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We report that treatment of 2-substituted 3,3-dichloro-1,1,1-
trifluoropropan-2-ofl* with an organolithium reagent’®i in THF
at —98 °C produces 2,3-disubstituted 2-lithio-3-trifluoromethyl-
oxirane?2 stereoselectively that reacts with an electrophile EI-X
or an organoborane °BR;, stereospecifically to give GF
containing tri- and tetrasubstituted oxiraBeor tetrasubstituted
alkene4, respectively, with high selectivities (Scheme 1).
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It is well-established that the rearrangement @bxido
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the expected Gfor R! rearrangement were detected. The same
reaction with quenching at78 °C afforded5a (58% yield) and
2-butyl-3-(2-phenylethyl)-3-trifluoromethyloxiran8d, 33% yield).
When the reaction was effected and quenched% °C, 3awas
solely obtained in 85% vyield as a single diastereomer.

Formation of oxirane of type3 in Scheme 1 is general
irrespective of R and R (Table 1) Thus, the reaction of
dichlorohydrins1lb—d (R! = phenyl, styryl, or phenylethynyl)
with BuLi produced the corresponding oxiran&s—d in good
yields with good to high stereoselectivity (runs4). In addition
to BuLi, MeLi, PhLi, and vinyllithium also reacted witthd to
give 3e—g stereoselectively (runs-57).5 Furthermore, we found
that treatment ofl with BuLi and then with electrophiles gave
tetrasubstituted oxiran&h—n with similar high selectivity (runs
8—14).

In the case of alkylation, both diastereomers of tetrasubstituted
oxiranes3 can be prepared by proper choice é.Rand EI-X as
illustrated in eq 2. Thus3o was obtained fronid using BuLi
and Mel, whereas the other diastereorier was produced by
MeLi-induced generation a2 followed by trapping with Bul.
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Stereochemistry @ was determined by X-ray crystallographic
analysis of benzophenone addu8is and3m and Ck and El
were shown to be c&These results indicate that oxiranyllithiums
2 were stereoselectively generated as intermediates wila@F
Li being cis in all cases.

Stereoselective generation dfcan be tentatively explained
by assuming a lithiumfluorine chelation model (Scheme 2).
At first, 1 would react with 2 molar amounts of BuLi to produce

carbenoids generated from dihalohydrins is useful for homolo- A-0xidocarbenoids. We assume that the conformation ®in

gation of aldehydes as well as acyclic and cyclic ketgnekile
there is no precedent regarding &ubstituteds-oxido car-

which a Ck group and a lithium atom connecting a carbenoid
carbon are arrangesy/nclinalis favored due to L+F chelation.

benoids. We became interested in the carbenoids in view of novelSubstitution of chlorine it with BuLi from the OLi side followed

synthesis of Ckcontaining organic molecules that are receiving
much attention in pharmaceutical and material sciefces.
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We first treatedla with 3 molar amounts of BulLi at-78 °C

by intramolecular cyclization would genera2ethat was stable
at —98 °C and reacted with an electrophile producii®g
Alternatively, cyclization of6 might take place at first to give a
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guenching with MeOH. Workup and purification by column
chromatography (silica gel) unexpectedly gakegdllylic alcohol
5a as the sole product in 58% yield. No products derived from
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Table 1. Synthesis of Tri- and Tetrasubstituted Oxirahes Table 2. Synthesis of Tetrasubstituted Alkenes' (R PhG=C)?
. yield isomer run R R3BR; 4 vyield (%) isomer ratié
2 C i
run R R El 3 (%y ratic 1 Bu EtBEb 4a 45 >95:<5
1 Ph(CH) Bu H 3a 85 >95:<5 2 Bu PhB(OCMe), 4b 66 97:3
2 Ph Bu H 3b 83 89:11 3 Bu (E)-BuCH=CHB(OCMe), 4c 56 >95:<5
3 (E)-PhCH=CH Bu H 3c 74 83:17 4 Bu PhG=CB(OCMe), 4d 74 >95:<5
4 PhG=C Bu H 3d 84 >95:<5 5 Ph BuB(OCMe), 4b 84 4:96
5 PhGC Me H 3e 85 >95<5 - - -
6 Ph&=C Ph H 3f 95 >05<5 2To a solution ofld (1.0 mmol) in THF (5 mL) was added?Ri (3
7  Phc=C CHs H 3g 67 >95<5 mmol) at—98 °C and the mixture was stirred at98 °C for 15 min
8 Phe=C Bu MesSi 3h 79 >05<5 before RBR, (2.0 mmol) was added. The resulting solution was
9 Phe=C Bu PhCH(OH) 3i 82 e gradually warmed to room temperature and refluxed for %kolated
10 Phe=C Bu EtC(OH) 3] 71 >95<5 yield. ¢ Determined by*H and®F NMR analysis.
11 PhGC Bu PhRC(OH) 3k 68 >95<5
12 Ph(CH), Bu PhC(OH) 3l 57 >95<5 Scheme 3
13 (E)-PhCH=CH Bu PhRC(OH) 3m 55 89:11 B-B B CF
= - - -wmwr-esesseee———e —
14 PhG=C Bu  GHs 3n 70 >95:<5 T Bu>—<R1
2To a solution ofl (1.0 mmol) in THF (5 mL) was added’Ri (3 3BuLi | 1 76% de (E/7=98:2)
mmol) at—98 °C and the mixture was stirred at98 °C for 15 min 1d THE 1 2d |
before adding MeOH or EI-X (1.5 mmol). As for runs-84, the 98 °C i Bu CF
resulting solution was gradually warmed-+@’8 °C and quenched with B-SiPhMe; V—( 3
MeOH. ® The EI-X employed were as follows: runs-, MeOH; run R'=PhC=C -98 °C to reflux 5 g
8, M&sSiCl; run 9, PhCHO; run 10, KEO; runs 1+13, PhCO; run B=B(OCMey), 549

14, allyl bromide ¢ Isolated yield.9 Determined by*H and°F NMR
analysis.® Two of four possible diastereomers were obtained in a ratio
of 60:40.
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chlorolithiooxirane. Subsequently, the remaining chlorine might
be substituted stereoselectively by the third BuLi to give rise to
2.2 At temperatures above 78 °C, 2 would cause ring-opening
via a-elimination followed by adjacent -€H bond insertion of
intermediate carbeng to give 5a

With stereochemically define? being formed at-98 °C, we
next studied the reaction @with an organometallic reagent to
develop a novel method for Gfeontaining tetrasubstituted
alkenes4 (Scheme 1}° Although 2 did not react with BuLi any
more;! tetrasubstituted alkeneswere produced in low yields
when2 was treated with Mg\l or Et,Zn. For this transformation,

de (EIZ=7:93)

2d reacted with EB to give 4a in 45% vyield with excellent
selectivity (Table 2}? (Pinacolato)borane showed better reactivity,
and thus aryl, alkenyl, alkynyl, and alkyl groups were applicable
to this stereospecific alkene formation as askbstituent (runs
2-5). Stereochemical assignment was effected by X-ray analysis
of 4b to reveal Ck and phenyl being ci%.Noteworthy is that
appropriate combination of Rand R allows us to selectively
prepare either stereocisomer 4fit will as demonstrated in runs

2 and 5.

Furthermore, it is remarkable that stereodivergent synthesis of
B-CRs-substituted alkenylborange can be achieved, using bis-
(pinacolato)diboron or (dimethyphenysilyl)(pinacolato)borane as
the organoboron reagent (Schemé?3).

In summary, we have developed stereoselective synthesis of a
variety of CRk-containing tetrasubsituted oxiranes and alkenes in
one pot from readily available dichlorohydrins, which would serve
as highly valuable intermediates for stereoselective construction
of CFs-containing complex organic molecules. Further study on
p-oxido carbenoids bearing a €Broup is in progress.
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