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The Stereochemistry of Carbenoid Cyclopropanation Reactions** 

Hans Christian Stiasny and Reinhard W. Hoffmann" 

Abstract: The stereochemical course of the intramolecular carbenoid cyclopropanation 
reaction has been studied for the epimeric carbenoids 12a and 12b. In these reactions 
the terl-butyldimethylsilyloxy substituent serves as an internal stereochemical reference 
point. It was found that 12b cyclizes rapidly at -110°C in a complexation-assisted 
concerted process to give the bicyclo[3.1 .O]hexane 16. The diastereomer 12a cyclizes 
more slowly at  - 100 "C to give both 16 and 17; the former IS probably formed by a 
complexation-assisted carbolithiation pathway. 

Introduction 

The cyclopropanation of alkenes by a-halogenated alkylmetal 
compounds 1 (Scheme 1) is a synthetically important transfor- 
mation.[21 Two types of reagents have mainly been used-the 
a-halogenoalkyllithium compounds and the Simmons- Smith 
reagents where zinc is the key metal.[31 It has been demonstrated 
in several instancesf4. that the cyclopropanation reaction pro- 
ceeds directly from the organometallic compound and does not 
involve formation of a free carbene. Compounds such as 1 have 
hence been designated as carbenoid~. [~]  

Scheme 1. 

Two mechanisms have been advanced for the formation of 
cyclopropanes from an a-haloalkylmetal compound 1 and an 
alkene: a concerted process via a transition state initially depict- 
ed as 2 (Scheme and a two-step process involving car- 
bometalation of the alkene to give 3 followed by intramolecular 
nucleophilic substitution to furnish the cyclopropane 
(Scheme 2) .171 The two-step mechanism has been rigorously 
ruled out for the addition of chloromethyllithium to alkenes,[*] 
but it might operate in other instances.[71 The alternative would 
be a concerted mechanism. Theoretical  consideration^[^] de- 
scribe the transition state as being governed by I C ~ , ~ ~ ~ ~ / ( T ~ - ~  and 
( T ~ - ~ / K : ~ ~ ~ ~  interactions. This implies that the distinct arrange- 
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[**I Chiral Organometallic Reagents. Part XV. For Part XIV. see ref. [l] 
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Scheme 2. 

ment 7 for the transition state should also be possible. The 
transition state topology could be identified if 1) the reacting 
carbenoid carbon is a stereogenic center of known configura- 
tion, as indicated in 4 by labeling Ha and H, and if 2) the reacting 
enantioface of the double bond is identified. This can most 
easily be achieved by linking the prochiral alkene to  the car- 
benoid center, that is, by a study of the stereochemical course of 
intramolecular cyclopropanations. In order to  reduce the 
number of possible transition states, the linking chain should 
be short enough to  allow only the formation of a cis-fused 
bicyclo[n.l .O]alkane. This is tantamount to applying the 
endocyclic restriction test[lol to  the hypothetical transition 
states 5 or 7. Intramolecular cyclopropanations have been re- 
ported!"] but the issue of stereochemistry has not been 
adressed. . 

We describe here a study on the stereochemistry of the in- 
tramolecular carbenoid cyclopropanation reaction, a study 
which is based on the stereoselective exchange of diastereotopic 
bromine atoms in compounds such as 11  by lithium.["] The 
substrate 11 was chosen, because the stereocenter bearing the 
silyloxy group can serve as an internal stereochemical reference 
point. 
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Results 
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The starting material 11  was generated by reaction of aldehyde 
with the butenylboronate 9[14] (62 %) followed by silyla- 

tion of the intermediate alcohol (97 YO) (Scheme 3). Diastereose- 
lective bromine-lithium on 11 and trapping of the 
carbenoids 12 with acetone in situ gave rise to the two epoxides 
13 (86 %) in an 89: 11 ratio. The relative configurations of the 
products 13 were established by conversion of the major 
diastereomer to the acetonide 15; 'H N M R  coupling constants 
and the "C N M R  criteria described by R y c h n o v ~ k y [ ' ~ ~  and 
Evans''61 were used to show that 15 is derived from a syn-diol. 

In an alternative procedure, the carbenoids 12 were generated 
at - 110 "C and acetone was only added after 15 min. The epox- 
ide 13a was produced diastereomerically pure in 45 YO yield. In 
addition, a bicyclic product 16 (39%) (Scheme 4) was obtained 
with high diastereoselectivity (up to 97: 3). The cis disposition of 
the silyloxy group and the cyclopropane ring followed from the 
'H N M R  coupling constants. Apparently, the carbenoid 12b 
cyclized rapidly to the bicyclohexane 16, while 12a was stable 

Scheme 4. 

under these conditions. When the mixture of the carbenoids 12 
was allowed to warm up to -90 "C without addition of acetone, 
a mixture of two bicyclohexanes-the previously obtained 16 
and the isomer 17-resulted (79 %) in a ratio of approximately 
2: 1. In order to investigate the course of bicyclization for the 
individual diastereomers 12a and 12b, we attempted to  generate 
each carbenoid separately from diastereomerically pure bro- 
moiodo compounds 18 and 27, relying on a selective iodine- 
lithium exchange reaction.["1 

To this end a mixture of the carbenoids 12 was generated as 
above and maintained for 30 minutes at - 120 "C in order to  
allow the cyclization of 12b to 16 to proceed to  completion. 
Then, an excess of 1.2-diiodoethane was added, which quenched 
the residual carbenoid 12 a to furnish the bromoiodo compound 
18 (Scheme 5) as a single diastereomer in 45 O/O yield. When 18 
was treated with n-butyllithium at  -110°C in the presence of 
acetone, the epoxide 13a was formed exclusively (32%) 
alongside 66 Yo of the monobromo compound 19.[* 

1 8  12a 

OSiMeztBu s+ 
1 9  

Scheme 5 .  
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The diastereomerically pure carbenoid 12 a was thus generat- 
ed from 18 (Scheme 5). When the mixture was allowed to  stand 
at -100°C for one hour before acetone was added (at 
- 110 "C),  cyclization of the carbenoid 12a ensued to give the 
two bicyclohexanes 16 and 17 (Scheme 4)in a 1.1 : 1 ratio in 61 % 
yield, as well as 22% of the diastereomerically pure epoxide 13a 
and 14 YO of the monobromo compound 19. This shows that two 
cyclization pathways are available to 12 a. 

The method used for generating the epimeric carbenoid 12 b 
selectively was less direct. a-Acetoxyacetaldehyde was prenylat- 
ed[l9] and hydrolyzed to give the diol 22 (69%) (Scheme 6).['01 
The latter was converted to the cyclic sulfate 23 in 68 YO yield. 
Sharpless''" and more recently Hoye["] have shown that cyclic 
sulfates can readily be opened by nucleophiles. Reaction of 23 
with di iodomethylI i thi~m[ '~~ at between -105 and -95 "C for 

-* 
22 

24 

Scheme 6.  
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9 h furnished the diiodo compound 24 in 65 YO yield. This route 
has since been used by us to prepare 11 as well as other 1,l-di- 
bromo-3-hydroxyalkanes. Silylation of 24 finally gave the di- 
iodo compound 25, corresponding to the dibromo analogue l l .  

Reaction of 25 with n-butyllithium in the presence of acetone 
as described above generated the carbenoids 26 in an 88: 12 ratio 
(Scheme 7), as evidenced by the formation of the epoxides 13 in 
24% yield (again the protonation was the dominant reaction, 
and 20 was formed in 66% yield; Scheme 5). When 26 was 
generated and acetone added after 30 min, 13a (28 YO) was ob- 
tained as the only epoxide. The other products were bicyclohex- 
ane 16 (36%) and the protonation product 20 (34%). Thus, the 
behavior of 25 and of the iodocarbenoids 26 mirrors that of the 
bromo compound 11 and the carbenoids 12. We hoped to utilize 
the iodocarbenoid 26a to access the epimer of 18, compound 27. 
To this end, the diiodo compound 25 was treated with butyllithi- 
um as above. The carbenoids 26 were allowed to stand for 
15 min at - 110 "C, during which time 26b cyclized to 16. Then, 
1,2-dibromotetrafluoroethane was added, which converted the 
residual 26a into the bromoiodo compound 27 (42%) 
(Scheme 8). The diastereomeric purity of 27 was ascertained by 
comparison of the I3C NMR spectra of 27 and 18. Treatment 
with n-butyllithium resulted in selective iodine/lithium exchange 
generating the carbenoid diastereomer 12 b, which cyclized pre- 
dominantly to the bicyclohexane 16 (16: 17 = 97:3) upon stand- 
ing at -110°C (83%). 

cause cyclization occurs in a temperature range in which cr-bro- 
moalkyllithium compounds are both chemically and configura- 
tionally stable.[241 Hence, epimerization of 12a to 12b prior to 
bicyclization is also unlikely. The formation of the bicyclohex- 
anes 16 and 17 from the carbenoids 12a and 12b must therefore 
follow distinct stereochemical pathways. 

The cyclization of 12 b to 16 occurs at temperatures as low as 
- 110 "C with a half life of less than 5 min. Knowledge of the 
relative configuration of 12b as well as of 16 yields valuable 
information regarding the course of this reaction (Scheme 9). 
The reactive conformer 28 corresponds to the topology 7 
(Scheme 2), that is, to a nucleophilic attack of the double bond 
at the carbenoid center. The same type of reactive conformation 
can be pictured for the transformation of the diastereomeric 
carbenoid 12a to the bicyclohexane 17 (Scheme 9), and yet the 
cyclization proceeds at noticeably higher temperatures than that 
of 12 b. The difference between the reactive conformers 28 and 
29 is that 28 is set up for internal coordination of the lithium by 
the silyloxy group, which could facilitate the breaking of the 
carbon-lithium bond in the transition state. The Lewis base 
assisted, concerted cyclopropanation is thus the most facile 
pathway as demonstrated by the conversion of 12b to 16 at 
- 110°C. 

The diastereomeric carbenoid 12a cyclizes to 17 at - 100 "C 
in a concerted pathway without assistance from a Lewis base. In 
addition, it cyclizes with equal facility to the diastereomeric 
bicyclohexane 16. This cyclization corresponds to topology 5 
(Scheme 2), or it could involve a carbolithiation process via 3. 
Huisgen had shown that carbolithiation is not involved in the 
cyclopropanation of alkenes by a-chloromethyllithium.t81 This 
is in line with the finding that carbolithiations of simple al- 
kenes-ven when intramolecular-only proceed at tempera- 
tures above - 20 OC.[zsl However, carbolithiation reactions can 
occur at substantially lower temperatures when assisted by an 
internal Lewis base.[261 It therefore seems possible that assis- 
tance by the oxygen substitutent as internal Lewis base could 
facilitate the intramolecular carbolithiation of 12 a via 30 to give 
31 (Scheme 10) to such an extent that it becomes competitive 
with the concerted pathway 12a -17, which is not assisted by a 
Lewis base. 

Our results therefore suggest that, of the various carbenoid 
cyclopropanation mechanisms, the Lewis base assisted, concert- 
ed cyclopropanation (Scheme 9) proceeds with the lowest acti- 
vation energy. The concerted cyclopropanation via reactive 
conformation 29 requires temperatures that are at least 1O'C 
higher. Lewis-base assistance may render the carbolithiation 
(Scheme 10) competitive with the concerted reactions discussed. 

An interesting reaction, which should be discussed in this 
context, is the formation of spiropentanes 35 from the dibromo 
compounds 32.1' This cyclization cannot proceed through car- 
bolithiation of carbenoids 33. With a concerted cyclization, di- 

12b 
Scheme 8 

Discussion 

The fact that the carbenoid 12 b cyclizes to a single bicyclohex- 
ane 16, whereas the diastereomeric carbenoid 12a gives a mix- 
ture of two bicyclohexanes 16 and 17 (Scheme 4) rules out a free 
carbene as intermediate in the cyclization of 12b. The formation 
of a free carbene is also unlikely in the cyclization of 12a, be- 

12b 28 16 

II 

12a 
Scheme 9. 
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rectly from the carbenoids 33, only one of the diastereomers 
could cyclize, namely, 33 b via topology 7 (Scheme 2). 

Spiropentane formation from 32 has been reported to  com- 
pete with allene f o r m a t i ~ n . [ ~ ~ * ~ ~ ~  In view of our results de- 
scribed above, it could be argued that diastereomer 33 b of the 
carbenoids 33 cyclizes rapidly at  low temperatures to the 
spiropentane 35, whereas the diastereomer 33 a eventually gen- 
erates, a t  higher temperatures, the allene 34. If this hypothesis is 
correct, the spiropentane/allene ratio would reflect the 
diastereoselectivity in the exchange of the diastereotopic 
bromine atoms in 32. The difference in the product ratios ob- 
served on going from X = CH, to  X = 0 (Scheme 11) gives 
credence to  this interpretation, as the ether oxygen should direct 
the bromine/lithium exchange to  the proximal bromine 
a t ~ m , ~ " . ~ ~ . ~ ~ ]  that is, the carbenoid 33b (X = 0) would be 
expected to be the major product. The higher proportion of the 
spiropentane formed in the oxygenated series suggests that 33 b 
is the diastereomer that undergoes the spirocyclization. This 
would have to proceed via a transition state of type 7, in line 
with our findings discussed above. 

33b 35 

Scheme 11 

Experimental Procedure 

All temperatures quoted are not corrected. Temperatures around -100'C were 
determined with a GTH 21 5 precision digital thermometer of Fa. Greisinger. Regen- 
stauf. Germany. 'H NMR, "C NMR: Bruker AC-300. Boiling range of petroleum 
ether: 40-60°C. pH 7 buffer: 56.2 g NaH,P0,.2H20 + 213.2 g Na,HPO;2H20 
in 1.0 L of water. Flash chromatography: Silica gel Si60E. Merck AG. Darmstadt. 
40-63 pm. MPLC: 30 cm x 2.5 cm column with Lichroprep Si60, E. Merck AG, 
Darmstadt, 15-25 pm, 8 bar. Analytical gas chromatography: Siemens Sichro- 
mat 3 with a 30 m x 0.3 mm quartz capillary column with Se52. 1 bar He, tempera- 
ture program: 5 min at lOO"C, increase at a rate of IO'min-' to 230°C. 

I.  l,l-Dibrom~,4-dimetyl-Chtxe~~l: To a solution of 3.3-dibromopropanal 
(10) [13] (3.39 g. 15.7 mmol) in petroleum ether (50 mL) was added 2-(3-methyl-2- 
butenyl)-4.4,5,5-tetramethyl-l,3.2-dioxaborolane (9) [14] (2.92 g. 14.9 mmol) at 
0 "C. After stirring for 3 h the mixture was kept for 2 h a t  room temperature. Buffer 
(pH =7, 20mL) was added, and the mixture extracted with petroleum ether 
(3 x 20 mL). The combined organic phases were washed with brine (20 mL) and 
concentrated in vacuo. The residue was purified by flash chromatography with ethyl 

acetate/petroleum ether ( I  : 5 ) .  Medium-pressure liquid chromatography with the 
same solvent furnished 0.21 g (7%) of (E)-l-bromo-4,4-dimethylhexa-I,5diene-3- 
01. 0.05 g (2%)  of the corresponding (Z) isomer, and 2.62 g (62%) of the desired 
alcohol as a colorless oil: ' H  NMR (300 MHz. CDCI,): 6 = 1.02 (s. 3H) .  1.03 (s. 
3H). 1.66 (dd, J = 4.8. 1.5 Hz. 1 H). 2.38 (ddd. J = 14.6, 10.2, 2.9 Hz, 1 H). 2.50 
(dddd. J=14.6. 10.7.2.1. < 2 H z ,  1H).3.51 (ddd. J=10.3.4.8.2.1 Hz, I H ) .  5.08 
(dd. J=17.5.  1.2Hz. 1H).  5.14 (dd, J=10.9 .  l.2Hz. I H ) .  5.78 (dd, J=17.5 ,  
10.8 Hz, 1 H). 5.86 (dd. J=10.7.  2.9 Hz, I H).  "C NMR (75 MHz. CDCI,): 
6 = 21.9. 23.0, 41.1. 44.4, 47.5. 76.1, 114.5. 144.1. CeH,.BrzO (286.0): calcd. C 
33.59. H 4.93; found C 33.78, H 4.95. 
(E)-l-Bromo-4,4dimethylhexa-l,~ie~~l: 'H NMR (300 MHz. CDCI,): 
6 = 0.99 (5. 3H). 1.01 (s. 3H). 1.71 (brs. 1 H). 3.80 (d, J = 6.0 Hz. 1 H). 5.09 (dd, 
J~17.4.1.1H~.1H).5.13(dd.J=10.8.1.2Hz.IH).5.80(dd.J=17.4.10.9Hz. 
I H ) .  6.23 (dd. J=13.5. 6.2 Hz. 1 H). 6.30 (d. J=14.5  Hz. 1H) .  "C NMR 
(75 MHz. CDCI,): 6 = 21.7, 23.4. 41.6. 78.8. 108.2, 114.5. 136.7. 144.0. 
(Z)-I-Brom~,4-dimetylhexa-l,Miew-3dl: 'H  NMR (300 MHz, CDCI,): 
6=l.0~(~,3H).1.07(s,3H).1.70(brs.1H).4.32(d.J=8.8Hz,1H).5.09(dd, 
J~17.4,1.1H~,IH).5.13(dd,J=10.8,1.2Hz,1H),5.88(dd,J=17.4,10.9Hz. 
I H). 6.10 (dd. J = 8.8, 7.3 Hz. 1 H). 6.35 (d, J =7.4 Hz. 1 H). "C NMR (75 MHz. 
CDCI,): 6 = 21.5. 23.7, 41.8. 75.6. 110.6, 114.5. 134.0. 144.1. 

2. 1,1-Dibromo-~trr~-butyldimethylsilyloxy) (I  I ) :  Into a so- 
lution of l.l-dibromo-4.4dimethyl-5-hexen-3-ol(l.89 g, 6.6 mmol) and 2.6-lutidine 
(1.50 mL. 12.9 mmol) in CH,CI, (10 mL) was added lerr-butyldimethylsilyl triflate 
(1.80 mL. 7.9 mmol) at 20°C. After 2 h of stirring, methanol (0.5 mL) was added 
and the mixture stirred for 0.5 h. The solvents were removed in vacuo and the 
residue extracted with petroleum ether (3 x 10 mL). The combined organic phases 
were washed with 5 %  aqueous hydrochloric acid (10 mL) and brine (10 mL). The 
solvents were removed in vacuo and the residue purified by flash chromatography 
with rerr-butyl methyl ether/petroleum ether (1 : 10) to give 2.58 g (97%) of 11 as a 
colorless oil. 'H NMR (300 MHz. CDCI,): 6 = 0.09 (s. 3H). 0.15 (s. 3H). 0.90 (s. 
9H),0.99(S,6H),2.40(ddd,J=14.9,8.2,3.2Hz,IH).2.59(ddd,J=14.9,10.5, 
2.3 Hz, 1 H). 3.52 (dd. J = 8.2. 2.3 Hz, 1 H). 5.01 (dd. J = 16.9. 1.2 Hz, 1 H),  5.10 
(dd. J=11.5.  1.2Hz. I H ) ,  5.66 (dd, J=10.4.  3.2Hz. 1H).  5.82 (dd, J=16.6.  
11.7Hz.lH)."CNMR(75MHz,CDCI,):d= -3.8, -3.6.18.5.21.9.24.9.26.2, 
41.9, 44.7, 50.5, 77.9, 112.7, 145.0. C,,H,,Br,OSi (400.3): calcd. C 42.01 H 7.05; 
found C 42.17 H 7.04. 

3. ~ l e r l - & l t y l d i m e t b y l s i l y l o x y ~ Z ~ ~ x y - 2 ,  (13) : For this 
and related experiments, a two-chamber low-temperature reaction vessel was used 
(Fig. 1) (this apparatus was developed by the glass blower G. Bosherz in our depart- 
ment and is now available from 
NORMAG GmbH. Hofheim/ 
Germany). The apparatus was 
cooled in a cooling bath to 
- 110 'C. and the bottom valve 
closed. Then a solution of 
the dibromo compound 11 
(256mg. 0.64mmol) and ace- 
tone (0.1 5 mL, 2.0 mmol) in a 
Trapp solvent mixture (7 mL) 
[30] was placed in the lower 
compartment (A). A solution 
of n-butyllithium in hexane 
( 1 . 5 9 ~ .  0.60 mL. 0.95 mmol) 
was placed in the top compart- 
ment (B). When the internal 
temperature had reached 
- 110 "C. the butyllithium solu- 
tion was allowed to drop into 
the stirred lower compartment. 
After stirring for I5 min the mixture was allowed to reach room temperature and 
stirred for 1 h. An aqueous buffer (pH =7, 5 mL) was added, the phases were 
separated. and the aqueous phase was extracted with petroleum ether (3 x 10 mL). 
The combined organic phases were washed with brine (10 mL) and concentrated in 
vacuo. The residue was purified by flash chromatography with rerr-butyl methyl 
etherlpetroleum ether (1 :20) to give 164 mg (86%) of the epoxide 13 as a colorless 
oil. The diastereomer ratio svn-(3R*.5S*)-I3 (13~)/0nr;-(3R*.SR*)-13 (13b) was 
determined from the crude product by GC. 'H NMR. or "C NMR to be 89:ll .  
130: 'HNMR(300 MHz,CDCI,):6 = 0.05(~.3H).0.06(s,3H),0.91 (s,9H),0.99 
(s. 3H). 0.99 (s. 3H). 1.21 (s, 3H). 1.28 (s. 3H). 1.59-1.76 (m. 2H), 2.86 (dd. 
J = 6 . 0 . 6 . 0 H ~ .  lH) ,3 .51  (dd. J = 5 . 6 , 5 . 1 H ~ ,  lH) ,4 .97(dd ,  J=10.6.  1.5Hz. 
1H).4.97(dd.J=17.9.1.5Hz.1H).5.85(dd.J=17.9,10.5Hz.1H).13CNMR 
(75 MHz. CDCI,): 6 = - 4.1, -3.9. 18.2, 18.8, 22.1. 24.6. 24.9, 26.0. 33.8, 42.4, 
58.5. 62.3, 77.6. 112.0. 145.7. 
13b: 'HNMR(300 MHz,CDCI,):6 = 0.07(~ ,3H) ,0 .08(s ,3H) ,0 .91  (s.9H).0.97 
(s, 3H) .  0.98 (s, 3H). 1.22 (s, 3H). 1.28 (s. 3H). 1.56-1.68 (m, 2H), 2.87 (dd, 
J=6 .6 .  5.0Hz. I H ) ,  3.59 (dd, J = 6 . 9 .  4.1 Hz. l H ) ,  4.95 (dd. J=17.9,  1.5Hz. 
lH) ,4 .96(dd ,J=10.4 ,  1.5Hz,1H).5.86(dd.J=18.1.10.3Hz,lH). " C N M R  
(75 MHz. CDCI,): d = - 4.0. -3.8. 18.4, 19.1. 22.7, 24.5. 24.9. 26.1. 32.7, 42.2. 
59.1. 62.0, 77.2, 111.8, 145.8. C,,H,,O,Si (298.6): calcd. C 68.39. H 11.48: 
1311 +13b found C 68.44. H 11.60. 

"-(y ?d. 60 

Fig. 1. Low-temperature two-chamber reac- 
tion vessel. 
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4. (3R',5S~Y~erl-Butyldimethy~lyloxy)-2,6,C~~ethyl-l .7-octndiew-~l (14). 
To a solution ofdiisopropylamine (0.14 mL. 1 .O mmol) in ether (1.5 mL) was added 
a solution of n-butyllithium in hexane ( 1 . 5 9 ~ .  0.50 mL, 0.80 mmol) a t  0°C. After 
10 min of stirring, a solution of 13n (150 mg. 0.50 mmol) in ether (1.5 mL) was 
added. After 4 h of stirring at 20 "C. a buffer (pH = 7.5 mL) was added. the phases 
were separated. and the aqueous phase was extracted with ether (3 x 10 mL). The 
combined organic phases were washed with brine (10 mL) and concentrated in 
vacuo. Flash chromatography of the residue with ferf-butyl methyl etherlpetroleum 
ether (1 :lo) yielded 97 mg (65%) of 14 as a colorless oil. ' H  NMR (300 MHz. 
CDCI3~:6=0.08(s.3H).0.12(s.3H).0.91(s,9H).0.97(s,3H),0.98(s,3H),1.51 
(ddd. J=14.6.  8.1. 6.5Hz. I H ) .  1.67-1.69 (m. 3H) .  1.81 (ddd. J=14.6 .  4.8. 
4 . 8 H z . l H ) .  1.93(d.J=2.7Hz,1H).3.52(dd.J=6.4.4.6Hz.1H).4.12-4.16 
(m, 1 H). 4.80 (dq. J = 1.6. 1.6 Hz. 1 H).  4.93 (dd. J = 1.7. 0.7 Hz, 1 H), 4.98 (dd. 
J~17.9,1.5HZ,1H),4.98(dd,J~10.5.1.5Hz.1H).5.86(dd.J=18.0,10.4H~, 
1 H). "C N M R  (75 MHz, CDCI,): 6 = - 4.0. -3.4. 17.4. 18.4. 22.3. 24.5. 26.2, 
39.8.42.6.74.2.77.3. 111.2. 112.0. 145.8. 147.5.C,,H,,02Si(298.6):calcd.C68.39, 
H 11.48: found C 68.42. H 11.24. 

5. (3Rf,5S*)-2,6,CTrimethyl-1,7-octndiene-3,5diol: To a solution of the silyl ether 
14 (41 mg, 0.14 mmol) in T H F  (1 mL) was added a 1 M solution of tetrabutylammo- 
nium fluoride in T H F  (0.17 mL, 0.17 mmol) . After 2 h of stirring. the solvents were 
removed in vacuo. and the residue separated by flash chromatography with ether/ 
petroleum ether (1 : 1) to give 20 mg (78%) of the diol as a colorless oil. ' H  NMR 

(ddd,J=14.3.2.9.1.8Hz.lH).1.72(s.3H).2.84(s.1H).3.22(s.lH).3.5?(brd, 
(300MH~.CDCI3):6=1.00(~,6H).1.48(ddd.J=14.4. 10.4 .9 .7Hz, lH) ,1 .70  

J = 10.5 Hz, 1 H). 4.24 (dd, J = 9.6, 2.6 HZ. 1 H). 4.81 (dq, J =1.5. 1.5 Hz. 1 H). 
4.98(dd,J~1.7,0.9H~,lH~,5.04(dd,J=17.5,1.4Hz.1H),5.08(dd,J=10.8, 
1.4 Hz, 1 H), 5.80 (dd. J =17.5. 10.8 Hz. 1H) .  "C NMR (75 MHz. CDCI,): 
6 =17.8. 22.1, 22.7, 36.1. 41.5. 76.8, 78.9, 110.8. 113.4. 145.1. 1474. C,,H,,,O, 
(184.3): calcd. C 71.70, H 10.94; found C 71.72, H 10.97. 

6. (4R',6S)-2,2-DLmethy1-4( I,  1 dimethyl-2-propenyl)-6-( I-metbyletheny1)- 1 ,S 
dioxane (15): A solution of the diol (19 mg, 0.10 mmol). obtained as described 
above in experiment 5. and p-toluenesulfonic acid (0.5 mg) in 2.2-dimethoxy- 
propane (1 mL) was stirred for 1 h. Two drops of triethylamine were added. and the 
solvents removed in vacuo. Flash chromatography of the residue with frrt-butyl 
methyl etherlpetroleum ether (1 : lo )  furnished 20 mg (89%) of 15 as a colorless oil. 
' H N M R  (300MHz. CDCI,): 6 = 0.98 (5. 3H) ,  0.99 (s. 3H). 1.27 (ddd. all 
J = 1 2 H z .  1H) .  1 . 4 0 ( ~ ,  3H). 1 . 4 2 ( ~ .  3H) .  1,43(ddd. J=12.7.2.6.2.6Hz. 1H).  
1.72(~.3H~.3.54(dd.J=11.6.2.4Hz.1H),4.19(dd.J=11.4.2.3Hz.1H).4.82 
(brs. I H ) .  4.97 (dd. J=16.9.  1.5Hz. l H ) ,  4.98 (brs. l H ) ,  4.98 (dd. J=11.5.  
1.5 Hz. 1 H). 5.88 (dd. J = 16.9. 11.5 Hz. 1 H).  "C NMR (75 MHz, CDCI,): 
6 =18.4. 19.6. 22.5,23.1. 30.2, 30.4.40.0.72.6,75.5,98.5,110.7. 111.9, 145.1, 145.7. 
C,,H,,O, (224.3): calcd. C 74.95. H 10.78; found C 74.93. H 10.71. 

7. 2,2-Dimethyl-~ndo-(rcrl-butyldimethy~ily~oxy)bicyclo[3.I.O~hexnne (16): A so- 
lution of the dibromo compound 11 (294 mg. 0.73 mmol) in a Trapp solvent mixture 
(8 mL) [30] was placed into the lower chamber (A) of the two-chamber apparatus. 
A 1 . 5 9 ~  solution of n-butyllithium in hexane (0.65 mL. 1.03 mmol) and Trapp 
solvent mixture (1 mL) were placed in the top chamber (B). After the apparatus had 
been cooled to - 110 'C. the n-butyllithium solution was allowed to drop into the 
lower chamber with stirring. After 15 rnin a solution of acetone (0.20 mL. 2.7 mmol) 
in the Trapp solvent mixture (2 mL) was precooled in the top chamber and added 
to the lower chamber. After 15 rnin of stirring. the mixture was allowed to reach 
room temperature and stirred for 1 h. An aqueous buffer (pH = 7 , 5  mL) was added, 
the phases separated, and the aqueous phase extracted with petroleum cthcr 
(3 x 10 mL). The combined organic phases were washed with brine (10 mL) and 
concentrated in vacuo. G C  analysis of the crude product indicated a ratio of 
13a:16:17:19of49:38:5:8; 13bcould not bedetected. The residue was separated 
by flash chromatography (petroleum etherlrerr-butyl methyl ether = 1 :O to 10: 1) to 
give 98 mg (45%) of 13a and 96 mg (52%) of 16.17, and 19 as colorless liquids. 16: 

8.1.4.3,1.2Hz,1H).0.77(ddd,allJ=4.0Hz,1H).0.87(s,9H),0.96(s,3H),1.01 
(s. 3H). 1.16-1.22(m. 1H). 1.24-1.34(m. 1H). 1.66(d. J = 1 3 . 7 H z .  1H),2.17 
(dddd. J = 13.7, 5.9. 4.8. 1.2 Hz. 1 H). 3.55 (d, J = 6.0Hz, 1H).  "C NMR 
(75 MHz. CDCI,): 6 = - 5.2. -4.7.8.5. 15.2.18.0.21.4. 25.8.29.1.29.2,31 2.44.3. 
79.9. C,,H,,OSi (240.5): calcd. C 69.93. H 11.74; found C 70.09. H 11.67. 

8. 2,2-D~ethyl-~xo-(~err-~tyldimethylsilyloxy)bkyclo[3.I.O~hexnne (17): The di- 
bromo compound l l  (185 mg, 0.46 mmol) in Trapp solvent mixture ( 5  mL) (301 was 
allowed to react with a 1 . 5 6 ~  solution of n-butyllithium in hexane (0.40mL. 
0.62 mmol) as described above in experiment 7. Before the addition of acetone 
(0.10 mL. 1.4 mmol) in a Trapp solvent mixture (2 mL). the mixture was stirred for 
1 h at -90°C and recooled to  -11O:C. Workup as described in experiment 7 
provided a crude product. which contained 16 and 17 in a 2: 1 ratio. and no 13 (by 
G€ analysis). Flash chromatography with petroleum ether furnished 87 mg (79%) 
of 16 and 17. C,,H,,OSi (240.5): calcd. C 69.93. H 11.74: found C 70.05. H 11.84. 
Both diastereomers were obtained in pure form by repeated flash chromatography. 
17: 'HNMR(300 MHz.CDCI,):d = - 0.04(s.3H), -0.03(s.3H).0.10-0.16(m, 
1 H). 0.21 (ddd. J =7.9. 7.9, 5.6 Hz. 1 H). 0.86 (s. 9H) .  0.89 (5. 3 H), 0.98 (s. 3 H),  
1.05-1.13(m, 1H). 1.32-1.42(m.lH).1.66(ddd.J=12.2.9.0.3.8Hz.lH). 1.90 

'HNMR(300MHz,CDC13):6 = - 0.01 (~,3H),O.M)(s,3H).0.23(dddd.J= 8.1, 

(dd, J = 12.2. 7.1 Hz, 1 H), 3.30 (dd, J = 9.1. 7.1 Hz, 1 H).  "C N M R  (75 MHz, 
CDCI,): 6 = - 5.2. -4.5, 6.8. 12.4. 18.0. 22.6. 24.5. 25.8, 27.0. 34.8. 40.4, 77.1. 
Approximately 4 %  of 1 -bromo-3-(rerr-butyldimethylsilyloxy)-4.4-dimethyl-5-hex- 
ene (19) was obtained as a by-product. 'H NMR (300 MHz. CDCI,): 6 = 0.1 1 (s, 
3H),O.I3(s, 3H),0.93 (s.9H). 1 .00(~ .3H) .  1.01 (s. 3H) .  1.91 (dddd. J=14.6.  7.3. 
7.3.5.0 Hz, 1 H), 2.06(dddd, J=14.6.8.1. 8.1.3.1 Hz. 1 H). 3.39(ddd. J = 9.8. 8.3< 
7.5Hz.IH),3.53(dd,J=7.4,3.3Hz,1H),3.49-3.57(m,1H),5.00(dd,J=l05. 
1.4 Hz. I H). 5.00 (dd, J = 17.8, 1.4 Hz, 1 H), 5.88 (dd, J = 17.8. 10.5 Hz. 1 H). "C 
NMR (75 MHz. CDCI,): 6 = - 3.9. -3.6, 18.4. 22.7, 24.7. 26.2. 31.7. 37.3. 42.1. 
77.7. 112.0. 145.6. C,,H,,BrOSi (321.4): calcd. C 52.32. H 9.10; found C 52.43. H 
9.23. 

9. ( I R f , 3 S * ~ l - B r o m o - ~ ~ e r ~ - b u t y l d i e t h y ~ ~ y l o x y ) - l - i ~ ~ , ~ i m e t b y ~ - ~ h e x e n e  
(18): A solution of the dibromo compound 11 (738 mg, 1.84 mmol) in a Trapp 
solvent mixture (20mL) (301 and a 1 . 5 6 ~  solution of n-butylllithium in hexane 
(1.30mL. 2.07mmol) were allowed to react at -120°C as described above in 
experiment 3. The mixture was stirred for 30 min. A solution of 1,2-diiodoethane 
(743 mg. 2.6 mmol) in Trapp mixture (20 mL) was precooled and added. This result- 
ed in an intense yellow color. The mixture was stirred for 15 min a t  -120°C. 
allowed to reach - 100 "C. and stirred for 1 h. By the end of this sequence, the 
mixture was colorless. After the mixture had reached room temperature, an aqueous 
buffer (pH =7. 20 mL) was added, the phases were separated, and the aqueous 
phase extracted with petroleum ether (3 x 20 mL). The combined organic phases 
were washed with brine (20 mL) and concentrated in vacuo. Flash chromatography 
of the residue with petroleum ether furnished 367 mg (45 "A) of the diastereomerica- 
ly pure 18 as a colorless oil. The product was stored in a refrigerator. ' H N M R  
(300MHz,CDCI3):6=0.10(~,3H),0.14(s,3H).0.89(s,9H),0.98(s,6H),2.56 
(ddd, J=lS.O,8.0,3.8Hz, lH) .2 ,64(ddd,  J=15.0,  10.6.2.4Hz. lH) ,3 .46(dd .  
5=7.8 .2 .5Hz.  1H).5.01 (dd. J=16.9 .  1.3Hz. lH) ,5 .02(dd .  J = 1 1 . 5 ,  1.3Hz, 
1 H), 5.50 (dd, J = 10.5. 3.9 Hz. 1 H), 5.81 (dd. J = 16.7, 11.6 Hz. 1 H) .  "C NMR 
(75 MHz, CDCI,): 6 = - 3.8. -3.7. 9.2, 18.5, 22.0. 24.9, 26.2. 41.7, 52.7, 78.7, 
112.6, 145.0.Ci,H,,BrIOSi(447.3):calcd.C37.60.H6.31;foundC 37.89.H6.47. 

10. (3R*,SS)-13 (13a) from 18: A solution of the bromoiodo compound 18 
(69 mg. 0.1 5 mmol) and acetone (0.03 mL, 0.4 mmol) in a Trapp solvent mixture 
(2 5 mL) (301 were allowed to react with a 1 . 5 6 ~  solution of n-butyllithium in hexane 
(0.16 mL. 0.25 mmol), as described above in experiment 3. to furnish 46 mg of a 
product mixture. G C  analysis showed the absence of 13b. and the presence of 13n 
and 19 in a 1 :2 ratio. 

11. Bicyclo[3.l .O~hexa~ 16 and 17 from 18: A solution of the bromoiodo com- 
pound 18 (126 mg, 0.28 mmol) in a Trapp solvent mixture (3 mL) 1301 was allowed 
to  react with a 1.45 M solution of n-butyllithium in hexane (0.27 mL, 0.42 mmol) and 
Trapp solvent mixture (1 mL) 1301, as described in experiment 8. After I h of stirring 
at -1OO'C. the mixture was cooled back to - 110°C. and a precooled solution of 
acetone (0.10 mL. 1.4 mmol) in Trapp solvent mixture (1 mL) added. After 15 min 
of stirring, the mixture was allowed to reach room temperature. Workup as de- 
scribed in experiment 8 furnished 73 mg of a crude product. G C  analysis showed the 
presence of 16, 17, 13a. and 19 in a 33:30:23: 14 ratio. 

12. 3,3-Dimethyl4pentel&diol (22): Tin(n) chloride dihydrate (64.1 g, 
284 mmol) was added to a solution of acetoxyacetaldehyde (19.4 g. 189 mmol) 1311 
and 1 -chloro-3-methyl-2-butene (21.8 g, 208 mmol) in D M F  (380 mL). The mixture 
was cooled to 0°C. and sodium iodide (42.6 g. 284mmol) added. After 12 h of 
stirring at 20°C. 30% aqueous NH,F solution (380 mL, 3.1 mol) and rerr-butyl 
methyl ether (400 mL) were added. After 1 h of stirring, the phases wcrc separated 
and the aqueous phase was extracted with rerf-butyl methyl ether (4 x 100 mL). The 
combined organic phases were washed with brine (2 x 100 mL). dried with MgSO,, 
and concentrated in vacuo to  give 27.5 g (a. 80%) of crude 21. The product 
contained some D M F  and ca. 20% of 2-acetoxy-3.3-dimethyl-4-hexen-l-ol. 21 : 
'H NMR (300 MHz. CDCI,): 6 = 1.05 (s. 3H). 1.06(s. 3H). 2.07(s. 3H). 3.56(ddd. 
J=~.9.3.6,2.4H~,1H),3.93(dd,J=11.5,8.9Hz,lH),4.23(dd,J=11.5,2.4H~, 
1H). 5.06 (dd. J=17.4 .  1.1 Hz, 1H) .  5.08 (dd, J=10.9. 1.1 Hz, I H ) ,  5.84 (dd. 
J=17.4. 10.9 Hz. 1H).  "C N M R  (75MHz. CDCI,): 6 = 20.9. 22.7, 23.1. 40.3. 
66.4. 76.2. 113.6. 144.0, 171.3. 
The crude acetates obtained were dissolved in (285 mL) a 1 .OM solution of KOH in 
methanol. After stirring 12 h the mixture was concentrated and the residue was 
partitioned between water (30 mL) and ferf-butyl methyl ether (30 mL). The phases 
were separated, and the aqueous phase saturated with potassium carbonate and 
extracted with ferr-butyl methyl ether ( 5  x 30 mL). The combined organic phases 
were washed with brine (2 x 30 mL), dried with Na,SO,. and Concentrated in vac- 
uo. Distillation of the residue at 60-72'C/0.05 Torr furnished 16.9 g (69%) of the 
diol22asacolorlessliquid. 'HNMR(300MHz.CDC1,):d =1.02(s.3H). 1.04(s. 
3H).3.41-3.50(rn.ZH).3.63-3.74(m. 1H) .  5.05(dd.J=17.5. 1.3Hz. 1H),5.08 
(dd.J=10.8.  l.3Hz. lH) .5 .84(dd .J=l7 .5 .  10.9Hz. 1H).  " C N M R ( 7 5 M H z .  
CDCI,): 6 = 22.7.23.1.40.0,63.1,78.2. 113.5. 144.5. Thesedataareconsistent with 
those reported in ref. (201. 

13. ~ l ' , l ' - D i m e t h y l - 2 ' - p r o p e n y l ) . 1 $ , 2 d ~ x a ~ o l ~ 2 , ~ l o ~ e  (23) : A solution of 
SO,CI, (3.67 g, 27.2 mmol) in CH,CI, (20 mL) was added at -90°C over 1 h to a 
solution of the diol22 (3.20 g. 24.6 mmol) and triethylamine (12.0 mL. 86 mmol) in 

~ 

Chem. Eur. J. 1995, 1 .  No. 9 0 VCH VerIagsgesel1,rchaJf nibH, 069451 Weinheim, 1995 0947-6539/95/0109-0623 $10.00+ ,2510 623 



H. C. Stiasny and R. W. Hoffmann FULL PAPER 
CH,C12 (150 mL). The mixture was allowed to reach room temperature over 12 h 
and was stirred for further 3 h. Aqueous buffer (pH =7. 50 mL) was added. the 
phases were separated. and the aqueous phase was extracted with rerr-butyl methyl 
ether (3 x 50 mL). The combined organic phases were washed with brine (20 mL) 
and concentrated in vacuo. Flash chromatography of the residue with rert-butyl 
methyletherlpetroleumether(1 :3) furnished 3.23 g(68%) ofthecyclicsulfate23as 
a colorless oil. ' H N M R  (300 MHz, CDCI,): 6 =1.13 (s. 3H) .  1.17 (s. 3H). 4.40 
(dd.J=8.7.8.7H~.lH).4.54(dd.J=8.5.6.5Hz.lH).4.72(dd.J=8.8,6.4Hz, 
I H ) .  5.17(dd. J=17.5 .0 .5Hz.  IH) .  5.24(dd. J=10.7 .0 .5Hz.  l H ) ,  5.78(dd. 
J = 17.5. 10.8 Hz. 1 HI. "C NMR (75 MHz. CDCI,): 6 = 21.7. 22.7. 39.2. 69.4. 
87.2. 116.4. 139.6.C,H,,O,S(192.2):calcd.C43.74.H6.29;foundC43.74.H6.36. 

14. 1,1-Diiodo-4.4dimethyl-5exm-~l (24): To a solution of CH,CI, (2.0 mL. 
31 mmol) in diethyl ether (20 mL) and T H F  (20 mL) was added a precooled 1 . 6 7 ~  
solution ofn-butyllithiumin hexane(12.0 mL. 20.0 mmol) at - 100°C. After 15 min 
of stirring. a solution of diiodomethane (5.74 g. 21.4 mmol) in T H F  (5 mL) was 
added dropwise over 5 min at - 110°C. Stirring was continued for 1 h at this 
temperature, andasolutionofthesulfateU(2.43 g, 12.7 mmol) inTHF(5  mL) was 
added dropwise over 5 min. Stirring was continued for 3 h at - 105 "C. The mixture 
was allowed to reach -95 'C over 6 h and finally -70°C over 12 h. Twelve drops 
of conc. sulfuric acid were added followed by water (0.20 mL. 11  mmol). The mix- 
ture was stirred for 20 h at room temperature. TLC analysis showed complete 
hydrolysis of the sulfate ester. Aqueous buffer (pH =7. 20 mL) was added. The 
phases were separated. and the aqueous phase was extracted with rerr-butyl methyl 
ether (3 x 20 mL). The combined organic phases were washed with brine (20 mL) 
and concentrated in vacuo. Flash chromatography of the residue with rerr-butyl 
methyl etherlpetroleum ether (1:7 to 1.3) furnished 0.54g (12%) of the starting 
sulfate 23 and 3.12 g (65 %) of the diiodo compound 24 as a slightly pink oil. 24 was 
storedat -2O'C. 'HNMR(300MHz.CDCI3):6 =1.01 (s.3H). 1.02(s.3H). 1.63 
(brs.lH).2.32(ddd.J=14.7,10.0.2.9Hz.lH).2.48(ddd.J=14.7. 11.6.2.0Hz. 
1 H). 3.27 (dd. J =  9.9. 2.0 Hz. 1 H). 5.07 (dd. J =17.5. 1.2 Hz. 1 H). 5.13 (dd. 
J=10.8.1.2H~.1H),5.18(dd.J=11.5.2.9Hz.1H).5.78(dd.J=17.5.10.8H~, 
1 H). "C NMR (75 MHz. CDCI,): 6 = - 28.1. 22.2. 23.1. 40.9. 50.4. 78.6. 114.4, 
144.3. C.H,,I,O (380.0): calcd. C 25.29, H 3.71; found C 25.50. H 3.75. 

IS. ~lert-Butyldimethyl~ilyloxy)-1,1diiodo-4.4-dimethyl-5exew (25): The alco- 
hol 24 (630 mg. 1.66 mmol) was silylated with rerr-butyldimethylsilyl triflate as 
described in experiment 2. Flash chromatography with petroleum ether yielded 
771 mg (94 %) of 25 as a pinkish oil. Compound 25 was stored at - 20 "C. 'H NMR 
(300MHz.CDCI3):6=0.11(s.3H).0.15(s.3H),0.90(s.9H).0.98(s.6H).2.46 
(ddd. J=15.1 .  7 . 7 . 4 . 0 H ~ .  1H).2.63 (ddd. J=15.1.  10.9.2.3Hz. 1H) .  3.24(dd. 
J = 7 . 7 .  2.2Hz. lH) ,4 .99(dd .  J=10.9 .  3.9Hz. 1H).  5.01 (dd. J=16.7.  1.4Hz. 
1H).5.02(dd,J=11.5,1.4H~.1H).5.82(dd.J=16.5.11.8Hz.lH).'JCNMR 
(75 MHz, CDCI,): 6 = - 27.4. -3.7. -3.3, 18.5. 22.0. 25.0. 26.2. 41.7. 53.7. 80.3. 
112.6. 145.0. C,,H,,I,OSi (494.3): calcd. C 34.02. H 5.71; found C 34.28, H 5.70. 

16. EpoxMe 13 (from the diiodo compound 25): Compound 25 (191 mg. 
0.38 mmol). acetone (0.07 mL. 1.0 mmol). and a 1 . 5 6 ~  solution of n-butyllithium 
in hexane (0.40 mL. 0.62 mmol) were allowed to react as described in experiment 3. 
G C  analysis of the crude reaction product showed the presence of 13n. 13b. and 
3-(r~rr-butyldimethylsilyloxy)-l-iodo-4.4-dimethyl-5-hexene (20) in a ratio of 
23.8: 3.2:73. Flash chromatography provided 120 mg of a mixture of 13n. 13b. and 
20 as a colorless oil. By repeated flash chromatography 20 could be separated. 20: 
'H NMR (300 MHz. CDCI,): 6 = 0.08 (s, 3H). 0.10 (s. 3H) .  0.90 (s, 9 H ) .  0.97 (5. 

3 H) ,0.97 (s. 3 H). 1.82- 1.94 (m. 1 H). 2.01 - 2.13 (m. 1 H). 3.10 (ddd. all J = 8.6 Hz. 
1 H). 3.28 (ddd. J = 9.1. 9.1. 5.1 Hz. 1 H),  3.38 (dd, J =7.1. 3.1 Hz. 1 H). 4.98 (dd. 
5=17.9.  1.4 Hz. 1 H). 4.98 (dd. J =10.5. 1.4Hz. 1 H). 5.86 (dd. J =17.9. 10.5 Hz. 
1H).'JCNMR(75MHz.CDCI,):6= -3.9.-3.5.4.8.18.4.22.8.24.7.26.1.38.4, 
42.1. 79.8. 112.0, 145.6. C,,H,,IOSi (368.4): calcd. C 45.65. H 7.94; found C 45.70. 
H 7.93. 

17. (1R*,3R*)-1-Bromo-~lert-butyldimcthylsilyloxy~l-iodo-4,~methyl-~ex- 
m e  (27): The diiodo compound 25 (512 mg. 1.04 mmol), a 1 . 6 7 ~  solution of n- 
butyllithium in hexane (0.93 mL. 1.55 mmol). and 1.2dibromotetrafluoroethane 
(0.30 mL, 2.5 mmol) were allowed to react as described in experiment 9. Flash 
chromatography with petroleum ether furnished 194 mg (42%) ofdiastereomerical- 
lypure27asacolorlessoil. 'HNMR(300MHz.CDC13):6 = 0.11 (s.3H).O.l6(s. 
3H),0.90(~.9H).0.99(~.6H),2.31(ddd,J=15.1.7.7.4.3Hz,1H).2.66(ddd. 
J=15.1,  10.3. 2.6Hz. 1H) .  3.36 (dd. J = 7 . 6 .  2.5Hz. 1H) .  5.02 (dd. J=16.7.  
1.4Hz.1H).5.03(dd.J=11.8.1.4Hz.1H),5.42(dd.J=10.3.4.3Hz.1H).5.86 
(dd. J =16.5. 11.9 Hz. 1 H) .  "C NMR (75 MHz. CDCI,): 6 = - 3.8, -3.3, 12.2, 
18.5. 21.8, 25.0. 26.2. 42.0. 52.5. 79.3. 112.7. 145.0. 

18. (3R',5R*)-13 (13b) from 27: The bromoiodo compound 27 (95mg. 
0.21 mmol). acetone (0.05 mL. 0.7 mmol). and a 1 . 6 7 ~  solution of n-butyllithium 
in hexane (0.25 mL. 0.42 mmol) were allowed to react as described in experiment 3, 
and 23 mg (37%) of the epoxide 13 band 29 mg (43%) of the bromo compound 19 
were isolated. 

19. Bicyclo compound 16 from 27: The bromoiodo compound 27 (79mg. 
0.18 mmol) and a 1 . 6 7 ~  solution ofn-butyllithium in hexane (0.21 mL. 0.35 mmol) 
were allowed to react as described in experiment 7, and 35 mg (83 %) of 16 in 94% 
d.e. was isolated. The presence of 13 could not be detected. 

Acknowledgements: We are grateful to the Deutsche Forschungsgemeinschaft 
(SFB 260) and the Fonds der Chemischen lndustrie for support of this study. 
H. C. S. thanks the Graduierten-Kolleg "Metallorganische Chemie" at the Philipps- 
Universitiit Marburg for a fellowship. 

Received: March 24. 1995 [F107] 

111 
121 

131 

141 

151 

171 

191 

161 

181 

1101 
1111 

1121 

1131 

1141 
1151 

1171 

1161 

[I81 

1191 
1201 

1211 
1221 
1231 
1241 
1251 

1261 

1271 

1291 
1301 
1311 

1281 

R. K. Dress. T. Rolle. R. W. Hoffmann. Chem. Ber. 1995. 128. 673-677. 
K.-P. Zeller. H. Gugel. Merhoden dpr Organischen Chemie (Houben- Wqvl) , 
Vol. E19b, 1989, p. 179-211. 
H. E. Simmons. T. L. Cairns. S. A. Vladuchik. C. M. Hoiness. Org. Reactions 
1973. 20. 1-131. 
a )  W. T. Miller, D. M. Whalen. 1 An,. Chem. Soc. 1964. 86, 2089-2090. 
b) D. F. Hoeg. D. I. Lusk, A. L. Crumbliss. ibid. 1%5. 87. 4147-4155. 
c) G. L. Closs. J. J. Coyle. ibid. 1%5. 87. 4270-4279. d) R. A. Moss, F. G. 
Pilkiewicz. ibid. 1974, 96. 5632-5633. 
G. L. Closs. R. A. Moss. J.  Am. Chem. SOC. 1964.86.4042-4053. 
H. E. Simmons. R. D. Smith. J.  Am. Chen,. SOC. 1959, 81.4256-4264. 
H. Hoberg. Liebigs Ann. Chem. 1%2, 656. 1 - 14. 
U. Burger, R. Huisgen. Terrahedron kfr. 1970. 3049-3051. 
A. H. Hoveyda. D. A. Evans, S. C.  Fu. Chem. Rev. 1993. 93, 1307- 1370. 
P. Beak, Arc. Chem. Res. 1992. 25, 215-222. 
J. Backes. U. H. Brinker. Merhoden der Organischen Chemie IHouhen- Weyl) , 
Vol. E19b. 1989. p. 465-467. 
R. W. Hoffmann. M. Bewersdorf. M. Kriiger, W. Mikolaiski. R. Stiirmer. 
Chem. Ber. 1991. 124. 1243-1252. 
T. V. Protopopova. A. P. Skoldinov. Zh. Obshch. Khim. 1958.28.2805- 2808; 
J. Gen. Cheni. USSR, Engl. Transl. 1958, 28, 2829-2831. 
R. W. Hoffmann. A. Schlapbach. Tetrahedron 1992.48. 1959-1968. 
S .  D. Rychnovsky, D. J. Skalitzky, Terrahedron Lerr. 1990. 31, 945-948. 
D. A. Evans, D. L. Rieger. J. R. Gage. Terrahedron Leu. 1990. 31. 7099- 
7100. 
a) K. Ziegler, H. Colonius. Liebigs Ann. Chem. 1930, 479. 135-149. b) G. 
Wittig. G. Fuhrmann. Ber. drsch. chem. Ges. 1940, 73, 1197-1218. c) R. W. 
Hoffmann. W. Mikolaiski, K. Brumm. U. Brune. Liebigs Ann. Chem. 1992. 
1 137- 1144. 
The formation of 19 could be caused by deprotonation of acetone or by inad- 
vertent moisture in the system. 
T. Imai. S .  Nishida. Synthesis 1993. 395-399. 
B. Lythgoe. J. R. Milner. J. Tideswell. Terrahedron L e r r .  1975, 2593- 
2596. 
For a review see: B. B. Lohray. Synthesis 1992, 1035-1052. 
T. R. Hoye. K. B. Crawford. J. Org. Chem. 1994.59. 520-522. 
G .  KBbrich. R. von Nagel. Chem. Zrg. 1970, 94,984-985. 
R. W. Hoffmann, M. Bewersdorf, Chem. Ber. 1991. 124. 1259-1264. 
W. F. Bailey, A. D. Khanolkar. K. Gavaskar, T. V. Ovaska, K. Rossi. Y. Thiel, 
K. B. Wiberg,J Am. Chem. Soc. 1991,113.5720-5727, and references therein. 
a )  G. W. Klumpp. Rec. Trav. Chim. Pays-Bas 1986.105,l-21. b) B. Mudryk. 
T. Cohen. J.  Org. Chem. 1991, 56, 5761 -5763. c) R. F. Schmitz, F. J. J. de 
Kanter. M. Schakel. G. W. Klumpp, Terrahedron 1994. 50. 5933-5944. d) F. 
Chen. B. Mudryk, T. Cohen. ibid. 1994, 50, 12793-12810. e) B. Mudryk. T, 
Cohen. J.  Am. Chem. Sor. 1993. 115. 3855-3865. 
a) L. Skattebol. J. Org. Chem. 1966, 31. 2789-2794. b) L. Skattebol. N. 0. 
Nilsen, F. Myhren. Acra Chem. Scand.. Ser. B. 1986, 40. 782-790. 
K. B. Wiberg. J. R. Snoonian. Terrahedron Lerr. 1995. 36, 1171 -1174. 
K. G. Taylor. J. Chaney, J.  Am. Chem. Soc. 1976. 98,4158-4163. 
G. KBbrich. H. Trapp, Chem. Ber. 1966, 99. 670-679. 
R. Rothermel, M. Hanack. Liebigs Ann. Cheni. 1991. 1013-1020. 

624 ~ Q VCH Verlagsgesellschafi mbH. 0 4 9 4 5 1  Weinheim. 1995 0947-6539/95/0109-0624 $ 10.00+.25/0 Chem. Eur. J.  1995. I ,  No. 9 


