Investigation of the Diastereoselective
Cyclization of Bis-sulfonyl Esters
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ABSTRACT
o
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The diastereoselective cyclization of bissulfonyl esters was investigated by varying both the size and the placement of the substituent on the
tether adjoining the reacting centers. Substitution at either the o or § position relative to the ester moiety gave diastereomeric ratios of
(1-3):1, while y substitution dramatically increased the diastereomeric ratios to (6—20):1.

The formation of cyclohexanones containing several stereo- We have been interested in an extension of this reaction
centers has been a challenging problem in organic synthesiswhere two “equivalent” sulfones are available to react with
and many elegant solutions have been developed over thean ester group. As shown in Scheme 2, we envisioned that

years. A few examples include the Dielalder reaction}

anisole manipulatiod, and intramolecular ene reactfon

followed by oxidation. We would like to introduce a novel Scheme 2
approach to cycloalkanones containing several stereocenters COOEt o
based on the well-known Claisen condensation of sulfones R Rl SO.Ph
with esters. As shown in Scheme 1, Trtigetroduced the <R [umDs @f 2 Smi,
R»(  ----- > o, oo >
Vi 7
| so,Ph R SO,Ph
Scheme 1 SOzPh R
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intramolecular cyclization of sulfonyl esters to produce
cyclopentanones and cyclohexanones, which Gfirater

expanded toward the formation of medium-sized rings. by strategically placing substituents on the tether joining the

two reactive partners, cyclization would preferentially occur
to the cyclohexanone containing both substituents in an
equatorial disposition. Although addition to the ester is an
irreversible process, it is likely that reversible deprotonation
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between the sulfonyl groups can occur prior to cyclization.

This should favor products with all substituents equatorially Scheme 2
positioned on the resulting cyclohexandne. COOEt
The products could then serve as extremely valuable R =Me 3
PhO,S R R=iPr

synthetic intermediates in organic synthesis since the reactiv-
ity of the two resulting sulfone units are remarkably different.
For example, selective reduction of tjfeketo sulfone to

the cyclohexanone is a well-known process leaving the
remaining sulfone group to then take part in many chemical ab

) e 2 —
reactions that it is known to underdoOne could also 85%

4
R = CH,OTBDMS 5

PhOzsﬁ/\)\COOEt LI
99%

PhO,S

envision alkylating the keto sulfone before its selective PhO2S
reductive removal, producing a third stereocenter on the
cyclohexanone ring. db P e

We began by investigating cyclohexanone precursors and 2 —— PhO2S COOEt ‘;;3:/’ 4
arbitrarily chose to synthesize substrates containing a methyl, PhO,S °
isopropyl, and CHOTBDMS group at all three positions on
the tether. This would deduce whether steric bulk and/or COOEt N
placementd, /3, or y), relative to the ester moiety, produces 2 90 Phs = e s
the greatest influence on selectivity. 39% PhS OTBDMS  72%

A versatile starting material, which allowed us to access
most of the bissulfonyl ester precursors, was the com-

meruglly ayaﬂable dioll. After conversion of the diol to THF: (e) NaBH, NiCl/6H,0, EtOH: (f) PRP—CHOOEL, CHCl,:
the bissulfidé followed by hydrolysis of the acetal, we 4y} DA’ HMPA, CH,O: (h) TBDMSOTT, NEE; (i) NagWOs, H,0,
obtained aldehyd2, which enabled us to rapidly synthesize MeOH; (j) H,, PtO,, EtOH, 40 psi.

most of the cyclization precursors (Scheme 3).

aKey: (a) PhP=C(Me)COOEt, CHKCl,; (b) Oxone, THF/
MeOH/H,0; (c) Hy, Pd/C; (d) (EtO)P(O)CH(Pr)COOEt, NaH,

to reduce the olefin but for the isopropyl derivativi,we
found that the use of NaBHand NiCb!! worked best.

Scheme 3 ‘ ] -
OEt ab Introduction of the hydroxy methyl group & was carried
Ho/j/\( —» PhS CHO out using a deconjugative aldol reacfidwith formaldehyde
Ho~  OFt 82% PhS followed by reduction of the olefin at a later stage.

] 2 Table 1 shows the results upon cyclizatibfollowed by

aKey: (a) PBuy, (phenylthio)phthalimide, THF; (b) HCl(aq),
HF. Table 1. Effect of a-Substitution

(0]
: COOEt 4 Lumps R,

The syntheses of the-substituted precursors are shown %
below in Scheme 4, and all utilize aldehy2las their starting PhO2S R 2. Sml
material. All three syntheses involve HorrgEmmons— PhO,S SO,Ph
Wittig reactions to install the ester moiety and either OXone
or hydrogen peroxid8 protocols to oxidize the sulfides to R yield (%) (two steps) dr
the corresponding sulfones. Typically hydrogenation sufficed  Me 66 1.5:1

ipr 85 3.0:1
(6) An analogous cyclization was utilized in the synthesis of rhizoxin CH,OTBDMS 71 3.0:1

that involved an in situ preparation of an alcohol with two equivalent
aldehydes separated by a three-carbon tether. Presumably through a
reversible process, the lactol with all substituents equatorial was formed
exclusively. (a) Keck, G. E.; Park, M.; Krishnamurthy, D.Org. Chem
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Lett,1997,38, 6825. (c) Burke, S. D.; Hong, J.; Lennox, J. R.; Mongin, A.
P.J. Org. Chem1998,63, 6952.

Molandet* reduction of theS-keto sulfone. Yields for the
two steps were generally high, afd NMR was used to
determine the diastereomeric ratios. Although it appears that

R, OH R, OH R, O_OH larger R groups have some positive affect on the diastereo-
P Ozone cHO U
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(13) Typically, all precursors were cooled t6/8 °C in THF, and 2.2

equiv of LHMDS was added slowly. The solution was stirred for 1 h before

the reactions were quenched with saturatedGIHYields for the cycliza-

tions were generally very high, and the cyclized adducts were taken to the

next step without characterization.
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meric ratio, the influence of am substituent was never larger || NN

than 3:1 in favor of the diquatorial produét. _ Table 2. Effect of f-Substitution
The syntheses of th&substituted precursors are outlined o
in Scheme 5, and once again, all utilize aldehgdss their COOEt . | ..mDs
E—— ")
Scheme 8 PhO,S SO5Ph
COOEt R yield (%) (two steps) dr
R=Me 9
PhO,S R=iPr 10 Me 62 2.0:1
PhO,S R R=CH,0OTBDMS 11 iPr 83 2.0:1
CH,OTBDMS 86 2.0:1
ab O cde
=~ » PhO,S . . .
2 88% 2 ﬁ/\f 85% ® The syntheses of the-substituted precursors are outlined
PhO2S in Scheme 6, where it is shown that aldehyieould only
COOEt
1.9
2 70% PhS 97% 10 Scheme 8
PhS R COOMe
R = Me 12
N COOEt ik PhO,S R_iPr 13
s —, PhS e 1 PhO,S R=CH,OTBDMS 14
69% PhS x 65%
aKey: (a) MgAl, CH,CIy; (b) Swern oxidation; (c) (EtQP(0)- PhO,S
CH,COOEt, NaH; (d) Oxone, THF/MeOHA4D; (e) H, PtO;, CHO ap cd
EtOH; (f) PRP=CHCOOEY; (g) Cul, TMSCIPrMgCl, tHF, —35 o — 2
°C; (h) DIBAL-H, PhMe,—50 °C; (i) CHsC(OEt), o-nitrophenol, | ® PhO,S F 49%
160°C; (j) Os, MeOH/CHCI, then NaBH; (k) TBDMSCI, DMF,
imidazole.
OHC e,a,f,g b,h,c,d 13
—_— —_—
starting material. We initially envisioned that a cuprate-based 40% PhO,S | mPso s
approach would suffice for introduction of the substituents
but in practice, only the isopropyl derivativé, could be e OHG  COOMe ik
reproducibly prepared this way in high yield. The methyl 2 ——> PhS — 14
. . : 30% 50%
substituent was introduced by transforming the aldehyde to PhS

a methyl ketone using standard chemistry followed by our _
previous employed Wittig reactierhydrogenation sequence 2Key: (a) (EtO)P(O)CHSOPh, LIiCl, DBU, CHCN; (b)
to complete the synthesis &3. For the CHOTBDMS CHsSQ,Ph, BuLi; () RuCi, NalQy; (d) CH:N2, ETOAC; (d) Oxone,

substrate]l1, we instead found that after reduction of the EE;/eMe(g)H-/rll_E%o(ﬁ T,_ll\ﬂﬁgiﬁ’b;nse;hg;z.r )/(Iﬁ)te;Té%P Iiﬁéﬂ '

Wittig product to an allylic alcohol, a Johnson ortho ester THF; ()" MeOH, NaBH; (j) TBDMSOTf, NEt;, CH.Cly (K)
rearrangemeffteffectively introduced an ethylene group beta NaWO,, MeOH, H0,.
to the ester. Subsequent ozonolysis, reduction, and silylation
afforded substraté1 in good overall yield.

Table 2 shows the results upon cyclization of fheub- ~ be used for the CEOTBDMS precursor14. The carbon
stituted substrates. Once again, the influence @ksub- skeleton ofl4 was constructed using chemistry developed
stituent is not substantial, but it is interesting to note that as by Hagiwara;” which involved a one-pot in situ aldehyde-

the size of the substituent increases the diastereomeric ratic¢hamine conversion of aldehyd® followed by Michael
is not affected, unlike the trend seen in Table 1. addition to methyl acrylate. The aldehyde was then reduced

and protected to efficiently produce precursb4. The
(15) Stereochemistry was proven by converting to menthone as shown synthesis of substrate? began with commercially available

below and comparison of th&C NMR of both synthetic and natural 5 g_dimethyl-5-hepten-1-al whereupon a Wittig reaction with
products. Similar sequences were carried out for most of the other products’”’

as well and are described in the Supporting Information. Posner’s reagetftformed the trans unsaturated sulfone in
o o >90% vyield. Introduction of the second sulfone unit was
)u 213'53;'“ )Cl accomplished via a Michael addition with the anion of

3. Jones methylphenyl sulfone in an overall yield of 20%.The

Oxidation
SO,Ph menthone

(16) Johnson, W. S.; Werthemann, L.; Bartlett, W. R.; Brocksom, T, J.; (17) Hagiwara, H.; Komatsubara, H. O.; Okabe, T.; Hoshi, T.; Suzuki,
Li, T.-T.; Faulkner, D. J.; Petersen, M. R. Am. Chem. Sod 970,92, T.; Ando, M.; Kato, M.J. Chem. SocPRerkin Trans. 12001, 316.
741—-743. (18) Posner, G. H.; Brunelle, D. J. Org. Chem1972,37, 3547.
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synthesis ofl2 was completed by oxidative cleav@gef
the olefin to the acid and methylation with diazomethane.
The synthesis of precursdB began with isovaleraldehyde
and utilized both the Hagiwara chemistry to introduce the
ester group and the Wittig reaction—Michael addition
sequence to introduce the bissulfonyl group.

Table 3 shows the results upon cyclization of fheub-

Table 3. Effect of y-Substitution

O
R COOE 1. LHMDS
—_—

PhO,S 2.5ml, .

PhO,S R SO»,Ph
R yield (%) (two steps) dr

Me 53 6.0:1
iPr 60 >20:1
CH,OTBDMS 76 >20:1

stituted substrates. Gratifyingly, it is at this position that

ratio. We also noted that upon increasing the size of the
substituent on the tether, the ratio increases from 6:1 up to
>20:1. The exact reasons for wirysubstitution gives such

an enhancement are not entirely clear yet although experi-
ments are underway to determine whether the deprotonation
of the “equivalent” sulfone units is a reversible process prior
to cyclization.

We have introduced a novel cyclization protocol of
bissulfone esters that can produce diastereoselectivities as
high as 20:1. The best selectivities result when the substituent
is placed gamma to the ester moiety. Attempts to increase
the diastereomeric ratios regardless of the placement of the
substituents are currently underway and involve varying the
base, solvent and bulk of the ester moiety. Preliminary results
are extremely encouraging, and the full account of these
findings will be disclosed soon.
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