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The bicyclic epoxy alcohols when treated with DAST gave a new class of rearranged organofluorine compounds, by a ring expansion via C—C
bond cleavage of the oxirane ring. The outcome of this reaction with respect to ring size and stereochemical relation between the functionalities
is presented here.

Epoxides are highly versatile intermediates in organic cleavagédHowever, to the best of our knowledge, only one
synthesis due to their easy access and their susceptibility toexample of oxocerfeand two examples of the bicyclic
ring opening by facile €0 bond cleavagéRing opening oxepene¥ have been synthesized via ring expansion of the
by C—C bond cleavage is rare and has found only limited corresponding oxiranyl cations. During the synthesis of a
applications in synthesis. Such an example was the formationmonofluorinated analogue of a pheromone, we observed
of carbonyl ylides at high temperatures from the appropriately recently that the reaction of diethylaminosulfur trifluoride
substituted epoxides and their further utilization in 1,3-dipolar (DAST) with epoxy alcoholl exhibited an unusually easy
cycloadditiong. It has also been reported that the oxiranyl C—C bond cleavage, leading exclusively to vinyl etl2er
carbinyl radicals can lead to products from C—C bond (eq 1)® Taking into account the mechanism of fluorination
cleavagé, and in a few cases ring-expanded heterocycles

have been synthesizédElegant mechanistic studies have o M
been reported for the oxiranyl carbinyl cations, both from chw/u\/\/\( _DAST R O0F o1
the theoretic&l and experimental points of vievThese OH CH:CL CoHio
intermediates, which are usually generated under solvolytic 1 DAST= ENSF; 2

conditions, follow different reaction pathways to give a
complex mixture of products via €0 or C-C bond
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(3) Marples, B. A.; Rudderham, J. A.; Slawin, A. M. Z.; Edwards, A. Cation can be envisaged as an intermediate for such a product
J.; Hird, N. W. Tetrahedron Lett1997 38, 3599-3602 and references  formation. Extension of this reaction appeared very attractive
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The purpose of this Letter is to report our preliminary its sensitivity to hydrolysis, its structure could be unambigu-
studies on the scope and limitations of this reaction for ously deduced from thiH, 13C, and'*F NMR spectral data.
medium and large ring heterocycles. We chose to study theParticularly relevant data were the peaks corresponding to
effects of certain factors such as ring size, nature of the olefinic protons at 4.98 and 6.13 ppm withy; = 6.9

substituents, and role of stereochemical relatisyn(anti)

Hz. The first indication on the role of stereochemistry of

between the oxirane ring and vicinal carbinol center. Further, the precursor was shown by the result obtained \aithi
in the case of larger ring compounds, the influence of the epoxy alcohol3b, which gave only 31% of the seven-
cigtransstereochemistry of epoxide on the product formation membered heterocycle and 69% of fluoroepoxidegi(syn

has been studied.

90:10). To determine the mechanistic basis of this reaction,

The initial experiments were performed with the easily the corresponding deuterated compounds were reacted under

accessible cyclohexene oxide derivati@esand3b (Scheme
1). Thesynepoxy alcohoBareacted smoothly with DAST
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the same conditions. The deuterium was detected exclusively
on the olefinic carbon for oxepedeand geminal to fluorine

in the epoxide%. These data clearly exclude the occurrence
of oxobicyclobutoniums as intermediaf&s.

When the cyclopropane derivatives correspondin@do
and 3b were treated with DAST, the reaction gave exclu-
sively the corresponding fluorocyclopropanes and showed
no evidence for ring-expanded products. This could be
attributed to the participation of oxygen (with its lone pair

4 a-d Sad of electrons) in stabilizing the intermediates of the rear-

substrate

rangement products. Thus we felt a need to consider the

products
- NP h . b
ratic” (4:5) _ yield (%) effects of the substituents on the epoxide ring. The reaction

a: Ry= H, Ry= OH, Rg= H(D) 63:37 58 with the methyl-substituted derivativ8s and3d gave high
b: Ry= H, Ry= H(D), Rg= OH 3169 61 ratios_, (>80%) of ring expansion .products versus fluqro
¢: Ry= Me.R,= OH, Ry= H 8317 . epc_)X|des. The sterepche_mmal rela}tlon between the fupgtlon—
' alities was only of minor influence in the product selectivity.
d: Ry= Me,Ro= H, Ry= OH 80:20 ¢ However, when the methyl group was located on the carbinol
carbon (as in tertiary alcoh8k), a reverse product selectivity
was observed, and only fluorinated epoxidgs were
(o) O . e - . . .
HO \O Rs /O Rs >® identified in 'Fhe crude react|on_ r_mxtu_re_s. The electrc_Jnlc eff_ect
\ —_ \Q'F + of the substituents at the position vicinal to the oxirane ring
Rs F was further evidenced by the result obtained by treating
3ef 4 of Sed trifluoromethyl derivative 3f, which led exclusively to
substrate products o oxepenedf.
ratio” (4:5) yield (%) These results encouraged us to extend the study to the
e R3= Me 5e only 73 more challenging system of medium-sized heterocycles.
" Ra= CFs af only 70 For the cycloheptane-derived epoxides, the results were

aRatios were determined b{F NMR analysis of the crude
reaction mixtures® Isolated total yield o# and5. ¢ Compounds
decomposed rapidly.Isolated yield.

similar to the preceding six-membered cas®/n epoxy
alcohol6a gave a 70:30 mixture of fluoro oxocefa and
fluoroepoxidesa (1:1 mixture ofsynandanti isomers). As
we anticipated, thanti epoxy alcohobb showed a reverse

to give quantitatively a 63:37 ratio of ring-expanded fluo-
rovinyl ether4aand fluoro epoxideSa (synanti 2:1), which
could not be separated. High-field NMR was employed to
monitor the reaction, and the product ratios were calculated
from the 'H and °F NMR spectra of the crude reaction

selectivity in giving the product¥b and 8b (only anti
fluoroepoxide was detected).

As we extended the study further to the bicyclic oxiranyl
cycloalkanols derived from eight-membered cyclic allylic
alcohols, the results obtained were very interesting since the
synisomer9 gave exclusively the ring-expanded prodLf
while theantiisomerllgave a 1:1 mixture of fluoro epoxide

mixture. Although4a was not isolated in pure form due to 12 and bicyclic oxetan&3 (Scheme 2). The structure of this

(6) (a) Morita, H.; Oae, STetrahedron Lett1969, 1347—9. (b) Richey,
H. G., Jr; Kinsman, D. VTetrahedron Lett1969, 2505—8. (c) Santelli,
M.; Viala, J.Tetrahedronl979 34, 2327-2330. (d) Whalen, D. L.; Brown,

Meerwein rearrangement type product was established by
subjecting botli3 and its deuterated derivative to extensive
NMR studies.

S.; Ross, A. M.; Russel, H. Ml. Org. Chem1978,43, 428—32. Whalen,

D. L.; Cooper, J. DJ. Org. Chem1978,43, 432—7. (e) Peters, E..N.
Org. Chem1978,43, 4006—7. (f) Whalen D. L.; Ross, A. M.; Montema-
rano, J. A.; Thakker, D. R.; Yagi, H.; Jerina, D. M. Am. ChemSaoc.
1979,101, 5086—8 (g) Clark, G. Rletrahedron Lett1984,25, 2839—42.
(7) Cooper, J. D.; Vitullo, V. P.; Whalen, D. lJ. Am. Chem. Sod971

93, 6294—6.

(8) Filmon, J.; Gree, D.; Gree, R. Fluorine Chem2001,107, 271-3.
(9) Hudlicky, M. Org. React.1988,34, 513.

452

It has been well documented that the solvolysis of
brosylates 0B and115¢led to complex mixtures of products,
but they clearly indicate a similar stereochemical trend in
the product distribution and the same effect of the stereo-
chemistry of the starting oxiranes. Furthermore, it gave
evidence for the formation of four-membered intermediétes.
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Scheme 2 Scheme 3
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ratio®(7:8)  yield®(%) 142 15 14p 16
6a R(=OH,Ry=H 70:30 63 HO/ F
6b R(=H, Ry=0H 30:70 65 & 5:3 0
—_ = 15 + — 16 +
O
HO 2 17
H* —_— C{(\:> substrate products
ratio? yieldb (%)

14a 15 only 86
14b 16 only 90

9
0O O Fal O H 14c 10:90 (15:17) 78 (15+17)
(D)H (D)H . (OH N 14d 2674 (16:17) 82 (16+17)
HO® — F . . .
aRatios were determined biF NMR analysis of the crude

reaction mixture? Isolated yield.

11 12 13
substrate _ g products mixture. Therefore, the reactidisre easier to analyze since
ratio yield” (%) L .
only three carbocationic intermediates, B, and C, have
9 10 only 88 to be considered (Scheme 4)The choice of the reaction
1 50:50 65 (12+13)

aRatios were determined biF NMR analysis of the crude _

reaction mixture? Isolated yield of7 and8. ¢ Isolated yield. Scheme 4
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It should be noted that the results obtained in the above R 0

experiments were in good agreent@nwith the cationic

rearrangements of the cyclopropane analoguésarfd11: 'Hzol

the synisomer gave mostly or exclusively ring-expanded @
product, while theanti isomer led to mixtures of bicyclic R1>C|)j<R3
cyclobutane derivatives. W O\

The cyclododecene oxides appeared to be very attractive ¢

substrates since we could study both the effects of the

epoxide ring stereochemistry and tisgn—anti relation  pathway involves a delicate balance between steric and
between the epoxy and alcohol groups. Therefore, we glectronic factors, and several points are worthy of discussion
prepared all four diastereometda—d on the same basic  pere.

model using literature procedures. Tdigepoxides gave very The experimental outcome with the examples of cyclo-
clean results since theynalcohol1l4agave exclusively the  hexene oxide8 has unambiguously shown that the electronic
Z enol etherl5 (*3Jun = 6.4 Hz), while theanti derivative  effects of the substituents are in full agreement with the above
14 b gave onlyE enol etherl6 (*Jyy = 12.1 Hz). As faras  proposed mechanistic scheme: (i) the methyl group on the
thetransepoxides are concerned, the reaction gave far fewer epoxy ring carbon (R= H, R, = Me) stabilized the oxonium
ring expansion products and showed similar stereospecificity. jon B and gave the ring-expanded product, (i) when the same

The syn alcohol gavel5 and theanti alcohol gavels. methyl group was placed on the vicinal carbinol carbog (R
However, in both the cases, the formation of fluoroepoxides = Me, R, = H), a typeA oxiranyl cation was stabilized and
became predominant (Scheme 3). gave mostly fluoro epoxides, and (iii) on the contrary,

From a mechanistic point of view, it is interesting to note intermediateA was destabilized by the presence of a;CF
that reaction with DAST generates the oxiranylcarbinyl group on the carbinol carbon {R= CF;, R; = H), and this
cation at much lower temperatures than the solvolysis led to exclusive formation of oxeper#.
conditions and with a single nucleophile §fn the reaction

(11) It is also important to note that tA# NMR spectroscopy presents
a very convenient way to monitor these reactions.

(10) Poulter, C. D.; Friedrich, E. C.; Winstein, $. Am. Chem. Soc. (12) Under these conditions we did not observe any 2,6-hydride shift
1970,92, 4274—841. such as reported previously in the solvolytic studies (see ref 6d).
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The most novel and intriguing results are the different |GG

reaction pathways followed by thes and trans epoxides Scheme 5
of the large ring systems. By analogy with the previous
solvolytic studies, we envisaged that each alcohol gives Lo R L R )
stereoselectively a single cation (cisoid frggmalcohol and HO\éA(H - . R"_@ZR,A(H P > F}?&( §
transoid from theanti derivative)®®¢ Then, on the basis of "% R H
theoretical calculations,we should also conclude that
structures close to bisected conformations are highly favored , o H, Q H R
for such cations. On the basis of these hypotheses, molecularHo\z“yR" —>R,\“(g@><,2” — &
model studies indicate that the corresponding structures are R+ &R H " )Q
relatively easily accessible to cations derived framans ® o
epoxides. This is due to the limited steric interaction around R Ox g © ~ O A
the epoxide ring, and therefore, fluoroepoxides are essentially R'>={_| R\ R‘)\( \R\R"
obtained (Scheme 5§.

On the contrary, the intermediates froas epoxides
showed strong steric interactions between the substituents
on the carbocationic center and the vicinal epoxy carbon.

These destabilizing steric interactions could be removed by o\ class of organofiuorine compounds is easily obtained

a slight upwarq rotation around théeC_bond: this makes by a two-step sequence from cyclic allylic alcohols. A

the C-C epoxide bond almost perpendicular to the carboca- |5 sible mechanism has been proposed with some special

tionic center, and therefore in a favorable position fof© o phasis on the conformation of oxiranyl carbiny! cations.

double b(_)nd formation in a_stereospecn‘lc manner (Schemeyye are currently studying the use of these fluorinated

5). But, in the case olnti cyclooctene oxidell, the  peiergeycles in synthesis and the extension of such meth-

formation of a nine-membered heterocycle withtrans odology to constructing C—C and C—heteroatom bonds.

double bond,18 [R = H, R', R" = (CHy)s], is strongly

disfavored. The carbonium ion is now very well aligned for  Acknowledgment. We thank MENRT for a fellowship

a Wagnet-Meerwein shift and gave the bicyclic oxetat®  to P.L. and Dr. P. Guenot (CRMPO, Rennes) for mass
In conclusion, we have successfully demonstrated that thespectral analysis.

DAST-mediated fluorination of bicyclic epoxy alcohols often

occurs with ring expansion and exhibits stereocontrol in  Supporting Information Available: General experimen-

product formation. It is noteworthy to mention here that the tal procedures and spectral data of all new compounds. This

material is available free of charge via the Internet at

(13) It should be noted that during the hydrolysis of acytmsepoxy http://pubs.acs.org.
carbinyl brosylates, only epoxy alcohols were isolated and no trace of
products from the €C bond cleavage (see ref 6d, p 428). OL017164K

trans epoxide

=
cis epoxide v
ShH

18
R=H; R, R"=alkyl
R'=H; R, R"=alkyl
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