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Aconformationally locked fluoropentol undergoes an inter-
esting transformation to (trans,anti,trans,anti,trans)-per-
hydro-2,3,4a,6,7,8a-naphthalenehexol essentially under con-
ditions of base-induced transesterification. The proposed
rationale for the observed metamorphosis involves a
nucleophilic displacement of fluoride, and subsequent
stereo- and regioselective anti-F€urst-Plattner-type ring-
opening of the epoxide thus formed.

Organofluorine compounds have been known to display
intriguing structural and physicochemical characteristics.1

Indeed, the moniker “flustrates”, as coined by Seebach for
fluorine-containing substrates, was largely inspired by the
often noted unanticipated physicochemical responses of
fluorine derivatives in an otherwise straightforward chemical
transformation.2 In this context, the present report dealswith a
novel observation, which adds to the existing repertoire of
abnormal albeit interesting characteristics displayed by many
organofluorine compounds.We document herein an intrigu-
ing metamorphosis of a conformationally locked fluoro-
pentol1 to the (trans,anti,trans,anti,trans)-perhydro-2,3,4a,6,7,8a-
naphthalenehexol 2, mediated by an unexpectedly facile
expulsion of fluorine in a bridgehead fluorohydrin to an
epoxide intermediate undermild basic conditions. It needs to
be highlighted that acquisition of a 1,2-diol moiety in a trans-
diequatorial configuration on a conformationally locked

trans-decalin scaffold would entail circuitous synthetic
maneuvers that are, by no means, trivial.

Formation of the hexol 2 as a rather insoluble microcrys-
talline solid was first observed rather serendipitously during
an attempted transesterification (K2CO3/MeOH milieu) of
the tetra-acetate derivative 3 of the fluoropentol 1.3 Though
seemingly bizarre at the outset, the extrusion of the fluoro
moiety and the apparent axial-equatorial epimerization of
all the four secondary hydroxy groups in a conformationally
locked scaffold could eventually be reconciled (Scheme 1).

Though alternate mechanistic viewpoints and likely inter-
mediates can be considered to account for the unusual
transformation of 1 to 2, our putative rationale is that the
trans-fluorohydrin moiety in 1, formed from 3 during transes-
terification, undergoes base-induced fluorine displacement
to furnish the epoxide moiety in the intermediate 4.4 As
indicated by DFT-based geometry optimization performed
at the B3LYP/6-31þG(d) level,5 the epoxytetrol 4 has a
folded structure that is stabilized by an intramolecular
O-H 3 3 3Ohydrogen bond between the two hydroxy groups,
anti to the epoxide (Figure 1). The foldedmolecular topology
of 4 renders position “a” of the epoxide functionality sig-
nificantly more sterically encumbered to nucleophilic attack
and facilitates, in consequence, an otherwise less favorable
anti-F€urst-Plattner-type epoxide ring-opening in 4 by OH-

at position “b”.6,7 This engenders the hexol 2a, bearing the
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1,2-transdiaxial secondary hydroxy substituents in a high
energy twist-boat conformation. Relaxation of the carbo-
cyclic skeleton in 2a to a chair conformation in 2 brings the
secondary OH functionalities to the observed tetraequator-
ial orientation. It is worth noting at this point that a normal
epoxide opening in 4 via OH- attack at position “a” would
lead to the formation of the all-axial naphthalenehexol 5,
whose synthesis and in-depth characterization has already
been reported by us (Scheme 1).8

In order to test the feasibility of our proposition, a pure
recrystallized sample of the fluoropentol 1 was treated with
K2CO3 in methanol under ambient conditions. To our de-
light, the reaction proceeded to completion (as indicated

through TLC analysis) in just over 1 h, and the hexol 2 could
easily be isolated from the reaction mixture in almost quan-
titative yield. Although the trans-anti-trans-anti-trans rela-
tionship of the hydroxy groups in the C2h-symmetric hexol 2
could be discerned from its NMR spectral data, it appeared
prudent, given the unconventional nature of its formation, to
confirm the stereostructure of 2 through single crystal X-ray
diffraction studies. Implicit in this endeavor was also an
opportunity to study the solid-state self-assembly of 2 and
glean a possible rationale for its unusually highmelting point
(>300 �C) and near insolubility in most organic solvents as
compared to its known diastereomers.8,9

Single crystals of the hexol 2were obtained as small plates
by slow evaporation of its solution in deionized water under
ambient temperature and pressure. The crystal structure of 2
was solved in the centrosymmetric monoclinic space group
P21/c (Z=2), with the C2h symmetric hexol molecules
occupying the inversion centers at (1/2, 0, 0) and (1/2, 1/2,
1/2) (Figure 2). Employing thewell-knownR2

2(10) O-H 3 3 3O
hydrogen bonding motif,10 the equatorial hydroxy groups
linked the hexol molecules into H-bonded chains, growing
along the [1 0 1] direction. Thesemolecular chains, translated
along the a axis, were connected via intermolecular O-H 3 3 3O
hydrogen bonds to form sheets, whichwere, in turn,H-bonded
along the b axis to generate the solid-state self-assembly of
the hexol 2 (Figure 3, Table 1).

Hence, the molecular packing in crystalline 2 was effected
entirely via the agency of strong intermolecular O-H 3 3 3O

FIGURE 1. Energy optimized geometry of the epoxytetrol 4, as
computed at the B3LYP/6-31þG(d) level. The purple dotted lines
indicate intramolecular O-H 3 3 3O hydrogen bonds.

SCHEME 1. Mechanism Proposed to Account for the Forma-

tion of the Hexol 2 from the Fluorocyclitol 1

FIGURE 2. ORTEP diagram of the hexol 2 with atom numbering
for the asymmetric unit.Displacement ellipsoids have been drawn at
50% probability level, and H atoms are shown as small spheres of
arbitrary radii.
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hydrogen bonds, with each hexol molecule engaging itself in
12 H-bonds and being linked to 8 nearest neighbors. In fact,
the large number of intermolecular O-H 3 3 3O hydrogen
bonds (the highest permolecule in the crystal structure of any
of the perhydro-2,3,4a,6,7,8a-naphthalenehexols studied so
far) and an efficient close packing (packing index=72.4%)
in the solid-state self-assembly of 2 would probably explain
the unique physical properties (melting point and solubility)
of the hexol, already alluded to.8,9

In conclusion, as an offshoot of our ongoing interest in the
synthesis of carbasugars and cyclitols,11 we have encountered a
novel, one-pot,base-induced transformationofa fluorocyclitol12

to a polycyclitol,13 involving a nucleophilic displacement of
fluoride and a subsequent anti-F€urst-Plattner-type ring-
openingof the epoxide thus formed.Thoughdecidedly serendip-
itous, this rather facile and simple chemical reaction afforded
us a quantitative access to the most elusive of the perhydro-
2,3,4a,6,7,8a-naphthalenehexols that can be constructed on a
conformationally locked trans-decalin scaffold.

Experimental Section

Synthesis of (2S*,3S*,4ar,6R*,7R*,8aβ)-Perhydro-2,3,4a,6,7,8a-
naphthalenehexol (2). a. From the Tetra-acetate Derivative (3) of
8a-Fluoroperhydro-2,3,4a,6,7-naphthalenepentol 1. The tetra-
acetate derivative 3 was prepared by acetylating the fluoropen-
tol 1 (0.030 g, 0.127 mmol) at ambient temperature in presence
of acetic anhydride (1.5 mL) and 4-dimethylaminopyridine
(0.065 g, 0.534 mmol). The reaction takes 18 h to complete as
indicated byTLCanalysis. At the end of this period, the reaction
was quenched with water, and the product was extracted with
dichloromethane. The combined extract was washed with satu-
rated sodium bicarbonate solution and brine and dried over
anhydrous sodiumsulfate.Removal of the solvent and subsequent
purification by column chromatography with 50% ethyl acetate/
hexane afforded the tetra-acetate 3 (0.046 g, 89%) as a colorless
solid: mp 226.4-226.7 �C; IR (KBr) 3578, 3496, 2963, 1728, 1373,
1248, 1082 cm-1; 1H NMR (400 MHz, CDCl3) δ 5.09 (brs, 2H),
4.98 (brs, 2H), 2.32-2.01 (series of m, 6H), 2.10 (s, 6H), 2.07
(s, 6H), 1.87 (d, J = 16 Hz, 2H); 13C NMR (100 MHz, CDCl3)
δ 167.0 (2C), 169.1 (2C), 93.6 (d, J=177Hz), 69.9 (d, J=28Hz),
69.8 (2C), 68.4 (2C), 33.1 (2C), 31.3 (d, J=20Hz, 2C), 21.2 (4C);
19FNMR (376MHz, CDCl3) δ-158.1; HRMS (ES)m/z calc for
C18H25FO9Na (M þ Na)þ 427.1380, found 427.1369.

Solid potassium carbonate (0.041 g, 0.297 mmol) was added
to a solution of the tetra-acetate 3 (0.030 g, 0.074 mmol) in
methanol (2 mL), and the resultant reaction mixture was stirred
at ambient temperature for 2 h. The solvent was then removed
under vacuum, and the product was isolated from the residue,
following the workup procedure described below. The amount
of the pure hexol obtained was 0.016 g (92%).

b. From 8a-Fluoroperhydro-2,3,4a,6,7-naphthalenepentol 1.

A solution of potassium carbonate (0.058 g, 0.424 mmol) and
the fluoropentol 1 (0.025 g, 0.106 mmol) in methanol (1.3 mL)
was stirred vigorously for 75 min under ambient conditions.
During this interval, the reactionmixture, initially clear, quickly
turned turbid and soon formed a heavy white precipitate. After
the completion of the reaction (as indicated by TLC), the sol-
vent was removed completely under vacuum, and the residue
was dissolved in deionized water. The solution was passed
through a short column of pretreatedDOWEX50W ion-exchange
resin (8-200 mesh, acidic cation) and washed thoroughly with
deionized water. The aqueous solution of the product thus
obtained was concentrated under vacuum to obtain a white
microcrystalline solid. The latter, when washed twice with
methanol and dried under vacuum, afforded the pure hexol 2
(0.021 g, 96%): mp >300 �C; IR (KBr disk) 3330, 2944, 1058
cm-1; 1HNMR (300MHz, DMSO-d6) δ 4.20 (d, J=11Hz, 4H),
3.48 (brs, 2H, OH), 1.57-1.41 (m, 8H); 13CNMR (75 MHz,
DMSO-d6) δ 73.2 (2C), 71.0 (4C), 40.8 (4C); HRMS (ES) m/z
calc for C10H18O6Na (M þ Na)þ 257.1001, found 257.1003.

X-ray Crystallography. Single crystal X-ray diffraction data
was collected at 291 K on a Bruker AXS SMART APEX CCD
diffractometer using graphite monochromated Mo KR radia-
tion (λ=0.71073 Å). The X-ray generator was operated at
50KV and 40mA. The datawas collected with aω scanwidth of
0.3�. A total of 606 frames per setwere collected usingSMART14

in three different settings of j (0�, 90�, and 180�). During data
collection, the sample to detector distance and the 2θ value was

FIGURE 3. Molecular packing in the hexol 2. Dotted lines indicate
the intermolecular O-H 3 3 3O hydrogen bonds.

TABLE 1. Hydrogen Bond Geometry in the Hexol 2

D-H 3 3 3A
a

D-H
(Å)

H 3 3 3A
(Å)

D 3 3 3A
(Å)

D-H 3 3 3A
(deg)

O1-H1O 3 3 3O2(i) 0.820 1.91 2.733(2) 177
O2-H2O 3 3 3O3(ii) 0.820 1.98 2.745(2) 155
O3-H3O 3 3 3O1(iii) 0.820 2.00 2.805(2) 167

aSymmetry code: (i)x, -y þ 1/2, z - 1/2; (ii)-x þ 2, -y, -z þ 1;
(iii)-x þ 2, -y, -z.
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kept fixed at 6.062 cm and -25� respectively. The data were
reduced by SAINTPLUS;14 an empirical absorption correction
was applied using the package SADABS,15 and XPREP14 was
used to determine the space group. The crystal structures were
solved by direct methods using SIR9216 and refined by full-
matrix least-squares methods on F2 using SHELXL97.17 Mo-
lecular and packing diagrams were generated usingORTEP-318

and CAMERON,19 respectively. The geometric calculations
were done by PARST20 and PLATON.21 All hydrogen atoms,
including those of hydroxy groups, were placed in geometrically
idealized positions and constrained to ride on their parent atoms
with C-H distances in the range 0.97-0.98 Å and Uiso(H) =
1.2Ueq(C) and O-H distances fixed at 0.82 Å and Uiso(H) =
1.5Ueq(O).

Crystal Data for Hexol 2. C10H18O6, M=234.24, mono-
clinic, P21/c, a=5.8081(6), b=10.9082(10), c=8.2899(8) Å,
β=91.556(6)�, V=525.02(9) Å3, Z=2, Fcalcd=1.482 g/cm3,
3571 reflections measured, 1026 unique (Rint=0.0354), R1 =
0.0410 andwR2= 0.1006 for 733 observed reflections. The CIF
file for the crystal data of the hexol 2 is available from the
Cambridge Crystallographic Data Centre via www.ccdc.cam.
ac.uk/data_request/cif under CCDC ref no. 789910.
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