Rearrangement of Homoallylic Alcohols

Induced by DAST
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Treatment of f,y-unsaturated monoprotected 1,2-diols with diethylaminosulf

ur trifluoride (DAST) allows the stereoselective formation of

., y-unsaturated aldehydes in good yields and with a good transfer of chirality.

The introduction of fluorine in organic molecules strongly (Sy2 mechanism). In some hindered substrates, products with
modifies their physical, chemical, and biological properties. retained configuration may be obtain&Retention of con-
Although a variety of fluorinating reagents and methodolo- figuration and/or rearrangements have also been repbrted,

gies have been developed to fulfill the increasing demand

for site-selective fluorination of organic compounds, appli- || NG

cations of bhis(2-methoxyethyl)aminosulfur trifluoride
(Deoxofluor) and diethylaminosulfur trifluoride (DAST)
continue to be used widefySimple alcohols are readily
converted to the corresponding monofluorinated products
using these reagents. Moderate to excellent yields were
obtained with a variety of structurally diverse substrates such
as primary, secondary, tertiary, allylic, and benzylic alcohols
(Scheme 1).

Scheme 1
F\S,NR2
/C"\H DAST j’\ F E
RR o | R N — RTR
Deoxofluor Fe

DAST: Et,NSF,
Deoxofluor: (CHgOCHzC H2)2NSF3

The fluorination of optically active alcohols by using
DAST generally proceeds with inversion of configurafion
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or with a double bortf). These results can be explained in ||| NG

terms of neighboring group participat®rand are due to

Table 1. Rearrangement ¢f,y-Unsaturated Monoprotected

the carbonium ion character of the reaction of alcohols with 1 5_pjols Induced by DAST

DAST, as mentioned previousty.
To prepare homoallylic fluorides, the corresponding ho-

a) DAST( 5 equiv)
CH,Cl,, -45 °C —>rt

moallylic alcohols were treated with DAST. When homoal- OH /
lylic alcohol 1 was treated with DAST (3 equiv) at45°C R)\;/\ f\).Me
for 45 min in CHCI,, the homoallylic fluoride2 was OMe \ y
obtained as the major product in 560% yield (Scheme A C& %/?315'55%1“':)“ T
2). Furthermore, compourdiwas isolated in 4550% yield 45 R
when the monoprotected 1,3-dB®lwas treated with DAST. b) Silica gel, CH,Cl, 0
rt, 30-80 min B
entry alcohols products (yield)?
| =
Scheme 2 1 TBDPSO  OH TBDPSO = y
o DAST (3 equiv) ] O
CH,CI OMe
Ph\)\/\ .45 °C,24§2min PhM (*)5 14 (80%
) 50-60% R TBDPSO  OH TBDPSO TBDPSO
2 l\/\_/\
DAST (3 equiv)
TBDPSO  OH CH,Cl, TBDPSO F OMe
X 48 °C, 45 min X ()-8 entsa:); t-14/15 = 2/1
45-50% (80%, e
5 4 BnO OH BnO #Z
OMe "
However, when the unsaturated monoprotected 1,2-diols 7 (76%, 16/17 = 24/1)
of type A (Table 1) were treated with DAST, the expected BnO  OH BnO

fluoro compounds of typé\' were not observed; instead,
the,y-unsaturated aldehydes of tyBewere isolated in good
yields. The reaction has been tested on sey&falinsatur-
ated 1,2-diols, and the results are reported in Talfle 1.
Diol (+)-5 was first treated with DAST (5 equi¥)in
dichloromethane from-45 °C to room temperature during
5 h. After workup, the reaction mixture was stirred with silica

4%

§

OMe
(+)-8

ent-1 6

(76%, 16/17 = 24/1)

TBDPSO ¢
H
£ 0

TBDPSO OH

i

= OMe

: : (+)-9 18 (86%)
gel for 3_0 min at_room temperature in gﬂz and aldehyde TEDPSO  OH TBDPSO ¢
14 was isolated in 80% yield after filtration (Table 1, entry 6 I\/Y\

1). Under the same conditions, compourg)-6, a diaste- H OMe

reomer of (-)-5, led to the enantiomeric vinyl aldehyde

ent14. In this case, the obtaing8|y-unsaturated aldehyde 10 18 (80%)
ent14 was isolated as an inseparable mixture with its TBDPS?\/(')\H/\ TBDPSO
isomerizeda,S-unsaturated aldehydis® (Scheme 3), with ! YN W
a global yield of 90% and a ratient-14/15 ranging from = OMe

2:1to 1:1 (Table 1, entry 2). -1 19 (90%)

To determine the enantioselectivity of the rearrangement TBDPSO OMe TBDPSOK/\/[?\
process, compound44 and entl4 were transformed, W 7Y H
respectively, to the corresponding lactones)-g9 and = OH X
(+)-29'° (Scheme 3). Aldehydd4 was first reduced to ()12 20 (90%)

TBDPSO OMe TBDPSO o}

(5) Middleton, W. J.J. Org. Chem1975 40, 574-578. ANF H

(6) The unsaturated aldehyd&$—21 formed during the rearrangement : BH H
process could not be purified because of their instabjfity-Unsaturated X
aldehydesl4, ent16, and 18—21 were directly reduced into the corre- (+)-13 21 (79%)

sponding primary alcohol22—27 which were fully characterized.
(7) When less than 5 equiv was used, low conversion was observed
possibly due to DAST decomposition during the reaction.

aCrude isolated yields.

(8) The isomerization of the double bond of fhg-unsaturated aldehydes ~ alcohol (-)-22 (NaBH,, MeOH, 44%) which was trans-
ent14, 16 andent16 leading to the conjugated aldehyd and17 was formed to the lactone—)-29 after treatment with acryloyl
impossible to avoid. For compouni8—21, the isomerization of the double

bond seems to take place much more slowly and was avoided by controlling chloride (DIPEA, CHCI,, quantitative) and ring-closing
the treatment with silica gel. metathesis (RCM) with the second-generation Grubbs’

(9) In the case of the silyl protecting group, no deprotection was observed catalyst28, [(4,5-dihydro|MES)(PCy)CIzRu=CHPh]11 (10

in the presence of DAST. See, for example: Shiuey, S. J.; Kulesha, I.; g .
Baggiolini, E. G.; Uskokovic, M. RJ. Org. Chem199Q 55, 243-246. mol %, CHCI,, 80%). The analytical data of the isolated
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of aldehydesl8 and19 were established by transformation

Scheme 3 of these compounds to the known alcohots)-31 and
a) Acryloyl chioride (+)-33'3 by addition of phenylmagnesium bromide, as the
DIPEA, CH,Cl major isomers should be the result of a Fetkinh attack
op Z  NaB op D o) op Cf of the nucleophile to thei-substituted aldehydes.
~H o K/\ v N After treatment of18 by phenylmagnesium bromide,
OH alcohols )-31and32were isolated in 70% yield in a ratio
14 ()-22 ()-29 of 75:25. The analytical and spectroscopic data of the major
P = TBDPS product (-)-31were in perfect agreement with those reported
K/Cf in the literature’? allowing us to attribute theanti/syn
stereochemistry for the substituents presenttifr31 and
a) NaBHy, MeOH, 0 °C (30% fr“;mz 2,,t 14) the R) configuration of the C2 stereogenic center of aldehyde
A * 18. When aldehydd 9 was treated with phenylmagnesium
e””“ ' | bromide, alcohols+)-33 and (-)-34 were isolated in 57%
©) 28 (10 mol %) K/g yield in a ratio of 80:20. The major isomet}-33 corre-
% o O~ sponds to the product issued from the Fetkinh addition
: \Cf)l/\ of phenylmagnesium bromide to aldehyt® The analytical
éNﬁN b 30 (35% from 15) and spectroscopic data of}-33 match perfectly with those
2:’;?, described in the literaturé.The chemical transformation of
POy, 19 to thesyrisynproduct (+)-33 allowed us to attribute the
28 (S configuration at the C2 position in aldehyti® (Scheme
4).

material were in agreement with those reported in the
literaturel® The comparison of the optical rotations allowed

us to attribute theR) configuration to the stereogenic center Scheme 4
present in aldehyd&4 which was obtained with no apparent O(/<( PhMgBr OQ/C OQ/C
loss of chirality!?2 The same sequence of reactions was also H Et,0,0°C _ P, ~~Ph
applied to the mixture of compounést-14 and15; lactone : 0 6% dr=75/25 : OH : BH
(+)-29 was isolated with a global yield of 30% froent 18 ()-31 32
igh;\{:grﬁés acryloyl este80 did not react under RCM op / . op / op /
When the primary alcohol is protected by a benzyl group " " E20,0°C NP NP
as in compounds)-7 and ()-8, instead of by a TBDPS =0 57%dr=80/20 - OH = OH

group as in ¢)-5 and (+)-6, the 8,y-unsaturated aldehydes 19 (+)-33 ()-34

16 andent16 were obtained as well as was the conjugated P =TBDPS
aldehydel7 (16/17 = 2.4:1 andent16/17 = 2:1) with a
global yield of, respectively, 76% and 87% (Table 1, entries
3 and 4). The results obtained for the rearrangement of
To study the influence of the stereogenic centers on the ,y-unsaturated monoprotected 1,2-diols of typgTable
stereoselectivity of the rearrangement, compourgsYand 1) and particularly the comparison of the transformation of
(—)-10were treated with DAST. These two epimers, whose compound {)-5 and ()-6 to the enantiomerl4 and
configurations differ only at the carbon bearing the methoxy ent14, respectively, in addition to the transformation of
group, were transformed to the saf\g-unsaturated alde- compounds-)-9, (—)-10, and )-11to the corresponding
hyde18, obtained as a single diastereomer, in 86% and 80% aldehydesl8 and 19, proved that the hydroxy group may
yields, respectively (Table 1, entries 5 and 6). Furthermore, be the directing element in the rearrangement induced by
the homoallylic alcohol+)-11, a diastereomer off()-9 and DAST and that the methoxy group has no influence on it.
(—)-10, was transformed to aldehyd® in 90% vyield, and Diols (—)-12 and (+)-13 were also treated with DAST
this compound was revealed to be the diastereomdBof and led, respectively, to th&y-unsaturated aldehydex
(Table 1, entry 7). The relative and absolute configurations (90%) and21 (79%) in good yields (Table 1, entries 8 and

9).
(10) Lactone ¢)-29 of (S) configuration is described as enantiomerically ; : ; ; ;
pure (1'% = +50.6 € 0.54, CHCY): Tanaka, D.. Yoshino, T.; Kouno, It is worth noting that a quo.r'lne intermediate can be
I.; Miyashita, M.; Irie, H.Tetrahedron1993 49, 10253-10262. isolated before treatment with silica gel. Compount¥-%
(11) Scholl, M.; Ding, S.; Woo Lee, S.; Grubbs, R. @irg. Lett. 1999 and (-)-9 were transformed quantitatively to the fluoroethers

1, 953-956. . .
(12) Diol (+)-5 was obtained with an enantiomeric excess o#85 39 and36, respectively. Each fluoroether was isolated as a

(determined from the correspondir-(and R/)-O-methoxymandelic esters).  mixture of two diastereomers in an equimolar ratio and was
Optical rotation obtained for lactone-}-29, synthesized from «)-5
([a]®» = —38.4 (c 0.50 CHG)), is consistent with more than 75% ee,
confirming a good transfer of chirality. For the lactone §f ¢onfiguration, (13) Mulzer, J.; Kattner, L.; Strecker, A. R.; Scdey, C.; Bushmann,
see ref 9. J.; Lehmann, C.; Luger, B. Am. Chem. Sod.991, 113 4218-4229.
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then transformed to the corresponding aldehyddefrom induced by DAST, the formation gf,y-unsaturated alde-
(+)-5 and 18 from (+)-9, after treatment with silica gel hydes of typeB can be explained either by a homoallylic
(Scheme 5). participatiort* of the double bond present in compounds of
type A (path a) or by a pinacolic-type rearrangement (path
b). Both pathways could explain the formation of the

fluoroethers of typeC via the formation of an oxonium
OP OH DAST OP #  siicagel OP #

Scheme 5 . . . . - .
intermediate which could react with a fluoride anion present

S o opeagel 4 in the reaction media (Scheme 6).
Ny 2R K/\{ —F2 W To verify the participation of the double bond in the
OMe OMe 0 rearrangement, compountt)-11was hydrogenated and the

(+)-5 35 14 . .
P TBOPS resulting saturated produ@7 was treated with DAST
(3 equiv) and then with silica gel (chromatography). In this
OP oH DAST Silica ge| P ¢ case, no traces of aldehy88 or fluorinated compoun@9
AN AN _CHCly. \/((F _CHCla, 1t K_/g('-' were detected but the reaction led to a complex mixture of
2)95 :0 unidentified products (Scheme 7). The mechanism is cer-
+

tainly more complex than the one depicted in Scheme 6.
Current efforts are underway to elucidate the mechanism of
the rearrangement process.

As the methoxy group present in compourtdsl3 does

not seem to influence the stereoselectivity of the rearrange—_

ment of unsaturated monoprotected 1,2-diols of type

Scheme 7
or
A H
Scheme 6 OP OH OP OH DAST (3 equiv)
Hy, Pd/C CH,Cly, 45 °C 0
OH K)\/\ EtO)ZAc/MeOH K/k/\ the2n S?ilica gel 38
RS S oowe T F owe T X
path a OMe path b -1 37 R
A P =TBDPS W\
DAST DAST N = OMe
39
~L_NEt, F\é NEt,
(o” (o We have shown that DAST can induce a stereo- and
R/'& R)Q;/\ enantioselective rearrangement of unsaturated monoprotected
| OMe | OMe | 1,2-diols and thati-substituteds,y-unsaturated aldehydes
l l can be formed stereoselectively in good yields.
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