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Abstract-Asymmetric oxidation of methyl phenyl selenide (z), under anhydrous 

conditions, by chiral2-sulfonyloxaziridines ,1_2, gives optically activemethyl 

phenyl selenoxide (8.1-g.?& ee). The stereochemistry of the selenoxide is 

determined by the configuration of the oxaeiridine three membered ringwith non- 

bonded steric interactions responsible for the chiral recognition. Asymmetric 

oxidation of E-phenyl cinnamyl selenide (1) by l-2 affords optically active l- - 

phenylallylalcohol(~). A concerted[2,3] sigmatropic rearrangement via an exe 

transition state is proposed. 

Optically active sulfoxldes (A&O)R) are valuable synthetic intermediates, having played 

important roles In mechanistic studies and in understanding the origins of aeymmetric induction.2 

Hany procedures have been devised for their preparation including the asymmetric oxidation of 

achiralaulfides.5 Optically active selenoxides (ArSe(O)R) are rare despite numerous attempts to 

prepare them.4*5 Diastereomeric selenoxides. prepared by oxidation of steroidal selenides, have 

beenreportedbyJones4band byBa&c. A recent attempt to prepare optically active selenoxides by 

microbial oxidation ofachiralselenides failed.4d To date there are no examples oftheasymmetric 

oxidation of achiral selenides to optically active selenoxides. 

Recently we deecribed the first synthesis of simple optically active selenoxides (ArSe(O)Me, 

Ar-Ph. 2,4,6-isopropylphenyl) by kinetic resolution of racemic selenoxides using optically active 

sulfonamides (R*S02RR2) (eq 1).5 It was demonstrated that the configurational lability of the 

selenoxide moiety is the result of acid catalyzed hydrate formation (eq 2). While (-)(S)-methyl 

phenyl selenoxide ([a]D-2.50, 10.0% ee) was racemized in less than 10 seconds by trace amounts of 

water, (-)(S)-2,4,6-triisopropylphenylselenoxide([o]D-8.6,%5.6 ee) was stable in the presence of 

water for several days.5 These results suggest the feasibility of preparing simple optically 

active aelenoxides by asymmetric oxidation of achiral selenides, provided that the oxidation and 

isolation are carried out under rigorously anhydrous conditions, in the absence of acid. 

9 F 
R*SO,NH, + OAr-SO-MO , R'~N=S~-AI + ti0 (1) 

(2) 

Previous studies from these laboratories have demonstrated the utility of chiral 2- 

sulfonyloxaziridines 1 andzfor preparingopticallyactivesulfoxides5a-band epoxidas.6 - Because 

of their well defined active sites theae reagents are also important in exploring the origins of 

asymmetric induction in oxygen-transfer reactions. It has been establiehed that the product 

stereochemistry is determined by the configuration of the oxaeiridine three-membered ring and that 
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non-bonded steric interactions in the treneition state 

recognition.3,6 Thus, oxidation of sulfides to sulfoxides 

gives, in every case, the (-1-S and (+I-R-eulfoxidee, 

are responsible 

using (-)-(S,S)-1 - 

reapectlvely, in 

for the chiral 

and (+I-(R.R)-2 

5-8 times the 

enantioselectivity exhibited by chiral peracids. The fact that 2-sulfonyloxaeiridinee sre 

aprotic and neutral oxidizing reagents suggest their application in preparing optically active 

selenoxidea. 

a) I+ d-lo-camphor b) R+- d-a-bromo-v-camphor 

Ar 2-chloro-5-nitrophenyl 

We now report the firstexsmples of the asymmetric oxidation ofachiralselenides to optically 

active aelenorides and their utility lnunderstandingthe stereochemistry of the ally1 selenoxide- 

selenenate [2,3] sigmatropic rearrangement. 

Asymmetric Oxidation of Methyl Phenyl Selenide. Asymmetric oxidation of methyl phenyl 

selenide (1) was accomplished by adding equimolar solutions of (-)-(S,S)-la or (+)-(R,R)-& - 

(CDCl3) to 1 In a dry NKR tube purged with argon. Oxidation was complete within a few minutes, 

affordingaquantitativepield ofmethylphenylselenoxide (rf) and eulfonimine2. The extentofthe 

asymmetric induction ras determined by adding to solution successive amounta of tris[3- 

(heptafluoropropylhydroxymethylene d-camphorate]-europlum (III), Eu(hfc)3. When the separation 

of the methyl protons in4xas 12-14 II5 the signal was also unobscured by the protons of the camphor 

ring. The asymmetric induction foroxidstion of>by (-)-la and (+)-2awas determined - - 

and 8.5% ee, respectively (Table I). 

to be 9.0% ee 

R'S0 hLLs 
P 

Ph-Se-Me + 2 -) Ph-Se-Me + R%o,N.CHAr 

P 13 r I 

As expected, attempts to isolate optically active 4 by chromatography were unsuccessful 

affording only raoemic selenoride, 5. Undoubtedly the reason for this is the configurational 

lability of this selenoride in the presence of moisture and acid.5 The chiral selenoride is 

separated from the sulfonimine.2, by carrying out the oxidation in a sublimation receiver. After 

removal of the solvent, usings streamofdryargongas, the residue is sublimedat60oC (O.Olnm) for 

three hours. After the sublimation is complete the sublimator is place in a glove bag (dry argon 

atmosphere) where all transfers take place. The sublimate consists of both selenoxideQ (55%) and 

2-chloro-5-nitrophenylbensaldehyde(45%)as determined byNMR. The signof rotation as well as the 

absolute configuration of&is obtained on the mixture. The absolute configuration is determined 

usingpirkle's solvent, (*)-2,2,2-trifluoro-1-(q-anthryl)ethanol.5 These results are summarized 

in the Table I. 

In the presence of sulfonimine~, methyl phenyl selenoxide (3) reacts on heating to give 2- 

chloro-5-nitrobenealdehyde and selenimide 5 in good yield (eq 3): Although a satisfactory 

elemental analysis for 6 could not be obtained, due to its hygroscopic nature,7 its structure Is - 

fullyconsistentwithitsIR, NKRandEI-HS. TheNMRspectrumof~displays a singletat2.75 for the 

Se-Me group and IR absorption at1730 (C=O), and1240 and1100 cm-' (SO2). Amolecular ion fordis 

observedatm/z4Olandabaseionatm/e178. Selenimide.6, vas prepared independentlyinT7% yield 

by heating equivalent amounts of4 and d-IO-camphorsulfonamide in beneene .5 
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entry Oxaziridine Solvent/ Selenide Product 
Temp. ‘C %Yielda %Ee (Configuration) 

PbSeMe 

1 (-)(s,s)-‘a CHCl$/ 
25 

2 (+)(R,R)-& CHC&3 
25 

PhSe 

Ph 

3 (-)(S,S)-g THFd 
O-50 

4 (-)(s,s)-la THFd - 
-37O 

5 (-)(S,S)-la THFf 
- O-50 

6 (+)(R,R)-2J THFd 
*so 

0, PhSs(O)Me (4) 

20 (9.3)b (8.8)(s)c 

18 

(L) 

(9.1 )b (8.1 )(R)= 

OH 

d 

(2) 
\ 

Ph 

61 8.6 (s)e 

63 8.8 (s)e 

62 8.6 (s)e 

51 12.8 (R)e 

a) Isolated yield. Reactions were carried out at least twice and the results 
averaged. 

b) Configuration determined using (+)-2,2,2-trifluoro-l-(9-anthryl)ethanol on 
the reaction mixture. 

c) Configuration determined using (+)-2,2,2-trifluoro-l-(9-authryl)ethanol on 
the isolated sample. 

d) Anhydrous THF. 
e) Enantiomeric excess (%e.e.) determined by comparision vith Figure 1. 
f) Aqueous THF/Pyridine 

0 Ma 
I I 

R’SOIN=CNAr + Ph-Se-Me _____j R’SO,N=Se-Ph + ArCHO (3) 

Re- (+) or (-)-camphor, AP 2-chloro-5-nitrophenyl 

The reaction sequence ahominReaction3 canbe used to prepare opticallyactiveselenoxides,4 

by kinetic resolution. Thus heating (+)-zand (-)-2xith 2.0 equivalents of racemic methyl phenyl 

aelenoxide (4) affords (-)-(S)-4 (6-88 ee) and (+)-(R)-3, (7% ee respectively, after isolation by ) 

sublimation. Kinetic resolution of selenoxides using chiral sulfonimines, 1, (eq 3) is not 

practical because the product is always contaminated with the aldehyde. The best method for 

preparing optically active selenoxidea is shown in Reaction 1.5 

As observed for the asymmetric oxidation ofsulfideatosulfoxides by=, the configurationof 

the oxasiridine three-membered ring controls the product stereochemiatry.3 Thue (-)-(S,S)-e, 

affords (-)-(S)-methyl phenyl selenoxide (A) while (+)-(R,R)-2a gives (*)-A having the R- - 
configuration. These results argue convincingly for aimilarmechaniams of chiral recognition for 

sulfide to sulfoxide and selenide to selenoxide asymmetric oxidations, namely an Sg2 type attack by 

the nucleophile (S or Se) on the electrophilic oxaeiridine oxygen atom. The lower asymmetric 

induction observed for the oxidation of& compared to methyl p-tolyl sulfide (8 vs 17 % e.e.) ia 

probably related to the longer C-Se and Se-0 bond lengths in the former. Longer bond lengths may 
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reducethemagnitude of the eteric intetactione in the dieetereomeric transition etatee that govern 

the asymmetric induction. 

Stereochenietry of the Ally1 Selenoxlde-Selenenate [2,3] Sigmatropic Rearrangement. The 

revereiblesllylsulfenate-sulfoxlde[2,3]eigmatropic rearrangement, Scheme1 (Se-S), diocovered 

by Malow and co-workers,8 has been inveetigated by several groupe.g-11 For sulfoxides the 

reaction ia considered to proceed through a five-membered cyclic traneltion state by a doubly 

euprafacial tigration.8-10 The equilibrium lies strongly to the left in favor of the eulfoxlde. 

Baaedonthelouatereoselectivityobeervedfor rearrangementofE-eulfoxides the energy difference 

between the endo and exo-transition states (Scheme 1, Se-S) has been estimated at only 0.5-1.0 

kcala/mole and ia dependant on the structure of the sulfoxide-eulfenate.g-~” An exo-transition 

state, for example, ie favored for rearrangement of a-methylallyl p-toluenesulfenate to &but-2- 

enylptoluene sulfoxide,9whileanendo-tranaitionetateia favored for rearrangement of (+1-(R)- 

E-2-octenyl-p-tolyleulfoxide to (-) (R)-octen-3-ol.‘O 

For eelenoxidee, the equilibrium shown in Scheme 1 liee overwhelmingly toward the eelenenate 

(PhSe-O-R). Thus, in the oxidation of ally1 eelenides ally1 eelenoxidee are rarely obeerved 

rearranging at low temperatures (-80 to -30 oC) to ally1 eelenenatee (Scheme 1).11-14 The 

correepondingallyleelenenatee are alsoquite labile, decompoeingrapidlytoallylic alcohol under 

hydrolytic conditions (Scheme 1). The only etereochemical study of the eelenoxide-eelenenate 

[2,3] sigmatropic rearrangement ie that by Reich and co-workera. 11 In a study of the rearrangement 

ofo-nitrophenylprenyleelenoxideto the eelenenate, they estimated an exo-endo traneltion energy 

of2.0kcal/mole baeeduponthe correspondingeulPureystem. Itwaenotpoeeible from these reaulte 

to cay whether the exo or endo transition state was lower in energy.” 

1 

I Co3 l o\/’ 
Ph 

Ph’ 
- 

m-a 

H 

Ph 
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The availability of an optically active allylic aelenoxide should provide a more precise 

picture of the transition etate geometry for the ally1 selanoxide-eelenenate [2,3] eigmatropic 

rearrangement. For example, (S)-phenyl cinnamyl selenoxide (8) would afford (S)-1-phenylallyl 

alcohol(2) via anexo-transition state and (R)-2, via an endo transition state (Schemel), provided 

that the intermediate eelenoxide.2, ia configurationally etable under the reactions conditions and 

a concerted [2,3] eigmatropic rearrangement ia Involved. 

E-Phenyl cinnamyl selenide (1) xae prepared in greater than 80 % yield by treatment of trana 

cinnamyl chloride with sodium phenyl eelenenate. The trans structure of 1 was confirmed by both 

gc/ma and high field (360 mRe) proton IMR. Consistent with the E-structure of 1 is the trane 

coupling constant of 15.6 He for the decoupled vinyl proton signal centered at 66.3 pp. 

The initialoxidationofl, by2-beneenesulfonyl-3-(p-nitrophenyl)oxaziridine (2). produced 

l-phenyl-2-phenylaeleno-1,3-propanediol (11) in 45% iaolated yield with the desired allylic - 
alcohol, 2, being isolated in only 25% yield.15 This diol, lJ, results from addition of 

benzeneaelenenic acid (PhSeOH) to the allylic alcohol 2. Its structure ia supported by 

satiefactory elemental analyaie, IR and RHR spectra. 15 The methylene protona appear aa a doublet 

(J= 4Hc) at 63.72 ppm and the methine proton, adjacent to the phenylaelenyl group, as a quintet at 

3.4-6.6 (J-3&). Thefactthatthesechemicalahiftaare similar to those reported for the related 

4-phenylselenyl-3,5-dihydroxyoctanel6 is additional support for the structural assignment. 

Selenodiol 11 xa8 prepared independently in greater than 60% isolated yield by reaction of l- - 

phenylallyl alcohol (2) with diphenyl diselenide, phenyl seleninic acid and water.16 

0 /\ 
+ PhSOJ4 - CHPhNO,-p ___) + PhSC$N-CHPhNOip 

Ph 

The electrophilic addition of PhSeOH to alkenea ie a side reaction In the rearrangement of 

allylic aelenoxidestoallylicalcoholeand the syneliminationofeelenoridestoalkenea.~7 It can 

be supreesed byuaingalarge exceea oftheoxidieing reagent or addingalkylamines to the reaction 

mixture. Since 2-aulfonyloxaziridineeareinerttopyridine, thistroublesomeaide reactioncanbe 

completely eliminated simply by carrying out the oxidation in the presence of exceea pyridine. 

Oxidation of 1 by E In TRF followed by addition of aqueous pyridine gave 9 in 88 % yield uith none of 

the diol 11 being detected.15 - 

Asymmetric oxidation of E-phenyl cinnamyl selenide (1) rae accomplished by reaction with one 

equivalent of (-) (S.S)-la or (*)-(R,R)-Pb In TRF solution. - - After 5 min. 1 mL of rater containing 

0.5 mL of pyrldine raa added and the reaction mixture stirred for 6 houra at room temperature. The 

aolventwasremoved, dlaaolved in chloroformandl-phenylallylalcohol(~) isolated by preparative 

TLC (silica gel C) . The alcohol thus obtained rae re-chromatographed and obtained in greater than 

99% purity (CLC). The opticalpurityand absolute configuration of the alcohol.1, wae determined 
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TABLE II: EFFECT OF SJLVENT 

(9) AT 25 OC 

F. A. DAVIS et al, 

ON THE OPTICAL ROTATNN OF I-MNYLALLYL ALCOHOL 

Solvent percent Cont. Obaerved RotatIona Reported RotAtionb 

none neat 

CS2 5.007 
PhH 5.143 
WC13 5.170 
EtOH 5.350 

-10.87 +10.0 
+14.44 +12.1 

+9.90 iS.2 
'3.0 +3.2 
-2.40 -2.2 

;i :;tiEon,f”;:w;;d,;; ;e;;;nlQcimeter cell and doubled. 
taken in A two decimeter cell. These values 

were erroniously reported to (+)-9 neat. 

bycomparingits opticalrotationuiththatofastandardcurve(vide infra) (Table I). Lowering the 
temperature orcarryingouttheoxidationintheprssenceofaqueous pyridine had no influence on the 

Asymmetric induction or configuration of the allylic alcohol, 2 (Table I: entries 3 And 4). 

Several conclusionsmAybedramfromthe results summArleed inTable I. First, the fact that 

optically active 2 was obtained on asymmetric oxidation of 1 is consistent with a concerted 

stereospecific [2,3] sigmatropic mechanism for the ally1 selenoxide-selenenate rearrangement 

(Scheme 1) . Second, as observed for the Asymmetric Oxidation of methyl phenyl selenide (z), the 

configuration of the oxaeiridine three membered ring controls the stereochemistry of the product 

alcohol. Thus (-) (S.S)-&affords (S)-1-phenylAllylalcohol(~) while(+) (R,R)-2Jaffords(R)-2. 

Thirdly, the rearrangement of allylic selenoxides to the selenenatss (Scheme 1) is very fast since 

the presence of water has no influence on the Asymmetric induction (Table I: entry 5). The 

racemization of selenorides in the presence of trace Amounts of water is extremely fast (eq 2). 

Based ontheasymmetricoxidationstudies ofmethylphenylselenide (2) to theselenoride.4, it 

is reaaonableto assume that the configuration of Intermediate allylic selenoxidsg, is determined 

by the configuration of the oxaeiridine three-membered ring. Therefore, Asymmetric oxidationof~ 

by (-) (S,S)-la affords (S)-allylic selenoxide, 2, while (+) (R,R)-2b gives the (R)-2. Since the - - 

(S)- and (R)-~llylic selenoxides,!J, preferentially rearranged to the (S)- and (R)-l-phenylallyl 

alcohol(z), respectively, It, is concluded that exo-transition state geometry is preferred for the 

ally1 selenoride-selenenate [2,3] sigmatropic rearrangement (Scheme 1). Note that the exo- 

transition state ie thermodynamically more favorable because there are fewer non-bonded 

interactions between the two bulky phenyl groups than in the endo transition state (Scheme 1). 

Sincerehavenodirectknowledgeofthe stereoselectivity of the selenoxide-AelenenAte[2,3]- 

sigmatropic rearrangement, a definitive answer as to the energy difference between the exo and endo 

trensltion states (Scheme 1) is not possible. However, if the asymmetric bias for oxidation of 1 to 

5 is similar to that observed for methyl phenyl selenide (1) it would euggest that chirality at 

selenium is transferred essentislly quantitatively to carbon. Rote that the Asymmetric induction 

for Oxidation of 1 to 2 is actually higher than that for oxidation of methyl phenyl selenide (2) to 

selenoxide,4(TableI). Ifthisassumptioniscorrect, the dlfferenceinenergybetreentheexo And 

endo-transition statea (Scheme 1) can be estimated to be at least 2.6 kcal/mole At O-5 OC. 

Optical Purity and Absolute Configuration of 1-Phenylallgl Alcohol (9). Attempts to 

determine the optical purity of 2 using ChirAl shift reagents (Ru(hfc)3 and Pr(Tfc)3), (+) 2,2,2- 

trifluoro-1-(9-anthryl)ethanolora ChirAlPlrkle column were UnsucCsSsfUl. It 1818 necessary, to 

rely on the maximum reported optical rotation of 2 to determine its OptiCAl purity. 1-PhsnylAllyl 

alcohol(~)wasfirstresolvedbyDuveenandKenyonin1939.1S They reported a rotetion for pure (-) 

-2 of [CID-20.S” (1, 2 neat). Arcus and Strauss reported a value of [o]D-5.12O (1. 0.5 neat).lg we 

alsoresolvsdgand recordedavalueforthenegativeenantiOmsrOf[~]D_~~~8720 (1, l.onsat). That 

this latter value is a reliable measure of the maximum rotation for optically purezwaa confirmed by 
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converting it into a diaatereomeric carbamate using (*) (R)-a-methylbensyl isocyanate.23 Proton 

ERR of the carbamate indicated that 2 was greater than 99% optically pure. 

The influence of concentration and aolvent on the optical rotation of (-)-2 (neat) is 

summarieed in Figure 1 and Table II, respectively. As can be meen from these reaulte (Figure 1 and 

Table11)boththseignandmagnitudeoftherotationofchirall-phenylallylalcohol(~) are solvent 

and concentrationdependent. Ye noted, when comparingourvaluesrith those ofDuveenandKenyon18 

for the samesolvents, thattheyhad erroneouely ascribed thevalues off*)-2(neat)to (-)-z(neat) 

(Table II) - The values for the enantiomsric exceeees ($ ee) reported in Table I for 2, are 

calculated from the standard curve shorn in Figure 1. 

Rosherand co-rorkers related the absolute configuration of (-) (S)-ethylphenylcarbinol(~) 

to (+) (S)-mandelic acid.20 Hydrogenation of (-)-l-phenylallyl alcohol (s), [a]p-10.872° (1, 

neat), over Rainey Aickelcetalyst afforded (+)-(R)-phenylethylcarbinol(l2) in greater than 95% - 

isolatedyield. Basedonthfs result (-)-2(neat) and (+)-9(CHC13) have the%configurationvhile 

(*)-2 (neat) and (-)-2 (CHC13) have the S-configuration. 

Re-Ni IH, 
> 

y$ 
H-+i 

i 
Ph 

Summary and Conclueione. The asymmetric oxidation of achiral aelenidee to optically active 

selenoxidesie possibleunder rigoroualyanhydrous conditions, intheabsence ofacid,uaingchiral 

2-eulfonylosaeiridine,1-2. - Asobserved fortheaeymmetric oxidationofsulfidssto eulfoxidea by 

1-2, the selenoxlde configuration ia detenuined by the configuration of the oxasiridine three- 

membered ring with non-bonded steric interaction8 rwxporuible for the chiral recognition. The 

lower asymmetric bias obeerved for selenoxides oompared to sulfoxidea is aecribed to longer bond 

lengths in the former. 

Chiralfty transfer fromopticallyactive~allylselenox~deetoallylicalcohola(eq4)arguea 

convincingly in favor of a concerted [2,3] si(patroplc rearrangement via an exe transition state. 
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Experimental 

Eelting pointe were determined on a Eel-Temp apparatus and are uncorrected. 1~ NER spectra 

were measured OnVarianA-60Aand JOELFK-9OQNERspectrometera. Opticalrotationsreremeazured on 

aPerkln-Elmer241 Polarimeter. Diastereomeric oxaziridinea,~and2, mere prepared aa previouely 

deecribed3and were greaterthan958ee optically pure. 1-Phenylallylalcohol (2)rasresolvedvia 

thephthallchalfeaterusingquinine ae previoualydeacribed. 18 1-Pbenylallylhydrogenphthalate 

vae reduced ueing LAH to 9 according to the procedure of Goering and Dilgren.21 Gas chromatography 

vaa performed on a Varian 3700 gas chromatograph wing a 6 ft x l/4 in 3% OV-17 on 80/l 00 Supelcoport 

column equipped rith and FID. Solvent8 vere purified by standard methods. 

Methyl Phenyl Selenide (3). In a 125 mL three necked flaek equipped with magnetic stir bar, 

dropping funnelandnitrogeninletwaaplaced3.88g(0.0124mol)ofdiphenyldiselenide(Aldrich)ln 

30 mL of ethanol. Added portionwise xaa 1 .O g (0.0264 mol) of aodium borohydride, and the reaction 

mixture etirred for0.5 h at25oCfollovedbyadditionof2.0mL(4.56g,0.321mol)ofmathyliodide. 

After stirring overnight the mixture was treated with 50 mL of water and extracted with ether (2x30 

mQ. The combined extracta vere then washed with rater (4x25 mL) and dried over anhydroue EgSOq. 

Removalofeolventafforded3.81 g(89.9%)ofapaleyellowliquidrhich darkene slightly on exposure 

to air; bp 65-70/5 torr (lit.22 960 200-201 OC); NER (CDCl3)62.6 (a, 3H, Re), 7.1-7.6 (m, 5H, Ph). 

B-Phenyl Cinnamyl Selenide (7). In a 125 mL three necked flask equipped rith magnetic stir 

bar and nitrogen Inlet vaa placed 3.9 g (0.0125 mol) of diphenyl diaelenide (Aldrich) in 30 mL of 

abeolute ethanol under a nitrogen atmosphere. Added portionrise wae 1.0 g (0.0264 mol) of sodium 

borohydride, the reaction mixture stirred at 25 oC for 0.5 h and 3.8 g (0.025 mol) of cinnamyl 

chloride (Aldrich) added all at once. After stirring overnight, 50 mL of rater raa added and the 

reaction mixture extracted into chloroform (3x30 mL). The chloroform extracts rare combined, 

uashed vith rater (4x25 mL) and dried over anhydrous UgSO4. Removal of the solvent in vacua gave a -- 
solid reeiduewhichras crystallized fmmpentane-ethertoyield5.46g(80%) of~aearhitesolidmp 

63-65 oC (lit.;23 mp 64-5 oC). Selenidez had the following properties: NER (CDCl3)63.70 (d, J-6 

Hz, 2H, CH2) 6.2-6.4 (m, 2H, vinyl)and7.1-7.5(m,lOH.Ph); a360EHzepectrumofthe6.2-6.4vinyl 

regionwas resolvedintoacleanABquartet(J=15.6Hz) onirradiationofthe allylaignal at3.7; CI- 

ES, (“3 reagent gas) m/z 273 (100, H-H) 168 (9, E-C8H9) 157 (4.9, PhSe). 

Hethyl Phenyl Selenoxlde (4). In a 10 mL single necked round bottom flask equipped with 

magnetic stirring bar was placed 0.171 g (0.W mol) of methyl phenyl selenide (2) in 5 mL of 

chloroform. Theeolutionwaecooledinaicebathand 0.3lg(O.OOl mol)of2-benzeneeulfonyl-J-(p- 

nitrophenyl)oxaziridine (lo)26 added portionriae. After 5 min the volume vae reduced to about 2-3 - 
mLandtheprecipitated sulfonimine(PhS02R-CHPh-A02-p)removedbyfiltratfon(approximate~~% ie 

recovered). The eolventwae removed undervacuumandtheeemi-solid realduechromatographedonTLC 

(silica gel g) developing with 10% ether-pentane to afford 0.18 g (97%) ofqaa a uhite solid; mp 55-56 

oc (lit.;24 mp 53-40). Selenoxide, 4, la hygroacopic. rapidly forming an oil in the presence of 

moisture. Rydratedeelenoxlde,~, couldberenderedanalytically pure bydiesolvlnglnbensene and 

removing water by azeotropic distillation, folloved by aubllmination at 60 oC/O.l torr. Methyl 

phenyl aelenoxlde (A) had the following propertiee: IR (thin film) 800 cm-1 (Se-O)8 nmr (CDCl3)a 

2.60 (a, JH, Se(O)He) and 7.3-7.8 (m, 5H). 

All transfera were carried out in an AEI ymmetrlc Oxidation of Hethyl Phenyl Selenide (3). 

I2RGloveBagcontainingadrynitrogenatmoephere. RER Tube Oxidation. Inan ovandriedNER tuba 

was placed 0.050 g (O.OCC29 mol) ofldieeolved in CDCl3 (pre-dried for eeveralh over 4A” molecular 

eievee). To the RER solution was added via eyringe, 0.12 g (O.CCO29 mol) of oxaziridine la or 2 - 

dissolved in approximately 0.5-l .O mL of dried CDC13. The oxidation wae complete, by NER, In less 

than 2 min affording a quantitative yield of 3 and camphoreulfonimine, 2. 
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Addition of eucceaeive amounts ofEu(hfc)3 shifted the methyl doublet (enantiomere) of4aray 

from the camphoreulfonimine, 2, protons. When the eeparation of the methyl doublet in 4 was 

approximately 12-14 He the enantiomeric exceee (% ee) wae determined by integration. 

Iaoletion of chirel 4. ,In e 20 mL sublimation flaek, under an atmosphere of dry argon rae 

pleced0.15 g(O.C#88nol) of3 inlmLofCHC13dried over4Amolecular eieves. Addeddropwieevie 

ayringereaeeo1utionof0.36g(0.0008no1)of~eor2ain1~ofCHC13,p~vious~driedfor1hover -- 
4A molecular eievee. After 5 min. the solvent raa removed by entrainment with argon, folloued by 

sublimation of the reeidue, firet et 20 torr end then et 55-60 oC et 0.05 torr for 4 hr. The 

sublimation apparetua wee ieoleted from the vacuumbymeene ofehighvecuumstopcockettechedto the 

sublimetor receiver. The water condenser rae fluehed with acetone, dried with en argon etreem and 

placed in the glove bag. After 1 h the aubllmator vez vented to the glove bag atmosphere and the 

sublimate transferred, uelngdryCHC13 orCDC13,intoeithere1.0mLvolumetricflesk(for rotation) 

or en BMR tube. 

An RXR spectrum of the sample indicated that eublimate consisted of 2-chloro-5- 

nitrobensaldehyde (45%) and methyl phenyl aelenoxide (5) (55%). After removal of the solvent the 

yield of 4 wee calculated to be l&20%. - Inanother experimentRu(hfc)3reeaddedto the!MRtubeand 

theenantiorereexceee(%e.e.) determined. Inenotherexperiment the configuration of chiral4ree 

determined by addition of (+)-2,2,2-trifluoro-1-(9-anthryl)ethanol. Increaelng concentretione 

of this chiral reagent, when added to (-)-4 in CDCl3, resulted in splitting of the Me signal into a 

doublet (mzximum lo-14 HE) along with an upfleld shift in the position of the major enantiomer 

correeponding to the S-configuration. 

(+) I-(methylbenceneeelenlde)-d-lO-camphoreulfonimide (6). The sublimation residue 

obtained from oxidation ofj by (-) (S,S)-la wee cryetellized from benzene to give 0.18 g (56%) of a - 
white eolid, mp 133-6 oC (bensene); aelenimide (+)-&had the following properties: [c]D+18.4 (c 1.3 

CHC13); RKR (CDC13) 60.8 (a, JH, He), 1.0 (a, 3H, He), 1.4-2.5 (m, 7H, camphor ring), 2.9 (8, 3H, 

Sene), 2.8-3.7 (ABquartet, J-14Hz, 2H, 502CH2),7.3-S.O(m, 5H, Ar); IR(KBr)1740(C-0),890(Se-A) 

cm-l ; CI-MS (CH4 reagent gee) 401 (lt+H, 17%). 215 (base ion). A aatiafactory elemental anelyeie 

could not be obtained. 

(-) R-(methylbeneeneeelenide)-d-lO-camphoraulfonimide (6) wee obtained from the oxidation 

of>by(+) (R,R)-lein64%yieldandhadthefollorlngpropertiee:mp133-4oC(benzene);[c]D-l5~O (c - 

1.3 CRCl3); RHR (CDC13) 60.8 (a, 3H, He), 1.0 (a, 3H, He), 1.4-2.5 (m, 7H, camphor ring), 2.9(a, 3H, 

SeHe), 2.8-3.7(ebquartet, J-14Hz, 2H, S02CH2),7.3-8.0 (m, 5H,Ar); IR(KBr)l740(C=O),S90 (Se-R) 

cm-l. A aatiefectory elemental enelyeie could not be obtained. 

Kinetic Resolution of Methyl Phenyl Selenoxide (4) ueing (4) and (-) Sulfoniminee 5. In 

a 50 mL single necked round bottom flask equipped with a male S 14122 joint, magnetic stirring bar, 

andDean-Sterktrepconteining4Amoleculereievee, was pleced0.17 g(O.001 mol) of eelenoxide3, 

prepared aa describedabove, in35mLofdrybensene. The reaction mixture uee refluxed under a dry 

nitrogen atmosphere for 1 h at rhich time 0.208 g (0.0005 mol) of (*) or (-)-cemphoreulfonimine 3” 

added. After refluxingforanadditionalhtheeolventree removeduaingeatreamofdryargon. The 

reectionfleekconteiningthereeidueie fittedtoeeublimationreceiverandtheopticellyective (-) 

-4_end (*)-Aisolated eedeecribedebove. Alltraneferaweremadeintheglovebag. (+)-zgeve (-) 

(S)-3, (6-a% e-e), 36-48% yield; (-)-z gave (*) (R)-3, (7% ee). 56% yield. 

2-Phenyleeleno-1,3-dihydroxyl-1-phenylpropane (11). In a dry 25 mL round bottom flask 

fitted with mag etirring bar was placed 1.0 g (0.0053 mol) of beneeneeeleninic acid (Aldrich), and 

1.65 g (0.0053mol) ofdiphenyldieelenidein10mLofmethylenechloride. The reectionaixtureree 

cooled t0 O-5 OC in an ice bath 1.0 8 anhydrous M&O4 end 2 mL of water rere added end the reaction 

mixture etlrred for 0.5 h. The ice bath wee rmoved and 0.67 g (0.005 mol) of 1-phenylellyl alcohol 

(2) addedandthe reactionmlxtureetirredvlgorouelyovernight, folloredbyheatingto40oc for1 h. 

The 8OlutiOn uaa filtered 50 nL of ether use added, followed by washing of the ether layer rith 10% 

K2CO3eolution(2x25mL), eaturatedbrlneeolutlon(2x5OmL)and finallydryingoveranhydroue&.SO4. 

Removal Of the solvent under vacuum gave m orange-pallor oil which solidified on rashing with n- 

pentan;. Cryetallisetionfracycloheune-bensenegavel.lg (60%) ofllae white needles; mp92- 

94; IR (thin film) 3100-3500 cm- 1 (OH); ~(~1~)6 2-5(s, lH, OH, exchangeswithD20),3.3-3.6 (n, 

lH,J-3He,SeCH)3.72(d,2H, CH20H. J-4Hz),4.95(d,lH,benmylicCH, J-4Hz)end7.1-7.6(quintet, 10 
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H); RI-MS; 308 (a). 

Anal. Calcd. for C15Hl602Se: C, 58.44; H, 5.19. Found: C, 58.38; H, 5.02. 

Asymmetric Oxidation of E-Phenyl Cinnamyl Selenide (7). In a 15 mL flame dried three- 

necked round bottom flask equipped with a magnetic stirring bar, gas inlet and dropping funnel waz 

placedO.273g(O.~lmol)of~in5mLofdryTHF. After cooling the reactionmixtureto the desired 

temperature (O-5 or -37 oC) 0.41 g (0.001 mol) of (-) (S,S)-fi or 0.49 g (0.001 mol) of (*) (R,B)-2 

in 3 mL of dry TRF ras added dropwiae. After the addition Mae complete the reaction mixture raa 

allowed to atirfor5min. 1mLofrater containing0.5 mLofpyridine added and the zolution etirred 

for 6 h at room temperature. The bulk of the eolvent xze removed on the rotatory evaporator, the 

residue diseolved in 5 mL of chlorofom, dried over anhydrous sodium eulfate and filtered. The 

volume ras reduced to about 1 mL and chromatographed on e loo0 micron silica gel G TLC plate 

developing with chloroform. The lover band contained I-phenylallyl alcohol (9) and come 

camphoreulfonemide. Aeecond chromatography elutlngrith lO% ether-chloroform gavel-phenylallyl 

alcohol (9) 99% purity by glc. 

Optical purity of I-phenylallyl alcohol (9). The optical purity of 2 wae determined by 

dividing the observed rotation, oobe by the rotation for optically pure 9 at that amount (mg) 

obtained from the standard curve (Figure 1). (S,S)-fi, -0.019o. (85 mg), (8.6% ee) ; -0.0190, (81 

ms), (8.8% ee); -0.018o. (82 mg), (8.6 gee); (B,B)-g, +O.O22O, (59 mg), (12.8 gee); Table I. 

Hydrogenetion of Optically Active I-Phenylallyl Alcohol (9). In a Parr Hydrogenation 

apparatue 1.38 g (0.001 mol) of (-)-9, [a]~-10.8720 (1, neat), in 200 mL of ether wae hydrogenated 

over Rainey Nickel catalyst for 1.5 h ae described by Duveen and Kenyon.18 Removal of the solvent 

gave 1.3 g (95%) of (+)-(R)-phenylethylcarbinol (E), [a]D*25.9120 (1, 1.0, neat); lit.18 [a 

]D*13.08’ (1, O-5 neat). RHR (CDC13)d 0.83 (t, 3H, J-7Hc). He), 1.65 (t, J-THE, 2H, CH2), 2.82 (a, 

lH, OH), 4.47 (t, J-‘IHE, IH) and 7.36 (a, 5H, Ph). 

I-(Phenyl)-ally1 A-(l-[l-phenyl]ethyl)carbemate. The diaatereomeric cabanatee of racemic 

andopticallyactivel-phenylTMylalcohol(9) were preparedaccordingtotheproceduresoutlined by 

Pirkle and Hoekatra.26 InalOOmLthreenecked flaekequlppeduithrefluxcondenzer, meg. stirring 

barandargoninlet raa placed racemic or opticallyactiveJ(typically, 0.5 g, 3.73mmolee) in60mL 

of dry toluene. R-(+)-a-methyl benzylieocyanate (Aldrich), 0. 55 g, 3.73 mmolee, wae added to the 

reactionmixture via eyringeand the aolutionheeted at reflux for65 h. Arhite aoliduae obtained 

on removalofthe aolventand uaahinguithn-pentane. Cryetallization fromhexane-benzenegavethe 

pure carbamate (So-86% yield). 

The recemic carbemate of 9 had the following propertiee: mp 53-55 OC; [o]D*37.28 (c 1.58, 

CHC13); IR (KBr) 3200-3500 (AH)- and 1700 (CO) cm-l; RRR (CDCl3) 61.414 and 1 .488 (d, diaatereomer- 

He, J-6.7 Hz, 3H), 1.446 and I.520 (d, diaetereomer-He, 516.7 Hz, 3H), 4.8-5.6 (m, 4H). 6.2 (m, 2H) 

and 7.5 (a, IOH). 

Anal. Calcd. for C18H19A02: C, 76.84: H, 6.81. 

The optically pure carbamate of (-)-9 had the following propertiee: np 72-74 OC: [a]D+55.79 (C 

3.40 CHC13); IWR (CDC13) 61.38 and 1.45 (d, 3H, J-6.8 Hz, Me) , 5.0 (quintet, J-8.2 Hz), 5.4 (m, 3H), 

6.0-6.4 (m, 2H) and 7.4 (6, IOH). 
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