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Reaction of 1,4-Bis(bromomagnesio)pentane and
1,5-Bis(bromomagnesio)hexane with Carboxylic Acid
Esters. A Useful, Highly Stereoselective Annelation

Summary: 1,4-Bis(bromomagnesio)pentane and 1,5-bis-
(bromomagnesio)hexane have been prepared in TFH so-
lution and, when treated with carboxylic acid esters, they
afford trans diastereomeric bisubstituted cycloalkanols via
a highly diastereoselective intramolecular Grignard reac-
tion.

Sir: We have previously reported a versatile one-step
synthesis leading to high yields of 1-substituted-cyclo-
alkanols,! 1-(w-hydroxyalkyl)cycloalkanols,? and spiro-
lactones.® The crucial step is the reaction of o,w-diprimary
di-Grignard reagents with carboxylic acid esters, lactones,
and cyclic anhydrides. The results lead to the conclusion
that cyclization to a five or a six membered ring is favored
over the many possible intra- and intermolecular reactions.
Under normal dilution conditions, 1,4-bis(bromo-
magnesio)butane yields no product arising from intramo-
lecular reduction or enolization when treated with hindered
esters.! Experiments aimed at seven-membered ring diols*
and spirolactones showed that dilution does not augment
the yields which at best were very low.

The use of 1,3-bis(bromomagnesio)propane with the
same series of cyclic anhydrides (mentioned above) gave
the corresponding four-membered spirolactones® but in
lower yields than those reported by Bickelhaupt for the
reaction of this di-Grignard with carbon dioxide.®

Following our success with the diprimary reagents, we
have now prepared some primary-secondary bis-Grignard
reagents to follow their reactions with carboxylic acid
derivatives particulary because this annelation should
enable one to determine the factors which control diast-
ereoselection in intramolecular Grignard reactions.

The primary-secondary bis-Grignards 1 and 2 were
prepared from the readily available dibromides’ in THF
solution in yields of 80% and 85% by using the procedure
established for the diprimary reagents. Treating these
reagents with a series of carboxylic acid esters should reveal
if the size of the ring being formed would influence the
diastereomer distribution. (Scheme I). The results (Table
I) show that the annelation is highly stereoselective af-
fording preferentially the trans-2-methyl-1-substituted-
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Table I. Reactions of 1,4-Bis(bromomagnesio)pentane with
Carboxylic Acid Esters in THF Diastereoisomer
Distribution

2-methyl-1-substituted-cyclo-
pentanols®?

ester, R vield (%) cis-OH trans-OH
3,H 12 88 23 77
4, CH; 13 77 6 94
5, CH,CH, 14 76 7 93
6, CeH,,CH, 15 81 6 94
7, CeHyy 16 75 5 95
8, CeH; 1778 11 89
9, p-CH,CH, 18 70 23 77
10, p-CICgH, 19 74 18 82
11, p-CH;0CH, 20 75 40 60

¢Isolated product. ®Ratios of diastereomers determined by GC
and 'H NMR.

Table II. *C NMR Shifts of
cis,trans-2-Methyl-1-substituted-cyclopentanols

o, R R oH

)—\’ ACHy i ACH;
R 6(CHy) 5(C-1) 8(CH,) 5(C-1)
H 13.68 76.02 18.29 80.41
CH;, 12.51 80.63 18.14 81.07
CH,CH, 1250 8231 1654 8422
C¢H,CH, 1258 8246 1661  84.44
CeHy 1258 8429 1749  87.00
oH 1200 8385 1829  85.90
p-CH,C.H, 1207 8334 1836 8575
p-CIC,H, 12.00 8370 1822 8554

p-CH,0CH,  12.07 83.56 18.31 85.80

cyclopentanols, but the structure of the starting ester has
a striking effect on the reaction rate and the isomer dis-
tribution. The significance of these observations lies in
the fact that the trans-OH diastereoisomers which are the
major products cannot be obtained conveniently by other
general routes.® The analysis of the diastereomeic prod-
ucts results from 'H and *C NMR spectroscopy, gas
chromatography, and high performance liquid chroma-
tography. Published data for certain isomeric 2-methyl-
1-substituted-cyclopentanols® and cyclohexanols!® arising
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Table II1. Reactions of 1,5-Bis(bromomagnesio)hexane with
Carboxylic Acid Esters in THF Diastereoisomer

Distribution
2-methyl-1-substituted-cyclo-
hexanols®?
ester, R yield (%) cis-OH trans-OH
3,H 21 57 30 70
4, CH, 22 53 25 75
8, CoH, 23 54 25 75

aIsolated product. ®Ratios of diastereomers determined by GC
and 'H NMR.

from previous studies of organometallic reactions of 2-
methyl-cycloalkanones greatly facilitated this aspect of the
study. Pertinent 1*C NMR shifts of the methyl and the
carbinol carbons, listed in Table II, show that this method
readily distinguishes the cis from the trans isomers. The
methyl carbon signals of the later consistently appear
about 4 ppm downfield from those of the cis diastereoi-
somers. The carbinol carbon sighals are less susceptible
to changes in structure but in general the shifts for the cis
cyclopentanols have lower values than the trans isomers.
In the 'H NMR spectra the protons of the methyl groups
in the trans isomers invariably appear the further upfield,
while the results of gas chromatography and flash chro-
matography show the cis-substituted cyclopentanols to
have shorter retention times than the trans alcohols. These
methods permitted the ready identification of the products
and the relative ratio of the diastereoisomers.

The diastereoselectivity of these reactions must reside
in the cyclization step, the second nucleophilic attack of
the 5-oxoalkyl Grignard reagent (Scheme II). Since the
primary or the secondary Grignard may be responsible for
the first reaction with the ester carbonyl, two intermedi-
ates, a and b, are possible.

Significantly lower yields of the cyclized products were
obtained when 1,5-bis(bromomagnesio)hexane (2) was re-
acted with some of the same esters (3, 4, and 8). Analysis
of the products showed that in the six-membered cycli-
zation, in contrast to the five-membered, competitive inter-
and intramolecular processes became relatively important.
While the 2-methyl-1-substituted cyclohexanols were iso-
lated in only 53% to 57% yield, the trans diastereoisomers
were still greatly favored over the cis (Table III).

At the moment of cyclization, several conformations
leading to 2-methyl-1-substituted-cyclopentanols are
possible (Ia, Ib, IIa and IIb, Scheme III). In both Ia and
ITa there are important steric interactions between the
methyl group originating in the reagent and the R group
from the original ester. The expected greater reactivity
of the secondary center of the di-Grignard reagent suggests
that the favored intermediates should be Ib and Ifb. The
same argument leads to the intermediacy of conformations
IIIb and IVDb to explain the diastereoselection in the six-
membered annelations.

Currently we are undertaking experiments to determine
conclusively whether it is the secondary or primary part
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of the di-Grignard which initiates the first attack on the
ester carbonyl since this information is critical to all dis-
cussion concerning the origin of the selectivity.
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Stereoselective Total Synthesis of (+)-Isocelorbicol

Summary: The naturally occurring trihydroxyagarofuran
(%)-isocelorbicol (1) has been synthesized in 15 steps
(3.2%) from 9-keto-a-agarofuran (2). This completely
stereoselective synthesis includes an osmium tetraoxide
oxidation in which the reagent attacks exclusively from the
more hindered face of the molecule.

Sir: Isocelorbicol (1)! is one of a number of complex,
polyhydroxylated derivatives of agarofuran which are
found in many plants of the family Celastraceae.? Al-
though no member of this group of natural products has
been shown to possess biological activity, several ester
alkaloids based on these sesquiterpencids have been iso-
lated from Catha edulis (khat) a stimulant narcotic used
in the Middle East and parts of Africa.? Isocelorbicol,
although one of the more structurally simple members of
this group of natural products still presents a considerable
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