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Abstract: The 1.3.dipolar cycloaddlrions of nirroncs l-5 IO diphcnylvrnylphosphinc oxrdc (6). sulfide 

(7) dnd sclcnidc (8) were carried out. The cycl,,dddi1wns of the nilrow 3. 3s a model. IO suhs~~~u~cd 

wnylphosphorus dcrivatlvcs 28-36 wcrc rllho cclrricd OUI wrrh salisfactory rczultn w1h the exccplwn 

of 1hc sulfoxide 33. Nuclear Magnclrc Rcson;lnce spcc~roscopy (“P, ‘Ii and “C) allowed the 

complete. unambiguous idcnrlfictilwn and asllgnmcn1 of 1hc rcgiochcmrsrry IO all the products. ;IS 

well as their relative quanlirarlvc dc1crmlnatlon The rclstive slcrcochcmis1ry of isoxazolidrnc 

stcrcoccntcrs was also assigned IO compounds Y-23 .rnd 37-46 on the basin of ‘)t and “C NMR data. 

Introduction 

Isoxarnlidlncs readily available from cyrloaddl1inn rc3ctions of nrlroncs IO alkcncs .rrc very useful rntcrmcdmtcs 

III synrhesis.’ Rrduc1ivc clcavagc of the hctcrocycllc rrng provides 1hc y-clmrno alcohol func1ionality with Ihe 

srcrcochcmis1ry of rhc carbon backhonc fully prcscrvcd The u~rlrfy of the cycloaddition zrratcgy is furrhcr enhanced by 

the poasihillry of preparation of rsoxarolidlnc\ III ~,pr~~lly ~CIIV~ form This can bc dchrcvcd crthcr by 1hc USC of an 

,,ptlcally dcII\c nitrow’ or, applied Icss frcqucnrly. use of an oprrcally active dipolarophilc.3 Rcccnr access I,, 

homochrral vinyl phosphine oxrdcs” prompted US IO cvaluale such compounds in fhc laftcr apprnach. Our preliminary 

s1udlcs with J model compound mc1hylphcnylvinylpho>phinc oxide. have shown 1h31 1he corresponding phosphinyl 

Isoxarolldrnes can indeed bc ob1aincd in J stcrcosclcc1ivc manner ’ The prcscnrc of 1hr vcrsatllc phosphinyl 

func1ionaliry on rhc isoxazolidinc rlny open\ novel JLI~KIIVC possihilitics for synlhctic 1ransform;ltrons. 

Anorhcr fdcror of pracrical rmportancc III the cycloaddlrron (If nilrnncs IO vinyl phosphorus compounds IS 

rugwsclccllvl1y In principlr. in such reaction:, Iw,, rcgrol\omcric producls A dnd B can bc formed. 

A 

Nltrones. according IO Sustmann’s clas.srfxaImn.“.’ tire l)pc II drpolcs for uhich J LUMOd,polc- 

tiOM&,,,ol.ro,,hlle inrcraction would lead prcfcrcnlially lo producIs A and a HOMOd,poIc-LUMOa,pI~r”Ph,~~ 

inIerxIion would lead prcfcrcnIially IO producIs B (Figure 1). Thus. when Ihc dipolarophilc bears a strong 
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TABLE 1: Cycloaddilions of Nitrones l-5 to Diphenylvinylphosphine Oxide (6), 

Sulfide (T), and Selenide (8). 

lC fPh 
PhN.O- 

+1 

2c 1 

3 1 

4c ,p;” 

+2 

5 2 

6 Q 
3 o- 

7 3 

8 3 

7 

6 

7 

a 

36h, 80°C 82 

C6H6 

24h. 80X 
C6H6 90 

3d, 8O’=C 
C6H6 58 

2d. 80% 

C6H6 
88 

3Oh. 80°C 

C6H6 
78 

7d. r.t. 

CHC13 
90 

4d. r.t. 

C6H6 
84 

4d. r.t. 

C6H6 
86 

18d. r.t. 

ct Xl3 
83 

2d. 40% g3 

CH2Cl2 

Ph,.. 
PhvPh2 0 7 Ild PP?jph2 10 40 : 60 

s 

70 : 30 

82 : ,8 

$-$-$Ph, $-$‘“’ 86 : 14 

@;Ph2 $-$-jph2 86 : l4 

$$ph2 2s2 ” : ” 
II 7 II’ 

mFPh2 @ B ,9”:+ 76 : 24 

26 ll’.ll’ 27 

Nores : d) Yield of isolated compounds: b) Dctcrmincd lrom “P NMR spcctta. 
c) ref. 10: d) Irons : c-is ratio; c) From “P NMR spcclrum olher si nals 
CAD be dclcctcd. but the concentration LS too low for dctccrion m “(I NMR. 
f) Slcrcochcmical asslgomcnt unccrlain. 



7096 A. BHANDI cl al. 

to phosphorus with ‘JPH of ca. 18 Hz. Of Ibe two protons in this group [be one in the concave face of Ihc cis.futcd 

hIcyclIc sysrcm is desbicldcd by stcric compression. It follows thcrcforc. that in tbcse compounds the phosphlnyl group 

resldcs on tbc same side as the more shielded proron. i.e.. on ~bc convex side of Ihe molecule. In IWO. for 4.phosphrnyl 

isoxazolidincs which were aormally obtained in Ibc form of a single diastcrcoisomcr. vicinal coupling consIants Jp.113 of 

14-17 Hz and J113.114 of 5-8 Hz suggcsrcd Ibc assignment of Irans configuratIons IO all compounds of this rypc. The 

validity of this assignmcm has already been verified in tbc case of 10 by a single crystal X-ray diffraction analysis. 18 

TABLE 2. Cycloaddldons of Nitrona 3-S to 6 st 110 ‘C for one day. 

nitronc products 
(diastcrcomcric ratio) 

514 rcgioisomcr 
ratio 

1 3 I& + 18b 19 58 : 42 
(3.5: 1) 

2 4 &in + i4b iS ?‘$:a: 

(1 : 1)’ 
3 5 26s + 26b 27s + 27b 60:40 

(1.2: 1) (1.4: 1) 
a. The mixture already comaincd apprcciablc amounts of decomposiIion products. 

The rcgioselcctiviIy of the cycloaddrIion of nifroncs. parricularly Ihc cyclic ones. wIh clccrron-drficIcnI 

dipolarophIlcs. has already hccn observed IO he influcnccd by Ihc IcmpcraIure.” The change of rcgwIsomcric 

composilron dffcctcd by the temperature has been ascribed IO a cyclorcvcrsicm-cycloadduion process which cvcntually 

lcads IO a thermodynamic mixrurc of rcgioisomcrs. Table 2 rcpor~s our cxpcrimcnts with the cyclic dlpolcs 3-5 and Ihc 

phosphinc oxidr 6. An increased amount of 4.substituted rcgIoisomcrs Is generally observed. accompanwd by an 

incrcasc of coda products. in agrccmcm with the literature. I9 The cyclorcvcrrion process seems to bc limired IO cyclic 

nitroncs, as shown by Ihc sIabiliIy of isoxazolidinc 16~ when subjecrcd IO the same conditions (I 10 “C. 2 days) 

Extensive formation of decomposition products rcsulIed by prolonged reaction Ilmcs In Ihc casts srudicd (already 

obscrvcd after I day for nitronc 4). This drawback rcduccs Ihc synIhcIic utiiiry of the cycloaddrtion under 

Ihcrmodynamic control IO selccrivcly product Type B isoxaLolidincs. 

Table T collcc~s cycloaddi[ions of a model nirronc 3 IO dipolarophilcs 28-36. hearing addItional subsr~~ucn~c on 

rhc vmyl group. 

0 Ph 

31 

0 

Pt+-&X 

33 X,SOiPh 

33 XzSOPh 
34 XzSPh 

0 

I( 
i;lOEt), 

35 

In gcncral. rcactiwry of the dipolarophilcs of Ihis group was somewhat smaller than Ihat of unsubslitutcd tmcs 

The Icast rcactivc were [be ~rans substitutrd iwmers Even introduclion of a phcnylsulfonyl group as the second 

electron-wilhdr;rwing subs\itucnt in 32 had rclatrvcly IiiIlc activating cffccl. In order to obtain satisfactory converston 

ra~cs with 32 Ihc rcacranrs had IO hc hcarcd at 110 OC in tolucnr for several hours. Inlcrcstingly. under rhcnc forcing 

conditions the closely rclatcd phcnylsulfinyl derivative 33 was found complctcly unreactive 20.21 whcrcas sulfide 34 gave 

only low ylclds of rhc cxpccfcd adduct 43 In the latter reaction cxtcnsivc dccomposikm of the nttronc was noted. 

Most of Ihc products in the reactions lislcd in Tahlc 3 were rcgiochcmically homogcncws. Thclr rcgwrhcmistry 

was ascrgncd again from the “C NMR spcc~ra by the chemical shrf[s of rhc ring carbons hundcd dIrcc11y IO 
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TABLE 3: Cycloadditions of Nitrone 3 to Substituted Vinyl Phosphorus 

Derivatives 28-36. 

1 28 

2 29 

3 30 

4 31 

s 32 

6 33 

7 34 

8 35 

9 35 

IO 36 

JOh. 8OoC 

C6”6 

3Oh. 60% 

CHCIJ 

l6h. 110% 

C7”6 

Sh. 60% 

CHC13 

5h. 110°C 

C7H6 

24h. 1 lO’=‘C 

C7”6 

24h, 1 10°C 

C7”6 

14h, r.t. 

CHCIJ 

3d, 110% 

C7”6 

6h. r.t. 
CHC13 

70 

66 

60 

65 

67 

nr 

37 

64 

75 

63 

38 

‘41 50 : 42 42 

43 

0 

0 

44 72 : 28 

44 45 

26 : 72 

46 

Notes : a) Yield of isolated compounds: b) Determined from “P NMR spectra; 

c) Major isomer is the cndo product (rclativc IO the phosphinyl group); 

d) Major isomer is the cxo product (relative IO the phosphinyl group). 
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phosphorus. Also diagrrosIIc was the coupling (3Jpc= 3-7 Hz) bcrwceo phosphorus and C4 of these bicyclic sysIcms 

which could be seen only in one of the IWO possible rcgioisomcrs, i.e. Type B. 

The stereoisomers detected in cntrics 3 and 7 (Table 3) could also be distinguished spectrally and Ihe sIruct”rc 

possessing Ihc phosphinyl group in the concave face of the fused ring system was assigned to the major isomer in entry 

3 and IO the minor isomer in entry 7. Evidence for this assignment came from chemical shifts of C4 (ca. 26 ppm, 

‘JPC = 4 HL) found shielded in these isomers relatively to their opposite isomers. This shielding is likely IO have sIcric 

origin due to interactions of CH with the bulky phosphiayl group residing in the more crowded concave face of Ihc 

molcculc. To compare. chemical shifts of C4 in the rclarivc minor (entry 3) and major (entry 7) isomers (ca. 34 ppm. 

‘JPC = 7-8 Hz) rcscmblcd closely those found previously in the related non crowded systems 19.37.38. 40, as well as 45. 

AlIhough somewhat smaller for the sulfonc group the upficld shift of C4 recurred also io rcgioisomcrs 41 and 42 alding 

analogous assigomenr of the cis C3-C3a stcrcochcmisrry in both compounds. 

Included in Table 3 are Ihc reactions of the nitrone 3 with dicthyl vinylphosphonarc (35) and 

Iriphcoylvioylphosphonium bromide (36) representing two other classes of vinyl phosphorus dipolarophilcs. AS 

cxpccrcd for ~bcsc monosubstituted dcrivativcs. these cycloadditions were facile and highly sclrctlve. Again, spccIra1 

analysis provided firm evidence for the proposed sfructurcs (see Tables 4 and 5). Unfortunately. under Ihr reaction 

condlrlons Ihc phosphonium isoxazolidinc 46 was quickly evolving inIo other. ye1 unidcntIficd, products end Ihc 

sIructural assignment for 46 had to bc made by moniloring of Ihc rcacrion “sting different NMR IcchnIqucs. AgaIn. In 

Ihc cycloadditioa IO dipolarophilc 35. the rclativc amounf of the 4.substituted rcgIoIsomcr could be signIficanIly 

Incrcasrd by running the reactions under thermodynamic conditions (cf. entries 8 and 9). In Ihis cast a complctc 

rcvcrsal of the rcgioisomcric ratio was indeed observed. accompanied by the dctcction of small quanritics of Ihc 

5-substituted cndo derivarive. 

Examples of cycloadditions of nitroncs IO vinyl phosphorus derivatives collected in Tables I-3 provide an InsighI 

into rcgiochcmistry of the studied process. With the monosubstirutcd dipolarophilcs 6-8 the cxpccrcd (vidc supra) 

predominant formalion of Iypc B isoxazolidinc was obscrvcd only for a slnglc mtronc. i.e.. C.N-diphcnyl nIIronc (I) As 

mcotioncd prcvlously, formation of these rcgioisomcrs originates from the HOMO,+,I,- LLJMOJ,~~I.~~~~,I~ intcracIIon 

and is only weakly favorcd.8 The dclicatc nature of this prcfcrencc becomes Indeed readily apparent from examinaIIon 

uf rcgiochcmIcal rcsulIs in the first five entries in Table I. Thus, rcplacemcnr of Ihc Nl-phcnyl subsIiIucnI in I by Ihc 

N-mcrhyl group in 2 was already sufficient IO make significanl the contribute of the LUMOd,po~c-l~OMOd,FoI,,“~~,I~ 

intcractIon and. in consequence. IO cause the reversal of the rcgiosclcctivity. Similar exchange in 6 of one P.phcnyl 

group for P-methyl was also found sufficient IO cause Ihc reversal.’ Most interestingly howcvcr. rcplaccmcnt of Ihc 

phosphinyl ox_vgen with sulfur and selenium. as in 7 and 8. led. in reactions wiIh nitroncs I .Ind 2, IO overall 

c,rhancrmcnI of selectivity. but surprtsingly. in each case Iowards formalIon of Ihc already favored rcgloisomcr A 

comparison of rnlrics 2 and 5 in Table 1 provides thus a spectacular cxamplc of Ihc crossover in rcgiosrlccIivIIy of Ihc 

IU’O closely rclatcd acyclic nirroncs (IO:90 vs 82:18). The cyclic nttroncn. provldrd that kincIIc control is sccurcd. 

fdvorcd consisIent formaIioo of adducrs of type A as did N-MC niIronc 2. SclccIIvity in Ihcsc reactIons was rclatikcly 

high and typically cxcccded 61 ratio, securing practical access IO a variety of phosphinyl isoxazolidincs of Type A 

Although that raIio could be considerably lowered under conditions of cyclorcvcrsion. according with the literature. 

JCCCSS to phosphlnyl isoxazolidincs of type B was achieved effectively only with the doubly substituted dipolarophilcs 

28-31 and 34. As shown in Table 3. all these dipolarophilcs gave adducts of Type B cxclusivcly. The directive influence 

of the phosphinyl group found in the monosubstituted series was now complcIcly overridden by the effect of an added 

subsfitucnt such as electron-donating Ihiophcnyl or methyl group. On the other hand. adding of the 

electron-withdrawing phenylsulfooyl substitucnt on Ihc vinyl as in 32 resulted in competition of the two groups of Ihc 

same naIurc. which was won by the PhSOz group, being more powerful an electron-withdrawing group than Ph2PO. 

Indirect comparison of Ihc two groups via reaction of C-Ph,N-Me niIronc wiIh phcnylvinylsulfonc8 and 

diphcnylvinylphosphinc oxide (entry 4, Table 1) corroborates this conclusion further 

Finally, as seen in enIries 8 and 10 in Iable 3. a major change in the nature of the phosphorus derivative affects 

the regioselectivity only slightly. Both the phosphonarc 35 and the phosphonium salt 36 gave, with nitrone 3. lypc A 

adducts with grear preference. as expected for the monosubstituted dipolaropbilcs and a cyclic nirronc under kinetic 
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control.” In addition, similar bchaviour of diphcnylvinyiphosphinc has already been rccordcd.” 

II can thus bc concluded that cycloadditions of nitroncs to monosubstituted vinyl phosphorus dipolarophilcs 

favor considerably formation of adducts of Type A under conditions that avoid cyclorcvcrsion. The selectivity in favor 

of this rcgioisomcr is more pronounced for the cyclic nitroncs than for acyclic ones and, as follows for cxamplc from 

comparison of reactions of nitronc 3, dccrcascs with an incrcasc in the clcctron-withdrawing ability of the substitucnt 

according IO the scqucncc: 

0 S 0 0 

Ph2.F; > PhMc’P - Ph$ 2 Ph;P > (EtO)$ 

The divcrgcnt bchaviour of C,N-diphcnyl nitronc (1) favoring with monosubstitutcd dipolarophilcs 6-g formation 

of adducts of type B can bc associated with the rclativcly high cncrgy HOMO of this nitronc 
24 suitable for interaction 

with the dipolarophilc LUMO and may probably bc occasionally obscrvcd for other aryl suhsrilurcd nitroncs as 
well 73.16 

The stcrcosclcctwity found in the IWO scrics of rcgioisomcric adducts indicates that Ihc studlcd cycloaddllions 

prcfcr considerably, for hoth rcgiochcmical orientations. cro transition slates for E dipoles and ordo transItIon SI~ICS 

for 2 dipolcs. The predominant formation of the 5.~~0 products m cycloadditions involving E-dipolarophdcs (cntrics 3 

.unJ 5. Table 3) suggests additionally that this prcfcrcncc is consldcrably stronger for large substitucnts dcs~~ncd for 

position 5 (isoxazolidinc numbcring) in Ihc product than for those dircctcd to position 4 and 1s being cnforccd cvcn ;II 

Ihc cxpcnrc of placing bulky groups 31 C4 (isoxarohdinc numbering) in the highly crowded positmn (cf. T~blc 3).” 

Non-confllctlng oricmat1on of substitucnls in the cxo transition stales of rcaclions involving Z.dipolarophilcs 28. 2’) 

and 31 Icads. on !hc other hand. to the: clean formation of single cycloadducls possessing three conscculivc. highly 

functlonalircd stcrcogcnic carbon atoms of prcdictablc stcrcuchcmistry. Application of isoxazolidincs of [his lypc as 

synthetic intcrmcdiatcs will bc IIIC subject of fu~urc reports from our laboralorics. 

Exprimcntal section 

All reactions wcrc carried WI under nnrogcn. Rr values rcfcr IO TLC, carried OUI on 0.25 mm silica gel plaits 
(Merck F254). with IIIC same clucnt as indicated for rhc column cromatography scparalion. Mc111ng poims 
(uncorrcclcd) wcrc mcasurcd with a Koflcr Apparatus (unless oihcrwirc sta~cd). Microanalyscs wcrc carried OUI wuh J 
Pcrkln-Elmer 240 C clcmcntal analyzer. IR spccira wcrc rccordcd on Pcrkin-Elmer 283 and 881 spcctrophotomclcrs. 
and NMR spectra (CDCI, solutions) on Varian FT-80 A (“C, 20MHr; ” 
NMR, 300 MHz) spcctromctcrs: IIIC chemical shlfls for ‘H and 

P, 32.203 MHL) and on V;lrian VKR 300 
“C NMR spectra arc given in ppm from TMS: lor slH P 

NMR s cctra in ppm from HsPO4 85%. Coupling costants J arc rcporlcd in Hz. Rcgioisomcric ratios wcrc calculaicd 
from ,P P spcclra. unless othcrwisc s~atcd ‘H and “C NMR signals of Jromatic substitucnts arc noI rcporlcd. 
N-(Phcnylmcthylcnc)bcnzcncaminc N-oxldc (I). N-(phcnylmcthylcnc)mcthancamlnc N-ox~dc (2). 
2.2.dimcthyl-3.4.dihydro_2H-pyrrolc I.oxidc (3). 3.4-dihydroisoqulnolinc 2-oxide,(J). and 2.3.4,5.-lclrahydropyrldlns 
I-oxldc (5) wcrc synthcsircd by standard proccdurcs according IO III: Iucralurc. Diphcnylvlnylphosphinc oxldc (6). 
sulfide (7). and sclcnidc (8) wcrc synthcsizcd from the phosphinc by trcatmcnt with CizOz, sulfur or sclcnlum, 
rcspcctivcly. Diphcnylpropcnylphosphin:soxidc Z (2X) and E (30) and sulfide Z (29) wcrc synlhcslzcd from the 
rcspcctlvc Z and f propcnyl phosphincs. Phospholinc oxide 31 was synthcsizcd according IO ref. 26. Thiosubstllurcd 
vinylphosphinc oxides 32-34 wcrc synthcsiLcd according IO ref. 27. Dicthylvinylphosphonatc (35) and 
~riphcnylvinylphosphomum hromldc (36) wcrc purchased from Aldrich, and wcrc used without purification. 

General proccdurc fur cycluaddition uf nitronrs tu rinylphusphorus dcrivutivcs. Vinyl phosphorus dcriv.nlvc (I mmol) 
was added to 1.2 IO 2 cquivalcnts of nitronc and the reaction carried OUI under the conditions rcportcd in Tables I and 
3. The reaction mixture was purified as spccificd. 

Cyclonddition of I to 6: 23-Dipl~enyt-~-dip~~enytpl~uspl~inyltctrahydroisoxnzolc t9;r und 9b) and 2.3-Diphenyl- 
4-diphenylpl~ospl~inyltctrnhydroisoxnzote (IQ). See ref. 10. In Table 2 in this paper however, numhcrs III columns 
hcadcd “lcis” and “lrrans” should bc inlcrchangcd. 

Cycloaddition of 1 to 7: 23-Dipl~cnyl-S-dipl~enyltl~iophosphlny~tctrahydroisoxazole (I la and I lb) and 

2.3-Diphcnyl-4-diphcnyltl~iophosphlnJltctrahydroisoxaxole 42). The reaction mixture was purified by chromatography 

on a short pad of silica gel (clucnt pctrolcum cthcr-dicthyl cthcr 5:l). 
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12: mp 164-166 ‘C (diethyl ether); Anal. Calcd. for CI7H24NOPS: C. 73.45; H. 5.48: N, 3.17. Found: C, 72.97; H, 
5.56: N. 3 57%. IR (CDCI,): 3070. 2900. 1600. 1490. 1440. 1100 (vs) cm.‘. 

Cycloaddition of I to 8: 2j-Diphenyl4-dIphenylsclcnophospbinyltelrsbydroisoxarole (13). The reaction mixture was 
purified by chromatography on a short pad of silica gel (cluent diethyl ether). 

13: mp 158-160 ‘C (from ligroin (75-120 “C)). Anal. Calcd. for C27HIrNOPSc: C, 66.39; H, 4.95; N, 2.87. Found: 
C. 66.27; H, 5.16; N. 2.94%. IR (CCL): 3061,3036, 2932,287O. 1598, 1437, 1214. 1176. 1096 (vs) cm.‘. 

Cycloadditlon of 2 to 6: S-Diphcnylpbosphlnyl-2-metbyl-3-phenylte~ahydrolsoxazole (14a and 14b) and 
4-DiphcnylpbosphinyI-2-mcthyl-3-phenyltet~hydrolsoxaxole (151. The reaction mixIure was purifrcd by flash column 
chromatography (eluent dichloromethanc-ethyl acetate I:]). 

14a + 14b: oil, Rr = 0.5. Anal. Calcd. for CIIHzINOIP: C. 72.71; H. 6.18; N. 3.85. Found: C. 72.96; H, 6.10; N, 
3.50%. IR (CDCI,): 3063, 2960, 2880, 1590, 1438. 1180 (vs), 1120 cm.‘. 

15: RI = 0.4; mp 139-141 “C (from CClr). Anal. Calcd. for C2zHz?NOzP: C, 72.71; H, 6.10; N, 3.85. Found: C, 
72.50; H, 6.20; N, 3.70%. JR (CDCI,): 3070, 1590, 1440, 1200 (vs). 1110 cm-‘. 

Cycloaddltlon of 2 to 7: 5-Diphcnylthlophosphinyl-2-mcthyl-3-phenyl~trabydroisoxazole (16a and 16b) and 
4-Dlphcnylthiophosphinyl-2-melhyl-3-phenyltetrahydroisoxaxole (171. The reaction mixture was purified by flash 
columo chromatography (cluent ethyl acetate-pcrrolcum ether I:]). Anal. (of the mixture) Calcd. for C22HuNOPS: C. 
69.64; H. 5.84; N, 3.69. Found: C, 69.65; H. 5.97; N, 3.692. 

cm 12: . 
Rt = 0.3; mp 123.124 ‘C (from ligroin (75.120 ‘C)). IR (CDCI,) 3064. 3033. 2955. 2876, 1603. 1437, 1100 

(vs.) 
lbb: oil. Rt = 0.4. IR (CDCI3): 3063. 2922. 2851, 1603, 1437. 1100 cm.‘. 
17: 011, Rt = 0.05. IR (CDCI3): 3063. 3037. 1598. 1487, 1438, 1098 cm.‘. 

Cycloaddltlon of 3 to 6: 6.6-Dimcthyl-2-dlphcnylphosphlnylhexahydropyrrolo[l,2-b~isoxazole (18) and 
6.6-Dimcthyl-3-diphcnylphosphinylhexahydropyrrolo~l~-b]isoxaxole (191. The reaction mixture was purified by flash 
column chromatography (clucnt chloroform-methanol 15:l). 

18: Rt = 0.55; mp 67-68 ‘C (from CCLt). Anal. Calcd. for CIOH~~NOZP: C. 70.36; H, 7.08; N, 4.10. Found: C. 
70.49; H. 7.21: N, 3.73%. IR (CCLI): 3064. 2980. 1590. 1478, 1438. 1190 (VI), 1115 cm-l. 

Cycloaddition of 3 to 7: 6.6-Dimethyl-2-dlphenyithiophosphinylhcxahydropyrrolo[l,2-b]isoxazole (20) and 
6.6-Dimcthyl-3-dipbcnylthlophosphinylhcx~hydrupyrrolo~l,Z-b]ixoxaxole (21). The reaction mixture was purified by 
crystallization from ligroin (75-120 ‘C) 

20. mp 127.128 ‘C. Anal. Calcd. for CzoH2rNOPS: C, 67.20; H. 6.77; N, 3.92. Found: C. 67.88, H. 6.91; N. 3.87%. 
IR (CCl4): 3062. 2971.2873. 1591. 1437. 1382, 1366. 1100 (VI) cm” 

Cycloaddltlon of 3 to II: 6,6-Dimcthyl-2-diphcnylsclrnaphosphinylhexahydropyrrolo[l~-bJisoxazole (22) and 
6,6-Dimcthyl-3-diphcnylselenophosphinylhexuhydrupyrrolo[ IJ-b]lsoxuzolc 43). The reaction mixture was purified by 
crystallization from ligroin (75.120 “C). 

22: mp 129.131 ‘C. Anal. Calcd. for CzoH24NOPSc: C. 59.41; H, 5.98; N, 3.46. Found: C. 59.25; H, 5.88; N, 3.40%. 
IR (CCL): 3062. 2971. 2870. 1544. 1437. 1382, 1366. 1096 (vs) cm.‘. 

Cycluaddition of 4 to 6: 2-Diphcnylphosphinyl-l.5.6,l0b-tctrahydro-ZH-isoxaxolo[3,2-a]lsoquinol~ne (24a and 24b) 
and 3-Diphcnylphosphinyl-l,S.6,lOb-tctrabydro-2~-isoxaxnlo[3~-alisoqulnoline (25). The reaction mixture was 
purified by flash column chromafography (clucnt dichloromcthanc-methanol2O:l) 

24a + 24b +25: oil. Rt = 0.2. Anal. (of the mixture) Calcd. for C23HIINOIP: C. 73.58; H, 5.90; N, 3.73. Found: C, 
73.50; H, 6.06; N, 3.28%. IR (CDCI3): 3063. 2919. 1592. 1484. 1438. 1278, 1177 (vs), 1119 cm.‘. The mixture was furtbcr 
purified by crystallization from ligroin (75-120 “C). 

24a: mp 151-153 ‘C. 

Cycloaddillon of 5 to 6: 2-Dlphcnylphosphlnylhcxabydro-2H-isoxaxolo~2~-a~p~ldlne (26a and 26b) aud 
3-Diphcnylphosphlnylhcxahydro-2H-isoxaxolo(2,3-~~pyrldine (27s and 27b). The reaction mixture was purified by 
flash column chromatography (elucnt chloroform-methanol lo:]). 

26a +26h +27a +27b: oil, Rt = 0.5. Anal. (of the mixture) Cal&. for CwH22N&P: C, 69.71; H, 6.77; N, 4.28. 

Found: C, 69.54; H. 7.02; N, 3.96%. 
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Cycloaddition of 3 to 28: 3-Dlpbenylphosphinyl-2.6.6-t~methylhexahydrop~rolnl~~-b~lsoxarolc (37). Starting 
dipolarophile 28 contained 213% of the E isomer 29 that did not react in these condiIions. The reaction mixture was 
purified by treatment wuh hot petroleum ether 40-70 ‘C. Rcpcatcd washing left a solid pure by chromatography. 

37: mp 187-188 OC (from ligroin (75-125 “C)), sublimes. Anal. Calcd. for CZIH~~NO~P: C, 70.97; H, 7.37; N. 

3.94. Found: C, 71.23; H. 7.47; N. 4.71%. run in sealed aluminum holder. IR (CCL): 3064,2937,2900. 1605. 1438. 1198 
(VI), 1160. 1117 cm.‘. 

Cycloadditlon of 3 to 29: 3-Diphenylthiophosphinyl-2.6.6-trimcthylhexahydropy~olo~l~-b~laoxaxole (38). The 
reaction mixture was purified by chromatography on a short pad of silica gel (clucnr dichloromethane-methanol 1O:l). 

38: RI = 0.6; mp 146147.5 ‘C (from ligroin (75-120 “C)). Anal. Calcd. for C~IHXNOPS: C, 67.90; H, 7.05; N. 
3 77. Found: C. 67.54; H. 6.92; N. 3.86%. IR (CCI4): 3061,2972, 2936. 1536. 1438. 1097 (vs) cm.‘. 

Cycloadditlon of 3 to 30: 3-Dlphcnylphosphinyl-2,6~6-trimcthylhcxahydrop~rolo~l~-b~lsoxazole (39a and 39b). The 
reaction mixture was purified by Rash column chromatography (cluent ethyl acelate). 

39a: RI = 0.2; mp 197-199 OC. Anal. Calcd. for CZIHXNO~P. C. 70.97: H, 7.37; N. 3.94. Found: C, 70.72; H. 
7.05; N, 3.90%. IR (CCl4): 3062, 2973, 1535. 1438. 1200 (vs), 1114 cm.‘. 

39b: RI = 0.1; mp 194-195 ‘C (Buchi). Anal. Calcd. for C~lHzsN02P. C, 70.97; H. 7.37; N. 3.94. Found: C, 70.86: 
H. 7.56; N. 3.84%. 1R (CDCI3): 3063, 2973. 2937. 1592, 1537, 1438. 1184 (vs). 1117 cm.’ 

Cycloaddition of 3 to 31: 6.6-Dimethyl-l-oxide-I-phenyloctuhydro-l~-phospholol23-dlpyrrololl,2-bltsoxatolc 140) 
The rcacIion mixture was purified by flash column ChromaIography (clucnf dichloromcthane-mcIhanol2O:l). 

40: oil, RI = 0.25. Anal. Calcd. for Clr_,HtrNOzP: C. 65 Yh; H. 7.61; N. 4.81. Found: C, 65.50; H. 7.82; N, 4.79%. 
IR (CDCI3): 3060. 2972, 1601. 1438. 1258, I182 (vs) cm”. 

Cyclonddltlon of 3 IO 32: 6,6-Dimcthyl~2-diphcnylphuspl~inyl-3-phenylsulfonylhexahydropyrrolo[l,2-bllsoxarolc 141) 
and 6.6-Dimcthyl-3-diphcnylphosphinyl-2-phenyl~ulfonyll~cxahydropyrrolo~l,2~blisoxaxole (42). The reaction mlxturc 
was purified by flash column ChromaIography (clucnr ethyl accIaIc-pctrolcum ether 1:l). Anal. (of the mixture) Calcd 
for CXHXINO~PS: C. 64.85; H. 5.86: N. 2.91. Found: C. 64.W; H. 6.01: N. 2.57%. 

41: ylcld 38 %; RI = 0.2; mp lY9-200 ‘C (from hgroin (75-120 ‘C)). IR (CDCI3): 3160. 3064. 2980, 1600, 1438. 
1322, 1197 (vs). 1159 (vs.), 1149 (vs). 1122 cm”. 

42: yield 27 %; RI = 0 3: mp IYO-191 ‘C (from ligroln (75120 “C)). IR (CDCI3): 3160. 3067. 2972. 1594, 143’). 

1322. 1197 (YS). I152 (vs). 1118 (vs) cm”. 

Cycloaddition of 3 to 34: 6,6-Dimcthyl-3-diphcnylphosphin~l-2-phcnylsulfenyihexahydropyrrolo[l,2-b]i~oxaxole (43a 
and 43b). The reaction mixture was purified by flash column ChromaIography (clucnt dichloromcthanc-methanol 
?U:l). 

43a +43b: Rr = 0 3. The maxturc was further purtfrcd by crysIallizaIion from ligroin (75.120 ‘C). 43a: mp 1X7-188 
‘C. Anal. Calcd. for C26H?sNO?PS C. 69.47, H. 6 27. N. 3 11 Found: C. 69 87. H. 6.41. N. 2 82Y~. IR (CDCI,): 3064, 

2074. 1585. 1438. 1189 (vs), 1117. 106’). 1024 cm ’ 

Cycloaddition of 3 to 35: 2-Dicthylphosphonyl-6.6-dimcthylhexnhydropyrrolo~l~-b~isoxaxole (44) and 
3-Dicthylphosphonyl-6.6-dimeIhylhexnhydropyrrolo[ 1.2-blisoxarolc 145). The reaction mlxfurc was purified by flash 
column cromatography (clucnt dichloromcthanc-melhanoI 15.1). 

44 +45: oil. RI = fl.35. Anal. (of the mlxturc) Cdlcd. for CI2H?rNOaP. C, 51.98; H. 8.72, N. 5.05. Found: C. 51.85: 
H. 8.83; N 5.08%. IR (CCIa): 2976. 2872. 1630. 1466. 1367. 1245 (vs). 1029 (vs) cm.‘. 

Cycloaddition of 3 to 36: 6,6-Dimcthylhcxahydropyrrnlo[l,2-b]isoxaxol-2-yltriphenylphosphonfum bromide (46). The 
reaction mixture. afrcr 6 h (90 % convcrslon). was lmmcdiafcly purified by flash column chromarography (eluent 
dlchloromcthanc-mcfhanol 1O:l). 

46: viscous oil, RI = 0.2. Decomposes in solulion. and on s~orlng for a long period. 
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