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shouid be dipole HOMO controlled, and the HOMO po-
larization is modestly weighted toward carbon rather than
nitrogen due to the effect of sydnone carbonyl.!? Since
thial LUMO polarization also has the larger FMO coef-
ficient at carbon,!! the regiochemistry seen for entry 8
would have to be due to other factors (sterics, lone pair
repulsions, dipole LUMO-thial HOMO interactions, etc).

So far, only the previously reported reaction of thio-
pivaladehyde with ethyl diazoacetate gives detectable
products from the more hindered 2 + 3 cycloadduct (ca.
1:1 mixture of regioisomers is formed).! A comparison of
FMO energies and coefficients for the reactants!!? in this
case is instructive because both possible FMO interactions
(dipole HOMO + thial LUMO; dipole LUMO + thial
HOMO) now favor the more hindered regioisomer. The
behavior of thioketones with diazo esters is again very
similar and opposing steric vs. FMO factors result in re-
gioisomer mixtures.

Overall, there is a close analogy in the behavior of
thiopivaldehyde and the previously studied thioketone 2
+ 3 cycloadditions. The same trend has also been noted
in 2 + 4 cycloadditions and ene insertions which are dis-
cussed in other papers from our laboratory.!b4
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The Temperature-Dependent Regioselective
Deprotonation of Fluoroacetone Cyclohexylimine

Summary: The temperature-dependent regioselective
deprotonation of fluoroacetone cyclohexylimine was de-
veloped as a procedure for the regioselective alkylation of
fluoroacetone.

Sir: The importance of metalated imines (azaallyl metal
reagents) in selective asymmetric synthesis is widely rec-
ognized.! Regioselective deprotonation, critical when
acyclic ketimines are employed, is dependent upon tem-
perature, the nitrogen alkyl substituent, and the steric bulk
of the base among other factors.? In the course of our
studies on the stereoselective synthesis of fluorinated
compounds, we sought to develop methods for the selective
deprotonation and alkylation of fluorinated imines. As
fluorine is not a sterically demanding substituent, fluori-
nation is a severe test of the sensitivity of deprotonation
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Table 1. Temperature-Dependent Deprotonations of
Fluoroacetone Cyclohexylimine

product
composition®
temp, RCHFO- CH,FCO- vyield,
entry alkyl halide °C CH; CH,;R %
1 CH,I -30 11 89 48b
2 CHgI -80 96 4 430
3 CHy=CHCH,Br -30 9 91 62
4 CH,=CHCH,Br -80 97 3 69
5 CHyCH,CH,CH,I -30 3 97 60
6 CHyCH,CH,CH,I -80 97 3 81
7 CeHsCH,Br -30 18 82 7
8  CgH,CH;Br -80 93 7 81
9  CeH,CH=CHCH,Br -30 8 92 88
10 CgH;CH=CHCH,Br -80 28 72 79

¢Product composition determined by gas chromatography and °F
NMR spectroscopy. °Yield of crude product.

to steric effects. At the same time fluorination will have
pronounced electronic effects on the reaction.

The utility of stereospecifically fluorinated biologically
active compounds, such as y-fluoroglutamic acid,? fluoro-
citric acid,? or 2-deoxy-2-fluoroarabinose,’ in descerning
biochemical pathways is limited only by the difficulty of
their preparation. This challenge has been addressed in
our® and others’ earlier investigations of fluorinated eno-
lates. Deprotonated fluorinated imines are particularly
attractive enolate equivalents, where the sensitivity of
imine deprotonation to subtle steric and electronic effects
may be probed.

Halogenated imines® have been reported to react with
nitrogen bases by intra- or intermolecular displacement
of halide.® Organometallic reagents also effect displace-
ment reactions as well as imine dimerization.'® Although
fluoro imines have been implicated as intermediates in
action of pyridoxal 5’-phosphate with fluoroaspartates in
NMR studies,!! much less is known about the chemistry
of fluorinated imines.

We have found that the cyclohexylimine of fluoroacetone
may be simply prepared by treatment of fluoroacetone
with cyclohexylamine in the presence of anhydrous po-
tassium carbonate. Distillation under reduced pressure
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yielded material sufficiently pure for our deprotonation
studies.!? By gas chromatography,'® the fluoroketimine
was found to be >95% a single isomer. NOE studies
demonstrated that the principal product was the E C-N
isomer.!* Deprotonation was effected by slow addition
of the fluoroketimine to a solution of lithium hexa-
methyldisilazide in tetrahydrofuran (THF) solution con-
taining hexamethylphosphoric triamide!® or tert-butyl-
lithium in THF alone. After being stirred for 2 h at the
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desired temperature, a solution of the alkyl halide was
added over an additional 2 h at low temperature. The less
volatile products were conveniently isolated by hydrolysis
of the product imine to the ketone with dilute acetic acid
(Table I). Deprotonation of the cyclohexylimine of
fluoroacetone was regiospecific and temperature depend-
ent. The tendency of the metalated ketimine to alkylate
on the carbon bearing fluorine at low temperatures may
be rationalized by suggesting that the increased acidity
associated with the protons near fluorine acts in concert
with steric effects of the E C—-N configuration of the imine;
i.e., steric interactions of the base with the N-cyclohexyl
group'® hinders syn approach.

At higher temperatures, alkylation was directed away
from the fluoromethyl group. In control experiments al-
kylation away from the carbon bearing fluorine did not
result when ketimine deprotonated at low temperature was
allowed to warm to ~30 °C for 2 h. Since decomposition

N S~ A
—_— R - =
NN M LiKMDS — p\/w\ A TN

2

of the deprotonated imine at temperatures greater than
~30 °C becomes a serious problem, equilibration at higher
temperatures (such as 25 °C, as reported for isomerization
of butanone imines?) has not been attempted. Deproton-
ation of the fluoroketimine on the nonfluorinated carbon
to form the thermodynamically favored less substituted

(12) Anal. (CgH(FN) C, H. 'H NMR (CDCl,) 6 4.63 (d, Jy ¢ = 47 Hz,
2 H, CH,F), 3.35 (m, 1 H, CH), 1.78 (d, Jyr = 3 Hz, 3 H, CH;), 1.70-1.10
(m, 10 H); ¥ C NMR (CDCly) 4 162.1 (Jcp = 20 Hz, C=N), 86.4 (Jor =
171 Hz, CH,F), 58.58 (CH), 32.7, 25.1, 24.2, 12.8 (CHj); 1°F NMR (CDCl,)
6 -227.1.

(13) Chromatography conditions. OV-101 wall coated on a 25 mX
0.025 mm open tubular fused silica column operated at 70 to 200 °C
increasing at 10° per minute.

(14) Irradiation of the resonance at 3.35 ppm resulted in a 4-6%
enhancement of the methyl resonance at 1.78 ppm without a concom-
mitant enhancement of the signal at 4.63 ppm.

(15) Typical procedure: for reactions at -30 °C. To a magnetically
stirred three-necked round-bottom flask under an inert atomosphere,
containing 0.0048 mol of lithium hexamethyldisilazide (prepared by de-
protonation of 0.77 g (0.0048 mol) of hexamethyldisilazane in 10 mL of
THF with 3 mL (0.0048 mol) of 1.6 M solution of methyl lithium in
diethyl ether at —20 °C) dissolved in 10 mL of dry THF and 0.6 g (0.0033
mol) hexamethylphosphoric triamide was slowly added over 1 h 0.5 g
(0.0031 mol) of the cyclohexylimine of fluoroacetone dissolved in 10 mL
of THF. After the mixture was stirred for an additional hour, 0.0026 mol
of the alkyl halide in 10 mL of THF was added over 2 h. After quenching
with 20 mL of saturated ammonium chloride, the product imine was
extracted with two 20-mL portions of diethyl ether. The extracts were
washed with brine, dried over anhydrous potassium carbonate, and con-
centrated in vacuo. The imine products were dissolved in trichloro-
fluoromethane and were hydrolyzed with 10 mL of 5% acetic acid over
2 h. The product ketones were isolated by separation of the organic
phase, washing with 10 mL of saturated sodium bicarbonate solution,
drying over anhydrous magnesium sulfate, and fractional distillation.
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azaallyllithium reagent would be enhanced by the greater
relative stability of compounds where the fluorine is not
bound to an sp*hybridized carbon.'” In contrast to
studies with 2-butanone imine it is not necessary to invoke
isomerization of the imine to accommodate the observed
temperature dependent, results,!®

It appears that at low-temperature deprotonation re-
gioselectivity is dominated by steric and acidity effects,
where at higher temperatures the thermodynamic stability
of the products is controlling the regiochemistry. We are
currently investigating the reaction of deprotonated
stereogenic imines. Further studies of the scope and lim-
itations of the temperature dependence of the deproton-
ation reactions of fluoroketimines are also under way.
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Asymmetric Additions to Chiral Naphthalenes. 3.
The Synthesis of (+)-trans-1,2-Disubstituted-
1,2-dihydronaphthalenes

Summary:  Organolithium addition to chiral (1-
naphthalyl)oxazolines followed by proton quench gives
84-97% diastereofacial selectivity and furnishes the title
compounds in high enantiomeric excess after reductive
removal of the chiral auxiliary.

Sir: We recently reported the tandem addition of organ-
olithium reagents and various carbon and sulfur electro-
philes to (1-naphthyl)oxazoline 1* and its 2-isomer 4.2 The
nucleophilic addition® occurred with a high degree of
diastereofacial selectivity followed by alkylation with the
electrophile to give very high ratios of trans addition
products 2 and 5. The trans addition was verified in each
system by single-crystal X-ray determination. Thus, in
either case, the electrophile entered the naphthalene nu-
cleus from the side opposite to that of the organolithium,
and the initial facial entry of the organolithium was de-
termined solely by the chirality of the oxazoline moiety
(vide infra). It was of considerable interest to assess the
stereochemical protonation in this process by introduction
of a proton source after the organolithium addition such
that 1,2-disubstituted-1,2-dihydronaphthalenes could be
obtained. We now report that this is indeed a highly
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