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Bimanes are bicyclic ring compounds that exhibit many
interesting chemical,?® photochemical,” and photophysi-
cal®13 properties along with useful applications in biolo-
gy.1#1¥ Ring-fluorinated bimanes were desired because
(1) the small atomic size of fluorine would increase in-
termolecular interactions in the crystal over those observed
for syn-(hydro, chloro)bimanes,>'° (2) the fluorine sub-
stituent would allow a stringent test of the Hammett p~c
correlation for the rate constants of hydroxide-catalyzed
bimane ring opening and (3) the fluoro derivative would
extend the series of chloro-, bromo-, and iodobimanes for
which a variety of physical properties have already been
recorded.

Fluorinated heterocyclics cannot usually be synthesized
by direct fluorination due to reaction of the fluorine at the
heteroatom. Bimane derivatives are attractive as sub-
strates for the electrophilic fluorination of heterocyclics
with the new reagent acetyl hypofluorite.’*? The nitrogen
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atoms in bimanes are very low in basicity; the UV spectrum
of syn-(CH;,CH;)B changes only a little in 6 N H,SO,, and
the half-life of the bimane in this solution is more than
3 months at 25 °C.?

We report here the successful conversion of syn-
(CH3,H)B (1) to syn-(methyl,fluoro)bimane (2) via re-
placement of hydrogen by fluorine. The half-fluorinated
derivative syn-(methyl,fluoro)(methyl,hydro)bimane (3)
has also been isolated in low yield.

Results and Discussion
Synthesis. syn-(Methyl,hydro)bimane (1) reacts with
acetyl hypofluorite in cold chloroform—nitromethane (2:1)
solution (=75 °C) to form syn-(methyl, fluoro)bimane (2)
(eq 1). Excess starting bimane is used to avoid further
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reaction of the product bimane with acetyl hypofluorite
or the small amounts (<15%) of other oxidizing materials
that are present. Three products are isolated by chro-
matography of the solid after removal of the solvent. The
desired bimane, syn-(CH;,F)B (2), is obtained in ca. 25%
yield along with the “mixed” bimane, syn-(CHj;H)-
(CH;,F)B (8), in 5% yield. A major product is 2-((Z)-1-
methyl-2-fluorovinyl)-3-methyl-4-fluoro-5-pyrazolinone (4).
The strong fluorescence of the bimane is exhibited in the
reaction solution.

The conversion of 1 into 2 with acetyl hypofluorite
represents the first reported electrophilic fluorination of
a heterocyclic compound other than uracil or cytosine. %
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Notes

The usual procedure for fluorination with CH,COOF
utilizes excess hypofluorite. In the case of reactive ma-
terials, excess substrate is required to avoid loss of the
product through side reactions.?? Bimanes are highly re-
active toward electrophilic fluorinating agents. This is
shown by the fact that the mixed bimane, i.e., syn-
(CH,,F)(CH,3,H)B (8), is produced in low yield, even
though a substantial amount of starting material (1) is
recovered. The simplest explanation is that 3 is formed
and reacts further before the fluorinating agent can be
completely dispersed. Bromination of syn-(CH;,CH3)B,
under the usual conditions, yields both the monobromo
derivative (BrCH,,CH;) (CH;,CH;)B and the dibromo
compound (BrCH,,CH,;)B. Rather high dilution during
addition is needed to favor monobromination.

The structure of the important byproduct (2-((Z)-1-
methyl-2-fluorovinyl)-3-methyl-4-fluoro-5-pyrazolinone (4)
is based on hydrogen, fluorine, and *C NMR spectra.
These spectra show three different hydrogens, 2 different
fluorines, and seven different carbon atoms. A mechanism
for the formation of 4 is shown in Scheme 1. It is proposed
that the acetyl hypofluorite acts as an F* donor, forming
an intermediate iminium acetate ion pair. The ion pair
can collapse through either (a) formation of an adduct at
C, (Cy) which eventually leads to a ring-substituted bimane
or (b) formation of a carbonyl addition product which
yields 4 after a ring-opening step, hydrolysis, and decar-
boxylation.

Physical Properties. The physical properties of the
fluorinated bimanes are in agreement with the proposed
structures, as follows: syn-(methyl,fluoro)bimane (2),
UV, 340 nm (dioxane), NMR spectra (‘H NMR) [CHj]
2.40, (°F NMR) 168.3 ppm, mass spectrum, [M*] m/e 200,
fluorescence A, 433 nm (dioxane), IR spectrum [2930
(C-H), 1780 (C=0) cm™™], and chromatographic behavior;
syn-(methyl fluoro)(methylhydro)bimane (3), UV X, 350
nm (dioxane), NMR spectra (*H NMR) [CH;] 2.39 and
2.40, [H] 5.53, (\°F NMR) 170.83 ppm, mass spectrum,
[M*] m/e 182, and fluorescence A,, 408 nm (dioxane).

The chemical shift of the methyl group in 2 at 2.40 ppm
seems somewhat unusual in comparison to what is seen
for other related bimanes. In the series syn-(CH3,X)B, the
shifts (in ppm) are respectively CHj,, 2.31, H, 2.38, Cl, 2.47,
Br, 2.47,1, 2.52. The coupling between the °F and the CH,
hydrogens is 0.7 Hz, within the range of the values usually
found.?®

The absorption maximum for 2 in dioxane is at 340 nm,
at much a shorter wavelength than that for 1 (354 nm) or
for syn-(CH;Cl)B (364 nm). A detailed discussion of
bimane conformations and photophysical properties will
be given elsewhere together with a description of the
photophysical properties of 2,27

The carbonyl stretching frequency for 2 is at 1780 cm™,
at a higher frequency than for all the bimanes in the series
syn-(CH,,X)B (1760 cm™) except for X = H (1765 and
1740 cm™) and X = CH, (1745 cm™). Decreased conju-
gation as in a “bent” bimane could account for the position
of the band in 2.

Chemical Properties. The rate constant for hydrolysis
of 2 at 50 °C is 82.6 M1/s™! and fits that expected for the
o, constant (0.34). The p value for the Hammett corre-
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lation is 3.0, by using the sum of ¢, + 0.50,, to account
for the substituents in both rings.® Thus, the fluorine in
the ground state acts as a purely electronegative substit-
uent. The previous choice of o, to correlate the rate
constants for the hydrolysis of bimanes bearing other
substituents is reinforced and the validity of the correlation
considerably enhanced.

The bimane is reformed on isolation of the hydrolysis
product 5 and treatment with thionyl chloride (eq 2).
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There is no observable reaction of syn-(CHg3,F)B with
dilute bromine in CH,Cl, at room temperature (the usual
conditions for brominations of syn-(CH;,CH;)B) over a
period of 1 week. syn-(CH,;,Cl)B is reported to have been
converted to the monobromo derivative under these con-
ditions in 2 months. Further studies on the bromination
reaction will be carried out when adequate quantities of
2 are available.

The compound 2 darkens somewhat but is otherwise
unchanged at the melting point (160 °C).

Experimental Section

The following instruments were used for the measurements:
a Cary Model 17 spectrophotometer (ultraviolet—visible spectra),
a Perkin-Elmer Model 257 instrument (infrared spectra), a Hitachi
Perkin-Elmer spectrofluorimeter MPF-4 (fluorescence spectra),
Du Pont mass spectrometer 21-431B (mass spectra), Bruker
WH-90 and AM-360 NMR spectrometers (NMR spectra).

syn-(CH,,F)B (2). A solution of acetyl hypofluorite (ca. 50
mmol) was generated according to Lerman et al.?? and added in
small portions (10 mL) to a well-stirred solution of the bimane
syn-(CH3,H)B (1; 560 mg, 3.5 mmol) in 700 mL of chloroform-
nitromethane (2:1) at =75 °C. The progress of the reaction was
monitored by TLC on silica gel. The reaction was usually very
fast. The solvent was evaporated without warming and the residue
chromatographed on silica gel with 20% ethyl acetate—petroleum
ether.

The first compound eluted was 2-((Z)-1-methyl-2-fluoro-
vinyl)-3-methyl-4-fluoro-5-pyrazolinone (4), obtained as white
crystals from ethyl acetate (303 mg, 50%): mp 150-152 °C; IR
(KBr) 3110, 3000, 2800-2300, 1595, 1440, 1400, 1370, 1340, 1270,
1220, 1170, 1130, 1085, 1040, 850, 715 cm™; 'H NMR (CDCl,) 1.98
[3 H, dd, 4JHF =475 HZ, 4JHH =1.45 HZ], 2.18 [3 H, d, 4JHF =
1.65 Hz], 6.88 [1 H, dq, J gr = 78 Hz, *Jyuy = 1.45 Hz] ppm; °F
[1 F] ppm; *C NMR (CDCly) 8.57 [q], 13.48 [q], 123.1 [d, ZJcF
= 28 Hz], 127.29 [d, 2Jcp = 22 Hz), 133.86 [d, YWJcr = 241 Hz], 149.1
[dd, 'Jcp = 263 Hz], 150.43 [s] ppm; mass spectrum m/e 174 [M*],
115 [(M-CH3CCHF)*]. Anal. Caled for C;HgF,N,0: C, 48.27;
H, 4.60; F, 21.84. Found: C, 48.42; H, 4.48; F, 21.57.

The second compound eluted was syn-(methyl,fluoro)bimane
[syn-(CH3,F)B (2): 343 mg, 25%], obtained as light yellow crystals
from CH4CN or i-PrOH: mp 160 °C (darkens without dec); IR
(KBr) 2930, 1780, 1705, 1670, 1420, 1330, 1220, 1030, 795, 740 cm’};
UV (dioxane) Ay, 340 nm (e, 5000); fluorescence (dioxane) Ay,
433 nm (¢ 0.86); 'H NMR (CDCl;) 2.40 [d, Jyr = 0.7 Hz] ppm;
SF NMR CDCl,; CFCl, ref) —168.3 ppm; mass spectrum, 200 [M*].
Anal. Caled for CgHgF,N,0,: C, 48.00; H, 3.00; F, 19.00. Found:
C, 47.82; H, 2.91; F, 19.21.

The third compound eluted was syn-(methyl,hydro)(meth-
ylfluoro)bimane [syn-(CH3;H)(CHyF)B (3)], as light yellow
crystals (31 mg, 5%): mp 197 °C (ethyl acetate); IR (KBr) 3120,
3110, 1750, 1675, 1580, 1440, 1395, 1370, 1230, 1145, 1030, 810
cm™’; UV (dioxane) Apay 350 nm (e, 4500); fluorescence (dioxane)
Amax 408 nm ($¢ 0.93); 'H NMR (CDCl) 2.39 [3 H, s], 2.40 [3 H,
d, Jyr = 3.5 Hz], 5.53 [m, 1 H] ppm; °F NMR (CDCly; CFCl,
ref) ~170.83 ppm; mass spectrum, m/e 182 [M*]. Anal. Caled
for CgH,FN,0,: C, 52.75; H, 3.84; F, 10.44. Found. C, 52.93; H,
3.62; F, 10.85.
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The conversion of syn-(methyl,hydro)bimane (1) to products
was between 50% and 100%, based on the recovery of 1. The
yields of 2 were between 25% and 30%, of 3 between a trace and
5%, and of 4 from 50% to 60%.

Kinetic Measurements. syn-(CHj3,F)B (2) was dissolved in
CH;CN. An aliquot (100 uL.) was added rapidly to aqueous buffer,
pH 10.2, maintained at 50.0 °C in a thermostated quartz cell
located in the cell compartment of a Cary 17 spectrophotometer.
The decrease of absorption at 360 nm was followed with time for
more than 10 half-lives. The second-order rate constant for the
reaction of the bimane with hydroxide ion was obtained from the
experimental curve from the slope of the plot of log (D, — D¢
vs. time and dividing by the temperature corrected hydroxide ion
concentration.

Regeneration of 2 from the Pyrazolinoylacrylic Acid. A
mixture of the acid (obtained from base-catalyzed ring opening
of syn-(CHg,F)B and acidification) (1 mg) and thionyl chloride
(10 pL) was stirred for 24 h. After removal of thionyl chloride
under vacuum, the residue was shown to be identical with au-
thentic syn-(CH3,F)B (2) in absorption maximum (340 nm; di-
oxane), emission maximum (433 nm; dioxane), and thin-layer
chromatographic behavior.
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We recently reported? that Amaryllidaceae alkaloids
could be prepared in good yield from 2-aminocyclo-
pentanones by a sequence whose key step was a cationic
aza-Cope rearrangement. In order to extend this approach
to the preparation of these alkaloids in enantiomerically
pure form,® we required a method for preparing
(1R,2R)-trans-2-aminocyclopentanol on a large scale. This
intermediate had previously been obtained by classical
resolutions, which proceeded, however, in low overall ef-
ficiency.*® In this paper, we report that both enantiomers
of trans-2-aminocyclopentanol and trans-2-aminocyclo-
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hexanol can be conveniently obtained by the chromato-
graphic separation of the diastereomeric trans-amino al-
cohols resulting from the reaction of cyclopentene oxide
or cyclohexene oxide with the reagent® formed from
(R)-a-methylbenzylamine and trimethylaluminum.

Aminolysis® of cyclopentene oxide or cyclohexene oxide
with aluminum amide 1 proceeded in nearly quantitative
yield at room temperature. Although this reaction oc-
curred, not surprisingly, with virtually no diastereoselec-
tivity, the amino alcohol products were easily separated
in high yield (see Table I) by simple flash chromatography
on silica gel. Hydrogenolysis’ then provided highly en-
antiomerically pure samples of 6~98 (Scheme I) in overall
yields from the starting epoxide of 36-41%.

The general resolution method reported here should be
useful for the preparation of other optically active 8-amino
alcohols.!®

Experimental Section!!

(18,28 )-trans-2-[(R)-(a-Methylbenzyl)amino]cyclo-
hexanol (4) and (1R,2R)-trans-2-[(R)-(a-Methylbenzyl)-
amino]cyclohexanol (5). A solution of MezAl (6.2 mL of a 2.0
M solution in toluene, 12.4 mmol) was added dropwise at 0 °C
to a rapidly stirred solution of (+)-(R)-a-methylbenzylamine (1.50
g, 12.4 mmol)!! and CH,Cl, (10 mL). The resulting solution was
maintained for 1 h at 0 °C and then a solution of cyclohexene
oxide (1.28 g, 13.1 mmol) and CH,Cl, (10 mL) was added dropwise.
The resulting solution was maintained for an additional 3 h at
0 °C and then left overnight at 25 °C. The aluminate salt was
decomposed!? at 0 °C by adding 2.2 g (52 mmol) of NaF followed
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