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ABSTRACT

Asymmetric syntheses of the iodomethyl-substituted bicyclic tetrahydrofuran 22 and the chloro-amino sulfone 30 from the allylic sulfoximine

15 and the o-hetero aldehydes 2 and 23, respectively, are described. Further examples for the asymmetric synthesis of chloromethyl
tetrahydrofurans and chloro-amino sulfones are given. The synthesis of 30 features as key step the stereoselective Cl-substitution of a hydroxy
group under neighboring group participation by an aminosulfoxonium group which is converted to a sulfonyl group.

The asymmetric synthesis of tetrahydrofufetrend3-amino in a large number of natural products, ghdmino alcohols
alcohol$ has attracted considerable attention. Tetrahydro- have found application in the synthesis of chiral ligands and
furan$ and 8-amino alcohol% occur as structural motives  auxiliaries? We describe in this paper asymmetric syntheses
of mono- and bicyclic halomethyl tetrahydrofurans of type
(1) For recent examples, see: (a) Mertz, E.; Tinsley, J. M.; Roush, W. C and unsaturated chloro-amino sulfones of typérigure

J. Org. Chem2005,70, 8035. (b) Reddy, L. V. R.; Ray, A. D.; Raja, R.; ;
Shaw, A. K.Chem. Commur2006.32. 3444, () Goeksel. H.: Stark. ¢. 5. 1)+ While halomethyl tetrahydrofurans of type are of

W. Org. Lett.2006,8, 3433. interest as starting materials for the synthesis of both new
(2) For reviews, see: (a) Biovin, T. L. H.etrahedronl987,43, 3309. muscarine analogs for the treatment of Alzheimer’s disease

(b) Katsuki, T.Curr. Org. Chem2001,5, 663. (c) Gruttadauria, M.; Lo, . .

Meo, P.; Noto, RTargets Heterocycl. Sys2001,5, 31. and tetrahydrofuran-containing macrocyclefalides A

(3) For recent examples, see: (a) Garcia-Delgado, N.; Reddy, K. S,; Sola should give access not only to the correspondirgmino

L.; Riera, A.; Pericas, M. A.; Verdaguer, ¥. Org. Chem2005,70, 7426. ; ; _
(®) Au, C. W. G.. Pyne, 5. Gl. Org. Chem2006,71, 7097. (¢) Sello, G.: alcohols but also to a number of other synthetically interest

Orsini, F.; Bernasconi, S.; Di Gennaro, Retrahedron: Asymmetr3006,

17, 372. (6) For reviews, see: (a) Bergmeier, S.T&trahedror2000,56, 2561.

(4) For reviews, see: (a) Reetz, @hem. Re. 1999 99, 1121. (b) Kolb, (b) Lee, H.-S.; Kang, S. HSynlett2004,10, 1673.
H. C.; Sharpless, K. B. Ifransition Metals for Organic Synthesis, 2nd (7) For reviews, see: (a) Fache, F.; Schulz, E.; Tommasino, L. M,;
ed.; Beller, M., Bolm, C., Eds; Wiley-VCH: Weinheim, 2004; Vol. 2, p  Lemaire, C.Chem. Rev2000, 100, 2159. (b) Ager, D. J.; Prakash, |.;
309. Schaad, D. RChem. Rev1996,96, 835.

(5) For reviews, see: (a) Nicolaou, K. C.; Vourloumis, D.; Baran, P. (8) (a) Hartung, J.; Kneuer, Retrahedron: Asymmeti3003 14, 3019.
Angew. ChemlInt. Ed.2000,39, 44. (b) Bermejo, A.; Figadére, B.; Zafra-  (b) Bikadi, Z.; Simonyi, M.Curr. Med. Chem2003 10, 2611. (c) Popsavin,
Polo, M.-C.; Barrachina, |.; Estornell, E.; Cortes, \at. Prod. Rep2005, V.; Popsavin, M.; Radic, L.; Beric, O.; Cirin-Novta, etrahedron Lett.
22, 269. (c) Kang, E. J.; Lee, Ehem. Rez2005,105, 4348. 1999,40, 9305.
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s aldehydel9 with the titanium complexes derived from the

allyl sulfoximines7 and8 in the presence of an additional 1
Qo NMe equiv of CITi(GPr), which proceeded with high diastereo-
¢R -4 —Hal selectivity and gave the homoallylic alcohd® and 21,
Rﬁ/\(%ﬁ Q-RZ\‘P"QZ SiZ‘ARZ\‘ respectively, in high overall yields. Next the cyclization of
NR, R'" §Z0 L 4 the silyloxy-substituted homoallyl alcohols of tyjpewith
AP o H R-- HO'

e
R formation of tetrahydrofurans of typB was investigated.

o}
B

/R3=H -~ Treatment of the silyl ethed with either HFpyridine in THF
HO -R? { R or BwNF in THF led to a cleavage of the silyl group
RM R [R‘MF(OIPr)z followed by a highly dias_tergose!ective qulization, which
Pet RI% Sem. o JSix0 gave the tetrahydrofuratain high yield. A similar treatment
P\ O Het A\ of the cyclic silyloxy-substituted vinyl sulfoximines, 10,
D NMe E F NMe

and 16 resulted in a similarly highly diastereoselective
Figure 1. Asymmetric synthesis of halomethyl tetrahydrofurans cyclication and afforded the b_'CyCI_'C tetrahydmfulrahsa{
and unsaturated chloro-amino sulfones. 123 and17a respectively, in high yields. The configuration
of 11awas determined by X-ray crystal structure analysis.
The application of sulfoximine-substituted tetrahydrofurans

ing derivatives. Key steps of the synthesespodndC are  Of typeB in, for example, the synthesis of muscarine agonists
(1) a highly regio- and diastereoselectjvéydroxyalkylation ~ requires the replacement of the sulfoximine group by a
of the allyltitanium sulfoximinesF® with o-hydroxy and ~ halogen atom and their conversionGoWe had previously
a-amino aldehydes of typg, (2) a highly diastereoselective shown thatS-alkyl-N-methyl sulfoximines are readily con-
cyclization of homoallyl alcohols of typp (Het= OH) with verted to the corresponding alkyl chlorides upon reaction
formation of tetrahydrofurans of typB, (3) a substitution ~ With a chloroformaté* Thus treatment of the acyclic
of sulfoximinesB with formation of halidesC, and (4) a sulfoximine 4b, which was obtained through silylation of
novel one-pot stereoselective conversion of the hydroxy alcohol4a(91%), with CICQCH(Cl)Me in CHCI, at room
sulfoximines D to chloro sulfones of typeA. Although temperature cleanly afforded chloridg in good yield.
sulfoximine-substituted tetrahydrofurans of typecarrying ~ Similarly, reaction of the cyclic sulfoximineklb and12b,
a functionalized chiral substituent at the N-atom, have been 0Obtained through silylation of alcoholsla (98%) and12a
previously prepared with high selectivity by a similar route, (86%), respectively, with the chloroformate furnished the
their substitution with formation of halomethyl tetrahydro- bicyclic chloromethyl tetrahydrofurank3 and 14, respec-
furans of typeC or other functionalized tetrahydrofurans tively, in good yields. Finally, the reactivity of the function-
proved not to be feasibfé. alized sulfoximinel7b, which was prepared through silyl-
The allyl sulfoximinesl, 7, 8, and15 (Scheme 1) were  ation of alcohol17a (89%), was probed in order to get
prepared by the one-paddition-elimination-isomerization ~ information about the functional group tolerance of this
(AEI) route starting from the corresponding ketones and substitution. Treatment o_fsu_IfOX|n_1|rfb7bW|th the chloro-
enantiopure $)-N,S-dimethyl-S-phenylsulfoximine in 78%, formate gave chloridd 8 in high yield. Eventually it was

86%, 83%, and 91% overall yield, respectively, as describedfound that iodides are also directly accessible from alkyl
previously? The acyclic sulfoximinel was obtained as a sulfoximines!? Treatment of sulfoximinel7b with phenyl

single E-isomer. Reaction of the allyltitanium sulfoximines iodoformaté® in MeCN afforded iodide22 in good yield.

(cf. Figure 1) derived from sulfoximinek 7, 8, and15 with The conversion of sulfoxmlne@b, 11b,' 12b,_and17b into

1.4 equiv of aldehyd@ occurred with high diastereoselec- the corresponding halides upon reaction with a haloformate
tivity and furnished the silyloxy-substituted homoallylic Nvolves an acyclation at the N-atom with formation of the
alcohols3, 9, 10, and16, respectively, in high overall yields. corresponding aminosulfoxonium salts carrying a methyl z_md
The complete conversion of the intermediate allyltitanium @n €ster group at the N-atom, followed by a nucleophilic
sulfoximines derived froml, 7, 8, and 15 required the substitution of the aminosulfoxonium group by the halide
presence of an additional 1 equiv of CITif@). % Therefore ion with formation of the corresponding halides and sulfi-
it was gratifying to see that the presence of the Lewis acid "@mides5a and sb, respectively. SulfinamideSa and E:)b

did not noticeably interfere in the reaction of the acetal- Were isolated in high yields. Since sulfinamig@of > 98%
substituted allyl sulfoximinel5. A similar situation was €€ had already been converted &)-\,S-dimethyl-S-phen-

encountered in the reaction of the acetal-protected chiralY/Sulfoximine of >98% ee with good yield; recycling of
the chiral auxiliary is guaranteed.

(9) (a) Gais, H.-J; Hainz, R.: Miller, H.; Bruns, P.. Giesen, N.; Raabe, Favqrable results havmg been recorded in the hydrpxy-
G.; Runsink, J.; Nienstedt, S.; Decker, J.; Schleusner, M.; Hachtel, J.; Loo, alkylation of complexe$ with o-hydroxy aldehydes, their

R.; Woo, C.-W.; Das, PEur. J. Org. Chem2000,24, 3973. (b) Koep, S.; i ithay-ami i

Gais, .0 Raabe, GL Am. Chem. So@003. 125, 13243, (c) Kipker reactlon_wnha amino e_lld_ehydes was studied. Treatment of

K.: Diploma Thesis, RWTH Aachen 2005. the allyltitanium sulfoximines derived from the allyl sulfox-
(10) (a) Reggelin, M.; Weinberger, H.; Heinrich, Oiebigs Ann./Recueil

1997,1881. (b) Reggelin, M.; Gerlach, M.; Vogt, MEur. J. Org. Chem. (11) Gais, H.-J.; Loo, R.; Roder, D.; Das, P.; RaabeEGr. J. Org.

1999,1011. (c) Reggelin, M.; Junker, B.; Heinrich, T.; Slavik, S.; Bihle, Chem.2003,8, 1500.

P.J. Am. Chem. So2005,128, 4023. (d) Reggelin, M.; Kiihl, J.; Kaiser, (12) Kohler, F.; Gais, H.-J. Unpublished results.

J. P.; Buhle, PSynthesi®006,13, 2224. (13) Hoffmann, H. M. R.; Iranshahi, L1. Org. Chem1984,49, 1174.
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Scheme 1. Reaction of Allyltitanium Sulfoximines witl-Hydroxy Aldehydes and Asymmetric Synthesis of Tetrahydrofurans
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imines 1, 8, and15 with aldehyde23 in the presence of an  NR) toward chloroformates. Surprisingly, treatment of the
additional 1 equiv of CITi(OiPg proceeded with high  acyclic sulfoximine24 with CICO,CH(Cl)Me gaves-chlo-
diastereoselectivity and gave the diastereopure homoallyl-roamine26 carrying a sulfonyl group instead of the sulfox-
amino alcohol®4, 27, and29, respectively, in high overall  imine group with high diastereoselectivity in good yield. In
yields (Scheme 2). Because of synthetic and mechanisticaddition to the chloro sulfon26, the carbamat@5 was
reasons, the reactivity of aldehy@&and its enantiomeznt- isolated in similar yield. The generality of this novel
31was also studied. Gratifyingly, reaction of the allyltitanium transformation was demonstrated by the reaction of the cyclic
sulfoximine derived from the seven-membered cyclic allyl sulfoximines27, 29, and32 with CICO,CH(CI)Me, which
sulfoximine8 with aldehydes31 andent-31 occurred in both gave with high diastereoselectivity the chloro-amino sulfones
cases with high diastereoselectivity and gave the homoallyl 28,30, and33, respectively, in good yields. The configuration
alcohols32 and34, respectively, in high overall yields. Thus of the chloro sulfone80 was determined by X-ray crystal
the chirality of the aldehyde has no influence upon the structure analysis.

stereoselectivity of the hydroxyalkylation. The configur- The stereoselective transformations of the two functional
ation of 32 was determined by X-ray crystal structure groups may be rationalized by the operation of a nucleophilic
analysis. substitution cascade as exemplified for sulfoximige(cf.

We had previously found that sulfoximine-substituted Scheme 2). Sulfoximin@9 reacts with the chloroformate
homoallyl alcohols derived frork and unsubstituted alde- through acylation at the N-atom to give the hydroxy
hydes undergo upon reaction with a chloroformate an aminosulfoxonium sal85. An intramolecular nucleophilic
acylation at the N-atom followed by a vinyl-allyl isomer- attack of the hydroxy group &5 at the S-atom is followed
ization and a subsequent substitution of the allylic amino- by an elimination oR5to furnish the cyclic oxosulfoxonium
sulfoxonium group by the Clion to give the corresponding
allyl chloride!* This prompted a study of the reactivity of
the amino-substituted homoallyl alcohols of typgHet =

(14) Tiwari, S. K.; Gais, H.-J.; Lindenmaier (nee Schneider), A.; Babu,
G. S.; Raabe, G.; Reddy, L. R.; Kéhler, F.; Gunter, M.; Koep, S.; Iska, V.
B. R.J. Am. Chem. So@006, 128, 7360.
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Scheme 2. Reaction of Allyltitanium Sulfoximines witle-Amino Aldehydes and Asymmetric Synthesis®fChloro-e-amino

Sulfones
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salt36. Salt36 undergoes, as an O-alkylated sulfone, a facile sulfones, a key step of which is the highly selective
intramolecular nucleophilic substitution by the amino group hydroxyalkylation of allylsulfoximines witl-hydroxy and
under inversion of configuration with formation of the o-amino aldehydes. The synthesis of the unsaturated chloro-
aziridinum salt37. Then sal87 reacts with the Clion with amino-substituted sulfones involves the stereoselective sub-
inversion of configuratiot? to deliver the chloro-amino stitution of a hydroxy group by the Clon under neighboring
sulfone 30. According to molecular model analyses the group participation by an aminosulfoxonium group which

high regioselectivity of the ring opening &7 and the in turn is converted to a sulfonyl group.
corresponding aziridinium ions derived fro@4 and 27
seems to be primarily due to a shielding of thé &om by Acknowledgment. This work was supported by the

the sulfonyl group. In the case of the hydroxy sulfoximine Deutsche Forschungsgemeinschaft (SFB 380 and GK 440).
32, the Boc group could exert a similar neighboring group
effect leading to the intermediate formation of the oxazolium
salt 38. In summary, we have developed asymmetric

syntheses of halomethyl-substituted mono- and bicyclic ; “
tetrahydrofurans and unsaturated chloro-amino-substituted! 7P, 18, 29, and 30 and copies of théH and *C NMR
spectra for all new compounds. This material is available
(15) (a) Stamm, HJ. Am. Chem. S0d.999,341, 319. (b) Weber, K.; free of charge via the Internet at http:/pubs.acs.org.

Kuklinski, S.; Gmeiner, POrg. Lett.200Q 2, 647. (c) O'Brien, P.; Towers,
T. D.J. Org. Chem2002,67, 304. 0OL0627606
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