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AWaek The c~lo~difiot~ of nifxmes wifh 53-dir~d~t-phert~~-~osp~to~e l-oxide give a si@e ~c~o~~~f 

deriving from a highly diastereoselective approach of the nifrolte anti lo the phenyl nng of phosphokne oride. When 

the chiral glicetakfehyde dewed nitro!te is used only fwo diastereoisonters ore produced in 1.71 ratio. ne shuctwal 

assigument based on NMR data and X-ray analysis of the major rsomer estabhshed a Pans CK4 stereochemistry 

(derivedfrom endo TS wiih respect to nrirone) and a C3-C4’reiative stereoclzetwistry of three type in the major isomer 

arrd eryfhm in the minor one. Iherefore, each eila~tiwn~ o~~ftos~lolene oxide 6 gives ~cIus~~iy one ~&~on~~t 

with jive cor~fi~m~ ~e~o~i~~c ceutres UI M e~ablis~ed arrd ~t~ic~b~e absolufe ~~~~~~0~. Ete diffe~~e of 

reactivity of the two emntiotners allowed a partior kinetic resolution of the racemic phospholene oxide, chording 

(+)-(S) enantiomer with 90% enanfiomeric excess. 

The ~c~oaddition of &ones to ~nylphosphine derivatives has provided recently access to 

attractively functionalized isoxazolidines, and has proven to be very broad in scope.” 
The availability of optically active vinylphosphine oxides3 and nitrones has driven our attention to 

the study of the structural factors that allow the stereocontrol in the reaction. With P-chiral 

vinylphosphine derivatives the facial selectivity can be effectively controlled by the phosphorus 
stereocentre up to a 25:l ratio4 by means of a generalized “inside heteroatom” transition state model”$ 

analogous to the Houk’s “inside akoxy” modeL6 
By matching interactions with optically active nitrones the selectivity could be raised up to 4O:l for 

an en& approach.’ In particular, when optically active nitrones such as (S)-(Z)-~-(2,2-dimethyl- 

1,3-dioxolan-4-yl)methyleneberylamine N-oxide (1) or its 5-(s) methyl homologue 2 were reacted with 
enantiomerically pure (-)-(S)-methylphenylvinylphosphine oxide (3),% high diastereoisomeric ratios 
have been obtained in the formation of 5-phosphinylisox~olidines 4 and 5.7 The major products 4a and 
5a were found to have the C3-CX’ ~Q&I and C3-CS &XV relative stereoche~st~ (Scheme 1): They 
likely derive from a favoured erado approach in the tradition state with the ~pol~ophile preferred 

conformation having the largest group anti to the incoming dipole and the oxygen inside (Scheme 2).“” 

Tberefore, &ones (S) 1 and (S,S) 2 constitute with vinylphosphine oxide (S) 3 matched pairs of 

reagents for the highly selective synthesis of 5-phosphinylisoxazolidines. 
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~~lnad~tinn to the chiraf racemic 2,3~ihydr~~-~~en~l-~~-phosphole l-oxide (6): reported in 

this paper, allows us now to establish the degree of ascetic induction that can be achieved in the 

formation of 4-phosphin~lisoxa~o~idines. 

The cycloaddition reactions of phospholene atide 6 with three model achiral nitrones 7-9 were 
carried out (Scheme 3). They gave regiospecifically the 4-phosphinyl adducts lo-12 in good isolated 

yields (65-72%). 

The regiochemical assig~e~t came stra~ghtfo~ardly from the obviation of diagnostic signals 
of carbons coupfed to phosphorus in the 13C NMR spectra. C4 carbon atoms (6 48-54 ppm) showed a 
significantly higher coupling constant (‘J,=68 Hz) than C5 ones (JPC = 10-12 Hz, 6 80-82 ppm). 

The ~cloaddi~ons occurred with complete st~reoselecti~ty hiving only one diaster~nisom~r for 
each reaction. Structures 10-12 were assigned unambi~ously to the cycloadducts on the basis of their “H 

NMR data and their comparison with previous results.’ The fru?r.r C3-C4 relationship in compounds 
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lo-12 is well documented by the diagnostic coupling constant between the H3 and H4 protons (5 Hz, 5.5 
Hz and 7.4 Hz for IO,’ 11 and 12, respectively). The relative stereochemistry is confirmed by the high 
values of B3-P coupling constants (14.1 Hz, 16.6 Hz and 15.7 Hz, for 10,’ 11 and 12 respe~~vely), in 
accord with a cls relationship between the H3 proton and the phosphors atom.’ Coupling constants for 

a &wzs relationship typically range 7-9 Hz.’ The preference for a C3-C4 druns relationship in 
isoxazolidines containing substituents at the C4 position has been recently proven also by a single-crystal 
X-ray diffraction analysis? 

Scheme 3 
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The assigned stereochemistry at the phosphorus atom (Scheme 3) has been unequivocally proven 
by the observation of the chemical shifts of H3 and H4 protons (isoxazolidine numbering). Values of B 

2.79,2.96, and 3.32 ppm for H4 protons in 10,ll and 12, respectively, denote the presence of a shielding 

effect by the cis phenyi ring on phosphorus. On the other hand, H3 proton (d 4.42,4.07, and 4.31 ppm for 
10, 11 and 12, respe~iveiy), ~xpe~eoecs a desh~elding effect due to the proxjmjty of the phosphiny~ 
oxygen, if compared to other 4-phosph~nylisoxa~lidines from the same nitrones.’ 

The cycloaddition products 10-12, as apparent from their structure, likely derive from a highly 

selective approach of the dipole on the less hindered face of the cyclic phospholene oxide, opposite to 

the phenyl ring. The cycloadditions allow, therefore, the complete control of four contiguous stereogenic 
centres in the final isox~o~dines. 

The extremely high diast~reosel~cti~~ found prompted us to study the possible asymmetric 
induction with an optically active chiral nitrone, as (-)-(S) 1. The asymmetric induction of a&dialkoxy 
nitrones to disubstituted olefins has been only little investigated.” DeShong and coworkerr? obtained 

with vinylene carbonate predominantly C3-C4’ erythro cycloaddition products with moderate to good 

diastereofacial selectivity (up to 9:1), depending on the substitution at nitrogen and at the dioxolane 
ring. Thomas and coworkers’& obtained by cycloaddition of nitrone 1 to E-methylcrotonate all the four 

possible adducts with little selectivity.li 

The reaction between (-f-(S) 1 and racemic 6” could in p~ncip~e furnish eight di~tereomeric 
4-phosphinyiisox~~~idines. The “P NMR spectrum of the crude reaction mixture (2 h in reflying 

toluene, with a two-fold excess of nitronet4) showed on the contrary only two peaks at 6 57.22 and 57.70 
ppm in 1.11 ratio, together with some unreacted phospholene oxide 6.u The two products 14 and 15 

(Scheme 4) could be separated by flash column chromatography and were isolated in 79% overall yield, 
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Scheme 4 

‘The two adducts were assigned the structures 14 and 15 on the basis of their IH and ‘k NMR 
spectra. The regi~ch~m~st~ uf the adducts derived from their ‘“C NMR spectra that showed the signals 
of C4 carbor~s (isoxazolidine ~~rnber~~g~ with the greater c~~~~~~g constant (1J~~ = 63 Hz) shifted more 

upfield tharr the correspanding C5 carbuns (S 47.56 and 46.08 ppm vs 6 81.20 and 81.08 ppm in 14 and 

15, respectively] that present a smaller c0upIing c0nstitfit (JPc- 10 Hz)- 
Both the adducts have been assigned the same C3-C4 and C4-P relative stereochemistry axl the 

basis of their ‘H NMR spectra, as above, The protons on C3 show a small coupling constant with the 
hydrogen on C4 (J = S-5 Hz) and a large one with p!msphorus (3 = 16 Hz), thus assessing tile trans‘ &SC4 

~t~~~~~~~~~~t~~ Tfre stereucbemi~t~ at ~h~s~h~~s rests on the shielding of the proton on C4 (S 2.61 

and 3X% ppm irz 14 and 15, respectively) and on the deshieIding of the proton on C3 (6 3.87 and J.?T 

ppmXI with respect to the corresponding protons in compound 1312 (S 3.52 and 3.50 ppm, respectively) or 

in the 4-pbasphinylisoxazolidine obtained7 among the minor components from the cycloadditian of 

nitrane 2 with diphenylvinylphosphine oxide (6 3.71 and 3.49 ppm, respectively). 

Finally, the C3-C4’ relative stereochemistry has been assigned on the basis of the coupling 
constants between the protons attached on thcrse atoms, since the &ecr compounds showed regularly 
higher J values than the q&~ ones in 3-diaxolan~lis~~azolidines substituted at C4 with bulky 

groups* 1oc$7 Therefore, the m$x product 14 was ascribed the &m ~t~r~~chcrn~~t~ and the mlnur IS the 
B$U-U use based ore Jn~.tr~ of 6.5 Hz and 4 Hz, respe~thvefy. This is also the main difference displayed by 

the NkIR spectra of 14 and 15, attesting that the only change of relative sterertchemistry between hi 

adjacent stereocentres in the two products OCCUFS between C3 and C4’ carbons. 

Figure 1 l A perspective view af compound 14 with arbitrary atam labelling, 
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A single-~stal X-ray djffra~tion analy& of the major product 14 (Figure 1) cashed the 

definitive proof of the correct structural assi~ent for that product and, indirectly, constituted a 
stronger support to the assignment made for the minor isomer 15. 

This structural assignment implies that the adduct 14 derived from (I?) phospho~ene oxide 6 and 15 

from the enantiom~r (s) 6, thus pro~ng that nirrone 1 gives ~mpletely selective interactions (>99% 
d.e.) with both the enantiomers of 6 . 

An explanation for this complete selectivity can be ascribed to highly preferred approaches of 1 to 
6, depicted in Scheme 5, to give the two products. It is reasonable that both attacks proceed via less 

encumbered end0 (with respect to nitrone) transition states and in an antiperiplanar manner with 
respect to the largest methylene group of the dioxolane ring. Moreover, since as already estabi~shed the 

phospholene oxide should attack with the oxygen syr and the phenyl anti to the ni~one, (R) 6 must 

attack the re-re face of 1 to give 14 and (S) 6 the opposite si-si face to give LS, 

Scheme 5 

H 

These t~~it~on state models can also account for the observed difference in reactivity between 

the enantiomers of 6. In fact, the more pronoun~d steric hind~n~e present in the approach leading to 

compound 15 might explain the experimental 1.711 ratio. As a consequence of these observations it 

resulted that the residual unreacted phospholene oxide, that could be isolated as well although in poor 
yield (6%), should be highly enriched in the enantiomer with the S absolute configuration at the 
phosphorus stereogenic centre, Indeed, polarimetric measurements gave for the recovered 

S-pho~holene oxide 6 a high value of specific optical rotation ({a]o” = i 91.2) that bairns its optical 

activity. A “P NMR expe~e~t by empla~ng an ~~01~ ratio of phospholene oxide 6 and a chiral 

shift reagent allowed a partial resolution of the signals of the two enantiomers of 6 and gave an estimate 

of 90% e,e. for the recovered phospholene oxide 6. 
Further experiments run using a 1:l ratio of the reagents or an excess of phospho~ene oxide, 

checked by 31P NMR s~~tros~opy at low conversions showed that the m~imum ratio for the two 
products is 2.3:3, that should correspond to the ratio of the reaction rates of the two enantiomen of 6 
towards nitrone 1. 
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It is worthy of noting that the studied cycloaddition represents, to our knowledge, the first example 

of kinetic resolution by means of a 3,3-dipolar ~cloaddition reaction. Moreover, from the 

org~ophosph~~s chemistry ~e~~oint, it co~titutes an effective resolution of the phosphors 

stereogenie centre in a C-P heterocycle.“” Further studies along this line are in progress in our 

laboratories. 

EXPERIMENTAL 

All reactions were carried out under nitrogen in dry and deoxygenated solvents. Rf values refer to 
‘I’LL!, carried out on 0.25 mm silica gel plates (Merck I?& Melting points (uncorrected} were measured 
with a Kofler apparatus, NMR spectra in CDC13 solu~o~ were recorded on Ovarian m-80 A (“C, 20 
MHz; ‘IF, 32.203 MHz) and on Varian Gemini 200 (II-I NMR, 200 MHz; ‘% NMR, 50 MHz) 
spectrometers: the chemical shifts for ‘H and 13C NMR spectra are given in ppm from TMS; for “P 
NMR spectra in ppm from I&PO4 85%. Ratios of d~~tereomeric products were obtained by integration 
of the corresponding 31P NMR signals of the crude matures. The assignment to the more s~gn~~cant H3, 
H4, HS ~isox~oIidine numbering), and H4’ ~dio~ol~yl ring) protons are reported in the ‘H NMR 
spectra. IR spectra were recorded on a Perkin-Elmer 881 spectrophotometer. Optical rotation 
me~urerne~~ were carried out on a Perkin-Elmer 241 polarimeter. Combus~on analyses were carried 
aut with a Perkin-Elmer 240 C elemental analyzer. Nitrone 1 was synthesized according to ref. lllb 
starting from ~~~S,6-di-~-isopropylidene~~-mannitol. Racemic phospholene oxide 6 was synthesized 
according to ref. 13. 

Cyclooddition of 3,4-Dihydro-.2,.&iime~hyl-2H-pyrrole f-O.&% (7) to 2,3-Di~~ro-l-~henyl-lH-p~phole 

l-Ox& (6). 
See reference 1.19 6,6-Dimethyl-l-phenyl-oct~hydro-1~-~~o~o~i,2-blphospholof2,3-d~~~~o~e 

I-a&e (IO): mp = 142-143 “C ~ligroin)~ ‘H NMR: 6 7.75-7.60 (m, ZH), 7.55-7.40 (m, 3H), 4.77 (dddd, 

J = 17.6, 7.1, 4.9, 2.3 Hz, IH, HS), 4.42 (dddd, J = 14.1, 9.0, S.0, 1.8 Hz, IH, H3), 2.79 (br d, 3=7.4 I&, 

IH, H4), 2.47-1.93 (m, 4H), 1.84 (M, 2H), 1.63 (m, ZH), l-29 (s, 3H), 1.09 (s, 3H). 

A so~utioo of 107 mg (0.6 mmoles) of 6 and 140 mg (1.2 mmolesf of nitrone 8 in 1.5 ml of toluene was 
refluxed under stirring for two hours. The crude reactian mixfure was checked by 3’P NMR 
spectroscopy. Purification by flash column chro~tography (eluent ethyl acetate) and c~stallization 
gave 115 mg of the adduct 1X(65% yield). 

3-~etho~cur6~~y~-2-methy~-~~henyl-h~ohy~o-4~~~ho~~holu~2,3-d~~~~o~e 4-o&& (11): mp = 
94-95 “C (diisopropylether). Anal. calcd for C14HleN04P: C, 56.95 ; H, 6.35 ; N, 4.74%; found C, 57.26; 
I-1,6.35; N, 4.90%. &=0.25 (ethyl acetate). 31P NMR: S 57.36; ‘H NMR: S 7.65-7.23 (m, SH), 4.78 (dddd, 
J=21.9,5.9, 4.3, 1.2 Hz, II-I, H5), 4.07 (dd, J~16.6, 5.5 Hz, lH, H3), 3.72 (s, 3H), 3.32 (dt, J==3,6, 5.8 
Hz, IH, H4), 2.93 (s, 3H), 2.65-2.10 (m, 3H), 1.90-1.65 (m, 3H); 13C NMR: 6 169.70 (d, Jpcs6.9 Hz) (s), 
132.46 (d, JPC = 93.3 Hz) (s}, 132.09 (d, J~c=27 Hz) (d), 129.47 (d, Jpc = 9.5 Hz) (d, 2C), 128,g4 (d, 
JPC = 11.4 Hz) (d, ZC), 81.13 (4 J,= 9.9 Hz) (d), 69.63 (d), 52.58 (q), 48.20 (d, JK ~68.6 Hz) (d), 44.77 
{q), 24.69 jd, JPC = 8.1 Hz) (t), 24.62 (d, &c=66.7 Hz) (t); XR (CCL,): 3062,2955, 1750, 1438, 1222, 1197 
cm-“. 

Cyc~~di~o~ of C-~henvr_N--methyrl (9) to 2,3-D~hy~~1-phenyl-l~-~ho~~ho~ MMde (6). 

A solution of 107 mg (0.6 mmoles) of 6 and 81 mg (0.6 mmoles) of nitrone 9 in 1.5 ml of toluene was 
refluxed under stirring for two hours. The crude reaction mixture was checked by 31P NMR 
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spectroscopy. Pu~fication by flash coIumn cbromatog~ph~ (eluent ethyl acetate) and ~~stallization 
gave 135 mg of the adduct 12 (72% yield). 

Z-Metk~-3,4-~keny[-kexahydro-4H-ghospko~~2,3-d]~x~ole I-oxide (12): mp = 129-130 “C (di- 
isopropylether). Anal. calcd for CI~HZONQP: C, 69.00; H, 6.43 ; N, 4.47%; found C, 69.08; H, 6.70; N, 
4.49%. Rf==O.30 (ethyl acetate). 31P NMR: S 58.W; ‘H NMR: 6 7.65-7.23 (m, lOH), 4.93 (ddd, J=21.4, 
6.8,4.4 Hz, lH, H5), 4.31 (dd, J= 15.7,7.4 Hz. lH, H3>, 2.96 (dt, J=3.0,7.0 Hz, lH, H4), 2.70 (s, 3H), 
2.55-2.05 (m, 3H), 1.90-1.65 (m, 1H); ‘% NMR: B 138.75 (d, JPC = 2.7 Hz) (s), 132.67 (d, Jpc = 91.8 Hz) 
(s), 131.95 (d, Jpc=2.7 Hz) (d), 129.62 (d, Jpc=9.2 Hz) (d, ZC), 128.79 (d, Jpc=9.9 Hz) (d, 2C), 128.69 
(d, ZC), 127.78 (d), 127.66 (d, 2C), 80.82 (d, JPC= 11.0 Hz) (d), 73447 (d), 53.47 (d, Jpc=67.5 Hz) (d), 
42.70 (q), 24.41 (d, JPC = 9.3 Hz) (t), 24.40 
1159 cm-*. 

(d, JPC = 66.1 Hz) (t); IR (CCL): 3061,2970, 1438, 1254, 1197, 

A solution of 107 mg (0.6 mmol) of 6 and 282 mg (1,2 mmol) of nitrone 1 in 1.5 ml of toluene was 
reflued for two hours. “P NMR monitoring showed the presence of two compounds in 1.7:1 ratio 
besides residual phospholene oxide. Purification by flash column chromatography (eluent ethyl 
acetate-petroleum ether 3:l) gave a fraction containing the pure major isomer 14 (70 mg, 287~) an 
intermediate fraction containing both the isomers (96 mg, 3%) and a third fraction containing the pure 
minor isomer 15 (30 mg, 12%). By elution with ethyl acetate some residual ph~pholene oxide 6 (6.6 
mg, 6%) have been recovered (Rf= O&5), which resulted to be optically active. 

(t)-fS~-2,3-~ihy~~~-~kenyl_IH-~ko~ko~e Z-oxide (6): [a]~~ = + 91.2 (c 0.33, CHC13). 31P NMR 
of an equimolar solution with Yb(hfc)s gave two signals at 123.01 and 122.40 ppm for S and R 
enantiomers respectively, in 955 ratio. 

(3S,3aS,4R,6aS,4’S~-Z-benzyl-3(2,2-dimetkyl-1,3-dioxolan-4-yl)-4-pkenyl_h- 
[2,%d]isoxazole 4.oxide (14): mp = 186-187 “C (petroleum ether), [a]~~ = + 85.9 (c 0.18, CHCla). Anal. 
calcd for Q.H2sNO4P: C, 66.65; H, 6.81; N, 3.38%; found C, 66.61; H, 6.85; N, 3.48%. &=0.20 (ethyl 
ace~te-petroleum ether 31). “P NMR: 6 57.22; “H NMR: 6 7.75-7.62 (m, ZH), 7.55-7.22 (m, 8H), 4.71 
(dddd,J=23.1,6.1,4.1,0.9H~ lH,HS),4.39(d,J=l3.9H~ lH),4.13 (q, J=6.8Hz, lH,H~),4.~(d, 
J = 13.9 Hz, lH)* 3.91 and 3.89 (XY part of an AXY system, JXY = 8.4 Hz, 2H), 3.87 (dt, J = 16.66.4 Hz, 
IH, H3), 2.61 (dt, J =3.9,6.3 Hz, lH, H4), 2.52-2.12 (m, 3H), 1.92-1.60 (m, IH), 1.28 (s, 6H); 13C NMR: 
6 13758 (s), 133.20 d, Jpc=92.1 Hz) (s), 132.18 (d, Jpc-2.7 Hz) (d), 129.62 (d, Jpc=9.6 Hz) fd, 2C), 
128.99 (d, JFC= 11.3 Hz) (d, ZC), 128.88 (d, 2C), 128.26 (d, 2Q127.30 (d), 109.95 (s), 81.20 (d, JK= 10.0 
HZ) (d), 76.43 (d, Jpc= 2.7 HZ) (d), 6864 (d), 66.53 (t), 61.73 (t), 47.56 (d, JPC= 68.1 Hz) (d), 26.24 (q), 
25.12 (q}, 25.11 (d, JPC= 8.5 Hz) (t), 24.80 (d, JPC= 66.6 Hz) (t); IR(CCl~):3065,3034,2387,1541,1437, 
1381,1371,1200,1157,1113,1068 cm-‘. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
[2,3- djhoxcuole 4-oxide (15): mp = 115-116 “C (diisopropylether). [a]~‘=-83.5 (c 0.28, CHCla). Anal. 
calcd for C23Hd04P; C, 66.65; H, 6.81; N, 3.38%; found C, 66.94; H, 6.97; N, 3.08%. Rf=O,lS (ethyl 
acetate-petroleum ether 3:l). 31P NMR: 6 57.70; ‘H NMR: 6 7.75-7.62 (m, 2H), 7.57-7.22 (m, 8H), 4.66 
(dddd, J=23.6,6.2,4.0, 1_2Hz, lH, H5), 4.21 and 4.14 (AB system, J= 13.5 Hz, 2H), 4.09 (dt, J=4.1,6.4 
Hz, lH, H4’), 3.95 (dd, J = 8.5,6.6 Hz, lH), 3.77 (ddd, J = 16,4.5.0,3.9 Hz, lH, H3), 3.63 (dd, J= 8.5,6.3 
Hz, lH), 3.06 (ddd, J =6,1,5.1,3.1 Hz, lH, H4), 2.53-2.18 (m, 3H), 1.92-1.70 (m, lH), 1.32 (s, 3H), 1.25 
(s, 3H); ‘% NMR: S 136.95 (s), 133.11 (d, J pc=92.5 Hz) (s), 132.16 (d, Jpc=2.6 Hz) (d), 129.66 (d, 
Jpc=9,3 Hz) (d), 129.28 (d, 2C), 129.05 (d, JPC= 11.7 Hz) (d, 2C), 128.34 (d, 2C), 127.51 (d), 10956 (s), 
81,08 (d, JPC= 1080 Hz) (d), 74.88 (d, Jpc=5.7 Hz) (t), 68.50 (d), 66.81 (t), 61.80 (t), 46.08 (d, Jpc=68.8 
Hz) (d) ,26.31 (q), 25.16 (d, JPC =8.9 Hz) (t), 24.89 (q), 24.69 (d, Jpc=66.4 Hz) (t); IR (CDCb): 3066, 
3033,2938,1495,1438,1372,1260,1182,1155,1112,1062 cm-‘. 
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A very poor s&ctivity was also observed by us m a preliminary cycloaddition oE (S) 1 to 
E-l-diphenylphosphinylpro ene, 

g 
which furnished, besides some decomposition product, all the four possible 

4-phosphinylisouazolidines. _ Z-l-diphenylphosphinylpropene also afforded all the possible 4-phnsphinyl regioisomers 
with only a slightly better selectivity, still accompanied by decomposition products. Moreover. the reported 
cycloadditions of 1 and 2 to diphcnylvinylphosphine oxide,’ which also produced small amounts of 
~phosphinyliso~a~olidines~ gave a moderate sclcctivity in that rcgioisomeric approach. 

One of these dlastercois~~mers (31P NMR 6 27.S9 ppm} has been 

isolated and it was assigned the structure 13 with fruns C3-C4 and flzreo X 
C3-C4’ relative stereochemistry on the basis of the follovijng ‘H NMR O :ti O 
data: b 8.00-7.20 (m, 35H). 4.65 (dquintet, J = 19.2,7.1 H7, 1H, HS), 4.50 
(d, J= 12.4 II?, IN), 4.33 (d, _I= 124 Hz, IH), 3.88 (q, J=6.9 Hz, lH, 
H4’), 3.79 (dd. Jz8.4, 6.5 Hz, lH), 3 52 (ddd, J ~7.3, 6.1, 2.6 Hz, lH, \ 

+H&=h2 

F-N 
H4), 3.50 (ddd, J=lh.Z, 7.5, 2.7 H?, lH, H3), 2.99 (dd, J=8.4, 6.7 HI, 

lH), 1.32 (d, J=6.7 Hz, 3H), 1.16 (s, 3H), 0.83 (s,3H). Ph ‘013 
I 

ME! 

Quin, L. D.; Grate, J. P.; Barkct, P. T.J. 0~. C%cm. 1968,33,1034. 
Nitronc 1 partially dccomposcd hy prolungcd heating in these conditions. In relluxing bcntene f and 6 were practically 
unreactive. 
Other possible isomers lie below the 1% detection th~hold of “P N.MR spectroscopy, which was shown to be a very 

powerful and accurate technique to reveal the presence of phosphorus ~ontainlng products present in even very lit& 

amounL7 
The X-ray analysis was performed in collaboration with W. Wieczorck, Technical University of Lodz - Poland. Fulf 
details will be published elsewhere. 
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The data of a better resolved Y H NMR spectrum are reported herein. 


