ORGANIC
LETTERS

Basic and Reductive Sulfone-Directed e

Ring-Opening Reactions of Difluorinated 4125-4128
Oxal[2.2.1]bicycloheptanes

Patrick J. Crowley," John Fawcett,* Benson M. Kariuki,® Andrew C. Moralee,*
Jonathan M. Percy,** and Vittoria Salafia*

Syngenta, Ltd., Jealott’'s Hill International Research Centre, Bracknell, Berks RG42
6ET, United Kingdom, Department of Chemistry, University of Leicester, University
Road, Leicester LE1 7RH, United Kingdom, and School of Chemical Sciences,
University of Birmingham, Edgbaston, Birmingham B15 2TT, United Kingdom

jmp29@le.ac.uk

Received September 9, 2002

ABSTRACT
Phs O PhO,S O F
L@BDEC - ODEC VZ%< Bno” S ><
et o
(+)-4 (DEC = CONEL,) 11, X =SO,Ph,

16, X =H.

Phenylsulfenyl chloride reacts with racemic endo Diels—Alder adduct 4 (DEC = CONEt,) to afford lactone 8, which can be reduced and
protected in a series of high-yielding steps. Key sulfone 10 can be ring opened under strong base conditions to afford vinyl sulfone 11.
Attempted desulfonation resulted in the formation of a monofluoroalkene, but a direct desulfonation/eliminative ring opening with strain relief
delivered highly functionalized monocyclic species 16.

Nature makes a wide range of cyclitols, some of which have fluorinations to transform hydroxyl or ketonic carbonyl
useful propertie$.Those that feature a hydroxymethyl group groups with the incorporation of one or two fluorine atoms.
and alkene functionality include ferrudit| zeylenol2, and Extensive functional group manipulations can be required
piperonol B3 (Figure 1)? Fluorination of carbohydratéand to present a single group to the reagent, and even then, the
cyclitols* is a well-established tactic for modifying functional course of fluorination reactions can be unpredictable. De
group behavior, disrupting or identifying essential hydrogen novo methods using building blockfr the construction of
bonding interactions, and preventing phosphorylation at key difluorinated analogues of monosaccharides or cyclitols are
sites. Synthetic methodology relies upon DAST or related not well established; indeed, we are not aware of any
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previous syntheses of (ring) fluorinated analogues of (hy-

droxymethyl)conduritols or compounds relatedlte3 by Scheme 2. Lactonization Allows Regioselective Elaboration of
this approach. the Endo Cycloaddutt
On the basis of a key contribution by Wakselman ef al., o Phs O
we made progress with the synthesis, and furan Dialder p . i F
reaction, of a fluorinated dienophileCycloadducts could FODEC ODEC
be obtained in good yield; however, direct Lautens hy- 4 CO,Et 8 5
drostannylatiofof 4 failed, and hydrostannylation &fwas - 'V
not regioselective, witlfba and 6b being formed in a 1:1 PhO,S T
ratio (Scheme 1). ) O o ’Z%/
BnO .\
H O ><

9 X = SPh

Scheme 1. Lautens Chemistry Affords Ring-Opened Products 10 X =80,Ph

but in Low Yield and with Low Regioselectivity
aReaction conditions: (i) PhSCI, CH£B9%; (ii) LAH, THF,

ODEC ref 7 i BUASn Q reflux, 80%; (iii) acetone, CuSQ TsOH, 85%; (iv) NaH, THF,
F 3 then PhCHBr, BwNI (10 mol%), 91%; (VYImCPBA, CH.Cl,, 89%;
CozEt >< >< (vi) n-BuLi (1.5 equiv), THF, from—78 to —30 °C, 89%.
F
BusSn O proceeded smoothly. Treatment of the sulfone wiBuULIi
E in THF at—78°C for 1 h, followed by warming te-30 °C
Qﬁ : |‘=O>< and quenching, resulted in ring openingltb!3
7b < 7a g 6b o A strategy involving a lower degree of protection was also
10% OH 39% attempted (Scheme 3). Exposure of i@ (resulting from
a Reaction conditions: (i) BssnH, Pddba-CHClI;; (ii) MeLi,
Et,0.
Scheme 3. Exploring a Minimal Protection Strategy for the
Ring-Opening Reactién
Furthermore, one of the stannane regioisomers (6b) Phs Q X O PhO,S
afforded only a low yield of ring-opened produdi, OE i i OH
suggesting further destructive reaction of the ring-opened gy TF OBn ,:OH
product? 42 OH OBn OH ~OBn
However, we have now found that major racemic endo . E13 X =SPh
cycloadduct4 can be converted to highly functionalized "L~ 14, X = 805Ph

dlfll_Jorlnate(_j Cycloh_exenols, relat_e_d structurall;ﬁl.t_andZ, aReaction conditions: (i) NaH, THF, then benzyl bromide,
rapldly,_ regloselectlve_ly, and efficiently. Est_érfa_lled to BuNI (10 mol%), 20%: (i)mCPBA (3 equiv), CkCl, 83%: (iii)
react with the NCS/thiophenol reagent combinatibbut a n-BuLi (4 equiv), THF, from—78 to —30 °C, 13%.
smooth reaction occurred with freshly prepared phenylsul-
fenyl chloridé! and crystalline lacton8 could be isolated
in excellent (89%) yield on a 20 g scale. Slightly lower yields the reduction 08) to sodium hydride and benzyl bromide
of lactone could be obtained using the convenient in situ gave dibenzylated compouddin low yield; even with large
method of Suzuk? (PhSSPh, S@Cl,, DCM). We then excesses of sodium hydride and benzyl bromide, the major
reduced the lactone and carbamate in one pot (excess LAH)product was the diol in which only the primary hydroxyl
protected the 1,2-diol selectively as the acetonide, andgroup had been benzylated. Oxidation to the sulfdde
benzylated the secondary hydroxyl group to affei@cheme  proceeded smoothly; however, ring opening of the sulfone
2). required a larger excess (4 equiv)reBuLi than expected,
These three steps were performed in an overall yield of and the yield of the corresponding vinyl sulfob&was much
62% without purification apart from trituration of the crude lower than that forl1. Because of this discouraging result,
products with hexane. Oxidation to sulfoh@with mCPBA we did not progress the diol through a similar sequence.
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Vinyl sulfone 11 displays an extremely attractive array of However, when we exposdd to the Lee conditions, we
functionality from which analogues of zeylenol could be discoveredl6 as the sole fluorinated product in good yield
prepared following reductive desulfonylation16. However, (61%) after limited optimization. This reaction, directly
exposure ofl1to conventional amalgam conditions resulted analogous to a Julia olefinatidh, presumably involves
in the formation of a relatively complex reaction mixture, radical/anion pair formation, further reduction of the radical,
though running the reaction below ambient temperature yapiqg carbanion inversion, and strain-relieving ring opening.
afforded a monofluorinated major produdd (Scheme 4) in This sequence represents the method of cRbite the
only 19% yield. preparation ofl6, a precursor to a range of (hydroxymethyl

conduritol) analogues, from.

These studies show that cycloadddatan be converted

Scheme 4. Reductive Defluorination and Desulfonation regioselectively and efficiently into highly functionalized
Reactions of the Intermediate SulfoRes . . ..
difluorinated cyclohexenes under a range of conditions and
PhOS R Fe without the defluorination and aromatization that impaired
,oF - @ the progress of Wakselman and co-workers toward analogues
OBn FO>< Bno OHL\O of shikimic acids. A direct and regioselective sequence from
10 ior i 16 a difluorinated dienophile to highly functionalized difluori-
PHO,S PhO, qateq cyclohexenols hgs therefore be_en demonstrat_ed for the
Jorii, first time. Current studies are assessing the generality of the
ﬁ < ﬁ% chemistry with adducts from different furans and seeking

ring-opening methods that avoid the use of the phenyl-
sulfonyl group. Also of interest are oxidative reactions of

Pho Ph°2 the alkenyl group through which hydroxyketone and amino-
ketone motifs could be developed.

aReaction conditions: (i) 6% Na/Hg, EtOH;40 °C; (ii) Mg
(3 equiv), HgC} (0.5 equiv), EtOH, rt; (iii) Mg (3 equiv), HgGl
(0.25 equiv), EtOH, 0C, 61%. PhO,S o~
i
1M1 —

Scheme 5. Stereoselective Oxidation df12

BnO” !
Reduction to the same major product also occurred under 20 oH 0
the magnesium/mercuric ion conditions of Lee and co-
workers!* The major reaction pathway under these conditions
was likely to involve a sequence in which radical anioh
is protonated and then reduced further to trigger defluori-
nation from18 to afford defluorination product9.® As an example, treatment dflL with alkaline hydrogen
peroxide afforded epoxid20 as the major isolable stereoi-

aReaction conditions: (i) kD,, NaOH, MeOH, 70%.

the nucleofugacity of the departing oxyanion. See: (a) Acena, J. L.; Arjona, sSomer in good yield (Scheme 5). The crystal structure is
shown in Figure 2.
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For similar, reductive defluorinations, see: Otaka, A.; Mitsuyama, E.;
Watanbe, H.; Tamamura, H.; Fujii, NChem. Commun200Q 1081-
1082.

(16) For a related example involving antiperiplanar elimination of a
methoxide anion, see ref 2b.
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efficient.
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