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Absrrocic ‘l’he reactiotts ol vinyl sultoxnn~nes (la-e) with C.N-diphenylnitrone (2) are highly 
regioselective and give only 4.sulfonimidoyl-isox~o~dine cycloadducts. These reactions proceed with 
modest n-facial diastercoselectivity with respect to the dipolarophile. The stereochemical outcome of 
these reactions is consistent with attack on the favoured ground state conformation of the vinyl 
sulfoximine through an ‘endo’ like transition state. 

The 1%dipolar cycloadditlon reaction of nitroncs with alkenes is an important method for preparing 

isoxazolidines in a rcgloselective and stereoselective manner. 1 Isoxazolidines have been successfully 

transformed into alkaloids and other important natural products and bioactive molecules.2 While the 1,3- 

dtpolar cycloaddition of mtrones and vinyl sulfones” and sulfoxides4 has been studied we were not aware of a 

similar study on vinyl sulfoximines: 5 This is surprising since the use of enantiomerically pure vinyl 

sulfoximinesn as dipolarophiles would allow the opportunity for the asymmetric synthesis of chiral 

isoxazolidines. In this paper we report our studies on the reactions of racemic vinyl sulfoximines (la-e) with 

C, A-diphenylnitrone (2). 

Results and Discussion 

Heating a chlorotortn solution of racemic vinyl sult‘oxtmine (la) or racemic vinyl sulfoximines (lb)- 

(le) with C, N-diphenyl nitronc (2) (1. I - 1.2 molar equivalents) at 60 OC or 75-80 OC, respectively, in a sealed 

tube for 16 h to 14-28 days respectively, gave a mixture of two racemic diastereoisomeric cycloadducts (3) 

and (4) (Scheme 1, although (3) and (4) are raccmic only one enantiomer of (3) and (4) are shown for 
convenicncc). The results of this investigation are summarized in the Table 1. The diastereoselectivities of 

these reactions were measured by tH NMR (400 MHz) on the crude reaction products. The products appeared 

to be formed under irreversible (i.e. kinetically controlled) conditions since the diastereoisomeric product 

ratios did not vary stgniiicantly with time over the course of the reaction. In general, the two 

diastereoisomcric cycloadducts could not be separated hy column chromatography and the yields reported in 
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Table 1. Rcacticjns of vinyl sull’oximincs (]a)-( le) with nitrone (2). 

Enq Vinyl sulfoximinc ( 1) Time Yieldh Diasteteoselection 

R’ R2 (days) (%I (3) : (4) 

I (a) lf ‘I <lb 12h” 46 65 : 35 

; IC) PI1 ‘I II\ 2x 67 67 : 33 

1 Id I PI1 1.1.(~-( Pr’ l,(‘,,H~ 2x 66 75 : 25 

5 me) Ph MC 28 43 47:53 

Table I rrfcr IO the yreld ot the mixture of (3) and (4) after purification of the crude product by column 

chromatography. In each case the dtastcreomcrically pure cycloadducts could be obtained by separation by 

pt-eparativc HPLC on a pura~l column. 1H NMR analysis of the pure adducts (3a) and (4a) from the reaction 

of vinyl Wtosyl sulfuximtne (la) with (2). revealed that these adducts were two diastereoisomeric 4- 

sulfonimldoyl-lsoxa/i,llduncs rather than the rcgto-isomeric 5-sulfonimidoyl-isoxazolidines (5a). This is in 

contrast 10 the reactton ol phenyl vinyl sulfonc! and p-tolyl vinyl sulfoxide4 with nitrones. The reaction of the 

1ormcr alkcnc with I’-pli~nyl-N-mzthylnitron~ was not regtoseleotive and gave a mixture of 4-phenylsulfonyl- 

and j-phznylsult~tnql-ls~lxa/~)lldinos (6X 52, rcspectlvely).~ The reaction of the latter alkene with (2) 

howcvzr. was cc~nipl~tcly rcgitrszlecttve and gave 111 S4% and 3%, isolated yields two diastereoisomeric 4-p 

tolylst~ltinyl~soxa/i,lid~~~~s.~ 

The reactton of h~tosyl (E)-propenyl sulfoximine (lb) and (2) proceeded with a similar 

diastcr~i,s~lc~tlvlty as the reaction of (la) and (2) and gave a 64 : 36 mixture of cycloadducts (3b) and (4b) 

rcspccttvely tTahle I sntrv 2). The rcgtochemtsrry of these adducts was evident from analysis of their *H 

and C’OSY NMR qwt~-~~ ‘l‘h~ relauvc ‘u/7dd \tcrcochcmtstry of (3b) and (4b). rather than the relative ‘exu’ 

stereochemistry as shown 111 structure t6), was determined from NOESY NMR experiments. The results of 

these experiments arc summartzcd in the Expcrtmcntal section of this paper. The high regioselectivity and 

preference for ‘rrr&)’ diast~reoselectivity tn thts reaction is similar to that found in the reaction of the 

analogous (E)-prapcnyl phcnyl sulfone wtth (‘~phcnyl-N-methylnitrone which gave 84% isolated yield of the 
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‘r~zda’-4-phenylsulfonyl-isoxa~~)lidine cycloadduct and 5%~ isolated yield of the ‘exe’-4-phenylsulfonyl- 

isoxazolidinc cycloadduct. ?h 

The reaction of A’-tusyl fl-styryl sulfoximine (Ic) with (2) proceeded with similar diastereoselectivity 

as the other N-tosyl vinyl sulfoximines, (la) and (lb), and gave a 67 : 33 mixture of the cycloadducts (3~) and 

(,4c) (Table 1 , entry 3). The relative stereochemistry of (3c) was unequivocally determined by a single crystal 

structural analysis, as shown in Fig. 1. The structural analysis showed (3~) had the ‘endo’ relative 

stcreochcmistry and this knowledge was used to assign the relative stereochemistry of the major and minor 

cycloadducts (3a. b) and (4a, b). rcapectively. 

Figure 1. Molecular pro~ec~on of (3~) normal IO the central rrng plant; 20’S thermal ellipsoids are shown for 
the non-hydrogen atoms.‘hydrogcn amns having arbitrary radii of 0.1 A. 

The stcrically demandmg analogue of (lc), the N-1.3.6.triisopropylphenylsulfonyl P-styryl sulfoximine 

(Id) upon reaction with nitrone (2) gave a 75 : 25 mixture of the cycloadducts (3d) and (4d) respectively. The 
relative stercochemistry assigned to the cycloadducts (3d) and (4d) was based upon the close similarity of 

their tH NMR spectra to those of (3c) and (Uc) respectively. 
The reaction ot‘ the A-methyl p-styryl sulfoximinc (le) with nitrone (2) was poorly diastereoselective 

and gave a 53 : 47 mixture of the diastereoisomeric ‘endo’ cycloadducts (4e) and (3e) respectively. Thus 
unlike vinyl sulfoncs.: the regtosclcctivity and diastereusclectivity of the reaction of the N-tosyl vinyl 

sulfoximincs (la-c) with nttronc (2) was mdcpendcnt upon the nature of the P-vinyl substituent (RI). The 
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diastcreoselectivitirs of the reactions, although only modest, increased as the steric demand of the N- 

cubstltucnt (R?) of the sulfoximine was increased from methyl through to 2,4,6-triisopropylphenylsulfonyl. 
The stcrcochcmical outcome of the reaction of (lc) and (2) can be accounted for by invoking the ‘endo’ 

transltion state t A ) in which the least sterically demanding substituent on the sulfoximine, the oxygen 
aubstltuent, is approximately syn-coplanar with the P-vinyl hydrogen. Addition of the nitrone then occurs 

from the less hindered b-face of the alkene, that is anti to the bulky S-phenyl substituent. We have recently 

found a similar s-ci.r conformation for (lc) in the solid state to that shown for (lc) in transition state structure 

L4J.i 

It IS well documented that the rcactlon of nitroncs with I,l-disubstituted alkenes gives 5,5- 

disubatituted isoxa/.olitiincs. tb Therefore in an attempt to reverse the regiochemistry of these dipolar 
cycloadditions WC: prcparcd the tx-bromo vmyl sulfoximines (7) and (8) (Scheme 2). 1H NMR analysis of the 

reactIon of (2) and (7) 111 C’DCI 3 solution after 24 h at room temperature revealed 66% conversion to the 

cxpcctcd S.S-dlsuhstitutc‘d Isoxazolidine cycloadduct (9) which was a 2.6:1 mixture of diastereoisomers. 
(MaJor diastcrcolsomcl-: ‘H NMR (CDClj) 6 5.84 (dd. J= X.4, 3.9 Hz, IH, H3), 4.09 (dd, J = 14.4, 3.9 Hz, lH, 

H4), 3.65 (dd. J = 13.4. X.4 Hf. IH, B4’). Minor diastereoisomer: ‘H N&R (CDC13) 6 5.92 (dd, J = 7.8, 5.1 

HL. IH, H3). 3.96 (dd. J = 14.4. 5.1 Hz, 1H. H4). 3.97 (dd, J= 14.4, 7.8 Hz, lH, H4’). Similarly, the reaction 

hctwccn (2) and (8) showed 60% converslon to the cycloadduct (10) as a 1.8: 1 mixture of diastereoisomers 
al’tcr 24 h at I-UOII empcraturr (Major diastercoisomer: ‘H NMR (CDC13) 6 5.78 (dd, J = X.8, 4 .4 Hz, lH, 

fi3), 4.09 (dd. J = 13.0, A.4 Hr, IH, i4), 3.6.5 (dd, J = 14.0, 8.X Hz, lH, H4’). Minor diastereoisomer: 6 6.03 

(dd, J = 3.V. 7.2 HI. IH. H31. .i.VO (dd. J = 14.4. 3.9 Hz. IH. H4), 3.59 (dd, J = 14.4, 7.2 Hz, lH, H4’)). 

Houcvcr, aikx 4X h thehc qcloadducts were no longer evident and a mixture of unidentified products 

rcsultcd. WC assume that thehe compounds arc thermally unstable due to the sensitive tertiary bromide group. 

These rc’actlons wcrc thcrcfore not further studied. 

Scheme 2 

H H 1. Br, (2) 
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(la); R = tosyl (7); R = tosyl (9); R = tosyl 
(If); R = 2,4,6-(Pr’),C,H,- (8); R = 2,4,6-(Pr’)&H,- (10); R = 2,4,6-(Pr’)&H- 
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In summary, the reachon of vinyl sulfoximines (la-e) with C,N-diphenylnitrone (2) are highly regioselective 
and onl\ 4-sulfonimidoyl-isoxazolidine cycloadducts are obtained. These reactions proceed with modest X- 

facial diastcreoselectivity with respect to the dipolarophile. The stereochemical outcome of these reactions is 

consistent with attack on the favoured ground state conformation of thr vinyl sulfoximine through an ‘en& 

like tranattion atate. 

Experimental 

Vinyl sulfoxttntnes (2b ,, (20 and (2e) were prepared as previously reported.7 All NMR spectra (lH NMR 

and 13~‘ NMR ) were recorded on a Varian unity 400 or 300 NMR spectrometer in CDC13 solution unless 

othcrwisc indicated. Aromatic protons have been assigned as belonging to the aromatic rings Arl-Arg as 

shown in the structures below. 2-D NMR (COSY and NOESY) was used to confirm the IH assignments. 

Melting points wcrc‘ ~mc~lurcJ on a capillary melttng potnl apparatus and arc uncorrected. IiPLC separations 

wcrc pcrlormcd usmg a K’atcrh Model 5 IO pump. d U’atcra 25 x IO cm Radial-Pak HPLC porasil cartridge 

with dctc<tic)n at 255 nn, 

X-ray Structure Determinations. .,i tmiuuc room tr‘mpct.Jturc i-29SKi diffractometer data set (molybdenum 
Mo Kcc riiono~hrornaric radtaticrn. i, = II.7 1093 A: (2~3 ,1,,,, = 50”. Zti/pscan mode) yielded 5315 independent 
rcllcction:, (gaussian abs,)t-pt~n ;clrrcctton). 2041 v+ith / > 3a(Ii he~ng considered ‘observed’ and used in the 

I‘uII mautx least squrrrch Ircl‘inctncnr. .qnl\otropic thmnai parumctcrs were refined for C, N, 0, S: lx, v, z, 

I;,,())~J wcrc included cr)natraincJ at c.\titnated v~luc\ ;~II~I- ohservarton in diffcrencc maps. Conventional 
residual:, R. R, t)n/‘I?‘wcn~ 0.062. 0.05’) (stattsltcai weight\ derivative (II‘ &Ii = &(ldiff) + 0.0004 a4(I&). 

Full ~ahttlatiott~ o: ;I~OIK c~~c~rdtnatcs snJ thermai nararnctrrs. molecular geometries and structure factor 

,ttrtplirttd~~~ h~vc heft d~~~~~~.stt~J ~tth rhla (‘atnhrldpc ( t\~;lllographtc Data Ccnlrc. Crystal data for (3~1: 
C;qt I qrN:()~Sz. M = 5W.8 hl<rnoclinti. \pac<~ group !‘L”, ,A,( Jo,<. NLI 141.. r, = 10.3% (21. h = 11 1.885(h). c 
=?h.()~hi5,A. [i= lO’)l~i~‘l \‘: hJ4(.!IAi [,,,I:! A - ?O;I;tn :: FiOOO) = 1248. pbq(, = 2.2 cm:l; 

\pc‘cItllI‘Il 0.21 , 0.32 ‘, (1 0’1 l,,!, .? ‘* ,,,,,,,,,,;,‘i = I tt: 1, : 



01‘ sodium th~osull‘ate (l(H) mL) then with a saturated aqueous solution of NaCl (200 mL), dried over MgSO4 

and rotal-y cvap~atcd to dryness. The orange oil was chromatographed on silica gel using 50% ethyl acetate / 
hcxanc us clucnt to g~vc 1.1 g (26 %) 01 (la) as a white solid, m.p 126-128 Oc. lH NMR (CDCl$ 6 7.97 (dd, 

J = 7.k. 0.9 HL, 2f1, Ard ‘ortho’). 7.X5 (dd, J = X.1, 1.X Hz, 2H, Arl ‘ortho’), 7.68 (t, J = 7.8 Hz, lH, Ar4 ‘para’), 

7.57 ti, J = 7.X Hf. ZH, Ard ‘meta’). 7.26 (d. J = X. I H7, 2H, Arl ‘meta’), 6.83 (dd, J = 16.2, 9.6 Hz, lH, Hl), 
h.3X odd. J = 16.2. 1.S H/. u?‘i. 6.19 (dd, J : c1.h. I.5 HL, EJ2), 2.40 (s, 3H ArCH3). ‘3C NMR (CDC13) 6 

l61.77 I,(Y), 132.85 t(‘,. 137.73. 134.73. 17Y.64. 129.24, 129.14 (CH2), 128.04, 126.68, 102.37(C), 21.49 

(CHj). FIRMS (El) calcd 1’or C 17 H I~NO~SZ 321.03931 found 321.05039. 

,\I-Tosyl S-( 1-bromo- 1-ethenyl) S-phenylsulfoximine (7). To a solution of (la) (0.52 1 g, 1 .h mmol) in CC14 
/ CH$I~ (, I : I. I? ml.) was added Br2 (3.2 mmcll) in CC14 solunon (5 mL) and the reaction stirred over night 

under P;? in a flask that was covcrcd in alumlnium ioil to exclude light. After 24 h an aqueous 10% solution 

of SO~IUII~ thi~rxull’arc wab added until the I~I-oI~I:N~ c\,lour disappeared and then CH$12 (20 mL) was added. 

‘1 hc c~r;l;in~ layer u;I.\ ~p,~ratcd. dl-icd (M~SOJ) tt1L.n Irotary evaporated to rcmovc solvent. The residue was 

Icdia\ol\cd 111 Cl I$‘I: I I5 ml. I uld trt’atcd with trl~~thylumine (0. lXlg, 1.7X mmol) for 40 min. The solution 

ii dS \i ashc‘cl M Ill1 5’4 ‘li~LIC~)ll\ IKI and rhcsll M’LllCl II1 i pollution was then dried (MgSQ) and evaporated to 

drqnc\~. Puril7ca11~111 hl c~~lutn~l chromatography usmg 31 IV EtOAc / hcxane as elucnt gave pure (7) (0.223 g 
32’h I as ;111 011. IfI Nhlli 6 X.(11 (dd. J = 0.11, I.7 137. 2H. Ar4 ‘ortho’), 7.X9 (dd, J = 6.6. 1.X Hz, 2H, Arl 

iNhI’). 7.7 1 i I, ; 11. Al 4 pl1’” 1. :.5X (I. 9. AiJ IIILI;I’), 7.30 (d, J = 3.6 Hz, lH, HI), 6.47 (d. J = 3.9 Hz, lH, 
f11’). 2.310 (.\. 3tI. XI-Cll~I. ‘k’ NRilR 6 l-11 Ii1 I(‘). 130.4Z (C). 134.81, 134.44. 131.43 (CH?), 129.39, 

I ‘0.2o. 129 11. j .lX.b’~ ii ), 176.75. 21.4’) ((‘II 3~ M,ISS spclc:rum (ES+) 171/z 402/400 (X4%/lOO%i, [Ml+), 294 

125) 2S3 (fl5). HIthIS IEII calcd t,)r‘(‘ IFH IJbrT” \o;S2 3YX.c,509 i, fw~d 398.959 IO: 

.\‘-2.~.h-(Triisoprop~ll~et~~e~~esult’t)~~~l) S-methyl S-phenylsulfoximine. To a solution trf S-methyl S-phenyl 
\1I1l~r\lllllll~ 8 (:.(.I g. -10 :ilmi)l ) i,t‘lll dry cli,l(‘;> _ I,?() ml,) W;I~ added dry pyridine (6 mL) and a crystal of 

‘llI11i’lll\ !;illllll,lp:* 1-111111\‘. 1-k In1.~Iul’c \va.\ .hllLd [,I (1 “C tt1<v 2,4,6-triisopropylbenzcnt\sulfonyl chloride 

h 13.X’ g. -I<) mm,~l) was addi~l IN amall Iotx IIIILICI *i !low oi N;. Alter addition the mixture was warmed to rt 

.~nd \+~s stirred tmdt~~~ Nz ior Ih h. The WL~C‘II~IKI \~a\ filtered. the solids washed with dry pyridine (10 mL) and 
ihc I111rcl1~ was dllutcd \blth h;It<‘r (SO n11.~ urd i xtracwd threl: times with CH#Z12. The combined extracts 

\LL’l’L’ \v‘lstlcd Wllll 10~ ,~quc,~ HI’1 (7 x 75 m.i then drtcd t)ver M&14, filtered and rotary evaporated to 

iir)ll~.‘\j. 7 lhc rc\l(itl: \\J\ ~rcc~~~st;Lll:/~~il l‘i1~111 1~:31Lbnoi lo give I I g (53%) of the title compound as white 
il.!&ll\ “‘I I Ike I3C.I “(‘ ‘Ii NMK ri 7 +I ‘c,I. ,I = X.-i. 15 H/. 2kl, A#). 7.59 jtt, IH. Arm, 7.58 (tt, 2H, 

:\I. I i I : I I IS. ‘I I, :\I.\ - ‘.ilclt:t I. 4 .3X ~ll~l~t. 1t1. ?tlt’~(‘H 1, i I I (s, 3H, CH$. 2.8X (hept, IH. MczCH), 1.255 
:.lil I.?.:3 l.l!il l7i17 ~3 x il. clvcrl+pmg, hc‘u;). ‘t NMR 6 151.95, 149.05, 13X.99, 137.26, 134.18, 

l?c).j’J, 1?7.4’. i 27 <? ~ -&.W, .U. ) 2. 2~.3, L4.G t ‘CH?). 24.60 (ZCH$, 23.63 (CH?), 23.61 (CH3). Mass 
\~WII-um (ES+, ~II/: J~ZI4H) ( lot)%. IM+HI+, 

.Y-(2,1,6-Triisopropylbenzenesulfonql~ S-ethenyl S-phenylsulfoximine (If) The title compound was 

prcp~tr~d I’l-~m ~~-l.l.h~~tri~s~~pr~~~~ylhcil/ct~~~~~l~’~~~~~l~S-mcthyl S-phenylsulfoximine (4.44 g, 11.0 mmol) using 

Ihi prilcl%dure kscr~hcd dhovii Itlr the ay~~~lws~~ (11 ( la). Rccrystallisation from ethanol gave 1.94g (42%) of 
white crk\tJlb. m il. iS5-156 ‘Y‘. 1H S1lR ci :O(I t&i, J .I tc. I. 1.5 HL, 2H, Arq ‘ortho’), 7.66 (t, J = 7.5 Hz, lH, 

:\I-J 11~1 d 1. 7.59 c I. J = X I tl/. ?H. Arj I~L~U I, ;. !  2 (s , 2k1. Ark ‘mzta’), 6.82 (dd, J = 16.S. 9.6 Hz, lH, Hl), 
0 4X (iId. J = 1 ?. I(>.? H/. I tI, H2 ). 6. /O IiyJ, J 1: 9.(,. I 2 HI, IH. H2), 4.38 (quin, 2H, MezCY), 2.88 (quin, 
111. 1lc$:H,. 1.25 IC:. J .L: 1.X H/, 011 7(‘tij,, ! 2 i 13, J = 1.2 Hz, 12H, 4C&). l3C NMR 6 151.99, 149.11, 
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13X.09. l%I.lO. 129.55. 12X.76. 177.9X. 127.4l, 123.35, 34.1 I (CH), 29.24 (CH). 24.66 (CH?). 24.58 (CH3), 

23.63 (CHi). liR.MS (El) calcd l‘or C23Hq1NO$2 433.1745 found 433.17359. - 
A’-(2,4,6-Triisopropylbenzenesulfonyl) S-(1-bromo-1-ethenyl) S-phenylsulfoximine (8). To a stirred 
solution 01‘ (If) (0.5 IX g 1.01 mmol) in CHlCl2 (5 mL) was added Br? (0.21 g, 1.3 mmol) in dry CC14 (3 mL) 

and the reaclion stirred under N2 ior I6 h. TLC showed the reaction was 50% complete so another equivalent 
ot‘ bromine was added and the rcacrion was lelt stirring f‘or a further 24h. The reaction mixture was worked up 

as descrihcd ahovc for the prcparauon of (7). The residue was then treated with tricthylamine (O.l49g, 1.47 
mmol) I‘or 1.5 h and then wcAcd up as dcscribcd ahovc Ior rhc aynthcsis 01‘ (7) to give an oil. (0.585 g). 1H 

NMR analysis shohcd a shoWed a 7: I mixLure of‘ (8) and (If). Puriticatiun by column chromatography using 
25% EtOAc / t1cxanc 21s elucn1 gaw 0.16’7 f (26%) 01. (8) as an 011. ‘H NMR 6 8.01 (dd, J = 8.8, 1.2 Hz, 2H. 

Arj ‘ortho’), 7.70 (t, J = 7.6 H/. IH. Arq para’). 7.57 II. J = X.4 Hz. ZH, Arq ‘meta’), 7.31 (d, J = 3.6 Hz, 1H. 

H2), 7.13 IS, 2H. Arl ‘mera’). 6.47 td, J = 1.2 Hz, IH, H2’), 4.43 (hcpt. J =6.X Hz, 2H, MezCH), 2.88 (hept, J 
= 6.X Hr.. IH, Mc$JU. I.27 (d, J = 6.1 HI, htl, 2CLh). 1.74 (d. J = (1.4 HL, hH, 2C&), 1.22 (d. J = 6.4 Hz, 

6H, 2CHi): ‘%‘ NMli 6 152.1 1 ((‘I, l-19.15 (c’). 117.13 i(‘i. 135.0X (C). 134.65 (CH), 130.92 (CH?), 129.31 

(C-H), 12X.96 ((‘HI. IZ.i.30 ((‘HI, 3-1.06 ~.lle~Ii~. 20.2.1 iLhlc&I1), 23.67 (CHj), 24.55 (2CH3), 23.54 

(2CHli. IHKMS (+LSIMSI cdlcd l’or C’?\Hq$lBrNOqS2+1 I S 13,Or)O7Xh Uound 514.08506. 

N-2,1.6-(Triisopropylbenzenesulfonyl ) S-2-phenylethenyl S-phenylsulfoximine (Id). To a stirred solution 

of N-2,4,f~-jtriiaopr(~~ylh~~i/~ii~~tll~~)nyl) .P-methyl S-phcnyl sult‘c,ximlne (2.1 g, 4.95 mmol) in dry THF (20 

mL) undc*r N, at -7X (Y’ \L.IS ,lddcd hut>llithiurn in hcx;mcs (S.XX mmol). The reaction mixture was then 

allowed ~(1 come IU rl and MLLS st~~-rcd for IO mm. The mlxturc was then recoolcd to -78 (C and hcnzaldehyde 

(0.74g, 7.S mm~rl) 16;~s added. the, reaction was uarmcd slowly to 0 (‘C and stirred for 4.5 min. Dry 

UWhylamInc (0.73 ml.. 5.5 mrntjl I WI\ added ti~llowt~J h) UK dr,jpwisc addillon of mcthanesulfonyl chloride 

(0.620 g. S.-I9 mmoi~. .1 hc rcactic~n M,O stirred for 70 mln then tricthylamlnc (0.73 mL) was added and the 

rcactIc)n .~ll~wcd to coin i I(’ rt and \tII-red anolhcr 20 m111 .A IO’k aqueous solukm of NH&l (10 mL) was 

addcJ anJ the IIUX~UTC M;I~ cxtractcd wh f’H2Cl2. The ~~xt~dcts wcrc drlcd (MgSO4) and rotary evaporated to 

dryness 1~1 five a WII~ m.ut‘riaI. RccrystaIIl/.ation Irom ethyl acctatc ga\e fine white crystals. (0.447& 17%), 
mp 207-206 (Y‘. 1H NhlK ci X.IJI (~1. J = 7.6 Hr. 2H. ArtI). 7 67 (d. J = 15.2 Hz, IH, CH), 7.63 (d, J = 7.6 Hz, 

IH. ArHi. 7.55 (dd, J = X HI. ?H Arll _ I, 7 45-7 3X em, SH. .4rtij. 7.1 I (m, 2H, Arl ‘meta’), 6.xX id, J = 15.2 

f1/. 1t1, CHI. 3.41 (Ill. 211. hli:g.:Hi. 2 X7 (m. IH. Mc$‘H 1. 1.2-i (ddd. 18H, 6CHq). Anal. Calcd for -. 
C~,H~~NOJS? C. 6X.1-k: tl. 0.92; ?G’. 2.75 Found c’. 6%.2X; tl, 7.03, N, 2.6X. 

Reaction of Vinyl Sulfoximines (la) with Nitrone (2)-A General Procedure: The vinyl sulfoximine (la) 

10.203 6, 0.632 mmol I nltronc t 2) (0.132 g. 0.758 1nn1<11! ,~nd ,.-hlc,rolorm I 3 mL) were placed in a sealed tube, 
with d htirrlng bar. under N 2 ‘1‘1~ tuhc. W&I\ coverLId ~,~th 11111 10 exclude light and the solution was heated at 
60 I’C ovcrmghi. The crud, i H NMR lndl~~at~d lhc ~ACIII (11 dlabt‘rc‘olacm<rs was 65:35. The reaction mixture 
was pul-ilied h> column chrt,matogrJphy on silica gel tlsllrg JO% ethyl acetate in hexane as clucnt. Fractions 

wcrc c~ht;uncd 1ha1 iontainc,d a IIIIXLUIW 01’ the the Jlastcrc,,laomcrs (3a) and (da) (().152p, 46%‘). A small 

bampic 01 this mixture gab aoparatcd hy HPLC ubing IS’% ethyl acctalc / hcxane as the mohilc phase. The 

lirsl cc~mpound to cluW wa.b (3a i. the wcond, (4,). 

(3SR, 1SK, SSK) 2.3-l~iphenyl-~(,V-~~-t~~lylsulfon~l S- phenylsulfonimidoyI)isoxazolidine (3a): Oil; 1~ 

NMR (Cr,Dh) d 8.18 ttl. J = 7.X f1/. 2tl. ArH). 7 67 trn. 1ki. ,\rHi. 7.1i (m. 3H, ArH),6.88-6.61 (m, 1OH. Ar 

HI, 5.13 iJ, J = 3.9 H/. IH. H7r. -1.63 tquin. J = .{.‘I, 7.X. I I 1 H/., IH, l34), 4.27 (dd, J = 10.6, 4.5 Hz, 1H. 
H5), 3.X7 cdd. J = 10.5, 7.5 I(/. HS I. I h7 I\. .3fi. (‘Ill, “f’ VbIK 6 151.4, 148.6, 142.9. 1405. 139.07, 



I 2400 I) M L,A\‘lD f’t (I/. 

134.85. 120.S6. 170.4l. l7o.2‘). ILY.12. 12X.67. 12x44, 126.YS. 126.63. 122.82, 115.39. 79.26, 69.70,66.62, 

2Y.h’) 1Ctl7 I. Mass yccnxni (ES+) ITI/: 510 (XI% [M+H]+). 501 (59), 443 (20). 279 (78), 275 (20), 165 
I IOU). HRMS (+LSIMI calcd t’or C~~H~&~OJS~+H. 51Y.141 184 found 519.14010. NOESY cross-peaks 

v,crc rjhsel-vcd betwccn Arz’ortho’ and H3 and HS. 

(3R.Y. JRS, SSR) 2,3-Diphenyl-4(N-p-tolylsulfonyl-S-phenylsulfonimidoyl)isoxazolidine (4a) Oil; IH NMR 
(CbDhl 6 8.17 (d. J = X.1 H/. 2H. ArH) . 7.67 (d. J = 7.2 H7. 2H, A&I), 7.16 (m, 3H. ArH), 6.96 (m, 5H. 

ArH). 6.76 (m, 7t1. ArHI. 1.77 (d. J = 4.2 117. I tl, M3). 4.60 (dd. J = 10.2, 3.6 Hz. 1H. FJ5). 4.17 (m, IH, H4), 
3.W I&I. J = 10.2. 7.2 Hl. tjS’,. 1.X’) (s, 1H. (‘Ii%). ‘3C FMR 6 148.41. 142.91, 140.46. 138.06, 135.77, 

134.67, 12Y.67. 12Y.25. 1’9.07. 12X.Y3. 12X.6X. 12X.44. 126.YX. 126.60, 123.49, 116.46, 7X.28, 70.44,66.15, 

“9.70. MU.\ spwtrum (ES+) /U/C SIC) (l()o%. [ M+HI+), 531 (17, (M+Na]+). 501 (82). 
(3SR. 4S R, 5.S R. SSR ) 5-Methyl-2,3-diphenyl-4(N-p-tolylsulfonyl S-phenylsulfonimidoyI)isoxazolidine 

(3b) and (3RS. 4R S. SRS, SSR) 5Methyl-2,3-diphenyl-4(N-p-tolylsulfonyl S-phenylsulfonimidoyl) 

isoxazolidine (Jh). rhc 11tlc comp~ounda were ohtamed from the reaction of the vinyl sulfoximine (lb) (97.5 

mg, 0% mmol) and Ihc nltronc 165.X g. 0 i? mmol) in CDCIq (1 mL) at 75-W “C for I4 days using the 

general proccduri dcxmhcd aho\‘L~ ‘11 NMR c)t the irudc rcactivn mixture showed an diastercomeric ratio of 

I .75: I ‘l‘hc I-C;~C~IO~ ILL> ~hl-~lmarc)f~‘~phej on \111ca gel usln g ethyl acetate I hexane (1 : 2) as eluent to give 

an almoat pure ~mpic 01‘ 13t1) ( I2 mgi and 3 mlxctl fradon (73 mg) ot‘ (3b) and (4b) (total yield 55 %). A 

WUII ~nplc (11 1111’ I~~I\IWC \~a.$ icpara~d hy HPI I‘ using 15’7, EtOAc / hcxane us the mobdc phase, the first 
ctrmpi~und trc~m 111~’ i.~~lun~n w;,\ r3b) and lhc \cci~ilJ t4h I 
(31,): Oil; ‘H NLlR (i 7kX Ed. .I = 7.6 H/. 711. -114 ortho’l. 7.77 td. J = 8.0 Hz, 2H. Arl ‘ortho’), 7.59 (t, 1H. 

,AI’J pd). 7.5? id. J L : 0 ti/ , 7H. Ar? tmh~1’ 1, 7.4.5 (tn. J = X.0 Hz. 2H. Arq ‘meta’), 7.36 (m, 2H. Ar3, 

Illi‘kl 1. 7 ;I (d, 111. ,I = 7.’ H/. Ar3 ‘pal”. T 2-1 id. JH, J = X.3 Hz, Aq ‘met&‘), 7.1 1 (dd. ?H, J = 7.6, 8.4 HZ, 

.iQ IllCk’). 6.89 ‘t. I I I. Arz ‘p;““1 I, h.hY (cl, ?il. .-\I.? ‘orrh~l’i. 5.75 (d, J = 3.6 Hz. IH, H?). 4.54 (quin, J = 6.4 

II/. IH.~SI.J?~(LI~I J z %r~.hJf-i/. IH. ~~CJI 2 4 I IS, JH. McAr), I.29 (d, J = 6.0 Hz, W, C&). l?C NMR 
15 II’) 00. 142.hO. IJO (12. I +J.X(>. I14.‘)2. 11.1 St,. I2Y 04. 120.25, 129.16. 12Y.01, 12X.91. 128.05, 126.68, 

i26.5i. 127.00, IIJ 21. ,W:!l. 7i.2;. 70 20, 2 i i-l. IX.5.S hlass spectrum (EI+) ndz 533 (22%). [M+H]+), 
555 ~trX. Ihli-Na/+,. S71,, Iii bl+Kl+ 1. JXV I 4X:. .%X.5 ! I(H)) NOESY cross-peaks were ohserved between, 
(‘ihI<% and tl4: Ar 4 ~r’th~~ .md (i-l. Ar~‘,lrth,, and I I i .md Hi 

cJb): 011. ‘IH ~MR (5 7.$X(d. J 8 I H/. Ztl. ,\I 1 !)rthcl I. :.wJ Ed. J = X.4 Hz. 7H. Arl ortho’), 7.63 (m, lH, 

.\r~ p.lrJ’I. T 4X 11. 211 ,jrj :I.~‘I,I i, 7 Ib; I0 111~~ ‘)ti, Arl mct;l, Ar? ‘mcta’. Ar3 ‘ortho +meta + para’). 6.92 (t, 
J = (1 ‘J td/. I I I, AI.’ ori, ;i I. (1 ‘- .’ I (1. J : X - II!. -II. 412 ‘~III~o’~. 4.Y2 (d. J =4.X Hz, IH, y3).4.82 (m, J =6.3 

II/. ltl.H5~.4(1I i&l 1 : 0 :.JkH/. 111. 1-l .‘.-ii)!a. Itl.\3c:Irj. l.4Y (~,J=~.SH~~H,CHJ). IsCNMR 
d l&OX. 131.51. i-U.11 Ii’.,.“:. Iihof, $4 :; ,2y’:i 17’) ‘0. 12Y.01. 12X.92. 12X.86. 128.05, 126.57. 

176.5~. 127.1X 1711.lfi. I-I S7. i(l 71 #(‘Jj .“i 1%) I(‘SI~ :O.b:l IC?). 21.53. lY.24. HRMS (CI) calcd for 
S?. ii6X1, I~~und Sii I SbO7 N( )ESY crct\-pc’;lkk .s<brt’ clhscrvcd between, H3 and H5:’ and H3 and H5. 

t3SR. 4SR. SSR, SSR) 2.35Triphenyl-4( .k’--p-tol~lsulfonyl S-phenylsulfonimidoyI)isoxazolidine (3~) and 

t3RS. 4RS. WS, SSR I 2,3.S-‘~riphe~~gl-4r,V-p-tol~Isulfonyl S-phenylsulfonimidoyI)isoxazolidine (4~). The 

1111~ Lompounds ‘*i’l(‘ oht,llrlL’d Irc>rn uw I~‘~~IIPII 01 the vln\l \ull’oxlmine (lc) (0.0X3 p. 21. I mmol) and the 
nitroil~~ IO.42 s. 1 j.2 1 rnrmo/ I IF C’lK’l I I I ? ml I .II ‘5. Xl 1 (j(. (or 1X days using the general procedure described 

dhit\c,. ‘H Nhllt /II [hc :ruJc rc’;lctlon IUI*~UI~’ ~il~rw<~d 311 diJstercomeric ratio of 2 : I. The reaction was 
~~lir~~ill;l~c~~r~p~i~~~l OI’ iiiir;~ pt.’ u$lng c[hvl ,)ii’~,lik I II~X;III~ ( I 2) as clucnt to give 0.085 g (67%) of a mixture 



C.:‘v-Dlphenyl nitrone with ~‘1ny1 julfoximines 12401 

of (3~) and (4~). A sample was separated by HPLC using IO9 EtOAc / hexane as the mobile phase to give 

pure samplca of(3c) and (4~) as white solids. A crystal structure was obtained on (k), Fig. 1. 

(3~): ‘H NMR 6 7.78 (d, J = 7.2 Hz, ZH, Arti), 7.75 (d. J = X.1 Hz, 2H, ArB), 7.54 (t, J = 7.X Hz lH. Arti), 

7.52 (dd, J = X.4 Hz, 2H, AI-H). 7.39 (d, J = X.1 Hz. 2H. Arlj). 7.34 (d, J = 7.8 Hz, 2H, Arm), 7.32 (t, IH, 
ArH). 7.28 (d, J = 7.X Hz, 2H, Ar H), 7.20 (d, J = X.4 Hz, 2H. Ar H), 7.14, (t, J = 7.2 Hz, lH, Ar H), 7.17 (d, J 

= 9.3 Hz. 2H. ArkI). 7.14 (1, J = 6.6 Hz, IH, ArIi). 6.99 (t, lH, ArH), 6.93 (dd, J = 6.9, 1.5 Hz. 2H. Arti)), 6.86 
(dd. J = 7.5, 1.2 Hz, 2H. Arti), 5.49 (d. J = 3.9 Hz, IH. H3), 5.35 (d, J = 6.3 Hz, IH, HS), 4.50 (dd, J =4.2, 6.3 
Hz, lH, H4), 2.41 (s, 3H, CH3). t3C NMR 6 14X.79, 142.X2. 13Y.42, 135.64, 135.59. 134.62, 129.57. 129.22, 

128.99. 128.77, 12X.59, 128.12, 126.92, 126.76, 126.60, 122.64. 114.X5, X4.79, 79.93, 70.21, 21.53. HRMS 

(CI), calcd for C34H30N20& 595.17248, found 595.173XX. NOESY cross-peaks were observed between 

k2’ortho’ and H3 and HS. 
(k): IH NMK 6 7.X6 (d, J = 8. I Hz. 2H, A&l), 7.71 (d, J = X.4 Hz. 2H, ArH), 7.59 (t. J = 7.8 Hz. lH, Ark!), 

7.44 (d. J = 8.1 Hz, 2H. ArH), 7.41 (m. 2H, ArH), 7.32 (m. 3H. ArH), 7.23 (d. J = 7.8 Hz, 2H, ArH). 7.18 (d, J 

= X.7 Hz. 2H, ArH), 7.16 (1, IH, A&I). 7.14 (d, J = 7.X Hz. 2H, AI-H), 7.00 (t, lH, ArB), 6.92-6.86 (dd, 4H, 

ArH), 5.80 (d. J =4.X Hz, IH. jj3). 4.XX (d, J = 5.7 HZ, IH. H5 ), 4.40 (t, J = 5.1 Hz, 1H. H4). 2.41 (s, 3H, 
CH3). 13C NMR (in part) 6 140.56, 13X.32, 137.32. 134.66. 12Y.66, 129.23, 129.10. 128.90, 128.86, 128.69, 

12X.54. 128.32, 128.16, 12h.YX, 126.62, 123.32, 1 I6 12. X4.W. 79.32, 70.99, 21.53. Mass spectrum (ES+) 

m/z 595.6 (22%, [M+H]+). 33X.0 (l(HJi. 

(3SR, 4SR, SSR, SSR) 2,3,5-Triphenyl-4(.~‘-(2,4,6-triisopropylbenzenesulfonyl S-phenylsulfonimidoyl) 
isoxazolidine (3d) and (3RS, 4RS, SRS, SSR) 2.3,5-Triphenyl-4(N-2,4,6-triisopropylbenzenesulfonyl S- 

phenylsulfonimidoyl) isuxazolidine (4d). The title compounds wcrc obtained from the reaction of the vinyl 

sulfoximine (Id) (0.10 g, 0.20 mmol) and the nitronc (0.04 g, 0.20 mmol) in CHC13 (1.5 mL) at 75-W (C for 
28 days using the general procedure described ahovc. II-1 NMR of the crbde reaction mixture showed an 

diastcrcomcric ratio of 3 : I The rcactlon was chrcrmJtogruphed on silica gel using ethyl acctatc / hexane (1 : 

2) as elucnt to give O.Wh g (667~) of a mixture of’ (3d) and (4d 1. 4 sample was separated by HPLC using 

10% EtOAc / hexanc as the mobile phase to give pure samples of (a) and (4d) as white crystals. 
(3d): ‘H NMR 6 7.72 (dd, .I = X.0, 0.X Hz, 2H. Ard ‘ortho’), 7.56 cdd. J = 8.0, 1.6 Hz, 2H, Ar3 ‘ortho’), 7.49 (t, 

J = 7.6 HZ, lH, Arq ‘para’), 7.34-7.28 (m, 5H. Arfl). 7.21-7 14 (m. 5H. Ar&I), 7.05 (s. 2H, Art ‘meta’), 6.97 

(dd. J = X.X. 1.6 Hz, 2H, Ars ‘ortho’), 6.Y6 (t. J = 7.2 Hz, IH, AI-~ ‘para’). 6.86 (dd, J = X.X, 0.8 Hz, 2H, Ar2 

‘Who’). 5.54 (d, J = 4.(i H/. IH, H3), 5.38 (d, J = 6.0 Hr, 111. 135). 4.5 I (dd, J = 6, 4.0 Hz, lH, H4), 4,17(quin, 

?H. bfe?CH). 2.86 (quin. IH, Mc$ZB). 1.23 (d. J = 6.X HZ. 6fI. Cl&), 1.1 l (d, J = 6.4 Hz, hH, C&), 1.08 (d. J 

=5.X H7, hH, CHq). l3(’ NMR 6 152.06. 140.25. 14X.7x. 139.45, 137.06, 135.99. 135.34. 134.47, 120.36, -_ 
12Y.14, 12X.97. 128.Y5, 128.65, 128.60. 12X.07. 127.1l3, I26 68. 123.31, 122.61. Il5.00, X5.29, X0.03, 70.21 

X4.10, 2’6.23, 24.68, 23.68, 23.63. Mass spectrum (ES+) m/l 720.4 (l(H)‘%. [M+Na]+), 707.3 (40, [M+H]+). 

601.3 (30). Anal. Calcd for C42H4,5N?O4S2: C, 71.14; El. (1.56: N, 3.96. Found C, 71.48; H, 6.67; N, 3.Yl. 
(4d): 1H NMR 6 7.82 (dd. J = 8.4, 1.2 Hz, 2H, AI 4 ‘orlho’). 7.5%7.57 (d+t, 3H, Ar4 ‘para’, Ar3 ‘ortho’), 7.42 

(d, J = X.4 Hz. 2H, Ar4 ‘meta’), 7.38 Id, J = 7.2 Hz, 2H. Ai- ‘c\rtho’), 7.36 (t, J = 6.8 Hz, IH, Ar3 para’), 7.17- 

7.12 (t. 2H. Aq ‘meta’), t, IH. Arg ‘par-a’), 7.07 (d, J = X.0 HI.. ZH, ArZ ‘meta’), 7.05 (s, 2H, Aq ortho’). 6.97 (t, 

J = 7.6 H[, lH, Ar2 ‘para’), 6.X4 (dd, J = X.X. 1.2 H?, 2H. Arg ‘ortho’), 6.75 (dd, J = X.4, 1.2 Hz, 2H, Ar2 

‘ol-tho’), 5.99 (d, IH. H3). 4.74 (d, IH, J = 5.4 Hz. H5). 4.45 (dd, IH, J = 5.4, 4.5 Hz, H4), 4.16 (yuin, 2H, 
MezCu), 2.85 (yuin, lH, Me2CH) 1.22 (d. J = 6.Y HL, 6H ,2Me~,1.13~d,J=6.6Hz,6H,2Me).1.03(d,J= 
6.9 Hr, 6H. 2Me). ‘3C NMR (in part) 6 14X.4.1, 13X.32. 118.02, 115.97, 134.54, 129.55, 12X.80, 12X.76, 



128.70, 12X.30, 12X.14, 84.X5 (C4), 78.35 (C3). 71.12 (CS). Mass spectrum (ES+) m/z 729.2 (54%, 

[M+Na]+) 707.2 (28. [M+Hj+), 601.1 (20). 287.Y (l(K)). 

(3SR, 4SR, SSR, SSR) 2.3,-S-Triphenyl-4(N-methyl S-phenylsulfonimidoyl)isoxazolidine (3e) and 
(3RS, 4RS, 5RS, SSR) 2,3,5-Triphenyl-4(N-methyl S-phenylsulfonimidoyI)isoxazolidine (4~). The title 

compounds wcrc ohtamed from the reaction of the vinyl sulfoximine (le) (0.209 g, 0.81 mmol) and the nitrone 

(0. I60 g, 0.X I mmol) m CHCli ( 1.5 mL) at 75-80 CC for 28 days using the general procedure described above. 

‘H NMR of the crude reaction mixture showed an diastereomeric ratio of 1 : 1. The reaction was 
chromatographcd on silica gel using 30 % ethyl acetate / hexane as eluent to give 0.160 g (43%) of a mixture 

of (3e 1 and (4e). A sample was separated hy HPLC using 7.5 ‘70 EtOAc I hexane as the mobile phase to give 
pure samples of (3e) and (4e) as white solids. 

(Se): tH NMR 6 7.74 !d, 2H, J = 7.5. I.5 HL. A&I). 7.52-7.4’) (m, 3H, Arti), 7.42 (d, J = 7.8 Hz, 2H, ArEX 

7.38-7.13 (m. YH. ArH). 7.03-6.93 (m, 4H. Arm), 5.92 (d. J = 5.4 HZ, lH, H3), 5.06 (d, J = 5.1 Hz, lH, IIS), 
4.2) (1, J = 5.4 H/., IH. u4). 2.64 (s, 3H, CB3). l3C NMR 6 149.41, 139.79, 138.67. 137.02, 133.11, 129.99. 

120.36, 12X.75, 12X.66. 128.37, 12X.09, 127.65, 127.01, 126.X0, 122.60, 115.85, 83.74, 79.85, 71.55, 29.71 

(NMc), 2Y.ZY (NMc). Mass spectrum (ES+) rn/: 455 (l(K)%, [M+H]+), 317 (18), 258 (84). 
(4e): tH NMR 6 7.7 l-7.63 (m, 4H, A&I), 7.44-7.22 (m. 8H, Arti), 7.13 (m, 3H, Arfl), 7.01-6.94 (m, 5H, 

ArHj, 5.70 (d, J = 3.Y Hz, IH, L13). 5.36 (d, J = 7.2 HZ. IH, H5), 4.38 (dd, J = 6.8, 4.0 Hz, IH, H4), 2.63 (s, 
3H, NMc). 13C NMR 6 149.66, 141.04, 136.4Y. 136.76. 133.06, 129.94, 129.22, 128.94, 128.78, 128.39, 

127.61. 127.03, 126.YX. 122.06, 114.62, X3.65, X1.16, 70.65, 29.69 (NMe) 29.33 (NMc). Mass spectrum 

(ES+) IX!: 455.7 (l(H)%, [!vl+H]+), 258.6 (X4). HRMS (El) calcd for C~XH~~N~O~S+H 455.179284 found 
355.17934. 
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