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The carbenoids 2 undergo at - 110°C a bromine/lithium ex- 
change reaction with 1,l-dibromo alkanes. This leads to partial 
equilibration of the carbenoids 2 during their generation from 

the 1,l-dibromo compound 1. In the absence of the precursor 
1, the carbenoids 2 have been found to be configurationally 
stable at - 110°C. 

Diastereoselectivity in the formation of the products 3 
from the dibromo compound 1 via the diastereomeric car- 
benoids 2*) depends on the relative magnitude of the various 
rate constants for (a) the kinetic diastereoselectivity in the 
exchange of the diastereotopic bromine atoms in 1 (=  kl), 
(b) the epimerisation of the carbenoids 2 (= k2) and (c) the 
trapping of the carbenoids 2 by electrophiles (= k3). We 
report here on investigations to gain a better understanding 
of the mechanistic aspects of this reaction. 
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Equilibration of the Carbenoids 2 Mediated by the 
Dibrorno Compound 1 

Seyferth has shown many years ago3) that a-bromocy- 
clopropyllithium compounds undergo bromine/lithium ex- 

change with their precursor, the 1,l-dibromocyclopropanes. 
This results in an equilibration of the diastereomeric a-bro- 
mocyclopropyllithium compounds during their genera- 
tion l ~ ~ ) .  An analogous equilibration of the a-bromoalkylli- 
thium compounds 2 during their generation from the di- 
bromo compound 1 may be one of the factors that affect 
the diastereomer ratio of the products 3. In order to prove 
or disprove the occurrence of such an exchange reaction we 
have treated the carbenoids 2 with one equivalent of the 
dibromo compound 4 at -100°C in a Trapp solvent 
mixture5). 

Scheme 2 
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Acetone 1 

The mixture is quenched after 10 min by addition of ace- 
tone to give both epoxides 6 and 7, the latter predominating 
slightly. Thus, the bromine exchange between the carbenoids 
2 and the dibromo compound 4 has occurred to a substan- 
tial extent already during 10 min at -100°C. Therefore, 
partial equilibration of the carbenoids 2 should have oc- 
curred during their generation from the dibromo compound 
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1. The product ratios of 3 (68: 32 to 73: 27) obtained by 
reaction of pregenerated carbenoids 2 with electrophiles 
(methods A and D in ref.2)) may therefore not represent the 
kinetic diastereoselectivity in the exchange of the diastereo- 
topic bromine atoms in 1. Higher butyllithium concentra- 
tions or a more rapid addition of butyllithium should give 
rise to less equlilbrateted mixtures of the carbenoids. The 
variations in the diastereomer ratios of all the experiments 
carried out by method A’) 68:32 to 74:26 (cf. p. 1245) 
therefore reflect the reproducibility of the experiments, i.e. 
variations in the extent to which equilibration of 2 has 
occurred during the generation of the carbenoids”. 

One other variable is the order of the addition of the 
reagents. Generation of the carbenoids 2 by inverse addition 
of the dibromo compound 1 to butyllithium followed by 
trapping with acetone or cyclohexanone (method D) gives 
the adducts 3 in the same ratio as method A (cyclohexanone) 
or a slightly increased ratio (acetone). In fact, the chances 
for partial equilibration of the carbenoids 2 by reaction with 
the dibromo compound 1 should to a first approximation 
not depend on the order of addition of the reagents. 

If the product ratios of 3 representfully equilibrated car- 
benoids, the product ratios of all experiments carried out 
by method A’) should be the same, provided that the car- 
benoids 2a are configurationally stable in the absence of 
their precursor 1. That the latter condition is indeed fulfilled 
will be shown below. 

Product mixtures approaching the kinetic diastereoselec- 
tivity in thc cxchange of diastereotopic bromine atoms may 
be obtained by in situ trapping of the carbenoids with elec- 
trophiles as has been found in a different study’). The data 
on p. 1245 show that indeed higher product ratios (ca. 84: 16) 
result for the in situ trapping (method B’)) of 2 by acetone 
or cyclohexanone6). The extent of partial equilibration of 
the carbenoids 2 during their generation is essentially limited 
by the competitive situation outlined in Scheme 3. 

fact that both in situ and reverse in situ trapping of 2 by 
the ketones give the same diastereomer ratio of ca. 82:18 
suggests that the condition k,[E] > kJl] is fulfilled and 
that this value reflects the true kinetic diastereoselection in 
the exchange of the diastereotopic bromine atoms of 1. 

If k,[E] becomes smaller than k,[l] the differences in the 
product ratios between the in situ trapping and the sequen- 
tial trapping should vanish as the electophile is no longer 
reactive enough to suppress the equilibration of the carbe- 
noids during their generation. This appears to hold for the 
trapping of 2 by TMS-imidazole, for which methods A-C 
lead to identical product ratios of 73: 27’). This situation 
may also apply to the trapping by the isopropylboronate 
(26, p. 1245’)) but it is doubtful whether this also holds for 
the trapping by the aldehydes (cf. ref.”). In fact, aldehydes 
should have a higher k j  than ketones. However, it is not the 
value of a single rate constant, but rather the term k,[E]/ 
k4[l], which controls the level of carbenoid equilibration. It 
is likely that the aldehyde is so reactive, that it already in- 
tercepts part of the butyllithium in the in situ experiments. 
This does not only lead to a decrease of the concentration 
of the aldehyde [El, but also to a decrease of that of the 
butyllithium to the effect that the carbenoids 2 are more 
slowly generated. As a consequence, the concentration of 
the dibromo compound 1 decreases more slowly and may 
not even go to zero in the in situ experiments. All of this 
may render the term k3[E]/k4[1] smaller than 10 or even 
smaller than 1 as the reaction progresses. This may account 
for the at first sight puzzling phenomenon, that in situ trap- 
ping of the carbenoids 2 by isobutyraldehyde does not lead 
to the “expected” 82: 18 product ratio. 

Kinetic Selectivity in the Exchange of the Diastereotopic 
Bromine Atoms of 1 

The selectivity in the exchange of the diastereotopic bro- 
mine atoms of 1 should depend on the nature of the orga- 
nolithium compound RLi. Once it has been established that 
in situ trapping of the carbenoids 2 by acetone essentially 
suppresses equilibration of 2 by bromine/lithium exchange 
with 1, it is possible to test various organolithium com- 
pounds with respect to their ability to discriminate the bro- 
mine atoms of 1. 

Scheme 3 
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Provided that k3[E]/k4[1] 2 10 throughout the major 
part of the reaction the diastereomer ratio of 3 would re- 
present the kinetic diastereoselectivity of the reaction of the 
dibromo compound 1 with butyllithium. The ultimate way 
to render k3[E] % k4[l] would be to use a reversed in situ 
technique, i.e. to add a mixture of 1 and the ketone (elec- 
trophile) to n-butyllithium (method C, ref.’)). The product 
ratios reported on p. 1245 show that method C affords es- 
sentially the same results (ca. 82:18) for trapping of 2 by 
acetone or cyclohexanone as by means of method B. The 

Me3Si0 R L  Me,SiO fl+H Me3Si0 - 
Br -llooc 

1 6a  6 b  

+ Acetone 

Table 1 records the ratio of the epoxides 6a and 6b ob- 
tained by in situ trapping of the carbenoids 2, generated by 
various organolithium compounds. The more reactive tert- 
butyllithium has been found to be the least selective. In 
terms of preparative aspects, n-butyllithium turns out to be 
the most efficient reagent. 

Chem. Ber. 124 (1991) 2259-1264 



Chiral Organometallic Reagents, 111 1261 

Table 1. Kinetic selectivity in the exchange of the diastereotopic 
bromine atoms of 1 by in situ trapping of 2 with acetone 

RLi Product ratio 6a:6b 

McLi 
nBuLi 
PhLi 
sBuLi 
iBuLi 

81:19 
80: 20 
7 3 ~ 2 7  
7 2 :  28 
60:40 

Configurational Stability of the u-Bromoalkyllithium 
Compounds 2 

The statement of configurational stability is always rela- 
ted to a time scale. The interpretation of the data in Table 
1 suggests that relative to the rate of being trapped by acet- 
one the carbenoids 2 do not equilibrate to a significant ex- 
tent (otherwise the product ratios 6a/6b in Table 1 should 
be constant). Furthermore, it has been shown') by a different 
test that simple a-bromoalkyllithium compounds add to al- 
dehydes at - 120°C faster than they undergo enantiomer 
equilibration. To get information on the configurational 

Scheme 5 
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stability of2 on a macroscopic time scale, we have prepared') 
the diastereomeric tin compounds 9. 

By HPLC separation of the 65: 35 diastereomer mixture 
one isomer (9a) is available in >97% purity, the other (9b) 
is enriched to about 85%. The isomeric compounds 9 are 
separatley subjected to a tin/lithium exchange') with n-bu- 
tyllithium at -110°C. Addition of acetone after 10 min 
leads to the epoxides 12. From the reaction of 9a 79% of 
the epoxide 12a of 99% diastereomeric purity is obtained. 
In turn, the reaction of the isomer 9b (containing 15% of 
9a) leads to the epoxides 12, with 12b predominating by 
75%. The yield is, however, surprisingly low (39%). Perhaps 
the tributyltin group in 9a is in a topos which is preferen- 
tially attacked by n-butyllithium, cf. the reaction of 11 with 
n-butyllithium described below. In 9b, however, it is the 
bromine atom which is in that position, where exchange is 
preferred. Since tin/lithium exchange is only slightly faster 
than bromine/lithium exchange *I, the latter may be a major 
side reaction on treatment of 9b with n-butyllithium, ac- 
counting for the low yield of 12b. 

The epoxides 12 have also been prepared for reference 
purposes from the dibromo compound 11. They are ob- 
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Figure 1. Time dependence or the products on the reaction of 
1 with a) 1.5 equivalents of nBuLi and b) with 0.6 equivalents of 

nBuLi 

Chem. Ber. 124 (1991) 1259-1264 



1262 R. W. Hoffman, M. Bewersdorf 

tained in 88% yield in an 80:20 ratio by situ trapping of the 
carbenoids with acetone. The structures of the diastereomers 
of 12 are assigned by desilylation to the epoxy alcohols, 
which are independently generated from the silylated epoxy 
alcohols 6 obtained from 12). The structural assignment of 
the isomeric tin compounds 9 is based on that of the epox- 
ides 12, taking into account that tin/lithium exchange has 
been shown to occur with retention of configuration'). 

These experiments demonstrate that the a-bromoalkyl- 
lithium compound 10a is configurationally stable for at least 
10 min at - 1 lO"C, and indicate that the same may hold 
for its epimer lob. These results have encouraged us to per- 
form a direct test of the configurational stability of a mixture 
of carbenoids 2. To this end a solution of 1 in a Trapp 
solvent mixture5) is converted to the carbenoids 2 by reac- 
tion with 1.5 equivalents of n-butyllithium. Aliquots con- 
taining an internal standard are ejected at representative 
time intervals into precooled (- 1lOT) acetone/THF. The 
products, in particular the diastereomer composition of the 
epoxides 6 are analysed by gas chromatography. 

14  

Quenching after 0 and 2 min reveals the presence of re- 
sidual dibromo compound 1. After 5 min, the bromine/li- 
thium exchange is complete. The bromo compound 13 is 
found in all the samples to ca. lo%, be it formed by adven- 
titious moisture in the acetone or by deprotonation of the 
acetone. Traces (< 3%) of the dimer 14 have also been found, 
which is formed as the major product upon warming of 
solutions of 2 to -60°C. The amounts of the products are 
plotted as a function of the time between the generation and 
trapping of the carbenoids 2 in Figure la). The essentially 
constant ratio of 6a/6b (ca. 71 : 29) corresponds to that found 
by method A in ref.*) and indicates the configurational sta- 
bility of the carbenoids 2 over the period investigated, pro- 
vided the ratio does not respresent the equilibrium value. 
In order to test this, a second, otherwise identical experiment 
has been carried out using only 0.6 equivalents of n-butyl- 
lithium. Apart from remaining 1, the time dependence of the 
products recorded in Figure 1 b) revealed the ongoing equi- 
libration of the carbenoids via the dibromo compound 1. 
Actually, the 6a/6b ratio reaches a maximum of 74: 26 after 
2 min and decreases constantly, inverting after 20 min in an 
approach to an equilibrium, in which 2b is favored over 2a. 

In summary, we have shown that the carbenoids 2 equi- 
librate within 20-30 min at -110°C in the presence of 
their precursor dibromo compound 1. In the absence of the 
latter they are configurationally stable. 

We acknowledge the skilful help of S. Textor. This study has 
been supported by the Deutsche Forschungsgemeinschafi (SFB 260) 
and the Fonds der Chemischen Industrie. We would like to thank 
thc BASF Aktiengesellschuft for the supply of chemicals. 

Experimental 
All temperatures quoted are not corrected. - 'H, 13C NMR: 

Bruker AC 300. - Analytical gas chromatography: Siemens Sichro- 
mat 3 with a 30-m capillary column, SE 52. - Preparative gas 
Chromatography: Wilkens Aerograph A-90-P3, 2.5 m x 0.63 cm 
column with 5% apiezon on Chromosorb G, AW-DMCS 60-80 
mesh. - Column chromatography: Silica gcl 60 (0.063 -0.200 mm, 
Merck). - Flash chromatography: silica gcl 60 (0.040-0.063 mm, 
Merck). - Preparative H P L C  Merck-Hitachi; Lichrosorb RP-18- 
10. 

1. Brominellithium Exchange between the Carbenoid 2 und 1.1- 
Dibromo-4,4-dimethy1-3-(trimrthylsiZy/oxy)pentane (4): To a solu- 
tion of 166 mg (0.5 mmol) of l,l-dibromo-4-methyl-3-(trimethylsi- 
1yloxy)pentane (1) in 5 ml or a Trapp solvent mixture" was added 
at -1Oo'c 0.41 ml (0.6 mmol) of a 1.46 M solution of n-butyl- 
lithium in hcxane. After stirring for 10 min, a solution of 173 mg 
(0.5 mmol) of 1 ,l-dibromo-4,4-dimethyl-3-trimethylsilyloxy~entane 
(4) in 5 ml of a Trapp solvcnt mixture was added dropwise. Aftcr 
stirring for 10 min, 58 mg (1.0 mmol) of acetone was added. The 
mixture was stirred for 1 h at - 100°C. After reaching room temp., 
the mixture was poured onto 50 ml of a saturated aqueous NH4CI 
solution. The phases werc separated, and the aqueous phase was 
extracted twice with 20 ml each of ether. The combined organic 
phases werc washed with 50 ml of brine, dried with MgS04 and 
concentratcd in vacuo. The crude product was analyscd by gas 
chromatography (120- 180'T) which showed the prescnce of both 
diastcreomers of 6 as well as of both diastereomers of 7. 

2. Kinetic Diustereoseleclivity of in situ Trapping ojthe Carbenoids 
2 Generated by BrominelLithium Exchunge in I by Diferent Or- 
gumlithium Compounds: To a solution of 166 mg (0.5 mmol) of 1 
and of 58 mg (1.0 mmol) or acetone in 5 ml of a Trapp solvent 
mixture5) was added at -110 C one equivalent of the organoli- 
thium compound in 20 ml of a Trapp solvent mixture. After stirring 
for 1 h at - 110 "C, thc mixture was allowed to reach room temp. 
and was processed as described undcr 1. 

3. 4-~tert-Butyldimethyls i ly /~~xy)-5-methyl-f-hexene:  A solution 
of 1.14 g (10.0 mmol) of 4-hydroxy-5-methyl-1-hexene in 10 ml of 
anhydrous THF was treated with 1.15 g (10.0 mmol) of a 35% 
suspension of potassium hydride in white oil. After the hydrogen 
evolution had ceased, 1.43 g (9.5 mmol) of tert-butylchlorodimeth- 
ylsilane was added. Thc mixture was allowed to react for ca. 15 h 
and then hydrolysed by careful addition to 20 ml of saturated aquc- 
ous NH4CI solution. Thc phases werc separated, and the organic 
phase was washed with 20 ml of saturatcd aqueous NH4Cl solution. 
The combincd aqueous phases were extracted twice with 10 ml each 
of ether, and the combincd organic phases were washcd with 30 ml 
of brinc, dried with MgS04, and concentrated. The residual oil 
(2.30 g) was purified by chromatography with petroleum ether 
(40-60°C) on 80 g of silica gel to givc 1.22 g (56%) of 4-(tert- 
butyldimethy1silyloxy)-5-methyl-1 -hcxene. - 'H NMR (300 MHz, 

0.87 (d, J = 6.9 Hz, 3H), 0.93 (s, 9H), 1.69 (sept d, J = 6.8 and 
4.6 Hz, 1H),2.17-2.22(m,2H),3.45-3.50(m, lH),4.90-5.07(m, 
2H), 5.75 - 5.89 (m, 1 H). - 13C NMR (75 MHz, CDCL,): 6 = -4.6, 

CDCII): 6 = 0.04 (s, 3H), 0.05 (s, 3H), 0.86 (d, J = 6.8 Hz, 3H), 

-4.2, 17.3, 18.2, 18.5, 25.9, 32.6, 38.6, 76.6, 116.3, 135.9. 
C13H280Si (228.5) Calcd. C 68.35 H 12.35 

Found C 68.40 H 12.57 

4. 3- (tert-Butyldimethylsilyloxy~-4-methy/pentunu/ (8): Into a so- 
lution of 11.42 g (50.0 mmol) of 4-(tert-butyldimcthyIsilyloxy)-5- 
methyl-I-hexene in 50 ml of anhydrous CH2C12 was introduced at 
-78°C a stream of ozone. After thc bluc color persistcd, an excess 
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of ozone was rcmoved by a stream of nitrogen. 3.90 g (60 mmol) A mixture of 9b and 9a (85: 15) was treated exactly as above to 
of zinc and 7.7 ml of acetic acid were added. The mixture was give 6 mg (ca. 30%) of a mixture of 12b/12a = 75: 25. The products 
allowed to reach room temp. with vigorous stirring, filtered and the were identified by a comparison with the material described 
filtrate was washed with 100 ml each of saturated aqueous NaHCO, under 8. 
solution until the aqueous phase was no longer acidic. The com- 
bined aqueous phases were washed with 20 ml of CH2CI2. The com- 
bined organic phases were washed with 100 ml of saturated aque- 
ous NH4CI solution which was back-extractcd with 20 ml of 
CH2CI2. The combined organic phases were washed with 100 ml of 
brine, dried with MgS04, and concentrated. The crude product 
(11.80 g) was chromatographed on 200 g of silica gel with petro- 
leum ether (40-6OCC)/ether (4: l) to give 10.37 g (90%) of 8. - 'H 

J =  6.8Hz,3H),0.89(d,J= 7.8Hz,3H),0.88(~,9H),1.74-1.82 
(m, lH), 2.39-2.57 (ABXY system, J A B  = 15.7, JAX = 7.0, JBX = 

4.6, JAY = 3.0, JBy = 3.1 Hz, 2H), 4.03 (dt, J = 7.0 and 4.6 Hz, 
1 H), 4.03 (dd, I = 3.0 and 2.0 Hz, 1 H), 9.82 (dd, J = 2.1 and 2.0 

18.1, 25.8, 34.0, 47.3, 72.5, 202.7. 

NMR (300 MHz, CDC13): 6 = 0.01 (s, 3H), 0.03 (s, 3H), 0.88 (d, 

Hz, 1 H). - "C NMR (75 MHz, CDCI,): 6 = -4.6, -4.5, 17.2, 

5. I-Bromo-3-(tert-hutyldimethylsilyloxy/-I-methyl-i-(trihutyl- 
stannyljpentane (9): Lithium diisopropylamide was generated at 
0°C from 2.02 g (20 mmol) of diisopropylamine in 40 ml of anhy- 
drous THF with 13.7 ml (21 mmol) of a 1.53 M solution of n-bu- 
tyllithium in hexane. After cooling to -78"C, 5.80 g (20 mmol) of 
tributyltin hydride was added. After 20 min, a solution of 4.61 g (20 
mmol) of 8 in 5 ml of anhydrous THF was added dropwise. Stirring 
was continued at - 78°C for 1 h. Then the mixture was allowed to 
reach room temperature. It was washed twice with 150 ml each of 
saturated aqueous NH4CI solution. The aqueous phases were back- 
extracted twice with 50 ml each of ether. The combined organic 
phases were washed with 200 ml of brine, dried with MgS04, and 
concentrated. The residual oil (10.1 g) was dissolved in 150 ml of 
anhydrous CH2CI2. 6.63 g (20 mmol) of tetrabromomethane and 
5.24 g (20 mmol) of triphenylphosphane were added. After stirring 
for 4 h, the mixture was processed as described above. The crude 
products were triturated three times with 50 ml each of petroleum 
ether (40-6O'C). The combined organic phascs wcrc chromato- 
graphed on 250 g of silica gel with petroleum ether (40-60°C) to 
give 6.1 5 g (53%) of 9 as a 67: 33 diastereomeric mixture. 

Calcd. C 49.33 H 9.14 
Found C 49.48 H 9.10 

C24HS3BrOSiSn (584.4) 

The diastereomers were separated by preparative HPLC using 
methanol/water (20: 1). The faster eluting (IR*,3R*)-9a was ob- 
tained pure. ~ 'H  NMR (300 MHz, CDCI,): 6 = 0.03 (s, 3H), 0.08 
(s, 3H), 0.70-1.05 (m, 30H), 1.20-1.36 (m, 6H), 1.38-1.58 (m, 
6H),1.64-1.95(m,3H),3.68-3.84(m,2H). - 13CNMR(75MHz, 

33.6, 36.2, 39.2, 74.0. 

by HPLC. 

CDCI,): 6 = -3.7, -3.9, 9.6, 13.5, 16.4, 17.9, 18.1, 26.0, 27.2, 28.8, 

The other diastereomer (1R*,3S*)-9b was enriched to only 85% 

6. Generation of the Individual a-Bromoalkyllithium Compounds 
10 ,from the Perilunes 9: To 38 mg (65 pmol) of 9a in 2 ml of a 
Trapp solvent mixture5' was added at -110°C by means of a sy- 
ringe 127 pl (195 pmol) of a 1.53 M solution of n-butyllithiurn in n- 
hexane. After stirring for 20 min, 11.6 mg (0.2 mmol) of acetone 
was added, and the mixture was allowed to reach room temperature 
and was processed as described under 1. The crude oxiranes 12 
were purified by flash chromatography with petroleum cthcr 
(40-6O0C)/ether (95:5) to give 14 mg (ca. 80%) of (2R*,3S*)-3-[2- 
(terr - butyldimethylsilyloxy)-3-mcthylbutyl]-2,2-dimethyloxiranes 
12 as a colorless oil. The diastereomer ratio was determined by GC 
(120- 160°C) to be 98.8: 1.2. 

7. 1,i-Dibromo-3-(tert-butyldimethylsilyloxyj-I-methylpentane 
(11): 1.30 g (5.0 mmol) of l,l-dibromo-4-methyl-3-pentanol 2), 67 mg 
(10 mmol) of imidazole, 90 mg (6.0 mmol) of tert-butylchlorodi- 
methylsilane, and a few mg of 4-(dimethylamino)pyridine were dis- 
solved in 5 ml of DMF. After stirring for 3 d, the solution was 
diluted with 50 ml of ether. It was washed with 50 ml each of sat- 
urated aqueous NH,CI solution until the aqueous phase was no 
longer alkaline. The combined aqueous phases were back-extracted 
twice with 30 ml of ether. The combined organic phases were washed 
with 50 ml of brine, dried with MgS04, and concentrated. The 
residual oil was chromatographed on 70 g of silica gel with petro- 
leum ether (40-6OGC)/ether (9: l )  to give 1.64 g of the crude pro- 
duct which containcd some 1,3-di-tert-butyl-l,1,3,3-tetrameth- 
yldisiloxane. The latter contaminant was removed by bulb-to-bulb 
distillation at 0.05 Torr from a bath of 80-120"C, leaving behind 
1.41 g (75%) of 11.  - 'H NMR (300 MHz, CDC13): S = 0.06 (s, 
3H), 0.11 (s, 3H), 0.87 (d, J = 6.9 Hz, 3H), 0.89 (d, J = 6.8 Hz, 
3H), 0.90 (s, 9H), 1.80 (sept d, J = 6.9 and 3.6 Hz, 1 H), 1.32-2.52 
(ABXY system, J A B  = 14.4, J A X  = 10.1, JBy = 9.1, J B X  = 3.7, 
JAY = 3.1 Hz, 2H), 3.72 (dt, J = 9.1 and 3.6 Hz, 1 H), 5.69 (dd, 
J = 10.1 and 3.7 Hz, 1H). - I3C NMR (75 MHz, CDCl3): 6 = 

C12H26Br20Si (374.2) Calcd. C 38.51 H 7.00 
Found C 38.77 H 6.88 

-4.5, -4.3, 16.2, 17.9, 18.1, 25.9, 33.2, 44.5, 48.0, 74.9. 

8. 3-[2-(tert-Butyldimethylsilyloxy)-3-methylbutylJ-2,2-dimeih- 
yloxiranes (12): A solution of 748 mg (2.0 mmol) of 11 in 20 ml of 
a Trapp solvent mixture" and 290 mg (5.0 mmol) of acetone was 
trcatcd at -110°C with 1.25 ml (2.2 mmol) of a 1.75 M solution of 
n-butyllithium in n-hexane. The mixture was processed as described 
under 1. The crude product was purified by flash chromatography 
with CH2CI2 to give 480 mg (88%) of a 80: 20 mixture of 12a and 

12b' C15H32Br02Si (272.5) Calcd. C 66.11 H 11.84 
Found C 66.06 H 11.97 

(2'R*,3S*)-12a: 'H NMR (300 MHz, CDC13): 6 = 0.06 (s, 3H), 

6.7 Hz, 3H), 1.27 (s, 3H), 1.33 (s, 3H), 1.55-1.82 (m, 3H), 2.89 (t, 
J = 6.1 Hz, IH), 3.62 (dt, J = 6.2 and 5.0 Hz, 1H). - "C NMR 

33.1, 57.8, 61.7, 75.1. 

17.6, 18.1, 19.1, 25.0, 25.9, 31.9, 33.6, 57.8, 62.3, 74.6. 

9. 3-(2-Hydroxy-3-methylbutyl)-2,2-dimethyloxiranes In): To a so- 
lution of 200 mg (0.73 mmol) of the oxiranes 12 in 10 ml ol anhy- 
drous THF was added 1.0 ml (1.0 mmol) of a 1 N solution of tet- 
rabutylammonium fluoride in THF. After stirring at room temp. 
for 1 h, 10 ml of saturated aqucous NH,CI solution was addcd, and 
the mixture was extracted 5 times with 10 ml each of cthcr. Thc 
combined organic phases were dried with Na2S04 and concentra- 
ted. The residue was purified by flash chromatography on a 16 x 
2-cm column with petroleum cther (40-6OCC)/ether (1 : 1). The 'H- 
NMR spcctrum showed the diastereomer ratio (75:25) to be the 
same as that of the starting material 12. 

C9H1802 (158.2) Calcd. C 68.31 H 11.46 
Found C 68.24 H 11.28 

0.07 (s, 3H), 0.89 (d, J = 6.8 Hz, 3H), 0.90 (s, 9H), 0.92 (d, J = 

(75 MHz, CDC13): 6 = -4.5, 17.8, 18.0, 18.1, 18.9, 24.9, 25.9, 32.7, 

(2'R*,3R*)-12b: "C NMR (75 MHz, CDC13): 6 = -4.5, 17.4, 

(2'R*,3S*): 'H NMR (300 MHz, CDC13): 6 = 0.91 (d, J = 6.8 Hz, 
3H), 0.93 (d, J = 6.8 Hz, 3H), 1.28 (s, 3H), 1.32 (s, 3H), 1.48 (ddd, 
J = 14.4,9.4, and 8.4 Hz, 1 H), 1.71 (m, J = 6.7 Hz, 1 H), 1.82 (ddd, 
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,I = 14.4, 4.5, and 2.8 Hz, IH), 2.29 (s, broad, IH), 2.94 (dd, J = 

8.2 and 4.5 Hz, 1 H), 3.64 (m, broad, 1 H). - ”C NMR (75 MHz, 
CDCI,): 6 = 17.7, 18.5, 19.0, 24.8, 32.5, 33.8, 57.8, 63.3, 76.0. 

(2’R*,3R*): “C NMR (75 MHz, CDCIJ: 6 = 17.3, 18.8, 19.1, 
24.9, 33.1, 34.0, 58.7, 62.1, 74.7. 

A 85: 15 mixture of the same diastereomeric epoxy alcohols was 
obtained by the above described procedure starting from a 85: 15 
mixture of the epoxides 6. 

10. I-Bromo-4-methyl-3- (trimethylsily1oxy)pentane (13): To a so- 
lution of 664 mg (2.0 mmol) of 1,1-dibrorno-4-methyl-3-(trimethyl- 
sily1oxy)pentane (1) in 20 ml of a Trapp solvent mixture5’ was added 
at -110°C 1.40 ml (2.2 mmol) of a 1.56 M solution of n-butyl- 
lithium in hexane. After stirring for 20 min, 50 ml of saturated aque- 
ous NH4C1 solution was added. The mixture was worked up as 
described under 1. The crude product was purified by chromatog- 
raphy on 60 g of silica gel with CHzClz to give 330 mg (65%) of 
13. - ‘H NMR (300 MHz, CDCI,): 6 = 0.14 (s, 9H), 0.86 (d, J = 
6.8 Hz, 3H), 0.88 (d, .J = 6.9 Hz, 3H), 1.70 (septd, J = 6.8 and 
4.8 Hz, lH), 1.81-2.01 (m, 2H),3.36-3.55(m,2H),3.60-3.70(m, 
1H). - 13C NMR (75 MHz, CDCIJ: 6 = 0.5, 17.8, 18.1, 31.4, 33.5, 
36.1, 75.0. 

C9H,,BrOSi (253.3) Calcd. C 42.68 H 8.36 
Found C 42.76 H 8.29 

11. 2,9-Dimethyl-3,8-bis(trimethylsilyloxy)-5-decene (14): To a 
solution of 1.66 g (5 mmol) of 1 in 60 ml of a Trapp solvent 
mixture” was added at -110°C 3.6 ml (5.5 mmol) of a 1.55 M 

solution of n-butyllithium in n-hexane. The mixture was warmed 
to -60°C for 4 h. Then the mixture was allowed to reach room 
temp.; 50ml of saturated aqueous NH4C1 solution was added, and 
the mixture was processed as described under 9. to give 300 mg 
(35%) of 14 as a diastereomeric mixture. For analysis, a sample was 
purified by gas chromatography (190°C). 

C18H4,@2Si2 (344.7) Calcd. C 62.72 H 11.70 
Found C 62.88 H 11.77 

Major diastereomer: ‘H NMR (300 MHz, CDCI3): 6 = 0.10 (s, 
18H),0.86(d,J = 6.6 Hz, 12H), 1.56-1.69(m,2H),2.15-2.20(m, 
4H), 5.43-5.47 (m, 2H). - 13C NMR (75 MHz, CDC13): 6 = 0.5, 
17.5, 19.0, 32.8, 37.9, 77.6, 129.2. 

12. Direct Evaluation of the Configurational Stability of the Car- 
henoids 10: 1.66 g (5.0 mmol) of l and 448 mg (1.67 mmol) of 
2,6,10,14-tetramethylpentadecane as internal standard were dis- 
solved in 50 ml of a Trapp solvent mixture”. To this mixture was 
added at -110°C 4.93 ml (7.5 mmol) of a 1.52 M solution of n- 
butyllithium in n-hexane (precooled to - 78°C). Samples of about 
5 ml were ejected by a bridge cooled to - 11 5 “C into a solution of 
116 mg (2.0 mmol) of acetone in 2 ml of a Trapp solvent mixture 
at - 110°C. To each sample was added 10 ml of saturated aqueous 
NH4C1 solution. The phases were separated, and the aqueous phase 
was extracted twice with 5 ml of ether. The combined organic pha- 

ses were washed with 20 ml of brine and dried with MgS04. The 
amounts of the products formcd were determined without concen- 
tration of the solution by GC (120-220°C). A set of sample data 
is given in Table A. 

Table A 

Time 1 13 6a 6b 14 
[min] [mmol] [mmol] [mmol] [mmol] [mmol] 

0 5.25 0.0 0.0 0.0 0.0 
2 0.85 0.52 2.39 1.05 0.01 
5 0.0 0.47 3.09 1.24 0.12 

10 0.0 0.49 3.13 I .32 0.07 
20 0.0 0.51 2.99 1.38 0.09 
30 0.0 0.68 2.99 1.08 0.15 

CAS Registry Numbers 

1: 132047-52-0 / 2a:  132047-53-1 1 2 b :  132047-54-2 1 4 :  132047- 
55-3 / 6a: 132047-56-4 / 6b: 132047-57-5 / 7 (isomer 1): 132047- 
58-6 / 7 (isomer 2): 132047-59-7 / 8: 132047-61-1 / 10a: 132079- 
46-0 / lob: 132047-68-8 / 12a: 132047-62-2 / 12b: 132047-63-3 / 
13: 132047-66-6 / 14 (isomer 1):  132047-67-7 / 14 (isomer 2): 132047- 
69-9 / MeLi: 917-54-4 / nBuLi: 109-72-8 / PhLi: 591-51-5 / sBuLi: 
598-20-1 / tBuLi: 594-19-4 / 4-hydroxy-5-methyl-1-hexene: 3281 5- 
70-6 / 4-(tert-butyldimethyIsilyloxy)-5-methyl-l-hexene: 132047- 
60-0 / (2R*,3S*)-3-(2-hydroxy-3-methylbutyl)-2,2-dimethyloxirane: 
132047-64-4 / (2’R*,3R*)-3-(2-hydroxy-3-methylbutyl)-2,2-dime- 
thyloxirane: 132047-65-5 
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