratios were 2.3:l to 24:1, depending on the 
ring size and on added salts such as ZnC1, (see Table 1 and Exper. Part). Especially 
noteworthy is the formation of an aldol-type adduct 6d with 95 YO ds (two new stereogenic 
centers, one of them quaternary [I61 [41]). 

Finally, we have phenylselenenylated [42] the enolates J and K to the bridgehead 
hetero-substituted bicyclic acetals 7-9 (see Scheme 3 and Table 2). While we did not 
detect a second isomer in the case of the bicyclo[4.3.0]derivative (7), the transleis ratio 
(8/9) varied depending upon the reaction conditions in the case of bicyclo[4.4.0]- 
derivatives 8 and 9: reaction without warming above the mixing temperature of the 
reagents (-75") yielded mainly the cis-fused 9, warming to room temperature") overnight 
the trans-fused product 8 (see Table 2). The cisltrans isomers could be separated by 
chromatography, and some of them were fully characterized. Oxidation of the Se com- 
pounds under the usual conditions [42] [44] gives the a$-unsaturated carbonyl com- 
pounds 1&13 (Scheme 3). There was essentially no regioselectivity of elimination with 
the cyclopentane derivative 7(+ 10111 ca. 2 :I) ,  while the isomer 12 with the double bond 

') 

9, 

The X-ray structure analysis of 16b (see below) was carried out by B. Lamatsch of our laboratory and will be 
reported separately. 
The acetonide i i  could only be obtained by applying Noyori's method [38] to the reaction of the disilyl 
derivative i and acetone (cf [37]). Since the silylation of 2b was not successful with Me,SiCI/Et,N [37], we uscd 
bis(trimethylsily1)acetamide in Et10 or MeCN [39]. The acetonide ii is very unstable upon contact with air or 
upon heating. Data for i :  b.p. 10&1 15"/0.15 Torr (bulb- 
to-bulb dist.). [c(]D = f31.1 (c = 0.64, CHCI,). 'H- 
NMR (CDCI,): 2s at 0.10 and 0.30 ppm (SiCH,). Data 
for ii: [aID = f49.4 (c = 1, CHCI,). 'H-NMR (CDCI,): 
2s at 1.57 and 1.60 ppm (CH,), dd at 4.28 ppm (J  = 4, 6 
Hz, H-C(8a)). I i i  

lo) The 4-bromobut-1-ene does not react with K (R = H), but with J (R = I-Bu)! 
I I) We also noticed increasing stability with increasing bulk of R in the enolate K, see also the Michael additions 

to 12, described below. 
12) It is well known that phenylselenenylations of Li enolates may be reversible [43]. 

qf- .,+OSi(GHd3 0 ""COOSi(CH& 

0 
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Table 2. Products 8 and 9 Obtained by Selenation of the Bicyclic Dioxanones 4, via Enolates K. The reactions were 
carried out using a slight excess of PhSeBr or PhSeCl under the specified conditions; unless otherwise stated, the 
solvent was THF; the reactions were quenched by the addition of NH,Cl/H,O. The ratio of diastereoisomers was 

determined by ‘H-NMR. 

Starting material Conditions Ratio 8/9 

4a PhSeC1, -70’ (1 5 min) 29:71 
4a PhSeCI, -7O’to r.t. 83:17 
4b PhSeCI, THF/DMPU (2:1), - 7 0  to r.t. 60:4O 
4b PhSeBr, -70” to r.t. 55:45 
4b PhSeC1, -70” to r.t. 83:17 
4c PhSeC1, -70” (18 min) 31:69 
4c PhSeCI, THF/HMPA (2:1), - 7 0  to r.t. 68:32 
4c PhSeC1, - 7 0  to r.t. 87:13 

exocyclic on the acetal ring was the sole product from the trans-fused precursors 8 and the 
major one from the cis-fused 9. For large-scale preparation of the acetals 12 which we 
used for studying Michael additions (see below), the mixture of epimers 819 was oxidized 
directly and the desired product isolated by crystallization (7C-80 % overall from 4). 

The configurations of the products 5-9 shown in Scheme 3 were determined mainly by NMR  technique^'^). 
Thus, NOE measurements of the methylated derivatives 5a, 5b, and 6a indicate that the bridgehead Me group, the 
adjacent bridgehead H-atom, and the proton on the acetal center C(2) are cis-configurated. The splitting patterns 
of the signal from H-C(7a) and H-C(8a) in all compounds 5 and 6, respectively, show that thc products in each 
series must have the same c~nfiguration’~). While we could not determine the configuration of C( 1’) in 51 and m, we 

S(’hl’fl7l’ 4 

12a R = H  
b R = i - P r  
c R = t - B u  

2) NH4CVHzO 
Diastereoselec 

I MAJOR 

14a-i (for R‘, R2, see Table 3 )  

+ af RZ 15 0 

16a R ’ = H ,  R’=R3=CH,(80%) 
b R’=r-Bu,R’=R3=CH,(78%) 
c R ’ =  t-Bu. R’=CH,. R3=CH,=CH-CH, (82%) 
d R’ = t-Bu, R’= Bu, R 3 =  CH, (54%) 

1 3 )  The cis-fusion in 7 and 9, and the trans-fusion in 8 also follow from the structure of the elimination products: 
only 7 and 9 give rise to the products 11 and 13, respectively, with tetrasubstituted double bond between the 
bridgehead positions (cis -elimination of the intermediate selenoxides!). 
In the crude alkylation products from 4, we could detect the minor, trans-fused isomers of 6 by ‘H-NMR 
spectroscopy. While H-C(8a) appears at 3.7C3.75 ppm as a br. s in 6, a dd (J  Y 12 and 4 Hz) centered at ca. 
3.6 ppm is characteristic of the trans-isomer. 

14) 
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tentatively assign that in 6d and 6e from the application of Horeau’s method [45], see Exper. Part. The cis-fusion in 
both, 6d and 6e follows from the fact that their oxidation gives the same p r o d ~ c t ’ ~ ) ,  i.e. 6c. 

The unsaturated carbonyl compounds 12 were tested extensively as Michael accep- 
tors. We found that alkyl, allyl, vinyl, but also silyl groups can be introduced in the 
5-position on the carbocyclic ring to give products 14 in usually better than 90% 
diastereoselectivity with formation of two new stereogenic centers (Scheme 4 ) .  A few 
percent of the epimer 15 with cis-fusion of the two six-membered rings is detected by 
‘H-NMR spectroscopy of the crude products. As indicated in Table 3, the yields of 
adducts 14 of conjugate addition range from 40 to 90%, independent of the reagent 
employed, i.e. R,CuLi the Mg analogue, or a Grignard reagent doped with 5 YO CuI. The 

Table 3. Conjugate Additions to the cc,/$Unsaturated Carbonyl Derivatives 12. With one exception (140, the 
selectivity of formation of the diastereoisomers 14 is > 90%. The yields given refer to isolated and purified major 
products of type 14. Diastereoselectivity (% ds) is the content of 14 in the crude product mixture of 14/15 

(by ’H-NMR). 

Starting Conditions for the conjugate addition Product 
material Equivalent reagent Temp. Reaction No. R’ R2 Yield Diastereo- 

“CI time [%] selectivity 
[hl ds [ %] 

12a 3Me2CuLi -75 2.0 14a H CH, 54 > 97 

12b 3Me2CuLi 0 1.5 14b i-Pr CH, 60 91 
12c 3Me2CuLi -10 0.75 1 4 ~  t-Bu CH, 71 95 

12a 3 Me,CuLi -10 0.03 14a H CH, 29 > 97 

12c 3 Bu2CuLi -20 to0  3.0 14d t-Bu Bu 78 > 9 5  
12c 3 (s-Bu)$hLi -75 4.0 14e t-Bu s-Bu 54 90 
12c 3 (r-Bu),CuLi -75 2.0 14f t-Bu t-Bu 43 80 
12c 3 (CH2=CHCH2),CuLi -75 2.5 14g t-Bu CH,=CHCH, 81 > 9 5  
12c 3 (CH,=CH),CuMgBr 0 1.5 14h t-Bu CH2=CH 75 90 
12c 3 (CH2=CH)2CuMgBr -75 to -55 3.0 14h t-Bu CH,=CH 72 >Y5 
12c 1.4 (CH,=CH),CuMgBr -75 4.0 14h t-Bu CH,=CH 54 >Y5 
12c 3 (CH,=CH)MgBr +0.15 CuI 0 2.0 14h t-Bu CH,=CII 49 >YO 
12c 3 (PhMe,Si),CuLi -75 2.5 14i I-Bu PhMe,Si 76 92 

only cuprate which added with low selectivity was the t-Bu derivative: besides 14f, a 
second isomer was present in a ratio of 4:1, and the ‘H-NMR spectrum indicated that it 
was not lSf, but another stereoisomer“) ”). All products of type 14 were obtained in pure 
form mostly by crystallization sometimes by flash chromatography [47]. 

The primary adduct enolates L of the Michael additions to 12 can be trapped with 
alkyl halides’*) in the following way: in situ addition of excess butyllithium, of the 

Likewise, 5k and 51 must have the same configuration at C(4a), because they are interconvertible by 
oxidation/reduction, see Table 1 and Exper. Part. 

with The ‘H-NMR the configuration analysis shown of this in second iii; H-C(8a) isomer appears is compatible as a dt ++ 
( J  = 6 and 12 Hz) at 4.16 ppm, i.e. the two rings are trans- 
fused as in the major product and not cis as in the by-products 

tii 
15 (H-C(8a) gives rise to a non-resolved, broad signal in 15). 
The five-ring analogue 10 of the Michael acceptors 12 did not undergo the same reaction under identical 
conditions. Not even the Bu3P-activated alkylcopper reagents [46] would add! 
Usually cuprate-derived enolates can not be trapped in situ [48], except with very reactive electrophiles such as 
monomeric formaldehyde [49]. 
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co-solvent DMPU [40], and of a large excess of Me1 at -75" and warming up to 0" leads to 
the bridgehead methylated products 16b and d, as the only detectable isomers! The 
activation of the cuprate enolate") by BuLi was used previously [50] and is probably due 
to mixed-aggregate formation [5  I]; it works only after extensive optimization, in our 
hands. Alkylations of the Michael adducts 14 can also be achieved by enolate formation 
with BuLi - unperturbed by competing addition to the hindered C=O group - or with 
LDA, which worked wellI9) only in the case of 14a (unsubstituted acetal center!), and 
subsequent addition of Me1 or ally1 bromide in the presence of DMPU, to give the same 
products 16 as above in 50-80% yield and as single stereoisomers20). 

The assignment of configuration to the products 14-16 is based on NMR measurements, chemical correlation, 
and an X-ray analysis'). Thus, the bridgehead H-atoms of 14 must be antiperiplanar to each other, due to their 
coupling with J N 11 Hz (H-C(4a) at 2.35 f 0.05 and H-C(8a) at 3.9 * 0.1 ppm), while the coupling between the 
proton in a -position to C=O and the one on the newly formed stereogenic center (J  N 4 Hz) proves their synclinal 
disposition. The assignment of trans-fusion of the rings and of trans-relationship between the substituents R2 and 
R3 in 16 is not as straightforward2'). The similarity of the NMR spectra indicates that all four compounds of the 
general structure 16 have the same configuration, with R2 and H-C(Sa) cis-contigurated to each other as in the 
nionoalkylation products 14. The trans-fusion in 16b was definitely established from its crystal structure') and by 
convcrsion to (-)-5-epi-dehydrofukinone [2] of known configuration [53]. Thus, we can savely assign the structure 
as shown in Scheme 4 to all the bicyclic acetals of type 16*'). The assignments made here place all R2 groups 
introduced in the Michae/-addition step in an axial position of 14 and 16, including the t-Bu group2') in 14f. 

To demonstrate that highly substituted hydroxycyclopentane and -cyclohexanecar- 
boxylic-acid derivatives of types F-I are actually availably by the methodology described 
here, we cleaved some of the bicyclic acetals (5,6, 14, and 16) either by LiAlH, reduction 
(+ 18, 23) or by acidic or alkaline solvolysis (+ 17, 19-22; Scheme 5). The yields were 
usually in the 90 YO range, and the conditions mild enough for C=C bonds to survive. The 
allyl-substituted cyclohexane 20 has been described before and its configuration assigned, 
an additional structure proof for compound 6b. 

It appears that the CI -alkylation and CI -hydroxyalkylation of P-hydroxy-carboxylates 
both through the monocyclic (B in Scheme I )  and the bicyclic dioxanone enolates (J, Kin 
Scheme 3 and L in Scheme 4 )  is generally more stereoselective than through the open- 
chain lithioxy-lithium enolates [30b, c] [34] [57]. Furthermore, two practical advantages 
are that only 1 equiv. of strong base is required for the dioxanones, and that most of the 

") This may be an extreme case of (i-Pr),NH acting as a proton source in Li-enolate reactions with electrophiles 
[51] [52]! 

20) Ca. 50% of a second isomer was found to be present only with product 16a, see also Footnote 22. 
2') Indeed, we have originally [l] made a tentative assignment of the configuration of the compounds 16 which 

turned out to be wrong [2]! 
22) The exceptionally high selectivity with which products 1 6 M  were formed turned out to be a misfortune; had 

we obtained both, the cis- and the irans-fused isomers, it would have been easy to make a configurational 
assignment: we later prepared 16a from pure 14a and found 5% of the 4a-epimer of 16a in the crude product; 
in the 'H-NMR spectrum of this minor isomer, the CH3-C(4a) appears as a s  at 1.16 and CH3-C(5) as a d a t  
0.91 ppm (J = 6.9 Hz); for 16a, the corresponding values are: 1.41 (s) and 1.06 ppm (d,  J = 7.2 Hz). The 
higher-field resonances of both Me groups in the minor and the lower-field ones in the major isomer are 
generally accepted clear-cut effects of synclinal us. antiperiplanar relationships between Me groups on 
six-membered rings [54]. 
If the carbocyclic ring in 14f would be a twist-boat rather than a chair, the t-Bu group would either be in an 
extremely unfavorable 'endo'-type position or have massive van-der- Wuals overlap with the 0-atom of the 
C=O group (inspection of models recommended!). For a discussion of non-chair six-membered rings, see [55], 
for some previous cases of axial t-Bu groups in carbo- and heterocyclic six-membered rings, see [56]. 

23) 
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Scheme S 

17a R = H  
(95% from 5b. Method /) 

(78% from 5a. Method//,  
87% from 5b. Method / I )  

b R = C H ,  

5b 9 - 0 .  ,,,,OH 5e ($rOOCHs 

18 (80%. Method/ / / )  19 (92%. Method//) 

,%,OH 

16a-c- 9; 16b.c + 
COOR’ 9 COOCH3 

,+*OH 
14c.h- 6b-7c00c2H5 R 

20 (82%. MerhodlV) Z l a  R-CH, 
(76% from 14c. Method V )  

(86%from 14h. Method V)  
b R=CH=CH2 

a) Method I :  Dowex SO x 8/MeOH/r.t. 
Method II: MeONa/MeOH/r.t. 
Method 111: LiA1H4/THF/O“ to r.t. 
Method IV:  EtONa/EtOH/r.t. 
Method V:  a) Method I ;  b) CH,N2/Et20/O”. 
Method VI:  I N  HCI/THF/H,O/r.t. 

22a R’ = R’= CH, 23a R=CH, 
(94% from 16b. Method V 
or 82% from 16a. Method //) 

b R’ =CH,, R2=CH,-CH=CH2 
(91 %from 16c. Method V 
or 79% from 16c. Method I / )  

c R‘ = H, R 2 =  CH,-CH=CH, 
(90% from 16c. Method V / )  

(90%from 16b. 
Method / / / )  

b R=CH,-CH=CH, 
(83% from 16c. 
Method 111) 

intermediates on the dioxanone route from the hydroxy acid to its alkyl derivative show a 
marked tendency to crystallize. 

Discussion of the Steric Course of the Reactions. - The steric course of reactions of 
Michael acceptors and of enolates embedded in decaline and larger systems containing 
cyclohexane rings have been studied extensively [5X]. Still, the results described above 
with the heterocyclic decaline analogues are somewhat surprising: inspite of the fact that 
one of the two six-membered rings in our system contains two 0-atoms, i.e. atoms 
without substituents, the reactions are highly stereoselective in almost all cases. The 
observed course of the Michael additions is compatible with an axial attack on a cyclo- 
hexane half chairZ4), see M in Scheme 6. The subsequent protonation leads to the isolation 
of the trans-fused products Q, R3 = H. The intermediate enolate 0 is protonated from 
the Re-face preferentially (3 91 :9). Other electrophiles (RX, PhSeC1) approach from the 
same face, no matter whether the enolate is trapped in situ ~ after appropriate modifica- 
tion - or generated from Q, R3 = H. The enolate P without a substituent at C(5) is formed 
by deprotonation of the bicyclic dioxanone and shows a very peculiar selectivity pattern: 
if R’ is an i-Pr or t-Bu group the selectivity is poor, if it is an H-atom it is great ( 3  93 :7), 
but in both cases the major product is cis-fused, i.e. the electrophiles approach from the 

24) The most stable conformation of the dioxanone ring in monocyclic derivatives is known from NMR [59] and 
X-ray crystal-structure [12] investigations to be sofa-like, with one of the 0-atoms out of the plane of the other 
five ring atoms. This is how we draw it in the formulae of Scheme 6 for the following discussion. There is no 
structural information about the enolates of dioxanones. 
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Scheme 6 
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li M (Cf. 12) 
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(see products 14 and 16) 

with R2 # H ) 

L H J 
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."j-o (d 4) 

R I  
i 
t 

T d p H  

N 

R' 
S (ct 6) 

Si-face of the enolate double bond. It appears that the Si-face of enolate P - lacking a 
substituent at C(5) - is inherently more reactive than its Re-face. 

Si-Attack is equatorial on the cyclohexane ring (antiperiplanar to the ring bonds 
C(5)-C(6) and C(Sa)-C(S)), Re-attack axial (antiperiplanar to the C-H bonds on C(5) 
and C(8a))25). In the case of introduction of a substituent at the Re-position of the 
enolates, the primary conformer formed is also the most stable one (Q in Scheme 6 ) .  In 
contrast, the conformer R resulting from a Si-attack (note that the R2 group must [64] lie 
approximately in a plane perpendicular to that of the trigonal C-atom of the C=O group) 
suffers from repulsion between the R' group on the acetal center on C(2) and the axial 
H-C(8). This very fact is probably the reason for small selectivities of enolate Si-alkyla- 
tions, unless the formaldehyde acetal is used (R' = H)26). The more stable conformer of 
the cis-fused products, including the starting material, is S, with the 0-atom axial and the 
C=O group equatorial on the cyclohexane ring, and with the newly introduced R group 
almost exactly in plan with the C=O group. This is actually the conformer which is 

2 5 )  

*') 

Compare the calculations on nucleophilic addition to cyclohexanones [60] and cyclohexenones [61] by Houk 
and his coworkers and previous work by Anh and Eisenstein [62], and by Chkrest and Felkiri 1631. 
The following projection iv of the primary product conformer (with 
Ki  = t-Bu) shows the proximity of one of the Me groups to 
H,,-C(8). The cyclopentane-derived enolate J gives rise to cis-fused 
products exclusively, independent of the substituent at C(2). This 
may be due not only to strain in the trans-fused isomers, but also to a 
much smaller repulsive interaction of the type indicated in iv for the 
6-ring analogue. 

0 
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compatible with the 'H-NMR spectra of compounds 4 and 6 (see discussion above, and 
Exper. Part). 

It is interesting to compare the bicyclic enolates described here with those of mono- 
cyclic dioxanone derivatives [9] [lo], see T and U. With Me group(s) at C(5) and/or C(6), 
the preferred trajectory of electrophile approach is always with relative topicity like (S i  in 
T, antiperiplanar to the Me group). With CH,R or CHR, at C(5), it is reversed (unlike, Re 
in U, antiperiplanar to H-C(6)). As suggested by Tomioka et al. [65] the reversal of 
relative topicity in reactions of a$ -disubstituted lactone enolates on going from an 
CI -CH, (cf. T, R2 = CH,) to an M -RCH, group (c f .  U, R2 = H) may be caused by the RCH, 
group assuming a conformation with R shielding more effectively one face of the enolate 
plane than the P-substituent blocking the other. 

Si 

T 

Approachof from rel.top. R' R' R3 

RXor  D' S, ( l k )  I -Bu  H Me 
H' SI ( l k )  I-BU Me Me 
R X  S! ( / k )  H H Me 
RX Re ("1) I - B u  H H 

u 
Approach of H- from Re face (u l )  

R' = alkyl, Ph 
R'= alkyl, silyl 

Generous gifts of pivalaldehyde from the BASF Aktiengesellschaft, D-Ludwigshafen, are greatfully acknowl- 
edged. We thank D. Manser (elemental analysis) and B.  Brandenberg (high-field NMR spectra) for technical 
assistance. 

Experimental Part 

General. Flasks, stirring bars, and hypodermic needles used for the generation and reactions of organometallic 
reagents were dried for ca. 12 h at 120' and allowed to cool in a dessicator over anh. CaSO,. All reactions with 
sensible materials were conducted under a positive pressure of Ar. All solvents for reactions were ofpzrrissimum 
quality; THF and Et,O were further distilled from potassium benzophenone ketyl. CuI was purified according to 
the method of Posner el ul. [66]. Other reagents were purified by standard methods [67]. Orgdnolithiums employed 
were titrated according to the method of Kcfron and Baclawski [68]. The temp. refers to the reaction mixture and 
was measured by a Pt-I00 thermomether. Unless otherwise stated, org. extracts were dried (MgS04) and evapo- 
rated by using a rotary evaporator. Bulb-to-bulb distillations: air-bath temp., uncorrected. Melting points (uncor- 
rected): Eiichi 510 apparatus. TLC: silica-gel plates 60 Fzsr (Merck) developed with UV light and I,. Flash 
chromatography (FC): Fluka silica gel (mesh size 0.040-0.063) according to the method of Still et a[. 1471. Optical 
rotation: Perkirz-Elmer-241 polarimeter at r.t. and, unless otherwise stated, in CHCI, soln., c in g/lOO ml. IR 
spectra (cm-'): Perkin-Elmer-YR3 spectrometer; film or KBr discs. 'H- and "C-NMR spectra: Varian-EM-390 or 
XL-I00 as well as Bruker-300 apparatus; CDCI, s o h . ,  chemical shifts (6) in ppm rel. to the internal reference 
TMS, coupling constants J i n  Hz. MS: 70 eV, Hiiachi-Perkin-Elmer-RMU-tiMinstrument, mjz values with relative 
intensities (YO) in parenthesis. 
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Workup Procedure I. The reaction mixture was added to a sat. NH4CI soln. in H 2 0  at 0'. The mixture was 
diluted with H,O and Et,O, the phases separated, and the aq. phase thoroughly extracted with Et,O. The combined 
Et20 extracts were washed with 5% aq. HCI, sat. NaHCO, soln., and brine, and dried. 

Workup Procedure 2. The reaction mixture was poured into a 10% aq. NaHC03/CH,C1, 1 :1 and stirred for 30 
min; the phases were separated, and the aq. phase extracted with CH2C12. The org. extracts were washed with 2N 
HC1 and H,O, and dried. 

Workup Procedure 3. The mixture was added to a sat. NH4CI soln. in H,O at 0"; stirring for 15 min was 
followed by the addition of H,O and Et20, the phases were Separated, the aq. phase was extracted with Et,O, and 
the combined org. extracts were thoroughly washed with H 2 0  and brine, and dried. 

Ethy/ (lR,2S)-2-Hydroxycyc/opentanecarboxy/ute (la). A suspension of 126 g of baker yeast in 1 1 of tap 
water was shaken for 0.5 h at 140 rpm and 3 0 .  Then, 5.0 g (32.05 mmol) of ethyl 2-oxocyclopentunecarboxylate 
were added and the mixture shaken for 24 h. The soh.  was thoroughly extracted (7 x 100 ml) with Et,O. The org. 
extracts were washed with brine up to disappearance of the emulsion (5 or 7x) and dried, affording, after 
distillation, 2.7-3.7 g (3345%) of la. [a ] ,  = +13.1 (c = 1.16) ([31]: f14.1). 

(1 R,2S)-2-Hydroxycyclopentunecarboxy/ic Acid(1 b). At r.t., 380 ml of I N  LiOH in H,O were added to a soh.  
of  10.0 g (0.063 mol) of la in 760 ml of THF. The mixture was stirred at r.t. for 1 h, acidified with 6~ HCl at 0 ,  
saturated with NaCl, and extracted with Et,O (at r.t. for 72 h or by heating at reflux in a continuous extractor for 
36 h). The org. solvent was dried and evaporated giving 7.7 g (94%) of lb, chromatographically homogeneous, 
which could be used in the following reaction without further purification. An anal. pure sample could be obtained 
by crystallization. M.p. 44" (pentane/Et20 at -20"). [aID = +26.4 (c = 1.4). IR (KBr): 3400s (br.), 2960s, 1710s, 
1415~1, 1205m, 1 loom, 1020m. 'H-NMR (90 MHz): 1.30-2.20 (m. 6 H); 2.77 (m, H-C(1)); 4.77 (m, H-C(2)); 7.43 
(br. s, OH, C0,H). I3C-NMR (20 MHz): 178.8; 73.9; 49.6; 34.0; 25.9; 21.9. MS: 118 (2.8, M +  - l8), 102 (13.3), 86 
(11.7),84(9.2),73(100).Anal.calc.forC,Hln0,:C55.37,H7.74;found:C55.12,H7.73. 

Ethyl (I  R,2Sj-2-Hydroxycyclohexanecurboxylu~e (2a). As described for la, with 126 g of baker yeast in 1 I of 
tap water and 5.0 g (29.4 mmol) of ethyl 2-oxocyc/ohexanecarboxy/ate: 3.54.1 (70-82%) of 2a. [a],  = +26.4 
(c = 1.99) ([31]: +28.06). 

(I R,2S)-2-Hydroxycyclohexanecarboxylic Acid (2b). As described for lb, with 370 ml of I N  LiOH (0.37 mol) 
in H,O and 10.15 g (0.059 mol) of 2a in 720 ml of THF (1.5 h): 8.3 g (98%) of 2b which was used in the following 
reaction without further purification. 

(4aR,7uS)-5,6,7,7u-Tetruhydroeyclopenta[d]di0xin-4(4aH)-one (3a). A mixture of 2.02 g (15.6 mmol) of lb, 
5.30 g (1  56 mmol) of paraformaldehyde, 1.2 g (4.7 mmol) of pyridiniump-tohenesulfonate (PPTS) and 10 g of 4-A 
molecular sieve in 90 ml of dry toluene was heated at 90" for 6.5 h. The mixture was cooled, diluted with Et,O and 
washed with sat. aq. NaHCO, soln. and H,O. The org. soln. was dried and the solvent evaporated: 1.51 g (69%) of 
3a. Acidification of the aq. phase and extraction (Et,O) allowed to recover 0.25 g of l b  (corrected yield of 3a: 78 %). 
3a: M.p. 43" (pentane). [a ] ,  = -17.4 (c = 0.9). IR (KBr): 2960m, 1730s, 1425m, 1370m, 1240s, 980s, 750m. 
'H-NMR (300 MHz): 1.53-2.18 (m,  6 H); 2.89 (dt, J = 8.6, 6.5, H-C(4a)); 4.44 (m. H-C(7a)); 5.31 (d, J = 5.7, 

23. l ( t ) .MS: 112(2.1,Mt-3O),84(6.9),69(5.4),68(100),67(43.7),55(19.8),53(9.7),41(14.1),39(19.7),27 
(13.7). Anal. calc. for C,H,,O,: C 59.14, H 7.09; found: C 58.94, H 7.07. 

( 2  S,4u R, 7u S) -2- ( tert-Butyl) -5,6,7,7a-tetruhydro-ryclopenta( d]dioxin-4(4 H) -one (3b). A soln. of 5.92 g 
(45.54 mmol) of lb, 50 ml(440 mmol) of t-BuCHO, and 1.20 g (4.6 mmol) of PPTS in 260 ml of anh. C,H, was 
heated in a Soxhlet containing 20 g of 4-A molecular sieve for 1.25 h. The mixture was cooled, diluted with CH,CI,, 
washed with sat. aq. NaHCO, soln. and H,O, and dried. Evaporation of the solvent gave a crude product which 
was crystallized from pentane: 8.1 1-8.57 g (90-95%) of pure 3b. M.p. 100-101". [a],  = +3.7 (c = 0.6). IR (KBr): 
2980s, 1735s,1720s, 1360s, 1245~1,985~. 'H-NMR (300 MHz): 0.98 (s, t-Bu); 1.60 (m, H-C(6)); 1.78 (m, H-C(6)); 
1.94 (m, 2 H); 2.10 (m, 2 H); 2.82 (m, H-C(4a)); 4.39 (m, H-C(7a)); 4.87 (s, H-C(2)). I3C-NMR (75 MHz): 172.1 
(s); 107.6 (d); 79.2 ( d ) ;  44.3 (d); 35.1 (s); 33.5 ( t ) ;  30.1 ( 1 ) ;  23.9 (q, 3 C); 23.1 ( t ) .  MS: 141 (65.4, M +  - 57), 95 
(18.4), 87 (59.3), 85 (21.3), 68 (loo), 67 (75. I), 57 (40.8), 55 (18. I), 43 (15.6), 41 (44.4), 39 (21.1), 29 (23.8), 28 (17.6), 
27 (18). Anal. calc. for CIIH,,O,: C 66.64, H 9.15; found: C 66.19, H 9.08. 

(4aR,8aS)-Perhydro-2H,4H-[I,3]benzodioxin-4-one(4a). As described for 3a, with 5.41 g (37.6mmol) of2b, 
12.0 g (376 mmol) of paraformaldehyde, 2.80 g (1 1.3 mmol) of PPTS, and 10 g of 4-A molecular sieve in 180 ml of 
dry toluene (90"for 7 h; extraction with CH,CI,): 4.0 g (69%) of 4a and 1.0 g of 2b (extracted with Et20; corrected 
yield of 4a; 84%). 4a: B.p. 9Oo/0.4Torr. [a],  = -1.7 (c = 0.73). IR (film): 2920s, 1745s, 1245s, 1225s, 1215s,995s. 

H-C(2)); 5.37 (d, J = 5.7, H-C(2)). 13C-NMR (75 MHz): 170.2 (s); 92.5 (t); 80.0 ( t ) ;  45.1 (d); 33.6 ( t ) ;  30.3 ( t ) ;  
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'H-NMR (300 MHz): 1.26-2.03 (m, 8 H); 2.68 (m. H-C(4a)); 4.08 (dd, J = 7.9, 4.0, H-C(8a)); 5.39 (d, J = 5.3, 
H-C(2)); 5.43 (d, J = 5.3, H-C(2)). ' k - N M R  (75 MHz): 170.7 (s); 92.7 ( t ) ;  73.3 (d); 42.5 (d);  29.9 ( r ) ;  25.5 (2); 
23.7(t);20.6(t).MS: 156(0.3,M'), 155(1.1), 138(0.5), 126(4.4),98(6.4),82(100),81 (22.1),67(72.8),55(24.5), 
54 (44.3), 41 (27.8), 39 (19), 29 (lO.l), 27 (16.1). Anal. calc. for C8H1203: C 61.52, H 7.74; found: C 61.24, H 8.09. 

(2S.412 R,812S)-Perhydro-2-isopropyl-2H,4 H-[1,3]henzodioxin-4-one (4b). As described for 3b, with 3.30 g 
(22.9 mmol) of 2b, 20 ml(210 mmol) of i-PrCHO, 0.576 g (2.29 mmol) of PPTS in 150 ml of anh. C6H,, and 10 g of 
4-A molecular sieve (1.5 h): 4.7 g of crude product, consisting of a 95 : 5  mixture of 4b and its epimer. FC (15.~25 OX,  

Et,O/pentane) of the residue gave 0.236 g of a I:l mixture of 4b and its epimer and 3.20 g (76%) of pure 4b 
(decomposition on distillation). [a ] ,  = f9 .7  (c = 1.06). 'H-NMR (300 MHz): 1.012 (d,  J = 6.9, 3 H, (CH,),CH); 
1.015 (d, J = 6.9, 3 H, (CH&CH); 1.17-1.94 (m, 8 H); 2.01 (m. (CH,),CH); 2.58 (m, H-C(4a)); 4.05 (distorted dd, 
J = 7.0, 3.8, H-C(8a)); 5.16 (d, J = 3.8, H-C(2)). "C-NMR (20 MHz): 171.5 (s); 105.3 (d); 71.9 (d); 41.5 ( d ) ;  
32.3 ( d ) ;  29.5 ( t ) ;  25.4 ( t ) ;  23.7 ( t ) ;  20.1 ( t ) ;  15.6 (4. 2 C). MS: 198 (i 0.8, M + ) ,  197 (1.3), 155 (74), 109 (10.9), 99 
(26.6), 82 (100). 81 (93.7), 73 (23.7), 67 (63.5), 54 (26.2) 41 (23.9). 

(2S.4aR,RaSj-2-( tert-Butyl)perhydro-2H,4H-[I,3]henzodioxin-4-one (4c). As described for 3b, with 21.6 g 
(0.15 mol) of 2b, 51 ml(0.45 mol) of t-BuCHO, 3.9 g (0.015 mol) of PPTS in 700 ml of anh. C,H,, and 40 g of 4-A 
molecular sieve (6 h): 29.5 g of crude product, which was crystallized from pentane at -20", affording 27.1 g (85%) 
of 4c. M.p. 4344" (pentane at -20"). [aID = +16.3 (c = 0.95). IR (KBr): 2970s, 1750s, 1730s, 1365m, 1245m, 
1225~1, 985s. 'H-NMR (300 MHz): 1.00 (s, 9 H, I-Bu); 1.30-1.91 (m, 8 H); 2.56 (m,  H-C(4a)); 4.02 (dd, J = 6.6, 
3.8,H-C@a));4.96(s,H-C(2)). I3C-NMR(20MHz): 171.7(s); 107.6(d);71.9 (d);41.6(d); 35.1 (s);29.5(t);25.5 
( t ) ;  23.8 (q, 3 C); 23.2 ( 1 ) ;  20.1 ( t ) .  MS: 21 1 (0.8, M C  - l), 155 (loo), 99 (28.5), 87 (46.6), 82 (85 ) ,  81 (82.8), 67 (43.8), 
57 (28.6), 41 (53.9). Anal. calc. for CI2H2,O3: C 67.89, H 9.50; found: C 67.68, H 9.30. 

Alkylation of 3. - General Method. A soln. of 1 mmol of 3 in 2.4 ml of THF was dropwise added to a soln. of 
1.2 mmol of LDA in 1.2 ml of THF at -70"; after stirring for 15 min, 1.8 ml of DMPU were added and stirring was 
continued for additional 15 min. Then, 1.5-10 equiv. of the electrophile were added (neat), and the temp. was kept 
at -70" for 1 h and slowly raised to r.t. (overnight). Workup Procedure 3 afforded a residue, consisting of a single 
diastereoisomer, which was purified. 

(4aR,7aS)-5,6,7,7u-Tetrahydro-4a-meti~ylcyclopenta~ d]dioxin-4(4aHj-one (5a). Electrophile: 10 equiv. of 
MeI. Purification by FC (pentane/Et,O 4:l): 98 mg of 5a (63%). B.p. 70-8010.15 Torr. [a], = -11.8 (c = 0.85). 
1R (film): 2975m, 17408, 1380~1, 1360m, 1265~1, 1185s, 1005s. 'H-NMR (300 MHz): 1.28 (s, CH3-C(4a)); 
1.66-2.12 (m, 5 H); 2.26 (m, H-C(7)); 3.99 (distorted dd, J = 5.6, 1.6, H-C(7)); 5 .32  (d, J = 5.7, H-C(2)); 5.37 (d, 
J = 5.7, H-C(2)). I3C-NMR (20 MHz): 173.4 (s); 92.2 ( I ) ;  85.8 (d); 49.9 (s); 37.7 ( t ) ;  31.8 ( t ) ;  21.6 (4 ) ;  21.4 ( t ) .  
MS: 126(4.5, M'-30),98(21.6),82(73.9),81 (18.7),69(10.6),67(100),41 (29.5),39(22.6),27(12.1).Anal.calc. 
for C,H,,O,: C 61.52, H 7.74; found: C 61.55, H 7.78. 

(2S,4uR,7aS)-2-( tert-Butyl)-5,6,7,712-tetrahydro-412-methylc.yclopenta[ d]dioxin-4(4aH j-one (Sb). Electro- 
phile: 10 equiv. of Mel. Crystallization gave 182 mg of 5b (86%). M.p. 53" (pentane at -20"). [a ] ,  = f4.9 
( c  = 0.85). IR(KBr): 2980s, 2960s, 1755s, 1725s, 1489m, 1415m, 1375m,1360s, 1185s, 1120s, 1000s, 990s. 'H-NMR 
(300 MHz): 0.97 (s, t-Bu); 1.26 (s, CH3-C(4a)); 1.65-2.22 (m. 6 H); 3.93 (dd, J = 5.4, 1.7, H-C(7a)); 4.86 (s, 
H-C(2)). I3C-NMR (75 MHz): 175.2 (s); 107.3 (d); 85.4 ( d ) ;  49.2 (s); 38.0 ( t ) ;  35.1 (3); 32.2 (f); 23.9 (q,  3 C); 21.9 
(4); 21.8 (t). MS: 213 (0.3, M +  + l), 211 (0.5, M +  - I) ,  155 (41.9), 127 (24.9), 99 (67), 82 (loo), 67 (96.5), 43 (22), 41 
(50.8). Anal. calc. for C12H2003: C 67.89, H 9.50; found: C 67.94, H 9.35. 

(2S,4aS,7aSj-412-(Bromomethyl)-2-(tert-butyl)-5,6,7.7u-retruhydrocyclopent12~d]dioxin-4(4aH)-one (5c). 
Electrophile: 3 equiv. of CH,Br,. Crystallization gave Sc (111 mg, 38%). M.p. 97-99' (pentane). [a ] ,  = -12.4 
(c = 1.5). IR (KBr): 2985~1, 17353, 1470m, 1410m, 1355, 11953, 970s. 'H-NMR (300 MHz): 0.98 (s, t-Bu); 
1.70-2.05 (m, 5 H); 2.32 (m. H-C(7)); 3.15 (d,  J = 10.3, 1 H, BrCH,); 3.93 (d, J =  10.3, 1 H, BrCH,); 4.50 (m, 
H-C(7a)); 5.03 (s, H-C(2)). I3C-NMR (75 MHz): 171.8 (5); 107.4 (d); 82.6 (d); 55.8 (s); 37.6 ( t ) ;  35.1 ( t ) ;  32.1 ( t ) ;  
29.7 (s); 23.9 (q, 3 C); 22.3 ( t ) .  MS: 235 (21.8, M +  - 57), 233 (22. l), 179 (1 1.4), 177 (1 1.7), 162 ( I  1.2), 160 (1 1.9), 81 
(loo), 80 (61.3), 79 (18.1), 57 (21.8). Anal. calc. for CI2H,,O,Br: C 49.50, H 6.58; found: C 49.20, H 6.63. 

(5d). 
Electrophile: 10 equiv. of 4-bromobut-1-ene. Distillation afforded 174 mg (69%) of 5d. B.p. 90"/0.1 Torr. 
[a ] ,  = +34.9 (c = 0.9). IR (film): 2960m,1740s, 1355m,1235m, 1185m, 1035m,990m. 'H-NMR (YO MHz): 0.95 (s, 

(14.5), 166(45.1),149 (26.9), 139(20.1), 137(54.1), 122(62.2), 121 (64.2), 112(38.5),93(85.4),67(54.3),57(50.8), 
55 (69.4), 41 (77.6), 28 (100). 

Electro- 
phile: 5 equiv. of ally1 bromide. Crystallization at low temp. gave Se (221 mg, 93 %). M.p. < 3 0 '  (pentane at -20). 

(2 S.412 S. 7a S) -4a- (But-3'-enyl) -2- ( tert-hutyl) -5,6.7,7a-tetraf1ydrocyclopenta[ dldioxin-4 (4a H) -one 

t-Bu); 1.25-2.75(m, lOH);4.10(m,H-C(7a));4.80(~,H-C(2)); 5.10-5.80(~1, CH,=CH). MS: 252(6.1,M+), 195 

(2S,412 S, 712 S)  -4a-Allyl-2- ( tert-hutyl) -5,6,7,7a-tetrahydrocyclopenta[ dldioxin-4 (412 H j -one (5e). 
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[a ] ,  = f40.2 (c = 1.3). IR (film): 3040w, 2960nr, 1740s, 1640~1, 1355m, 1235m, 1180m, 1005m, 985~1, 920m. 
'H-NMR (300 MHz): 0.95 (s, t-Bu); 1 3 6 1 . 8 8  (m, 3 H); 1.96 (m, 2 H); 2.12 (dd, J = 13.9,8.3, 1 H, CH,=CHCH,); 
2.25(m,H-C(7));2.64(m, 1H,CH2=CHCH2);4.14(t,J =3.5,H-C(7a));4.83(s,H-C(2));5.09(dd,J=2.6, 1.9, 
I H, CH,=CHCH,); 5.15 (m, 1 H, CHz=CHCH2); 5.79 (m, CH2=CHCH2). I3C-NMR (75 MHz): 174.1 (s); 133.3 
(d): 1 lY.4(t); 107.1 (d); 82.5 (d) ;  53.6 (s); 40.5 (t); 37.6 ( 1 ) ;  35.1 (s ) ;  32.4 (t); 23.8 (4.3 C): 22.2 ( 1 ) .  MS: 181 (10.9, 
M +  - 57), 135 (26.3), 125 (30.6), 108 (IOO), 93 (68.3), 79 (41.2), 67 (63.9), 41 (58.1). Anal. calc. for C,,H,,O,: C 
70.56, H 9.30; found: C 70.46, H 9.52. 

(2S,4aS, 7a S) -2- ( tert- Butyl) - la -  (2'-chloroprop-2'-enyl) -5.6,7,7a-tetrahydror.vciopenta[ d]dioxin-4(4a H) - 
one (Sf). Electrophile: 8 equiv. of 2,3-dichloroprop-l-ene. FC (pentaue/Et20 19 : I )  gave 114 mg of pure 5f (42%). 
M.p. 76-77" (pentane). [ & I D  = +I92 (c = 0.87). IR (KBr): 3060w, 2980s, 1735s, 1630~1, 1410m, 1360m, 1350~1, 
1245m, 985s, 910m, 63%. 'H-NMR (300 MHz): 0.97 (s, t-Bu); 1.61-1.93 (m, 3 H); 2.01 (m, 2 H); 2.17 (m, 1 H); 
2.28 (distorted d, J = 14.8, 1 H, CH,=C(Cl)CH,); 3.32 (distorted d, J = 14.8, 1 H, CH,=C(CI)CH,); 4.36 (m, 1 H, 
H-C(7a)); 4.95 (s, H-C(2)); 5.25 (t, J = 1.3, 1 H, CH2=C(C1)CH2); 5.29 (t. J = 0.6, 1 H, CH,=C(CI)CH,). 
I3C-NMR (75 MHz): 173.1 ( s ) ;  138.2 (3); 116.6 (t); 107.5 (d);  81.6(d); 53.6 (s ) ;  43.4(t); 38.0 ( t ) ;  35.2 (s); 31.8 (t); 
23.9 (4 ,  3 C); 21.2 (t). MS: 272 (1.3, M'), 237 (21.3), 186 (4.0), 171 (18.2), 169 (58.6), 151 (34.6), 142 (50.9), 141 
(30.2), 107 (73.2), 95 (35.2), 81 (34.6), 79 (49.2), 67 (loo), 65 (35.9), 57 (44.4), 41 (63.9), 39 (43.2). Anal. cdlc. for 
C,,H2,0,C1: C 61.65, H 7.76; found: C 61.79, H 7.84. 

(2 S,4a S, 7a S) -2- ( tert- Butyl)-la- j3'-c~hlorohut-2'-enqd) -5,6,7,7~-tetrahydrocyclopenta[ d]dioxin-4(4a H j -one 
(5g). Electrophile: 2 equiv. of 1,3-dichlorobut-2-ene. FC (pentane/Et20 97:3) gave 5g (1 17 mg, 41 %). B.p. 110"/0.3 
Torr. [a] ,  = f74.8 (c = 1.0). IR (film): 2960~1, 1735s, 1665w, 1355~1, 1235m, 1185m, 995m. 'H-NMR (300 MHz): 

(dd, J = 5.4, 1.4, H-C(7a)); 4.81 (s, H-C(2)); 5.51 (m, H-C(2')). MS: 251 (43.9, M C  - 3 9 ,  165 (58.9), 164 (40.4), 
156(38.5),155(37.9),137(55.6),121(88.7),112(44.3), 111(49.3),93(42.5),91 (35.6),89(55.3),79(46.2),67(68.1), 
57 (6l.l), 53 (54.8), 41 (76.Q 28 (100). 

Melhyl (2S,4aS,7aS)-2-(tert-Butyl)-4,4a,5.6,7,7a-hexahydro-4-oxocyclopentu[dfdioxine-4-acetute (Sh). 
Electrophile: 1.5 equiv. of methyl bromoacetate. Crystallization at low temp. afforded 203 mg (75%) of Sh. M.p. 
60-62'(pentane at -20"). [aID = -54 (c = 0.9). IR (KHr): 2980s, 1735.7, 1480m, 1435m, 1410~1, 1365s, 1220s, 985s. 
IH-NMR (300 MHz): 0.99 (s, t-Bu); 1.60--2.00 (m, 5 H); 2.15 (m, 1 H); 2.32 (d, J = 17.8, H-C(a)); 3.14 (d, 
J = 17.8, H-C(a)); 3.69 (s, COOCH,); 4.26 (t, J = 2.9, H-C(7a)); 5.14 (s, H-C(2)). I3C-NMR (75 MHz): 174.0 
(s); 171.8 (s); 107.3 (d); 82.4 (d);  51.9 (4);  50.6 (s); 38.8 ( I ) ;  36.8 (t); 35.0 (3); 31.4 ( 1 ) ;  24.0 ( 4 , 3  C); 21.4 ( 1 ) .  MS: 
269 (0.7, A4- I), 239 (5.9), 213 (52.5), 185 (16.4), 156 (16), 140 (IOO), 125 (48.7), 108 (59.9), 80 (60.5), 41 (49.2). 
Anal. calc. for C,,H,,O,: C 62.20, H 8.20; found: C 61.93, H 8.07. 

Methyl (2S.4aS,7~S)-2-(tert-Butyl)-4,4u,5,6,7.7u-hexuhydro-4-oxoeyclopentu[d]dioxine-4a-acetate (5i). 
Electrophile: 2 equiv. of racemic methyl 2-bromopropionate. FC (pentane/EtzO 85 :15) yielded 119 mg (isolated 
yield42%)ofSi, 1.4:l mixtureofepimersatC(a)(59mg(30%) of3bcould be recovered). B.p. 110-120'/0.4Torr. 
[ a ] o  = -25.5 ( c  = 1.4). IR (film): 2980m, 1735s, 1440w,, 13.55~1, 1240m,1180m, 1005m. 'H-NMR (300 MHz; major 
epimer): 0.974 (s, t-Bu); 1.22 (d, J = 7.6, CH,-C(a)); 1.75-2.12 (m, 6 H); 3.24 (q, J = 7.6, H-C(c()); 3.70 (s, 
COOCH,); 4.39 (dd, J = 4.0, 1.0, H-C(7a)); 5.13 (s, H-C(2)). 'H-NMR (300 MHz; minor epimer): 0.971 (s, 

J = 3.3, H-C(7a)); 4.98 (s, H-C(2)). MS: 227 (13.3, Mf - 57), 199 (19.3), 154 (59.8), 153 (25.6), 139 (36.4). 122 
(40.2), 111 (32.2), 95 (87.8), 94 (75.3), 93 (50.3), 88 (26.3), 79 (32.2). 67 (94), 59 (34.3, 57 (57.6). 55 (56.2), 41 (loo), 
39 (50.5). 

tert-Butyl (2 S.laS.7aS j-2-( tert-Butyl)-4,4u.5,6,7,7a-hexuhydro-a-methylidene-4-~xocyclopentu[ dldioxine- 
la-proprionate (5j). Electrophile: 5 equiv. of ter/-butyl2-(bromornethyl)acrylate. FC (pentane/Et,O 9 :1) gave 175 
mg (45%) ofSj. M.p. 54" (pentane at -20"). [aID = +24.8 (c = 0.6). IR (KBr): 2985s, 1730s. 1715.7, 1630w, 1485~1, 
13653, 1355s, 1285s, 1195, 1150~,975~,94Os, 850m, 815m, XOOm, 765m. 'H-NMR(90 MHz):0.93 (s, t-Bu); 1.50(s, 
COO(t-Bu)); 1.60--2.40 (m, 6 H); 2.58 (d, J = 13.5, H-CU)); 2.88 (d, J = 13.5, H-C(/3)); 4.09 (m, H-C(7a)); 4.73 
(s, H-C(2)); 5.67 (br. s, 1 H, CH,=C(a)); 6.20 (s, 1 H, CH2=C(a)). MS: 388 (2.1, M+) ,  282 (1.9), 225 (46.3), 152 
(62.1), 151 (46.5),67(48.4),57(100),41 (47.9). 

(2 S,4a R,7a SJ -la-Acetyl-2- ( tert-hutyl) -5.6.7,7a-tetrahydrocyclopenta[ dldioxin-4 (4a H j -one (Sk). Electro- 
phile: 5 equiv. of AcCI. FC (pentane/EtzO 92:s) afforded 194 mg (81 %) of Sk. M.p. 54" (pentane). [ a ] ,  = +135.9 
(c = 1.1). IR (KBr): 2980s, 1735s, 1710s, 1480m, 1415~1, 1355.s, 1235.s, 1200s, 9853, 770~1, 605m. 'H-NMR (300 

5.5, 1.1, H-C(5)): 4.82 (dd, J = 5.5, 2.9, 1 H-C(7a)); 4.89 (s, H-C(2)). I3C-NMR (75 MHz): 202.6 (s); 169.0 (s); 
107.6 (d); 81.3 (d) ;  68.7 (s); 36.2 (1); 35.1 (7); 33.4 ( 1 ) ;  27.0 (4 ) ;  23.8 ( 4 , 3  C ) ;  23.3 (/). MS: 197 (0.8, Mf - 43), 183 

0.96 (s, /-BU); 1.642.30 (m, 6 H); 2.13 (s, 3 H-C(4)); 2.43 (dd, J = 14.4, 8.8, H-C(1')); 2.57 (m, H-C(1')); 4.06 

t-Bu); 1.48 (d, J = 7.3, CH,-C(a)); 1.75-2.12 (m, 6 H); 2.52 (4. J = 7.3, H-C(a)); 3.69 (s, COOCH,); 4.20 (t, 

M H ~ ) : 0 . 9 6 ( ~ , t - B ~ ) ~ 1 . 6 0 - ~ 1 . 9 6 ( ~ , 4 H ) ; 2 . 1 7 ( d d d , J = 1 3 . 5 , 7 . 2 ,  1.3,H-C(5));2.34(.7,A~);2.54(ddd,J=13.5, 
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(17.4), 126 (29.9), 111 (23.9), 110 (24.1), 95 (loo), 67 (17), 43 (44.1), 41 (19). Anal. calc. for C,,H,,O,: C 64.98, 
H 8.39; found: C 65.04, H 8.23. 

(2 S,4a S,7a S,S[) -2- ( tert- Butylj -4a- (1'-hydroxyethylj -5,6,7,7a-!etuahydrocyclopentu[ d]dioxin-4(4a H) -one 
(51). Electrophile: 5 equiv. of CH,CHO. The crude product (19 1 mg, 79 %) consisted of a 2.3 : 1 mixture of epimers, 
part of which was oxidized to a single ketone, Sk (see below). The major epimer was obtained in stereoisomerically 
pure form by crystallization. M.p. 134-135' (pentane). [a] ,  = +19.7 (MeOH, c = 1.0). 1R (KBr): 3490s (br.), 
2980m, 1710.~ 1 3 5 5 ~  1245~1, I180m, 1000m. 'H-NMR (300 MHz): 0.956 (s, t-Bu); 1.34 (d, J = 6.4, 3 H-C(2')); 
1.58-2.30 (m, 7 H); 3.80 (4. J = 6.4, H-C(1')); 4.39 (dd, J = 5.3, 1.0, H-C(7a)); 5.03 (s, H-C(2)). ' k - N M R  (20 
MHz): 173.4 (s); 106.5 (d ) ;  82.5 (d);  71.6 (d ) ;  59.6 (s); 35.3 ( t ) ;  34.7 (s); 33.9 (t); 23.7 (4, 3 C); 23.6 ( I ) ;  19.1 (4). 
MS: 244(0.3,M+ + 2),243 (0.5, Mi + I), 185(4.5), 139 (49.2), 113(42.5), 112(98.4), I l l  (23.4),97(49.5),95(100), 
94 (40.8), 71 (40.5), 67 (48.1), 45 (56.3), 43 (69.9), 41 (81.1). Anal. calc. for Cl,H2,O,: C 64.44, H 9.15; found: 
C64.23,H9.13. 

Significant signals in the 'H-NMR spectra (300 MHL) of the minor epimer: 0.965 (s); 1.28 (d, J = 6.5); 2.84 
(br. s); 3.78 (br. 4) ;  4.21 (distorted d, J = 5.1); 4.92 (s). 

Methyl (2S,4a R,7uS, I't)-2-( tert-But~~1)-4,4a.5,6.7.7a-hexahydro-a-hydroxy-a-meth~l-4-oxocyclopent~[ d]- 
dioxine-la-acelate (5m). Electrophile: 5 equiv. of CH,COCOOCH,. The crude product (264 mg, 88 %) consisted of 
a 2:l mixture of epimers. The major one was obtained in stereoisomerically pure form by crystallization. M.p. 
108-109" (pentane). [a ] ,  = +19.7 (MeOH, c = 1.0). IR (KBr): 3450s (br.), 29705, 1730s, 17153, 1480m, 1455m, 
1405m, 1380m, 1365m, 1350m, 12803, 1240.s, 1160.s, 11053, 1005s, 780m. 'H-NMR (300 MHz): 0.94 (s, t-Bu); 1.45 
(s, CH,-C(rx)); 1.72 (m, 3 H); 2.02 (m, 1 H); 2.16-2.28 (m, 1 H); 2.33-2.40 (m,  1 H); 3.81 (s, exchange with D,O, 
OH); 3.85 (s, COOCH,); 4.49 (d, J = 4.7, H-C(7a)); 4.88 (s, H-C(2)). MS: 241 (3.1, M +  - 59), 215 (14), 127 
(38.8), 112 (21.4), 111 (loo), 95 (55.8) ,  43 (73.5), 41 (20.5). Anal. calc. for CI5H2,O,: C 59.98, H 8.05; found: 
C 59.69, H 8.21. 

Significant signals in the 'H-NMR (300 MHz) of the minor epimer: 0.96 (s, t-Bu); 1.40 (s, CH,-C(c()); 3.79 (s, 

5k hy Oxidation of'51. A suspension of 56 mg of a 2.3 :1 epimeric mixture 51, 190 mg (0.88 mmol) of pyridininm 
chlorochromate (PCC), and 500 mg of 4-A molecular sieve2') in 4 ml of dry CH,Cl, was stirred at r.t. for 2.5 h. 
After addition of dry Et20, the mixture was filtered through a short path of silica gel 60 G with Et,O. Evaporation 
afforded 53 mg (96%) of diastereoisomerically pure Sk. 

NaBH, Reduction ofSk. A soln. of 83 mg (0.35 mmol) of Sk in 1 ml of MeOH was added to a suspension of 10 
mg (0.26 mmol) of NaBH, in 0.5 ml of MeOH at -70". The mixture was stirred at -70" for I .25 h, quenched by the 
addition of 1 ml of a sat. NH,CI soln., and warmed up to r.t. Extractive workup (CH2C1,) gave an org. soln. which 
was washed with brine, dried, and evaporated: 9:  1 mixture of epimeric alcohols (65 mg, 78 YO); the major one was 
identical to the obtained in the reaction of 3b with acetaldehyde. 

(4aR,8aS)-Perhydro-4a-methyI-2H,4H-l.3-benzodioxin-4-one (6a). A soln. of 285 mg (1.85 mmol) of 4a in 
4 ml of THF was dropwise added to a soln. of 2.04 mmol of LDA in 2.8 ml of THF at -70" and stirred for 15 min. 
Then, 3.4 ml of DMPU were added, stirring was continued for additional 15 min, and 1.3 ml(20.3 mmol) of Me1 
were added. The temp. was kept at -70" for I h and slowly raised to r.1. (overnight). Workup Procedure 3 afforded 
295 mg of a residue which consisted of a 93 :7 mixture of 6a and its 4a-epimer. Crystallization furnished 247 (80%) 
of pure 6a. M.p. 87-88" (pentane). [a],  = +24.6 (c = 1.3). IR (KBr): 2940~1, 1725s, 1375m, 1240s, 11953, 1150s, 
1025s, 995s, 795s. 'H-NMR (300 MHz): 1.23 (s, CH3-C(4a)); 1.44-1.74 (m,  6 H); 1.82-1.94 (w, H-C(8)); 
2.00-2.12 (m. H-C(8)); 3.74 (hr. s, H-C(Sa)); 5.39 (d, J = 6.0, H-C(2)); 5.47 (d. J = 6.0, H-C(2)). "C-NMR 
(75 MHz): 173.9 (s); 93.4(t); 78.6 (d);44.1 (s); 32.1 ( 1 ) ;  26.5 (1); 20.8 ( 1 ) ;  20.0 ( 1 ) ;  18.7 (4). MS: 171 (0.7, M +  + l), 
140(8.6),112(7.2),97(10.7),96(100),95(12.8),81(95.4),69(17.2),68(37.8),67(26.2),55(27),41 (33.7),38(14.9). 
Anal. calc. for CYHI4O3: C 63.51, H 8.29; found: C 63.34, H 8.30. 

(4aS,8a S)-4a-Allylperhydro-2H.4 H-[l.3]henzodioxin-4-one (6b). As described for 6a, with 744 mg (4.77 
mmol) of 4a in 15 ml of THF, 5.73 mmol of LDA in 7 ml of THF, 11 ml of DMPU, and 2.1 ml(23.85 mmol) of ally1 
bromide: 828 mg of a residue, > 98% of 6b. Distillation gave 715 mg (77%) of pure 6b. B.p. 110"/0.3 Torr. 
[a],= +71.4 (c = 1.8). 1R (film): 303Sw, 2965s, 1740s. 1640w, 1435m, 1425% 1370~1, 1225s, 1150s, 1025s, 995m, 
960m,870w, 800w, 745m. 'H-NMR (300 MHz): 1.44-1.74 (m, 6 H); 1.86 (m, H-C(8)); 2.01-2.10 (m. H-C(8)); 2.44 
(dd, J = 14.2, 9.0, H-C(1')); 2.72 (m,  H-C(1')); 3.93 (br. s ,  H-C(8a)); 5.11 (m, H-C(3')); 5.15 (m,  H-C(3')); 5.35 

COOCH,); 4.41 (d, J = 4.0, H-C(7a)); 5.09 (s, H-C(2)). 

(d ,J  = 5.1, H-C(2)); 5.43 (d, J = 5.1, H-C(2)); 5.76 (m, H-C(2')). MS: 196 (< 1, M T ) ,  166 (16.3), 124(12.7), 122 

,') Before mixing, the solns. of PCC and of the epimeric mixture were stirred in the presence of molecular sieve 
WI. 
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(31.2), 121 (Il.9), 107 (14.6),95 (11.4) 94(13.6), 93(23.5),91 (12.5), 81 (100),79(57.1), 77(18.5), 67(33.1), 53 (21). 
41 (51.3), 39 (38.5), 27 (20.3). Anal. calc. for CIIHI,O,: C 67.32, H 8.22; found: C 67.74, H 8.39. 

(4uR,8aSj-4a-Acetylperhydro-2H,4H-[I,3]benzodioxin-4-one (6c). As described for 6a, with 703 mg (4.51 
mmol) of4a in 12 ml of THF, 5.41 mmol of LDA in 6 ml ofTHF, 6 ml of DMPU, and 1.6 ml(22.5 mmol) of AcCI: 
a 73 : 18 :9 mixture 6c/4a/4a-epimer of 4a which was purified by FC (pentane/Et20 3 :I)  to give 360 mg (42%) of 6c. 
M.p. 52-53" (pentane or pentane/Et,O). [a],  = f14.6 (c = 0.74). IR (KBr): 2950s, 1730s, 1720s, 1710s, 1440m, 
1240s, IOOOs, 745m. 'H-NMR (300 MHz): 1.25-2.30 (m. 8 H); 2.42 (s, Ac); 4.53 (br. s, H-C(8a)); 5.40 (d, J = 5.2, 
H-C(2)); 5.48 (d, J = 5.2, H-C(2)). I3C-NMR (75 MHz): 204.4 (s); 168.2 (s); 93.1 (1); 74.3 ( d ) ;  61.2 (s); 29.9 ( t ) ;  
28.0 ( 4 ) ;  27.3 ( t ) ;  22.4 ( t ) ;  20.1 ( t ) .  MS: 198 (< 1, M+), 168 (l.2), 156 (16.2), 155 (47.3, 126 (74), 125 (40.9), 109 
(38.6), 108 (20.7), 81 (87.6), 80 (39.4), 43 (IOO), 41 (28.6), 39 (27.5). 

(4a S.8a S J ' S )  -Perhydro-.la- (1'-hydroxyethyl) -2H,4 H-( I .3]benzodioxin-4-one (6d) and (4a S.8a S.1' R) -Per- 
hydro-4a-(I'-hydroxyethylj-2H,4H-I .3-henzodioxin-4-one (6e) from 4a with Acetaldehyde in the Presence of ZnC12. 
A soh.  of 2.86 mg (18.3 mmol) of 4a in 85 ml of THF was dropwise added to a soln. of 21.97 mmol of LDA in 45 ml 
of THF at -70". The mixture was stirred for 30 min, and I M  soh.  of ZnCl, in Et,O (22 ml) were added. After 
stirring for 15 min, CH,CHO (10.4 ml, 183 mmol) was added, the soln. stirred at -70" for 1.75 h, quenched by the 
addition of 30 ml of sat. aq. NH4C1 soln., warmed up to r.t., and extracted with Et,O. The org. phase was washed 
with H 2 0  and brine, dried and evaporated: 3.90 g of a residue which consisted of a 8:21:71: < 1 mixture 
4a/6d/6e/4a-epimers of 6d and 6e ('H-NMR evidence). Part (0.68 mg) of this product was oxidized with PCC (see 
below), the rest was crystallized affording 1.40 g of 4a. FC (pentane/Et@, 30-55%) of the mother liquor gave 
255 mg (55% overall yield) of 6d and 313 mg (9%) of 6e. 

6d: M.p. 109-1 10" (pentane/Et,O). [a ] ,  = +27.5 (MeOH, c = 0.8). 1R (KBr): 3470s (br.), 3015w, 2950s. 
1695s, 1445~1, 1370m, 1240s, 1160s, IIOOs, 1045s, 1035s, 995s, 9503, 740s. 'H-NMR (300 MHz): 1.30 (d, J = 6.4, 
3 H-C(2')); 1.52-1.67 (m. 5 H); 1.90 (m. 2 H); 2.27 (m, H-C(8)); 3.48 (d ,  J = 11.3, exchange with D20, OH); 3.90 
(br.s,H-C@a));3.99(dq,J= ll.3,6.4,H-C(I'));5.40(d,J=5.2,H-C(2));5.49(d,J=5.2,H-C(2)).13C-NMR 
(75 MHz): 173.8 (s); 93.6 ( I ) ;  75.3 ( d ) ;  66.0 ( d ) ;  52.7 (s); 27.3 ( t ) ;  26.1 ( t ) ;  20.4 ( 1 ) ;  19.83 ( 4 ) ;  19.77 ( 2 ) .  MS: 185 

(30.4), 43 (30.6), 41 (32.1). Anal. calc. for CIOHL604: C 59.98, H 8.05; found: C 60.17, H 8.02. 
6e: M.p. 67-68"(pentane/EtzO). [aID = +22.5 (c = 0.69). IR (KBr): 3380s (br.), 2930s, 1725s, 1390m, 1360m, 

1235.s, IOIOs, 740m. 'H-NMR (300 MHz): 1.53 (d, J = 6.5, 3 H-C(2')); 1.21-2.08 (m, 8 H); 2.95 (br. s, exchange 
with D,O, OH); 4.00 (q,  J = 6.5, H-C(1')); 4.22 (I, J = 4.0, H-C(8a)); 5.42 (d, J = 5.1, H-C(2)); 5.46 (d, J = 5.1, 

19.1 (q).MS: 170(1.5,M+-30), 156(8.8), 127(16.9), 126(100), 111 (19.5), 109(I.l), 108(26),97(15.5),81 (77.3), 
67 (28.9), 43 (28.9). Anal. calc. for CloH,,04: C 59.98, H 8.05; found: C 59.73, H 8.19. 

6d.from 4a with Acetaldehyde in the Absence of ZnC12. A soln. of 626 mg (4.01 mmol) of 4a in 25 ml of THF was 
dropwise added to a soh.  of 4.82 mmol of LDA in 10 ml of THF at -70" and stirred for 40 min. Then, CH,CHO 
(2.4 ml, 40.1 mmol) was added, the soln. stirred at -70" for 1.5 h, quenched by the addition of 10 ml of sat. aq. 
NH4C1 soln., warmed up to r.t., and extracted with Et,O. The org. phase was washed with H,O and brine, dried, 
and evaporated: 722 mg of 6 :90: 3: < 1 mixture 4a/6d/6e/4a-epimers of 6d and 6e ('H-NMR evidence). Crystalliza- 
tion from pentane/Et,O gave 553 mg (69%) of diastereoisomerically pure 6d. 

Application of Horeau's Method to 6d. To a soh.  of 57.2 mg of 6d in 1.50 ml of pyridine, 0.170 ml of 
2-phenylbutyric anhydride were added. This soln. was kept at r.t. for 2.25 h, and 0.084 in1 of H,O were added. The 
mixture was allowed to stand at r.t. for 0.5 h, and the optical rotation a, was measured ( = +1.74). Then, 0.1 ml of 
Et3N were added to a I-ml aliquot of this s o h ,  and the optical rotation a2 was immediately measured ( = +2.49"). 

Application ofHoreau's Method to 6e. As described above with 37.6 mg of 6e in 0.940 ml of pyridine, 0. I10 ml 
of 2-phenylbntyric anhydride (2.5 h), H 2 0  (0.084 ml), and 0.1 ml of Et3N: a, = +0.60, a2 = +0.35". 

6c by Oxidation of 6d and6e. A suspension of 683 mg o f a  3.5:  1 mixture 6d/6e, 2.30 g (10.2 mmol) of PCC, and 
5 g of 4-w molecular sieve2') in 100 ml of dry CH,CI, was stirred at r.t. for 2.75 h. After addition of dry Et,O, the 
mixture was filtered through a short path of silica gel 60 G with Et,O. Evaporation afforded 500 mg of a single 
diastereoisomer along ca. 10% of 4a, which was purified by FC (pentane/Et20 3 : l )  to give 460 mg (overall yield 
from 4a, 72%') of 6c. 

(2S,4aR,HaS)-Perhydro-2-isopropyI-4a-methyl-2H,4H-[l,3]benzodioxin-4-one (60. As described for 6a, 
with 330 mg (1.74 mmol) of 4b in 4.4 ml of THF, 1.90 mmol of LDA in 2 ml ofTHF, 3.2 ml of DMPU, and 1.1 ml 
(17.2 mmol) of MeI: 293 mg (82%) of an inseparable 3:2 mixture of 6f and its 4a-epimer. 'H-NMR: significant 
signalsof6f 1.016(d, J=6 .9) ;  1.30(s);3.71 (br.s); 5.15(d,J = 3.6);significantsignalsofthc4a-epimer: l.O2O(d, 

(1.3, Mf - 15), 156 (4.6), 127 (12.3), 126 (IOO), 111 (14.2), 108 (25.8), 97 (14.6), 82 (13.7), 81 (87.3), 80 (%.I), 67 

H-C(2)). I3C-NMR (75 MHz): 171.6 (s); 92.9 ( r ) ;  75.9 ( d ) ;  70.0 ( d ) ;  53.4 (s); 28.9 ( t ) ;  26.4 (1); 21.4 ( t ) ;  20.2 (I); 

J=6 .9) ,  1.28(~);3.61(dd,J=I1.7,4.2);5.19(d,/=3.6). 
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( 2 S . 4 ~  R,RaS)-2-( tert-Butyl)-4a-methylperhydro-2H,4H-[l,3/benzodioxin-4-one (6g). As described for 6a, 
with 230 mg (1.09 mmol) of 4c in 5.4 ml of THF, 1.24 mmol of LDA in 5.4 ml of THF, 5.4 ml of DMPU, and 0.7 mi 
(11.3mmol)ofMeI(additionat -100")at -70"for 3 h,and then tor.t.(overnight):208mg(85%)ofaninseparable 
4:3 mixture of 6g and its 4a-epimer. The 'H-NMR: significant signals of 6g: 1.001 (s); 1.29 (s); 3.71 (br. s); 4.94 
(s); significant signals of the 4a-epimer: 0.996 (s); 1.27 (s); 3.58 (dd, J = 11.7,4.2); 4.98 (d). 

(2S,4a S,Ra S) -2- ( tert- Butyl) -4a- (phenylselenenyl) -5,6,7,8-tetruhydrocyclopentu[ d /dioxin-4 (4a H) -one (7). 
A soln. of 4.06 g (20 mmol) of 3b in 70 ml of THF was dropwise added to a soh. of 22.7 mmol of LDA in 100 ml of 
THF at -70". The mixture was stirred for 0.5 h, and a soln. of 5.10 g (27 mmol) of PhSeCl in 70 ml of THF was 
added. The soh.  was kept at - 7 0  for 1 h and warmed up to 0" for 6 h. Workup Procedure I afforded a residue 
(7.76 g) consisting of 7 as a single diastereoisomer, along cu. 10% of 3b, which was purified by FC (pentane/Et,O 
92:8): 5.72 g (81 %, corrected yield 90%) of 7 .  M.p. 68" (pentane at -20"). [&ID = +43.3 (c = 0.84). IR (KBr): 
2985m,1720s, 1575w, 1570w, 1485m,1435m, 1415m, 1365m, 1345m, 1245s, 1105m,1030m, 995s, 970m, 775m, 745s, 
695m. 'H-NMR (300 MHz): 0.84 (s, t-Bn); 1.69-1.98 (m. 4 H); 2.24 (nz, 1 H); 2.43 (m, 1 H); 4.28 (s, H-C(2)); 4.35 
(dd, J = 6.6, 3.2, H-C(7a)); 7.267.47 (m, 3 arom. H); 7.68-7.72 (m, 2 arom. H). 13C-NMR (75 MHz): 171.3 (s); 
137.7 (d, 2 C); 129.9 (d); 129.2 (d, 2 C); 127.0 (s); 106.7 (d); 85.7 (d); 53.5 (s); 38.0 (1); 34.9 (s); 33.4 (t); 23.8 (9, 3 
C); 23.1 ( t ) .  MS: 355 (0.7, M +  + 2), 354 (7.3, M +  + I), 352 (3.4), 226 (17.6), 225 (12.9), 224 (IOO), 222 (49.3), 221 
(20.8), 157 (26.7), 143 (48.8), 95 (28.6), 83 (22.1), 77 (25.2), 67 (99.2), 57 (33.2), 55 (46), 41 (61.2), 39 (29.6). Anal. 
calc. for C,,H2,03Se: C 57.79, H 6.28; found: C 57.40, H 6.40. 

(4u R,8u Sl-Perhydro-4a- (phenylselenenyl) -2 H.4 H-[ I ,3]henzodioxin-4-one (8a) and (4a S,8a S)- Perhydro-la- 
(phenylselenenyl)-2H,4H-[I,3]henzodio.xin-4-one (9a). As described for 7, with 1.20 g (7.70 mmol) of 4a in 27 ml 
ofTHF,8,47mmolofLDAin 12mlofTHF,and 1.85g(9.63mmol)ofPhSeClin 15mlofTHF(1.5 hat-70"and 
slowly warmed up to r.t. overnight): 83 :I7 mixture of 8a/9a ('H-NMR) which was crystallized from pentane to give 
795 mg of 8a. FC (pentane/Et20, 3 0 4 0 % )  of the mother liquor furnished 245 mg of 9a and additional 223 mg of 8a 
(overall yield 53 %). 

8a: M.p. 108" (pentane). [&lo = -75.9 (c = 0.71). IR (KBr): 3030w, 3005w, 2975s, 1735s, 1565w, 1450~1, 
1435m, 1425~1, 1345m, 1235s, I180s, 1005s, 870w, S O W ,  830w, 745s,695s. 'H-NMR (90 MHz): 1.10--2.50 (m, 8 H); 
3.74 (dd, J = 11.5,4.2, H-C(8a)); 5.43 (s, H-C(2)); 7.1 3-7.40 (m, 3 arom. H); 7.50-7.72 (m, 2 arom. H). "C-NMR 
(75 MHz): 169.0 (s); 138.1 (d, 2 C); 129.6 (d); 129.0 (d, 2 C); 125.6 (s); 94.4 ( t ) ;  80.3 (d); 56.0 (s); 28.7 (1); 27.6 (1); 
24.1(t);20.9(t).MS:314(3.2,M'+3),313(2.4,M++2),312(16.9,M++1),311(<1,M+),157(12.7),125 
(IOO), 109 (11.4),97(27.7),81 (34.3),79 (44.6),78(18.6), 77(29.6),69 (49.6). 55(28.2), 51 (20.3),41 (59.8),39 (24.9). 
Anal. calc. for C14H,60,Se: C 54.03, H 5.18; found: C 54.08, H 5.23. 

9a: Thick oil. [ale = +67 (c = 1.2). IR (film): 3025w, 2940.7, 1735,  1435m, 1220s, 1020s, 820w, 760w, 740m, 
695m. 'H-NMR (300 MHz): 1.00-2.40 (m. 8 H); 4.00 (dd, J = 7.1, 3.9, H-C(8a)); 5.24 (d, J = 5.1, H-C(2)); 5.42 
( d , J =  5.1,H-C(2));7.1~7.40(nz,3arom.H);7.40-7.80(m,2arom.H).MS:315(1,M~+4),314(6.7,MC+3), 
313(5.1,Mf+2),312(35.7,M++1),311 (2.7,M+), 310(17.7),238(16.1), I58(24.9), 157(34), 156(15.7), 155 
(22.2), 125 (100). 109 (30.7), 97 (57), 81 (75), 79 (84.8), 78 (30.Q 77 (53.3), 69 (47), 55 (37.9), 51 (32.7), 41 (69.Q 39 
(33.1). 

(2S, 4a R.8u S) -Perhydr0-2-isopropyI-la- (phenylselenenyl) -2H, 4H-[1,3]benzodioxin-4-one (8b) and 
(2S,4aS,8aS)- Perhydro-2-isopropyl-4a-jphenylselenenyl)-2H,4H-[ 1,3]benzodioxin-4-one (9b). As described for 
7 ,  with 765 mg (3.86 mmol) of 4b in 12 ml of THF, 4.29 mmol of LDA in 6 ml of THF, and 934 mg (4.88 mmol) of 
PhSeCl in 10 ml of THF (1.5 h at -70" and slowly warmed up to r.t. overnight): 11:73:16 mixture 4b/8b/9b 
('H-NMR) which was separated by FC (5-20% Et20/pentane) to give 145 mg (1 1 %) of 9b and 696 mg (51 %) of 

8b: M.p. 84-86" (pentane). [&lo = -45.3 (c = 0.69). IR (KBr): 3025w, 2970s, 1735s, 1580w, 1470~1, 1445~1, 
1435m, 1370m, 1255s, 1230s, 1005m, 980~1, 915w, 875w, 850w, 740m, 690m. 'H-NMR (90 MHz): 1.07 (d, J = 7, 
(CHJ2CH); 1.10-2.30 (m, 9 H); 3.70 (dd, J = 11.4, H-C(8a)); 5.21 (d, J = 4, H-C(2)); 7.05-7.30 (m, 3 arom. H); 
7.40--7.60 (m, 2 arom. H). MS: 356 (1.1, M +  + 3), 355 (0.9, M +  + 2). 354 (6.2, M+ + I), 353 (0.5, M C ) ,  238 (34.4), 
236 (18), 98.5 (21.6), 81 (IOO), 80.5 (28.5), 73 (67.1), 54.5 (29.6), 40 (69.1). 

9b: Thick oil. [a ID = +75.5 (c = 0.85). IR (film): 3025w, 2 9 7 0 ~  1740s, 1575w, 1470m, 1435m, 1405m, 1355m, 
1225s, 1170s, 1020~1, 995m, 925w, 740m, 690m. 'H-NMR (YO MHz): 0.94 (d, J = 7, (CH,),CH); 1.40-2.30 (m, 9 H); 
3.80 (distorted t, J = 3, H-C(8a)); 4.88 (d, J = 4, H-C(2)); 7.20-7.45 (m, 3 arom. H); 7.50-7.70 (m, 2 arom. H). 
MS: 356 (2.7, M +  + 3), 355 (2.4, M +  + 2), 354 (14.6, M +  + I), 353 (1.4, Mf), 352 (7), 282 (4.6), 255 ( 5 4 ,  240 
(13.9), 239 (lO.l), 238 (76.9), 236 (38), 157 (30.3), 125 (29.2), 109 (23.5), 97 (29.2), 81 (IOO), 79 (46), 77 (34.2), 69 
(27.1), 43 (34.2), 41 (55.6). 

(2S,4aR,8aS)-2-(tert-Butyl)perhydro-4a-(phenylselenenyl)-2H,4H-[l,3]benzodioxin-4-one (8c) and 
(2S.4aS.8~ S)-2-( tert-Butyl)perhydro-4u-(phenylselenenyl)-2 H,4 H-[ 1,3]benzodioxin-4-0ne (9c). As described for 

8b. . . 
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7, with 355 mg (1.67 mmol) of 4c in 7 ml of THF, 1.52 mmol of LDA in 3 ml of THF, and 347 mg (1.81 mmol) of 
PhSeClin lOmlofTHF/HMPTA 1:1(1 hat-70"andslowlywarmeduptor.t.): 32:68mixtureof8~/9c,whichwas 
separated by FC (pentane/Et20 5 : I )  to give 220 mg (45%) of 9c and 102 mg (21 %) of 8c. 

8c: M.p. 138-140" (pentane). [aID = -43 (c = 0.43). 'H-NMR (300 MHz): 1.07 (s, t-Bu); 1.26-1.50 (m, 3 H); 
1.72-1.98 (m, 4 H); 2.24 (m, 1 H); 3.71 (dd, J = 11.5, 4.2, H-C(8a)); 5.06 (s, H-C(2)); 7.2k7.42 (m, 3 arom. H); 
7.58-7.64 (m. 2 arom. H). 

9c: M.p. 7679" (pentane). [a],, = +70 (c = 0.95). 'H-NMR (300 MHz): 0.92 (3, t-Bu); 1.52-1.82 (m. 5 H); 
2.01 (m,2H);2.22(m, 1 H);3.80(t,J =3.6,H-C(8a));4.72(s,H-C(2));7.28-7.42(m,3arom.H);7.64-7.70(m, 
2 arom. H). 

(2S,7a S)-2-( tert-Butyl) -7.7a-dihydrocyclopentu[ djdioxin-4 (6  H) -one (10) and (2 S)-2- ( tert-Butyl) -6.7%- 
hydrocyclopentu[d]dioxin-l(5H)-one (11). A soln. of 3.13 g (18.8 mmol) of 3b in 50 ml of THF was dropwise 
added to 20.6 mmol of LDA in 50 ml of THF at -70". After stirring for 0.5 h, a soh .  of 4.00 g (20.6 mmol) of 
PhSeCl in 40 ml of THF was added. The mixture was kept at -70" for 1 h and warmed up to 0" (for 7 h). Workup 
Procedure I afforded a crude product which was dissolved in 150 ml of CH2CI, and 2.6 ml(3 1.6 mmol) of pyridine 
and treated dropwise at < 10" with 4.9 ml(42.7 mmol) of 30% H202. The soln. was further stirred at 0" for 40 min. 
Workup Procedure 2 gave 2.85 g of a residue which was chromatographed (FC, 15-20% Et,O/pentane) to afford 
1.15g(37%)of10and0.57g(18%)ofl l .  

10: M.p. 120-122" (pentane). [aID = +74.4 (c = 1.1). 1R (KBr): 29903, 1725s, 16453, 1480~1, 1405m, 1365m, 
13453, 12453, 1195s, 1080s, 9553, 755s, 740s. 'H-NMR (300 MHz): 1.00 (s, t-Bu); 2.03 (m, 1 H); 2.54 (m, 3 H); 4.86 
(m, H-C(7a)); 5.09 (s, H-C(2)); 6.98 (br. s, H-C(5)). I3C-NMR (75 MHz): 144.0(d); 133.0 (s); 109.8 (d); 82.4 (d); 
35.4 (s); 32.0 (t); 30.3 ( t ) ;  24.2 (q, 3 C). MS: 195 (0.6, M +  - I), 152 (2.8), 141 (12.2), 139 (75.2), 93 (88), 66 (100). 
Anal. calc. for ClIH,,O,: C 67.32, H 8.22; found: C 66.92, H 8.44. 

11: M.p. 76"(pentane at -20"). [aID = +I792 (c = 0.78). IR (KBr): 2980m, 1730s, 1635s, 1400s, 1120s, 1005s, 
9 1 5 ~ 1 , 7 6 0 ~ ~ .  'H-NMR (300 MHz): 1.07 (s, t-Bu); 2.04 (m, 2 H-C(6)); 2.51-2.68 (m. 2 H-C(5), 2 H-C(7)); 5.09 (s, 

19.6 (t). MS: 196 (5.9, M'), 168 (1.4), 139 (7.9, 111 (IOO), 110 (45.8), 82 (14.6), 57 (37.5), 55 (28.5), 41 (58.4), 39 
(39.3). Anal. calc. for Cl lH1603:  C 67.32, H 8.22; found: C 67.23, H 8.45. 

18aS)-6.7.8,8u-Tetrahydro-2H,4H-[l.3]benzodioxin-l-one (12a). As described for l O / l l ,  with 3.03 g (18.5 
mmol) of 4a in 65 ml of THF, 22.2 mmol of LDA in 30 ml of THF, 4.80 g (24.9 mmol) of PhSeCl in 30 ml of THF 
(1 h, at -70" and slowly warmed up to r.t. within 12 h), 100 ml of CH2CI2 and 3.0 ml(37.0 mmol) of pyridine, and 
6.0ml(52.9mmol)of30% H202(1.5 hato"): 3.20gofaresidueconsistingof > 85% of l2a(< 5% ofregioisomer 
13a; 5-10% of 4a). FC (3045% Et20/pentane) of the residue furnished 2.00 g (67%) of 12a. M.p. 58-59" 
(pentane). [&ID = +71 (c = 0.7). IR (KBr): 3010w, 2970m, 2955m, 2935m, 17253, 1645, 1415m, 1360m, 1260s, 
1245s, 1215m, 1115rn, 1025s, 9703, 880~1, 860w, 815w, 775m, 725m, 705m. 'H-NMR (300 MHz): 1.50-1.76 (m, 
2 H-C(7)); 1.95 (m, H-C(8)); 2.21 (m, H-C(8)); 2.34 (m, 2 H-C(6)); 4.40 (br. m, H-C(8a)); 5.43 (d, J = 5.7, 
H-C(2)); 5.46 (d, J = 5.7, H-C(2)); 7.16 (br. m, H-C(5)). I3C-NMR (75 MHz): 142.2 (d); 128.0 (s); 93.1 ( t ) ;  75.4 
(d); 28.0 ( t ) ;  26.0 ( t ) ;  19.2 (t) .  MS: 154 (1.4, M + ) ,  153 (1.2), 126 (16), 124 (loo), 97 (15), 96 (61.9), 80 (11.4), 79 
(48.4), 77 (13.1), 68 (95.4), 55 (16.3), 53 (13), 52 (16.1), 51 (15.5), 41 (17.3), 39 (33.1), 27 (16.9). Anal. calc. for 
C8Hlo03: C 62.33, H 6.54; found: C 62.29, H 6.61. 

(ZS,8uS)-6,7.8,8u-Tetrahydro-2-isopropyl-2H.4H-[I .3]benzodioxin-4-one (12b). As described for lOjl1, with 
2.89g(14.6mmol)of4bin4SmlofTHF, 16.1 mmolofLDAin20mlofTHF,3.64g(16.1 mmol)ofPhSeClin30 
ml of THF (I h at -70" for 1 h and warmed up to r.t. within 12 h), 90 ml of CH2C12 and 2.4 ml(29.2 mmol) of 
pyridine, and 4.5 ml (39.4 mmol) of 30% H202 (2 h at 0"): 2.64 g of a residue consisting of > 95% of 12b. FC 
(pentane/Et*O 4:l) gave 2.01 g (70%) ofpure 12b. M.p. 28. (pentane at -20"). [aID = +18.3 (c = 2.15). IR (film): 
2980~1, 17303, 1645s, 1475~1, 1420~1, 1375m, 1355s,1260s, 12403, 1210m, 1025m, 985m,890m, 865m,780m, 735m, 
715m. 'H-NMR (300 MHz): 1.00 (d, J = 6.9, 3 H, (CH&CH); 1.01 (d, J = 6.9, 3 H, (CH,),CH); 1.47-2.04 (m, 
2 H-C(7), 2 H-C(8)); 2.19 (m, (CH,),CH); 2.32 (m, 2 H-C(6)); 4.36 (br. m, H-C(8a)); 5.19 (d, J = 4.3, H-C(2)); 
7.17 (br. m, H-C(5)). I3C-NMR (75 MHz): 164 ( 3 ) ;  141.6 (d);  127.6 (s); 106.3 (d); 74.6 (d);  32.9 (d);  28.0 (t): 26.1 
( t ) ;  19.4 ( t ) ;  16.1 (q, 2 C). MS: 196 (< 0.3, M'), 195 (2), 153 (IOO), 125 (11.5), 124 (15.5), 109 (11.8), 107 (71), 97 
(53), 96 ( I I ) ,  81 (10.3), 80 (26.3), 79 (91.8), 77 (13.2), 68 (24.8), 55 (13.4), 43 (20.1), 41 (22.5). 

( 2  S,8a S) -2 -  ( tert-Butyl)-6,7,8,8a-tetruhydro-2 H,4H-[ 1 ,3]benzodioxin-4-one (12c) and (2 S) -2- ( tert-Butylj- 
5,6,7,8-tetrahydro-2H,4H-[l,3]benzodioxin-4-one (13c). As described for lOjll, with 5.45 g (25.8 mmol) of 4c in 
70 ml of THF, 28.5 mmol of LDA in 35 ml ofTHF, 6.40 g (33.5 mmol) of PhSeCl in 70 ml of THF (1 h at -7O"and 
slowly warmed up to r.t. within 12 h), 90 ml of CH2C12 and 4.2 ml(52.2 mmol) of pyridine, and 8 ml(70.6 mmol) of 
30% H202 (1.75 h at 0" and 0.75 h a t  r.t.): a solid which was crystallized from pentane affording 2.20 g of 12c. FC 

H-C(2)). I3C-NMR (75 MHz): 174.9 (s); 161.9 (s); 107.7 (d); 106.2 ( s ) ;  34.5 (s); 31.0 ( t ) ;  25.9 (t); 24.2 (4, 3 C); 
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(pentane/Et20 4: l )  of the mother liquor gave 1.35 g of 12c and 0.48 g of 13c (overall yield 80%; ratio 12c/13c 
7.4:l). 

12c: M.p. 93-94' (pentane). [a],, = +31.9 (c = 0.8). IR (KBr): 2980m, 1725s, 1645s, 1360m, 12603, 1240~, 
1220s, 1030m, 98Os, 785m. 'H-NMR (90 MHz): 1.00 (s, t-Bu); 1.20-2.08 (m. 4 H); 2.30 (m, 2 H-C(6)); 4.33 (m, 
H-C(8a)); 5.00 (s, H-C(2)); 7.10 (br. s, H-C(5)). I3C-NMR (20 MHz): 162.7 (s); 141.5 (d);  127.4 (s); 108.1 (d);  
74.4 (d); 35.1 (s); 27.7 ( I ) ;  25.9 ( I ) ;  23.9 (q, 3 C); 19.2 ( I ) .  MS: 210 (< 0.2, M'), 209 (I) ,  153 (loo), 125 (9), 123 (S), 
107 (76.6), 98 (12.4), 97 (72.1), 80 (20.3). 79 (77), 57 (20.3), 41 (30.3). Anal. calc. for C,2HIX01: C 68.55, H 8.63; 
found: C 68.12, €I 8.68. 

13c: M.p. 67-69" (pentane at -60"). [a],  = +38.4 (c = 0.39). IR (KBr): 2970~1, 1725s, 1645s. 1395,  12953, 
1115s, 1085s. 'H-NMR (90 MHz): 1.03 (s, t-Bu); 1.20-2.10 ( P I ,  2 H-C(6), 2 H-C(7)); 2.27 (m. 2 H-C(5), 2 

41 (35.9). 
Michael Addition of Diulkylcuprales to 12. General Method. A soh.  of 1 mmol of 12 in 5 ml of Et20 was 

dropwise added to 3 mmol of R2CuM in 15 ml of Et20 (Et20/THF 2:l in the case of bromomagnesium 
divinylcuprate), stirred at the temp. and for the times indicated in Tuble 3, and quenched by the addition of 1 ml of 
sat. aq. NH4CI soh. at the temp. indicated in Table 3. The mixture was warmed up to r.t. and diluted with Et,O and 
H 2 0 ,  the phases were separated and the aq. soln. was extracted with Et,O; the combined org. extracts were washed 
with HzO and brine, dried, and evaporated and the residue crystallized or chromatographed, as indicated below. 

(4uS,SS,~aS/-Perhydro-S-methyl-2H,4H-(l,3]benzodioxin-4-one (14a). Crystallization afforded 92 mg 
(54%) of 14a from 12a. M.p. 91" (pentane). [a],, = +118.2 (c = 0.9). IR (KBr): 2940s, 1735s, 1425~1, 1395m, 
138%~ 1370m, 1310s, 1230.7, 1005s. 730m. 'H-NMR (300 MHz): 0.99 (d, J = 7.2, CH,-C(S)); 1.39-1.70 (m, 5 H); 
2.13(m,H-C(8));2.48(dd,J= 11.3,4.0,H-C(4a));2.68(m,H-C(5));3.83(rd,J= 11.3,4.3,H-C(Ea));5.39(d, 
J = 5.3, H-C(2)); 5.41 (d, J = 5.3, H-C(2)). "C-NMR (75 MHz): 168.4 (s); 93.6 ( 1 ) ;  74.2 (d); 51.3 (d);  32.6 (I); 
31.7 ( 1 ) ;  28.4 (d);  19.0 ( I ) ;  14.0 (4). MS: 170 (0.8, M'), 140 (3.2), 123 (4.Q 96 (72.7), 95 (14), 81 (IOO), 79 (10.4), 69 
(22.5), 68 ( 3 3 4 ,  67 (27.3), 55 (25.1), 54 (12), 53 (14.8), 41 (34.5), 39 (32.1), 27 (17.1). Anal. calc. for C,H140,: C 
63.51, H 8.29; found: C 63.1 8, H 8.36. 

(2 S,4u S ,5 S,8a S)-Perhydro-2-isopropyl- (S-methyl) -2 H,4 H-( I ,3]benzodioxin-4-one (14b). FC (pentane/Et20 
9: l )  gave 127 mg (60%) of 14b from 12b. M.p. 40-42" (pentane at -20"). [a],, = t 8 1 . 6  (c = 0.82). 1R (KBr): 29703, 
1740s, 1385s, 1370s, 1220s, IOlOs, 990s, 880m, 860m, 750m. 'H-NMR (300 MHz): 0.97 (d, J = 7.2, CH,); 0.98 (d, 

H-C(4a)); 3.80 (td, J = 11.2, 4.2, H-C(8a)); 5.16 (d, J = 4.0, H-C(2)). MS: 213 (0.2, M' + I), 212 (< 0.2, M'), 
169 (9.8), 123 (99.4), 97 ( I 1 . Q  96 (loo), 95 (49.6), 82 (10.4). 81 (97.3), 69 ( l l ) ,  68 (24.8), 67 (26.1), 55 (20.5), 43 
(16.9), 41 (30.5), 39 (1 l.9), 27 (10.3). 

(2S,4uS,5S,8uS)-2-( tert-Butyl)perhydro-5-methyl-2H,4H-[1,3 fbenzodioxin-4-one (14c). Crystallization 
gave 170 mg (75%) of 14c from 12c. M.p. 89-91" (pentane at -20"). [&lo = +85.3 (c = 0.46). IR (KBr): 2985.7, 
1735s, 1360s, 1215s, IOOOs, 755m. 'H-NMR (300 MHz): 0.965 (s, t-Bu); 0.972 (d, J = 7.2, CH,-C(S)); 1.38 
(m, H-C(7)); 1.5CL1.72 (m,  2 H-C(6), H-C(7), H-C(8)); 2.09 (m, H-C(8)); 2.31 (dd, J = 11.2, 4.1, H-C(4a)); 
2.67 (m, H-C(5)); 3.78 (Id, J = 11.2, 4.2, H-C(Sa)); 4.98 (s, H-C(2)). I3C-NMR (20 MHz): 169.7 (s); 108.9 (d) ;  
73.1 (d); 50.3 (d) ;  35.3 (s); 32.2 ( t ) ;  31.5 ( 2 ) ;  28.2 (d);  23.9 (q, 3 C); 18.8 ( 1 ) ;  13.9 (4) .  MS: 226 (< 0.3, M+) ,  169 
(19.8), 123 (loo), 96 (loo), 95 (33.1), 81 (49.4), 41 (26.9). Anal. calc. for C13H2203: C 68.99, H 9.80; found: C 68.95, 
H 9.76. 

(2S,4aS,S S,8aS)-5- Butyl-2- ( tert-hutyl)perhydro-2H,4H-[1,3~benzodioxin-4-one (14d). Crystallization gave 
209 mg (78%) of 14d from 12c. M.p. 62-63" (pentane at -20"). [a],, = +60 (c = 1.0). IR (KBr): 2970s, 17403, 
1380m, 1365m, 1220.7, 1200m, 995m. 'H-NMR (300 MHz): 0.89 ( t ,  J = 6.4, CH,(CH,),); 0.96 (s, t-Bu); 1.14--1.74 
(m, 10 H); 1.80 (m, 1 H); 2.08 (m, H-C(8)); 2.32 (dd, J = 11.1, 4.0, H-C(4a)); 2.43 (br. s, H-C(5)): 3.74 

27.2;23.8(3C);22.5;18.8;13.7.MS:269(1,Mf+1),268(~0.4,M+),211 (7.9), 182(1.9),165(100),138(65.2), 
96 (77.2), 95 (19.3), 82 (36.4), 81 (57.4). 67 (14.6). Anal. calc. for Cl,H2x0,: C 71.60, H 10.52; found: C 71.39, 
H 10.11. 

( 2 x 4 ~  S,S R,8u Si-5-l  sec-Butyl)-2- ( tert-hutyl)perh?.dro-2H,4 H-/1,3]henzodioxin-4-one (14e). FC (pent- 
ane/Et20 19 : I )  afforded 145 mg (54%) of 14e, from 12c, as a 1 : I  mixture of 1'-epimers. M.p. 64-65' (pentane 
at -20"). [a],, = +41.3 (c = 0.62). 1R (KBr): 2980.~ 2970.7, 1730s, 1485~1, 1465m, 1360s, 1250m, 1235m, 1220s, 
1000s, 960s, 755m. 'H-NMR (300 MHz): 0.85-0.95 (dand t ,  2 CH,); 0.98 (s, t-Bu); 1.04-1.74 (m, 7 H); 1.91 (m, 
1 H); 2.10 (m, 1 H); 2.28 2.40 (m, H-C(4a), H-C(5)); 3.78 (m,  H-C(8a)); 4.98, 4.99 (s, 1 H, H-C(2) of both 
epimers). 13C-NMR (75 MHz): 170.0 (s); 108.5 ( d ) ;  108.4 (d);  73.6 (d);  50.1 (d);  39.9 (d); 38.6 (d); 35.4 (3); 33.3 
(d);  32.8 (d);  32.5 ( t ) ;  29.0 ( t ) ;  27.9 ( t ) ;  27.8 ( t ) ;  24.1 (9); 19.6 ( t ) ;  17.6 (y); 12.1 ( 4 ) ;  11.0 (4). MS: 269 (< 0.4, 

H-C(8)). MS: 211 (1.9, M+ + l), 210 (12.5, M'), 155 (10.1), 153 (21.0), 125 (IOO), 124 (71.1), 109 (27.2), 68 (33.7), 

J=6.9,CH,);0.99(d,J=6.8,CH,);1.50-1.74(m,6H); 1.95(~ ,1H) ;2 .09(m,1H);2 .33(dd ,J=11.2 ,4 .1 ,  

(td, J = 11.1, 4.2, H-C(Sa)); 4.97 (s, H-C(2)). I3C-NMR: 169.5; 108.7; 73.5; 51.0; 35.1; 33.7; 31.9; 30.1; 27.4; 
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M++1),211 (1.6), 183(2.7), 182(6.1), 167(1.5), 166(12), 165(100), 147(15.3), 138(60.8), 126(11.3), 122(11.9), 
110 (10.9), 109 (75), 82 (39.4), 81 (73.7). Anal. calc. for C,,H,,O,: C 71.60, H 10.52; found: C 71.51, H 10.57. 

(2S,4aS,SR,8aS)-2,5-Di(tert-butyl)perhydro-2H,4H-[1,3]benzodioxin-4-one (140. Crystallization furni- 
shed 115 mg (43%) of 14f from 12c. M.p. 122-123" (pentane at -20). [a] ,  = +71.5 (c = 0.9). IR (KBr): 2980s, 
17303, 1370.9, 1360s, 1240s, lOOOs, 960s, 755m. 'H-NMR (90 MHz): 1.00 (s, t-Bu); 1.05 (s, t-Bu); 1.25-1.78 (m, 6 
H); 2.42 (dd, J = 11.2, 4.1, H-C(4a)); 2.58 (m, HpC(5)); 3.99 (td, J = 11.2, 4.2, H-C(8a)); 5.00 (s, H-C(2)). 
I3C-NMR: 170.0 (3); 108.2 (d); 73.7 (d); 51.3 (d); 42.6 (d); 35.3 (s); 34.6 (s); 32.6(t); 31.9 (4.3 C); 27.9 (I); 24.0 (q, 

(77.2). Anal. calc. for C,,H,,O,: C 71.60, H 10.52; found: C 71.87, H 10.88. 
( 2  S,4aS,5 R,8aS)-S-Allyl-2/ tert-butyl)perhydro-2H,4H-[l,3]benzodioxin-4-one (14g). FC (pentane/Et,O 

19:l)afforded 204mg(81%) of 14gfrom 12c. M.p. 90"(pentane). [ m I D  = +63.7(c = 0.3). IR(KBr): 2975m, 1745s, 
1640w, 13653, 1355s, 1210s, 1010s, 995s, 915s, 860~1, 820w, 805w, 760w. 'H-NMR (300 MHz): 0.97 (s, t-Bu); 
1.31-1.83 (m, 5 H); 2.02-2.25 (m, H-C(8), 2 H-C(1')); 2.37 (dd, J = 11.2, 4.0, H-C(4a)); 2.56 (br. m, H-C(5)); 
3.76 (td, J = 11.2, 4.2, H-C(8a)); 4.97 (s, HpC(2)); 5.00 (m, H-C(3')); 5.04 (m. H-C(3')); 5.73 (m, H-C(2)). 

27.3 (t); 24.0 (q ,  3 C); 18.8 ( t ) .  MS: 252(0.8, M + ) ,  195 (2.1), 166 (16), 149 (62.3), 122 (15.4), 121 (27.1), 81 (loo), 79 
(18.5). Anal. calc. for C,,H,,O,: C 71.39, H 9.59; found: C 71,53, H 9.96. 

(2S,4aSSR,8aS)-2-( tert-Butyl)perhydro-5-vinyI-2H.4H-[l,3]benzodioxin-4-ane (14h). FC (pentane/Et20 
92:8) afforded 172-117 mg (7249%; depending upon the experimental conditions collected in Table 3 )  of 
14h from 12c. M.p. 50-51" (pentane at -20"). [a ] ,  = + I  16.2 (c = 0.94)28). IR (KBr): 3990m, 3980m, 3965m, 
1845w,, 1740s, 1640~1, 1365m, 1220s, 995.q 920m, 755m. 'H-NMR (300 MHz): 0.96 (s, t-Bu); 1.40-1.72 (m, 4 H); 
1.91(m, 1H);2.11(m,H-C(8));2.39(u'd,J=11.3,4.1,H-C(4a));3.26(br.s,H-C(5));3.79(td,J=11.3,4.2, 
H-C(8a)); 4.97 (s, H-C(2)); 5.14 (d, J = 1.6, H-C(2')); 5.19 (dt, J = 7.3, 1.6, H-C(2')); 5.80 (m, H-C(1')). 
"C-NMR(20 MHz): 168.9 (s); 136.0 (d); 117.4(t); 108.8 (d ) ;  73.6(d); 50.1 (d) ;  36.9 (d); 35.3 (9); 32.1 ( t ) ;  29.5 (t); 
23.9 (q, 3 C); 19.4 (t). MS: 239 (1.4, M +  + I ) ,  238 (3, M + ) ,  181 (24.2), 152 (20), 135 (loo), 108 (66), 107 (53.9), 93 
(81), 91 (26.5), 80 (28.2), 79 (84.7). 57 (25), 41 (32.5). Anal. calc. for CI4HZ2O3: C 70.56, H 9.30; found: C 70.26, 
H 9.34. 

(2S.4aS,5S,8aS)-2-(tert-Butyl)-5-[dimeth~~l(phenyl/silyl]perhydro-2H,4H-[l,3]henzodioxin-4-one (14i). 
I T  (pentane/Et@ 19:l) furnished 264 mg (76%) of 14i from 1212. B.p. 160"/1 Torr. [a ] ,  = +57.2 (c = 1.07). IR 
(film): 3035m, 3025m, 2980m, 1740s, 1640w, 1485m, 1425m,1375m, 1355s, 1250m,1215s, 995s, 835m,815w, 770m, 
735w, 705w. 'H-NMR (90 MHz): 0.38 (s, CH,Si); 0.45 (s, CH,Si); 1.08-2.23 (m. 7 H); 2.38 (dd, J = 11, 4.5, 
Il-C(4a)); 3.20 (td, J = 11,4, H-C(8a)); 4.20 (s, H-C(2)); 7.25-7.62 (m. 5 arom. H). I3C-NMR (20 MHz): 170.5; 
138.3; 134.6 (2 C); 129.0; 127.8 (2 C); 108.2; 75.2; 49.3; 34.8; 32.0; 28.2; 23.8 (3 C); 23.1; 22.7; -0.58; -2.31. MS: 
331 (0.3, M + -  15), 269 (l.4), 245 (loo), 243 (24.8), 183 (99.8), 137 (34.3), 135 (98.1). Anal. calc. for C,,H3,0,Si: 
C69.32,H8.73;found:C69.11,H8.58. 

(4aS,SS,8aS)-Perhydro-4a,5-dimethyl-2H.4 H-[1.3]benzodioxin-4-one (16a). As described for 6a, with 175 
mg (1.03 mmol) of 14a in 3.5 ml of THF, 1.27 mmol of LDA in 1 .5 ml of THF at -70" (20 min), 2.5 ml of DMPU, 
and 0.66 ml (10.6 mmol) of MeI: 195 mg of a residue consisting of a 95:5 mixture of 16a and its 4a-epimer. 
Crystallization furnished 152 mg (80%) of diastereoisomerically pure 16a. M.p. 95-96 (pentane). [ a ] ,  = +119.9 
(c = 0.8). IR (KBr): 2980s, 1745s, 1385m, 1375m, 1265s, 1255s, 1205s, 1010s, 735s. 'H-NMR (300 MHz): 1.06 (d, 
J = 7.2, CH,); 1.37 (m, 1 H); 1.41 (s, CH3-C(4a)); 1.56-1.88 (m, 5 H); 2.31 (m,  H-C(5)); 3.94 (dd, J = 11.2, 4.4, 
H-C(8a)); 5.39 (d, J = 4.9, H-C(2)); 5.41 (d, J = 4.9, H-C(2)). MS: 154 (3.8, M +  - 30), 11 1 (10.4), 110 (loo), 109 
(11),95(78.8),91(11.1),83(20.8),82(22),81(54.8),79(10.7),69(18.1),68(26.3),67(39.1),55(49.1),53(20),41 
(41.2), 39 (35.2), 27 (20.9). Anal. calc. for CloHl,O,: C 65.19, H 8.75; found: C 64.94, H 8.61. 

(2S,4aSS s.80 S)-2-( tert-Butyl)perhydro-4a.5-dimethyl-2H.4H-[l.3]benzodioxin-4-one (16b). As described 
for 6a, with 2.50 g (11.05 mmol) of 14c in 12 ml ofTHF,  12.15 mmol of BuLi (instead of LDA) in 16 ml of 1:l 
THF/hexane, 10 ml of DMPU, and 7 ml(110 mmol) of MeI: 2.56 g (97 %) of a residue consisting of 16b as a single 
diastereoisomer. Crystallization furnished 2.06 g (78%) of pure 16b. M.p. 124-125" (pentane). [a] ,  = +77.5 
(c = 1.3). IR (KBr): 2985m, 1735s, 1380m, 1365m,1260s, 1195s, 975s. 'H-NMR (300 MHz): 0.98 (s, t-Bu); 1.05 (d, 
J = 7.0, CH3-C(5)); 1.34 (s, CH3-C(4a)); 1.52-2.04 (m, 6 H); 2.31 (m,  H-C(5)); 3.90 (dd, J = 11.2, 4.2, 
H-C(8a)); 4.98 (s. H-C(2)). I3C-NMR(20 MHz): 173.8 (s); 109.2(d); 74.6 (d); 47.2 (s); 35.1 (3); 33.9 (d); 26.0 (t); 
25.6 ( t ) ;  23.7 (q ,  3 C); 19.2 (1); 18.8 (4); 14.9 (4) .  MS: 240 (< 0.6, M + ) ,  183 (4.1), 111 (8.7), 110 (loo), 109 (66), 95 
(44.3), 81 (38.8), 67 (18.7). Anal. calc. for CI4HZ4O3: C 69.96, H 10.07; found: C 69.81, H 9.86. 

3 C); 21.4 ( t ) .  MS: 211 (3.3, M +  - 57), 165 (loo), 138 (24.7), 127 (22), 126 (66.9, 81 (47.9), 80 (40.4), 57 (98.7), 41 

',C-NMR (75 MHz): 169.5 (s); 137.0 (d); 116.2 ( 1 ) ;  108.9 (d); 73.5 (d); 50.4 (d); 35.3 (s); 33.4 (d); 32.3 ( t ) ;  32.1 ( t ) ;  

'*) In [I], [aID of this compound was erroneously reported to be +60" 
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(2S,4a S,5 S,8a S)-4u-Allyl-2- (tert-hutyl)perhydro-5-methyl-2H,4H-(l,3]henzodioxin-4-one (16c). As de- 
scribed for 6a, with 4.71 g (20.8 mmol) of 14c in 70 ml of THF, 24.0 mmol of BuLi (instead of LDA) in 45 ml of 2 : 1 
THF/hexane, 50 ml of DMPU, and 18 ml(208 mmol) of ally1 bromide: 16c as a single diastereoisomer. Crystalliza- 
tion furnished 4.54 g (82%) of pure 16c. M.p. 98-99" (pentane at -20). [a], = f71.1 (c = 1.0). IR (KBr): 3030w, 
2980s, 1735s, 1635w, 1485m,1365m, 1355~1, 1210s, 1185s, 1005s, 985s,965m, 930m, 760m. 'H-NMR (300 MHz): 
0.99 (s, t-Bu); 1.04 (d, J = 7.2, CH,); 1.25--1.83 (m, 6 H); 2.37 (m, H-C(5)); 2.50 (br. dd, J = 14.7, 6.5, H-C(1')); 
2.62 (hr. dd, J = 14.7, 6.5, H-C(1')); 4.00 (dd, J = 11.1, 4.6, H-C(8a)); 4.98 (s, H-C(2)); 5.04~ 5.12 (m, 2 

C); 23.9 (3 C); 18.6; 14.9. MS: 267 (0.2, M + +  l),  266 (0.2, M+) ,  209 (21), 181 (16.9), 180 (41.5), 153 (21.7), 139 
(20.7), 136 (51.4), 135 (62.6), 121 (32.8), 96 (30.Q 95 (loo), 93 (36.9), 81 (32.5). Anal. calc. for C,,H,,O,: C 72.14, 
H 9.84; found: C 72.10, H 10.11. 

(2S.4aS,5S.8aS/-5-Butyl-2-(tert-hutyl)perhydro-4u-niethyl-2H.4H-[I,3]henzodioxin-4-one (16d). As de- 
scribed for 6a, with 340 mg (1.27 mmol) of 14c in 7 ml of THF, 1.80 mmol of BuLi (instead of LDA) in 8 ml of 6: 1 
THF/hexane, 7 ml of DMPU, and 0.22 ml(3.53 mmol) of MeI: 349 (98%) of a residue consisting of 16d as a single 
diastereoisomer. Crystallization furnished 190 mg (54%) of pure 16d. M.p. 6465"(pentane at -20"). [@ID = +48.6 
(c = 1.6). IR (KBr): 2980s. 2965s, 1725s, 1375m, 1275m, 1230.7, 1195s, 1080~1, 980s, 760m. 'H-NMR (300 MHz): 
0.88 (distorted f, J = 6.6, CH3(CH2),); 0.98 (s. t-Bu); 1.33 (s, CH,); 1.19-1.82 (m, 12 H); 2.03 (hr. s, H-C(5)); 3.84 
(dd, J = 11.3, 4.4, H-C(8a)); 4.98 (s, H-C(2)). 'IC-NMR (75 MHz): 174.2 (3); 109.5 ( d ) ;  75.5 ( d ) ;  48.5 (3); 40.1 
( d ) ;  35.4 (s); 31.1 ( t ) ;  28.6 ( t ) ;  25.5 ( t ) ;  24.1 (4 .  3 C); 22.7 ( t ) ;  22.0 ( t ) ;  19.4 ( 4 ) ;  19.2 ( t ) ;  14.0 ( 4 ) .  MS: 225 (4.2, 
M +  - 57), 197 (1.8), 152 (66), 151 (45.6), 109 (24.3), 96 (6l.l), 95 (loo), 81 (21.6), 67 (21), 55 (24.7), 41 (27.8). Anal. 
calc. for C,,H,,O,: C 72.30, H 10.71; found: C 72.06, H 10.92. 

'One-Pot' Synthesis of 16b. A soln. of 720 mg (3.43 mmol) of 12c and 10.44 mmol of Me2CnLi in 42 ml of Et20 
was stirred at -10 to 0" for 2 hand cooled to -70". Then, as described for 6a, with 4.4 ml(6.96 mmol) of 1 . 6 ~  BuLi 
(instead of LDA) in hexane, 21 ml of DMPU, and 2.2 ml (34.8 mmol) of Me1 (1 h at -70" and warmed up to 0" 
within 8 h): 726 mg of crude product. Crystallization from pentane gave 515 mg (64%) of 16b. 

Cleaoage of Acetal Ring. MethodI. A soln. of 1 mmol of 5 in 10 ml of MeOH was stirred with 120 mg of Dowex 
50 x 8 at r.t. for the time indicated. Pure hydroxy acid was obtained by filtration, washing (MeOH) of the solid 
residue, and evaporation of the solvent. 

Method II. A soh. of 1 mmol of 5 or 16 and a cat. amount of NaOMe in 20 ml of dry MeOH was stirred for 
the time indicated. The solvent was evaporated and the residue dissolved in Et20/H,0. The phases were separated, 
the aq. phase was extracted with Et20, and the combined org. extracts were washed with brine and dried. 
Evaporation furnished the hydroxy esters 17,19, and 22, which were purified as indicated below. 

Method ZII. A soln. of 1 mmol of 5 or 16 in 6 ml of THF was dropwise added to a suspension of 2 mmol of 
LiAlH, in 6 ml of THF at 0". The mixture was kept at 0 or warmed up to r.t. for the time indicated. When all 
starting material was consumed, the excess hydride was destroyed by the sequential addition of 5 ml of wet Et20 
and 2 ml of sat. aq. Na2S04 soh.  at -40"; the mixture was warmed to r.t. (1 h) and the white solid filtered off and 
washed with Et,O and CH,Cl,/MeOH 5 : 1. Evaporation furnished the diols 18 or 23, which were purified by the 
method reported below. 

Method IV. A soln. of 1 mmol of 6 and a cat. amount of NaOEt in 20 ml of dry EtOH was stirred for the time 
indicated. The solvent was evaporated and the residue dissolved in Et20/H20. The phases were separated, the aq. 
phase was extracted with Et,O, and the combined org. extracts were washed with brine and dried. Evaporation 
furnished the hydroxy ester 20, which was purified as indicated below. 

Method V .  A soh.  of 1 mmol of 14 or 16 in 10 ml of MeOH was stirred with 120 mg of Dowex 50 x 8 at r.t. for 
the time indicated. The mixture was filtered, the resin washed with MeOH, and the solvent evaporated to give a 
residue (mixture of the hydroxy acid and the corresponding methyl ester), which was dissolved in Et,O and treated 
with ethereal CH,N, at 0 .  The excess of CH2N, was destroyed by the addition of AcOH. Evaporation furnished 21 
and 22, which were further purified as indicated. 

Method VI. At 0 ,1 .7  ml of conc. HCI were dropwise added to a soln. of 1 mmol of 16 in 18.6 ml of THF, and 
further stirred at r.t. for the time indicated. Addition of H,O was followed by extraction with Et20. The org. phase 
was washed with brine, dried, and evaporated: pure hydroxy-acid. 

( I  R,2S)-2-Hydroxy-I-methylcyclopentanecarho,~ylic Acid (17a). It was prepared by Method I from 5b (19 h): 
137 mg (95%) of 17a. 'H-NMR (90 MHz): 1.25 (s, CH,-C(I)); 1.35-2.40 (m,  6 H); 4.03 (m, H-C(2)); 6.80 (br. s, 
exchange with D20,  COOH, OH). 

Methyl (1 R,2S)-2-Hydroxy-l-methylc.yclopentanec~rhoxyIute (17b). It was prepared from 5a (1 h; 124 mg, 
78%) or 5b (1.5 h; 137 mg, 87%) according to Method I I .  B.p. 85"/0.15 Torr. [a],, = +34.9 (c = 2.53). IR (film): 
3480s (br.), 2960s, 1740s, 1465~1, 1435m, 1375~1, 1120s (br.), 900m. 'H-NMR (90 MHz): 1.20 (s, CH,-C(1)); 

H-C(3')); 5.79 (m, H-C(2')). I3C-NMR (20 MHz): 171.2; 132.8; 117.8; 109.5; 75.0; 50.5; 35.1; 33.9; 29.9; 25.6 (2 
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1.30-2.30 (m, 6 H); 3.00 (br. s, exchange with D20, OH); 3.72 (s, COOCH,); 3.98 (br. s, H-C(2)). I3C-NMR (75 
MHz): 177.7 (3); 80.0 ( d ) ;  54.3 (s); 51.9 (4 ) ;  33.2 ( 1 ) ;  32.0 ( I ) ;  22.4 ( q ) ;  20.5 ( 1 ) .  MS: 158 (> 0.7, M'), 130 (21.6), 
101 (loo), 99 (11,9), 98 (27.8), 87 (25.3), 81 (22.8), 7 3  (41.9), 69 (24.6), 41 (36.6), 39 (20.5), 28 (32.2). 

( I  S.2S)-2-(Hydroxyme1hylj-2-methylcyclopentunol (18). It was synthesized from 5b by Method III (0" for 
1 h): 104 mg (80 %)of 5b as a thick oil. [a], = +32.5 (MeOH, c = 0.43). IR (film): 3350s (br.), 2975s, 1460~1, 1055s. 
'H-NMR (90 MHz): 0.97 (s, CH,-C(2)); 1.20-2.25 (m, 6 H); 3.50 (d ,  J = 12, 1 H, CH,OH); 3.70 (d, J = 12, 1 H, 
CH,OH); 3.88 (br. m, H-C(1)); 4.05 (br. s, exchange with D,O, 2 OH). ',C-NMR (75 MHz): 82.1 ( d ) ;  68.7 ( I ) ;  
46.5 (s); 34.8 ( I ) ;  33.7 ( I ) ;  23.3 ( 4 ) ;  21.3 ( t ) .  MS: 112 (7, Mf - 18), 97 (24.3), 94 (59.8), 81 (22.5), 79 (34.7), 69 (29), 
68(100),67(53.9),57(36.7),56(79.1),55(46.5),43(37.6),41 (73.1),39(44.5), 31 (35.1),27(32). 

Methyl (1 S,2S)-l-Allyl-2-hydroxycyclop~ntunecurboxylu1e (19). Using Method II  for 14 h, 169 mg (92%) of 
19were obtainedfrom5e. B.p. 110"/0.25Torr. [a] ,  = f26.3 (c = 1.87). IR(fi1m): 3480s(br.), 2950s. 1720s, 1640~1, 
1220s,915m. 'H-NMR(300MHz): 1.56-1.76(m, 3H) ;  1.78-1.91 (m. 1 H); 1.92-2.08(m, 1 H);2.13-2.26(m, 2H); 
2.39 (dd, .I = 13.9, 7.2, H-C(1')); 2.85 (d, J =4.4, OH); 3.71 (s, COOCH,); 4.07 (distorted dd, J = 8.9, 4.4, 

78.7(d); 58.6(~);51.7(4);40.5(1); 32.3(1);31.0(t);20.5(t). MS: 184(2.2,M+), 156(6.6), 152(7.2), 127(76.7), 125 
(13.3), 124(41.7), 113(12),96(29.8),95(63.6),81 (25.5),79(35),67(100),55(47.8),53(35.1),41(75.4),39(63.3), 
27 ( 3 3 ) .  

Ethyl ( I  S,2Sj-I-Allyl-2-hydroxycyclohexunecurboxy~ute (20). Method IV (9 h) afforded 174 mg (82%) of 20 
(from 6b), identical with authentic material [33]. [a], = -19.2 (c = 1.8). 'H-NMR (300 MHz): 1.20-1.37 (m, 2 H); 
1.28 ( t ,  J = 7.1, 3 H); 1.41-1.56 (m, 1 H); 1.66-1.74 (m, 1 H); 1.85-1.94 (m, 1 H); 2.10-2.16 (m, 1 H); 2.39 (ddd, 
J = 13.7, 7.6, 0.9, H-C(1')); 2.55 (ddd, J = 13.7, 7.6, 0.9, H-C(1')); 3.44 (td, J = 10.1, 3.7; ddon D,O addition, 
H-C(2)); 3.54 (hr. d, J = 10.1, exchange with D,O, OH); 4.18 (mi, 2 H); 5.05 (m, H-C(3')); 5.09 (m, H-C(3')); 
5.74-5.88 (m, H-C(2')). 

Methyl (1 S.2S.6 S)-2-Hyd~oxy-6-methyl~y~lohe~unecurbo.~ylute (Zla). This compound was synthesized from 
14c by Method Y(5 h for MethodI): 131 mg (76%). M.p. 56-57" (pentane). [ale = +73 (c = 0.2). 1R (KBr): 3210s 
(hr.), 2930s, 1735s, 1355m, 1165s, 1065s. 'H-NMR (300 MHz): 0.86 (d, J = 7.2, CH,-C(6)); 1.28 (m, 1 H); 1.56 (m, 
4 H); 2.01 (m, 1 H); 2.43 (m, H-C(1), H-C(6)); 2.80 (br. s ,  exchange with D20, OH); 3.72 (s, C02CH3); 4.02 (ddd, 

(27.8),94(14.4),69(43.6),55(16.8),43(10.9),41 (33.2),39(18.2). 
Methyl ( I  S,2 S,6R)-2-Hydro.wy-6-vinylcyclohe~unecurboxylute (Zlb). This compound was synthesized from 

14hbyMethod V(3 .5  hfor MethodI): 158mg(86%).M.p. 40(pentane). [a ] ,  = +45.8(c = 1.06). IR(KBr): 3210s 
(hr.), 2940s, 1735.7, 1640~1, 1195, 1165s, 915m, 850m. 'H-NMR (90 MHz): 1.10-1.80 (m, 5 H); 2.00 (m, 1 H); 2.50 
(dd, J = 10, 4.5, H-C(1)); 2.95 (br. m, H-C(6)); 3.20 (s, exchange with D,O, OH); 3.66 (s, CO,CH,); 4.05 (m,  
H-C(2)); 4.93 (m, H-C(2')); 5.08 (m, H-C(2')); 5.87 (m. H-C(1')). I3C-NMR (20 MHz): 173.8 (s); 137.1 (d) ;  
115.8 ( 1 ) ;  66.1 ( d ) ;  54.3 (d) ;  51.1 (q);40.8 (d ) ;  32.6 ( 1 ) ;  29.9 ( r ) ;  19.4 ( 1 ) .  MS: 184 (4.5, M+), 166 (21.9), 153 (20.7), 
151 (22.3), 116 (39.9, 113 (98), 107 (loo), 106 (35 .3 ) ,  96 (26.2), 81 (45.1), 67 (30.1), 41 (30.1). Anal. calc. for 
C,,H,,O,: C 65.19, H 8.75; found: C 65.18, H 8.69. 

Methyl ( I  S,2S,6S)-2-Hydroxy-I,6-dimethylcyclohenunecurboxylute (22a). It was prepared from 16b (Method 
V ,  2.5 h; 175 mg, 94%) or from 16a (Method I I ,  6 h; 153 mg, 82%). B.p. 100-105'/0.25 Torr. [a ] ,  = +65.4 
(c = 0.9). IR (KBr): 3500s (hr.), 2950s, 1715s, 1380m, 1280m, 1245m, 1125m. 'H-NMR (90 MHz): 0.90 (d ,  J = 7, 
CH,); 1.27 (s, CH,); 1.30-2.20 (m, 7 H); 3.03 (s, exchange with D20, OH); 3.70 (s, CO,CH,); 4.17 (m, H-C(2)). 
I3C-NMR (75 MHz): 178.5 (s); 68.4 ( d ) ;  51.5 (4) ;  51.3 ( s ) ;  36.6 ( d ) ;  28.8 ( I ) ;  27.2 ( t ) ;  19.3 ( t ) ;  16.9 (4 ) ;  15.9 (4).  
MS: 186 (5.5, M+) ,  171 (1.9), 168 (5.7), 158 ( 6 9 ,  154 (20.2), 126 (16.3), 115 (loo), 109 (23.9), 83 (33.3), 55 (30.7). 
Anal. calc. for CloHl,03: C 64.49, H 9.74; found: C 64.08, H 10.1 I. 

Methyl ( I  S,2S,6Sj-I-AIlyl-2-hydroxy-6-methylcyclohexanecurboxylu1e (22b). This compound was prepared 
from 16c, using Method V(6 h; 193 mg, 91 %) or MethodII (28 h; 167 mg, 79%). B.p. 110/0.2 Torr. [a ] ,  = f89.5 
(c = 0.5). IR (KBr): 3550s (br.), 2930s, 1720s, 1635~1, 1220s, 1205s, 1135m, 1085m, 910m. 'H-NMR (300 MHz): 
0.92 (d,  J = 7.2, CH,); 1.27 (m, 1 H); 1.58 (m. 4 H); 1.84 (m, 1 H); 2.13 (m, H-C(6)); 2.37 (dd, J = 14.3, 8.6, 
H-C(1')); 2.68 (dd, J = 14.3,6.3, H-C(1')); 2.91 (d,  J = 2.8, exchange with D20, OH); 3.70(s, CO,CH,); 4.23 (br. 
m, H-C(2)); 4.98-5.08 (m. 2 H-C(3')); 5.97 (m. H-C(2')). 'jC-NMR (75 MHz): 177.2 (s); 135.7 ( d ) ;  116.9 ( I ) ;  68.7 
(d ) ;  54.8 (s); 51.3 ( q ) ;  36.6 ( t ) ;  35.1 ( d ) ;  28.9 ( I ) ;  27.4 ( I ) ;  19.2 ( t ) ;  16.2 (4). MS: 212 (12.2, M'), 197 (2), 194 (8.3), 
184 (5.4), 180 (12.7), 171 (13.8), 155 (15.5), 153 (17.2), 141 (loo), 109 (79), 93 (36.2), 81 (66.8), 55 (40.9), 41 (54.4), 
28 (42.7). Anal. calc. for Cl,H,o03: C 67.89, H 9.50; found: C 67.68, H 9.80. 

(I S,2S,6Sj-I-Allyl-2-hydroxy-6-methylcyclohexunecurboxylic Acid (22c). Application of Method VI (3.5 h) to 
16cafforded 178mg(90%)of22casathickoil.[a],= +52.4(MeOH,c = I.4);[alD= +85.3(CHC13,c = 1.2).1R 
(film): 3600--2600s (br.), 1695s, 1640~1, 1385~1, 1240m, 1085m, 1000m, 9 1 5 4  860w, 7 3 5 ~ .  'H-NMR (300 MHz): 

H-C(2)); 5.01-5.08 (m, 2 H-C(3')); 5.65-5.79 (mi, H-C(2')). 13C-NMR (75 MHz): 176.1 (s); 133.6 ( d ) ;  177.9 ( I ) ;  

J = 11.0, 9.5, 4.6, H-C(2)). MS: 172 (< 1 ,  M + ) ,  154 (8.8), 144 (8.2), 141 (4.9), 112 (11.4), 101 (loo), 97 (10.7), 95 
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1.02 (d, J = 7.2, CHJ; 1.35 (m. 1 H); 1.60 (m, 4 H); 1.87 (m, I H); 2.15 (m, H-C(6)); 2.45 (dd, J = 14.2, 8.1, 

198 (2.3, M+), 180 (33.3), 152 (23.9), 141 (28.1), 137 (22.3), 127 (loo), 123 (22), 11 1 (24.4), 109 (94.8), 95 (32.7), 93 
(40.9), 82 (38.4), 81 (84), 79 (35.8), 67 (37.3), 55 (58.9), 41 (94.6), 39 (52). 

(1 S,2S,3Sj-2-(Hydroxymethylj-2,3-dimethylcyclohr~xanol(23a). It was synthesized from 16b by Method 111 
(O?, 4 h): 142 mg (90%) of 5b, which was crystallized from pentane. M.p. 71“. [a], = +40.9 (MeOH, c = 0.79); 
[a ] ,  = +34.7”(CHCI,, c = 0.92). IR (KBr): 3350s (br.), 2930s, 1465m,1445m, 1375m, 1020s. ‘H-NMR (300 MHz): 
0.88 (d, .I = 7.4, CH,-C(3)); 1.09 (5, CH,-C(2)); 1.16-1.28 (m. 1 H); 1.40-1.80 (m, 6 H): 2.44 (m. exchange with 

MHz):73.3(d);71.3(t);41.2(.~);36.5(d); 30.8(t);29.0(1); 19.5(t); 16.3(y); 14.6(q).MS: 140(5.1,M+ - 18), 127 
(2.9), 122(19.5), 109(45.5),96(100),83(43.9),81 (37.6),71 (23),70(47.8),69(51.3),67(36),57(31.3),55(65.7),43 
(43.5),41 (75), 29 (32). Anal. calc. for C,H,,O,: C 68.31, H 11.47; found: C 68.32, H 11.50. 

( I  S,2S,3S)-2-AIIyl-2- (hydroxymethyl)-3-methylcyclohexanol(23b). It was synthesized from 16c by Method 
IIl(r.t., 13 h): 153 mg (83%) of 23b. B.p. 130’/0.25 Torr. [a], = +38.1 (MeOH, e = 1.1). IR (film): 3460s (br.), 
2930.7, 1635m,995m, 970m,910m. ‘H-NMR (300 MHz): 0.83 (d, J = 7.3, CH,-C(3)); 1.25 (n?, I H); 1.46-1.78 (m, 
5 H); 1.87 (m, HpC(3)); 2.29 (br. m, exchange with D20, OH); 2.30 (dd, J = 14.1, 7.5, H-C(1’)); 2.44 (d, J = 3.2, 
cxchange with DzO, OH); 2.60 (dd, J = 14.1, 7.1, H-C(1’)); 3.62 (dd, J = 11.1, 7.1; d o n  D,O addition, 1 H, 
CH,OH); 3.80 (dd, J = 11.1, 6.5; d o n  D20  addition, 1 H, CH,OH); 4.03 (m, H-C(1)); 5.09-5.21 (m, 2 H-C(3’)); 

( t ) ;  l4.4(q).MS: 169(1.1,M+-15), 166(5.6), 153(5.7), 135(15.5), 125(29.5), 107(58.8),97(24.5),95(49.5),93 
(26.3), 83 (36.2), 81 (82.3), 79 (38.6), 69 (30.3), 67 (47.8), 57 (22.6), 55 (loo), 43 (36.5), 41 (65). 

H-C(l’)); 2.68 (dd, J = 14.2, 6.5, H-C(I’)); 4.24 (m, HpC(2)); 5.04-5.15 (m, 2 H-C(3’)); 6.02 (m, H-C(2’)). MS: 

D,O, OH); 3.44 (dd, J = 10.6, 6.3, H-C(1’)); 3.87 (dd, J = 10.6, 3.9, H-C(1’)); 3.90 (m, H-C(1)). I3C-NMR (75 

5.97 (m, H-C(2)). I3C-NMR: 135.9 (d ) ;  117.3 ( t ) ;  73.5 (d ) ;  68.9 (1); 43.7 (s); 32.2 (d ,  t ,  2 C); 30.2 ( 1 ) ;  28.5 ( t ) ;  19.2 

REFERENCES 

[I] D. Seebach, B. Herradon, Tetrahedron Lett. 1987,28, 3791. 
[2] B. Herradon, Helv. Chim. Aria  1988, 71, 977. 
[3] D. Seebach, E. Hungerbuhler, in ‘Modern Synthetic Methods’, Ed. R. Scheffold, Salle and Sauerlander, 

[4] D. Seebach, R. Imwinkelried, Th. Weber, in ‘Modern Synthetic Methods’, Ed. R. Scheffold, Springer, Berlin, 

[5] D. Seebach, S. Roggo, J. Zimmermann, in ‘Stereochemistry of Organic and Bioorganic Transformations’, 

[6] D. Seebach, J. D. Aebi, M. Gander-Coquoz, R. Naef, Helu. Chim. Acta 1987, 70. 1194, and ref. cit. therein. 
[7] R. Fitzi, D. Seebach, Tetrahedron 1988,44, 5277, and ref. cit. therein. 
[8] H. Estermann, D. Seebach, Helu. Chirn. Actu 1988, 71, 1824. 
[9] J. Zimmermann, D. Seebach, T. K. Ha, Helu. Chim. Acra 1988, 71. 1143. 

Berlin, 1980, Vol.2, pp.91-171. 

1986, V01.4, pp. 125-259. 

Eds. W. Bartmann and K. B. Sharpless, VCH, Weinheim, 1987, pp. 85 126. 

[lo] W. Amberg, D. Seebach, Angew. Chem. 1988,100. 1786; ibid. Int. Ed. 1988,27, 1718. 
[I I ]  J .  Zimmermann, D. Seebach, Helu. Chim. Acta 1987, 70, 1104. 
[I21 D. Seebach, J. Zimmermann, U.  Gysel, R. Ziegler, T.K. Ha, J.  Am. Chem. Soc. 1988,110,4763. 
[I31 D. Seebach, J .  Zimmcrmann, Helu. Chirn. Acra 1986,69. 1147. 
[I41 Y .  Noda, D. Seebach, Helu. Chim. Acta 1987, 70, 2137. 
[15] D. Seebach, U. Misslitz, P. Uhlmann, Angew. Chem. 1989, 101.484; ibid. Int.  Ed. 1989,28, in press. 
[16] S.F. Martin, Tetrahedron 1980,36,419. 
[I71 A. E. Greene, F. Charbonnier, M. J. Luche, A. Moyano, .I. Am. Chem. Soc. 1987, 109,4752. 
[I81 A . I .  Meyers, B.A. Lefker, Tetrahedron 1987,43, 5663. 
[19] a) T. Money, Not. Prod. Rep. 1985,2,253; b) J.H. Hutchinson, T. Money, S. E. Piper, Can. J .  Cl7em. 1986,64, 

[20] S. Hanessian, ‘Total Synthesis of Natural Products. The “Chiron” Approach’, Pergamon Press, Oxford, 1983. 
[21] S. Torii, T. Inokuchi, R. Oi, K. Kondo, T. Kobayashi, J .  Org. Chem. 1986,51,254; T. V. Rajanbabu, W.A.  

[22] E. J.  Corey, W. G. Su, Tetrahedron Lett. 1988,29, 3423. 
[23] M. Asaoka, K. Shima, H. Takei, Tetrahedron Lett. 1987,28,5669; M. Asaoka, K. Takenouchi, H. Takei, ibid. 

1988, 29, 325; M. Asaoka, K. Shima, H. Takei, J .  Chem. Soc., Chem. Commun. 1988, 430; M. Asaoka, 
K. Shima, N. Fujii, H. Takei, Tetrahedron 1988,44, 4757. 

854. 

Nugent, D.F. Taber, P. J. Fagan, .I. Am. Chem. Soc. 1988,110,7128. 



HELVETICA CHIMICA AcrA ~~ Vol. 72 (1989) 713 

[24] P. J. Mc Closkey, A. G. Schultz, J .  Org. Chem. 1988, 53, 1380; A. G. Schultz, M. Macielag, D.E. Podhorez, 
J. C. Sudaholruk, R. K. Kullrug, ibid. 1988, 53, 2456; A. G. Schultz, M. Macielag, P. Sundararaman, A. G. 
Taveras, M. Welch, J .  Am. Chem. Soc. 1988,110, 7828, and ref. cit. therein. 

[25] D. Seebach, H. 0. Kalinowski, Nuchr. Chem. Techn. Lab. 1976,24, 415. 
[26] E.G. Baggiolini, B. M. Hennessy, J.A. Iacobelli, M.R. Uskokovic, Tetrahedron Lett. 1987, 28, 2095; L. 

Castedo, J. L. Mascarenas, A. Mourino, ibid. 1987,28,2099; J. M. Aurrecoechea, W. H. Okamura, ibid. 1987, 
28, 4947. 

[27] K.  Tadano, M. Miyazaki, S. Ogawa, T. Suami, J .  Org. Chem. 1988,53, 1574. 
[28] T. K. Devon, A. I. Scott, ’Handbook of Naturally Occurring Compounds’, Academic Press, New York, 1975, 

V01.2; K. Nakanishi, T. Goto, S. Ito, S. Natori, S. Nozoe, Eds., ‘Natural Products Chemistry’, Academic 
Press, New York, 1974, Vol. 1, 1975, Vol.2, Oxford University Press, Oxford, 1983, Vol.3; T.L. Ho, 
‘Carbocycle Construction in Terpene Synthesis’, VCH, Weinheim, 1988. 

[29] R. Noyori, T. Ohkuma, M. Kitamurd, H. Takaya, N. Sayo, H. Kumobayashi, S. Akutagawa, J .  Am. Chem. 
Sue. 1987, 109, 5856. 

[30] a) D. Buisson, R. Azerad, Tetrahedron Lett. 1986, 27, 2631 ; b) T. Sato, H. Maeno, T. Noro, T. Fujisawa, 
Chem. Lett. 1988, 1739; c) J. P. Genet, S. Juge, S. Mallart, Tetrahedron Lett. 1988, 29, 6765. 

[31] D. Seebach, S. Roggo, Th. Maetzke, H. Braunschweiger, J.  Cercus, M. Krieger, Helu. Chim. Acta 1987, 70, 
1605. 

[32] R. W. Hoffmann, W. Helbog, W. Lacher, Tetrahedron Lett. 1982, 23, 3479. 
[33] B. S. Deol, D. 0. Ridley, G. W. Simpson, Aust. J.  Chem. 1976,29, 2459. 
[34] G. Friter, Helu. Chim. Acta 1980,63, 1383. 
[35] B. Kay, J. B. Robinson, J .  Chem. Soc. ( C )  1969,248. 
[36] J.A. Musich, H. Rapoport, J.  Am. Chem. Soc. 1978,100,4865. 
[37] D. Seebach, R. Imwinkelried, G. Stucky, Helu. Chim. Acta 1987, 70,448. 
[38] T. Tsuuoda, M. Suzuki, R. Noyori, Tetrahedron Lett. 1980, 21, 1357; R. Noyori, S. Murata, M. Suzuki, 

[39] J. J. de Kouing, H. J. Kooreman, H. S. Tari, J. Verwey, J. Org. Chem. 1975,40, 1346. 
[40] T. Mukhopadhyay, D. Seebach, Helu. Chim. Acta 1982,65, 385; see also Chimia 1985,39, 147. 
[41] J. Mulzer, A. Chucholowsky, Angew. Chem. 1982,94, 787; ibid. Int. Ed. 1982,21, 777. 
[42] H. J .  Reich, I. L. Reich, J.M. Renga, J .  Am. Chem. Soc. 1973, 95, 5813; K. B. Sharpless, R.F. Lauer, A. Y. 

[43] D. Liotta, M. Saindare, D. Brothers, J. Org. Chem. 1982,47, 1598. 
[44] D. J. Clive, .I. Chem. Soc.. Chem. Commun. 1973,695. 
[45] A. Horeau, in ‘Stereochemistry. Fundamental and Methods’, Ed. H. B. Kagdn, Georg Thieme Publisher, 

[46] M. Suzuki, T. Suzuki, T. Kawagishi, R. Noyori, Tetruhedron Lett. 1980, 21, 1247. 
[47] W.C. Still, M. Kahn, A. Mitra, J .  Org. Chem. 1978,43, 2923. 
[48] G. H. Posner, Org. React. 1972, 19, 1; G. H. Posner, ‘An Introduction to Organic Synthesis using Organo- 

copper Reagents’, John Wiley and Sons, New York, 1980. 
[49] G. Stork, J. d’Angelo, J .  Am. Chem. Soc. 1974,96, 7114. 
[50] T. Takahashi, M. Nisar, K. Shimizu, J. Tsuji, Tetrahedron Lett. 1986,27, 5103. 
[51] D. Seebach, Angew. Chem. 1988,100, 1685; ibid. Int. Ed. 1988,27, 1624. 
[52] Th. Laube, J.D. Dunitz, D. Seebach, Helu. Chim. Acta 1985,68, 1373; R. Polt, D. Seebach, ./. Am. Chem. Soc. 

[53] H. J. Reich, E. J. Eiseuhart, R. E. Olson, M. J. Kelly, J.  Am. Chem. Soc. 1986, 108, 7791. 
[54] L. M. Jdckman. S. Sternhell, ‘Applications of Nuclear Magnetic Resonance Spectroscopy in Organic Chemis- 

[55] G. M. Kellie, F. G. Riddell, Topics Stereochem. 1974,8, 225. 
[56] E. L. Elicl, Sr. M.C. Knoeber, J. Am. Cheni. Soc. 1966,88. 5347; F. A. Johnson, S. W. Zito, R. Sarma, B. M. 

Mc Kecver, Tetruhedron Lett. 1978, 753; D. Goldsmith, J. K. Thottathil, J.  Org. Chem. 1982, 47, 1382, and 
ref. cit. in this article. 

Tetrahedron 1981,37, 3899. 

Tcranishi, ibid. 1973,95, 6137; H.J. Reich, J. M. Rcngd, I .  L. Reich, ibid. 1975, 97, 5434. 

Stuttgart, 1987, Vol. 3, pp. 51-94. 

1989, I l l .  2622. 

try’, Pergamon Press, Oxford, 1969. 

[57] D. Seebach, J. Aebi, D. Wasmuth, Org. Synth. 1985,63, 109. 
1581 R. Bucourt, Topics Stereochem. 1974, 8, 159; E. Toromanoff, Tetrahedron 1980, 36, 2809; D. A. Evans, in 

‘Asymmetric Synthesis’, Ed. J .  D. Morrison, Academic Press, Orlando, 1984, Vol. 3, pp. 1-1 10; E. Toroma- 
noff, Bull. Soc. Chim. Fr. 1987, 893; E. Winterfeldt, ‘Stereoselektive Synthese. Prinzipien und Methoden’, 
Friedr. Vieweg und Sohn, Braunschweig, 1988. 



714 HELVETICA CHIMICA ACTA - VOl. 72 (1989) 

[59] P. Ayras, K. Pihlaja, Tetrahedron 1973,29, 3369. 
[60] K .  N. Houk, Pure Appl. Chem. 1983,55,277; K.  N. Houk, Y. D. Wu, in ref. [5], pp. 247-260. 
[61] Y.D. Wu, K.N.  Houk, B.M. Trost, J .  Am. Chem. Soc. 1987,109,5560, 
[62] N.T. Ahn, 0. Eisenstein, Topics Curr. Chem. 1980,88, 145. 
[63] M .  ChCrest, H. Felkin, Terrahedron Lett. 1968,2205. 
[64] E. J .  Corey, J .  Am. Chem. SOC. 1954, 76. 175; E. J .  Corey, R. A. Sneen, ihid. 1955, 78.6229. 
[65] K. Tomioka, H. Kawasaki, K .  Koga, Tetrahedron Letl. 1985, 26, 3027; K. Tomiokd, K. Yasuda, H. 

Kawasaki, K .  Koga, ihid. 1986,27,3247; K. Tomioka, H. Kawasaki, K. Ydsuda, K. Koga, J .  Am. Chem. SOC. 
1988,110,3597. 

[66] G.H. Posner, Ch. E. Whitten, J.  J .  Sterling, J.  Am. Chem. SOC. 1973, 95, 7788. 
[67] D. P. Perrin. W. L. F. Armarego, ‘Purification of Laboratory Chemicals’, Pergamon Press, Oxford, 1988. 
[68] W.G. Kofron, L.N. Baclawski, J.  Org. Chrm. 1976,41, 1879. 
[69] S. Valverde, B. Herradon, R. M. Rabdnal, M. Martin-Lomas, Can. J .  Chem. 1987,65, 339. 




