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A NEW 1,3-DII’OLAR CYCLOADDITION 
REACTION 

SYNTHESIS OF SOME ISOXAZOLIDINE DERIVATIVES*’ 

M. OCHIAI, M. OBAYASHI and K. MOJUTA 
Rcscarch and Development Division, T&da chemical Industries. Ltd., Osaka. Japan 

(Receirvd in Japan 1 October 1966; accepted for publication 24 October 1966) 

Abhrct-A new 1,3-dipokr q&addition reaction with formaldoximc as a 1,3dipok compound 
has ban discovered. Stacospecifkity of the reaction and mass qaztral data arc discus&. With 
ethyl propiolate, 3,Sdkthoxycarbonylpyridine. formed oh a l+dipolar cycloaddition reaction, was 
obtained. 

THE 1Jdipolar cycloaddition reaction’ has received considerable attention in recent 
years; for one reason, the method provides a novel and facile method for the syn- 
thesis of certain heterocyclic compounds. The reaction, according to Huisgen,l has 
been defined as the reaction between dipolarophiles and 1.3dipole compounds to 

yield heterocyclic compounds. 
To date, a number of 1,3dipole compounds fall into this category and give rise 

to various heterocyclic compounds by the reaction with dipolarophiles. No 1.E 
dipolar cycloaddition reaction has been recorded, however, with formaldoximc (I)* 
which is prepared by the reaction of formaldehyde and hydroxylamine and is supposed 
to be equilibrated among the following resonance formulae: 
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The present paper reports a novel 1,3dipolar cycloaddition reaction between 
formaldoximc (I) and some a&unsaturated nitriles and esters, which provides a new 
synthesis of isoxazolidine compounds. 

The reaction of acrylonitrile with formaldoxime proceeda! in a rcfluxing aqueous 
methanol to give an oily substance which was proved to be a mixture of two com- 
pounds by TLC. Chromatography of this oily material on silica gel furnished two 
oily substances, which showed the IR absorption bands attributable to an unconju- 
gatcd C=N and C-O bonds (2250, 1035 cm-l) and the elemental analyses were 
consistent with the formulae IV and V, respectively. The NMR spectra clearly 

*I This papa was p-ted at the 86th Annual Meet@ of the Phamnzceutical Society of Jqmn. 
scndai, 23 October (1966). 

’ R. Huiqen, Al(pnu. C-&m. 75.604 (1963). 
g W. R. Dunstan and A. L. Bossi. 1. Chem. SM. 73,353 (1898). 
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demonstrated that the products should have the structures IV and V rather than VI and 
VII, the latters also being one possibility from a point of view of the classical theory 
of organic chemistry. 
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Similarly, an investigation was carried out with methyl acrylate and formaldoxime. 
The chromatography of the reaction product on silica gel gave two oily substances, 
which were assigned the structures VIII and IX from the elemental 
mol. wt and NMR measurements VIII; 4.59 ppm (couple of doublets, 
lH), IX; 4.58 ppm (couple of doublets, J 8 and 6 c/s)]. 
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The hydtogcnolysis of these compounds over Pd-C at room temperature afforded 
lactams (XI and XII) in quantitative yields [IR: 1690, 1680 cm-l, respectively, 
NMR (D,O) XI; 4.45 ppm (triplet, J 7 c/s, lH), XII; 4.45 ppm (triplet, J 7 c/s IH)]. 
The lactam thus obtained from VIII was identical with an authentic sample prepared 
from XIII3 and by comparison of the IR spectra. 

As these lactarns apparently should be formed ciu an intermediate aminoester X, 
this provides unambiguous chemical evidence for the structures of the isoxazolidines 
obtained by the present l&dipolar cycloaddition reaction. 

When the reaction was carried out with methyl mcthacrylate a single product was 
obtained, of which the elemental analysis, IR spectrum (3200 cm-r) and NMR 
spectrum [DzO, 1.52 ppm (singlet, 3H), 2-O-2-7 ppm (multiplet, 2H), 3-f&3*4 ppm 
(multiplet, 2H), 3.75 ppm (singlet, 3H), 5.71 ppm (broad singlet, 1H)) showed good 
agreement with the structure XV. Again, the hydrogenolysis of XV yielded E 
hydroxy-3-methyl-2-pyrrolidone (XVI) quantitatively [NMR (D,O): l-38 ppm 
(singlet, 3H), 2.27 ppm (split triplet, J 7 c/s 2H), 3.37 ppm (split triplet, J 7 c/s 2H)]. 

All these results suggested that the l&dipolar cycloaddition reaction had occurred 
between qjkmsaturated nitriles or esters and the resonance form IPa* of formal- 
doxime, which bears a negative charge on the methylene carbon and the positive one 
at the oxygen. The mechanism of the reaction would then be expressed as follows: 
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In general, it has often been observed’ that 1,3dipolar cycloaddition reactions 
proceed stereospecifically. In order to examine the stereochemical aspects of the 
cycloaddition with formaldoxime, the reactions with dimethyl fumarate and maleate 
were studied in detail. 

Under similar conditions as aforementioned oily substances were obtained from 
the fumaratc in 88 % yield and from the maleate in 73 % yield. TLC examination 
and NMR spectra demonstrated that the crude reaction product from the fumarate 
did not contain any appreciable quantity of the product obtained from the maleate. 

In the NMR spectrum of the purified product from the fumarate the coupling 
constant between the 4- and Sprotons was 3 c/s; while, the product from the maleate 
showed a coupling constant of 8 c/s. This, therefore, almost certainly establishes that 

*I* Similar direction of cycloaddition U&I the back polarization has baen o&r& in the r-ion 
of ethyl aqlate with some nitroncs.’ 

’ E. Fischer and A. Gbddcrtz. IL&r. Dach. Chtm. Ges. 43.3277 (1910). 
’ R. Huisgen. A~cw. Chum 75.627 (1%3); G. R. Dclpicrre and M. Lam&cm, Pmt. Chem. Sot. 

386 (I 960). 
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the former should be assigned the structure XX (dihedral angle between the 4- and 5- 
protons is 120”) and the latter the structure XXII (dihedral angle is 00). 

From these results it is evident that stereospecific &-addition had occurred in the 
present 1Jdipolar cycloaddition reaction. 

As the isoxazolidine derivatives described were mostly oily at room temperature, 
solid derivatives and some p-nitrobenzoyl derivatives (XIV, XVII, XXI, XXIII and 
XXVIII) have been synthesized. 

As an extention of the present 1Jdipolar cycloaddition reaction, an acetylenic 
compound having strongly electron-attracting group was investigated. Thus form- 
aldoxime and ethyl propiolate gave an oily product from which the main product was 
isolated by chromatography on silica gel as a crystalline substance (m.p. 51”). The 
mass spectrum (MT 223) and elemental analysis established the molecular formula 
C,,H,,O,N. From the IR spectrum [nujol, 1725 (C--O), 1600 (C N)cm-l] and the 
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NMR spectrum [I44 ppm (triplet, J 7 c/s, 6H), 448 ppm (quartet, J 7 c/s, 4H), 
8.35 ppm (triplet, J I.5 c/s, IH), 890 ppm (doublet, J I.5 c/s, 2H)], this compound 
was established as 3.5diethoxycarbonylpyridinc (XXIV).5 In this case a 1,4-dipolar 
cycloaddition mechanism” would be operative. 

Mars spectra of some isoxazolidhe derivatives. The mass spectra of several 
isoxazolidine derivatives were also studied. Though it lacks detailed data necessary 
for correct mechanistic interpretation of fragments, we tried to present a possible 
interpretation of principal fragments and those which seem to support the structures 
described above. 

The mass spectra of isoxazolidine (XXV’; Fig. l), 5-methyl-5-mcthoxycarbonyl- 
isoxazolidine (XV; Fig. 2). 2cthoxycarbonyLisoxazolidine (XXVI’; Fig. 3) and 
Z-ethoxycarbonyl-5methoxycarbonylisoxazolidine (XXVII; Fig. 4) exhibit the 
molecular-ion peaks ranging from 8.5 to 65% of the base peak in the spectra. 
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In the mass spectra of XXV and XV, intense fragments at m/e 28 and 45 may arise 
from ethylene- and formaldoxime ion radicals, respectively. 

The most remarkable difference in the fragmentation of these two compounds was 
seen in the abundances at m/e 29 and 43 which may be formed as shown below. 
The compound XV exhibits an intense peak at m/e 43 but in almost negligible extent 
a peak at m/e 29. 

In the mass spectra of 2tthoxycarbonylisoxazolidine (XXVI) and Z+t.hoxy- 
carbonyl-5-methoxycarbonylisoxazolidine (XXVII), the base peaks are both at m/e 29; 
the mechanism of the fragmentation would be very much similar to the one described 

’ Ha Stctta and H. Hcanig, Chem. Eer. 8B. 789 (1955). 
’ R. Huisgen and K. Herbig, L&&S Ann. 6S& 98 (1965). 
7 H. King, J. Ckm. Sot. 432 (1942). 
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above. The intense fragment at m/e 28 in both compounds (37 and 58 %. respectively) 
implies the presence of an ethylene moiety in the molecule. 

EXPERIMENTAL 

NMR spectra wac measured with a Varian A-60 instrumcn t unks9 othawise noted in CDCI, 

with TMS as internal standard. All m.ps are uncorracd. Mass spoztra were measured with a 
Hifachi RMUdD double focusing mass spcctrotncfa; ion source tcmp W. chamber voltage 80 V 
and evaporation tcrnp 25” (XXV), 1SOO” (XV), 120” (XXVI), 130” (XXVII). 
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5-Methox)rarbonyfboxawCdine (VIII) und 2-(B_mrfAoxycarbonykrhy~~~t~xycorbon- 
zofidine (lx). To a soin of hydroxylamine hydrochloride (20 gl and NaOH (11.5 g) in 30% McOHaq 
(60 ml) was added formaldehyde (37%. 23.5 g) below 35”. To the soln of forrnaldoximc* thus 
obtained was added methyl aaylate (248 gl at 22”. The mixture was heated at 70” for 2 hr and after 
cooling exttactcd with CHCl, to yield an oily substance (28.4 g). Chromatography of this oily 
substaacc (720 m@ on silica gel using CHCI,-M&O-EtOH (90:10:2) as solvent yielded VIII 
(98 mg) and IX (510 mg) as yellowish oil rcsprctively. (VIII, Found: C, 461)5; H, 689; N, lQ70. 
C,H,NO, requires: C. 45.79; H, 692; N, 1067%. IX, Found: C, 4960; H, 7@8; N, 6.97. 
C,H,,NO, requires: C, 4976; H, 6.96; N, 645%) 

2_(pNirrobcntoyC)EnwIkoxyc~~y/~xazof~~ (XI). To a soln of VIII (131 mg) in pyridinc 
(@3 ml) was added pnitrobenzoyl chloride (197 mg>. The mixture was heated at 90’ for 10 min. 
After cooling, 3N HCI (5 ml) was added and the separated solid colkctcd and waahcd with NaHCO,aq 
and then with H,O. The pure prahxt crystallized from EtOH as colorkss nccdks, m.p. 75-76”. 
(Found: C. 51.18; H. 4.09; N. 976. C,,H,,N,O, requires: C, 51.43; I-I, 4.32; N. 9.98%) 

ZDlroxycorbon~l-S-~~~x~car~nylirox (XXVII). A soln of VIII (70 mg) and ethyl 
chloroformate (70 mg) in pyridinc (01 ml) was heated at 80” for 10 min After adding 3N HCl 
(Ql ml), the reaction mixture was extracted with CHCls to give an oily product (71 mgt. Chromatog- 
raphy of this oiIy product on silica gel using CHQ-Mc,C&EtOH (90:10:2) aa solvent yielded 
XXVII (6Omg). (Found: 48.0s; H, 648; N. 6.93. C,Hi,NO, requires: C, 47.29; H., 6.45; N, 
6.89 %.) 

S-Cyarwisoxazo&i&e (IV), 2-c~~~~thy~S-i~x~oi~f~ (V). Using acrylonitrik (lS.4 g) 
in place of methyl acrylatc in the firstly described procedure, an oily product (15.6 gl was obtained. 
Chromatography of this oily product (600 mg) on silica @ using CHCl,-Mc,WEtOH (1OO:J: 1) 
as solvent yielded IV (43 mg) and V (460 mg) as oily matter res+ivcIy. IV was convatai to XXVIII 
as yetlowish crystals, m.p. 114-l 16”. [v. Found: C. SSOS; H, 624; N. 27.75. C&N,0 requires: 
C, 55.61; H. 6.00; N, 27G30~<. XXVIII, Found: C, 53.76; H, 3.57; N, 17.18. C,,H.NIO, requires: 
C, 53.44; H. 3.67; N, l7+000,‘,). NMR, IV: 4-8Oppm (triplet, J 7&s, IH), V: 4.85 ppm (tripkt, 
J 7 c/s. lH).) 

S-Merhox)Tor&nyl-~-nutrhyl~x~o/~i~ (XV). Using methyl methamylate (29 g) in place of 
methyl acrylate in the firstly described procedure an oily product (9.5 @ was obtained. Vacuum 
distillation gave colorless oil, b.p. 63” (03 mm Hg). (Found: C, 49+tS; H, 7.34; N, 9.81. C,HttNOt 
requires: C, 4964; H. 764; N, 9.65x.) 

2~pNirrobcnroyC)S-mcrhoxyrorbonyl-5_nwr (XVII). XV and pnitrobcnwyl 
chloride in pyridine gave yellowish prisms, m.p. 89-91’. (Found: C. 52.817; H, S.02; N, 946. 
CIIH,,NIOI requires: C. 53%; H, 4+30; N. 952%) 

3-Hydroxy-2-~~7rof~~ (XI). Hydrogenation of VIII (131 mg) in EtOH (1Sml) with a Pd 
catalyst (10% on charcoal, 100 mg) resulted in smooth absorption of 1 mok cquivaknt H, in a period 
of about 30 min. Filtration, evaporation of solvent gave a solid matter (100 mp). The pure product 
crystallir..cd from CM.&-hexanc as color& prisms, mp. 8s” @inters at 7s”). (Found: C, 47.30; 
H, 677; N, 13.78. Cak. for C,H,NO*: C, 47.52; H, 6.98; N, 13%x.) 

l-(~--M~lrhy~~h~ox~2-~~of~~ (XII). HydrogeMtion of IX (217 mg) in 
EtOH (20 ml) with a Pd catalyst (10% on chamcal. 200 mg) and purification of the product by the 
chromatography on silica gel using CHCl,-M&WEtOH (80:20:3) as solvent yielded XII as an 
oil (167 mgf. (Found: C, Sl.61; H, 6.83; N, 7.39. C,H,,NO, requires: C, S1.33; H, 7a; N. 
7-48 %.) 

3-ff~~roxy-3-mcrhyi-2-p~wol~~ (XVI). Hydrogcuation of XV (1411 mg) in EtOH (15 ml) with 
a Pd catalyst (10% on charcoal, 1SO mg) and reaystalliration of the crude product from EtOH-hcxanc 
afforded XVI as colorkss needles. m.p. 163” (115 mg). (Found: C, Sl-94; H, 7.75; N, 12.26. 
C,H,NO, requires: C. 52.16; H. 7.88; N, 12-17x.) 

MpN~trobmroyfoxy)2-pyrrolidont (XVIII). Treatment of XI with pnitrobcnzoyl chloride in 
pyridine gave yellowish prisms, m.p. 16lS-163”. (Found: C. S274; Y 4.14; N, 1@87. C,,H,,N,OI 
requires: C, 52.88; H. 4.03; N. 11.20%.) 

l-@-Mefhoxycarbonykthyf)Hpnirro&nzoyfoxy)2-pyrroli&ne (XIX). Yellowish prisms, m.p. 
102-104”. (Found: C, 53.43; I-I, 4.75; N, 840. CIIHIINtO, requires: C, 53-57; H, 4.80; N, 
8.33 %.) 

4,5_trans_Bis(mrl~x~~~y~x~o/~j~ (XX). Using methyl fumarate (log) in place of 
methyl acrylate in the firstly described proczdurc. the mixture was rcfluxed for 2 hr. After evaporation 
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of McOH the residue wps taken up with CHCI, to give an oily product (115 3. Chromatography 
of this oily product (800 mg) on sika gel using CHQ-MqCCkEtOH (90: 10:2) PI solvent yielded 
XX (620 mg) u an oil which soliditkd on standing, m.p. S7-SE”. (Found: C, 445s; H, 5.97; N, 
7.19. C,HI,NO, requires: C, &44; Ii, 5.86; N. 7.41x.) 

2-(pNlrr~~~~~,S-~~~r~~.~u~~~y~~~uz~~~ (XXI). Reaction of pnitrobcnzoyl 
chloride with XX in pyridine afforded XXI as colorless crystals, m.p. 84-8s’. (Found: C. 49500; 
H, 443; N. 8.31. C,,HIIN,O, requires: C, 49.71; H. 4.17; N. 8.28x.) 

4,~-B~mcr~~~&~y~xuz~/~~ (XXII). In a similar procedure to obtain XX, methyl 
makate (10 g) gave an oily product (9.6 gJ. Purification by chromatography on silica gel atiorded 
yellowkh oil. (Found: C, 44.36; H, S.88; N. 7.16. C,H,,NO, requires: C, W44; H, 586; N, 
7*41’/) 

z(pNlrr~~20yl)4,~citibic(mrrhoxycorbony~~x~~~ (XXIII). Treatment of XXII with 
pnitrobcnzoyl chloride in pyridinc gave XXIII as colorless aysta& m.p. 82+835”. Admixture 
with XXI caused depression of the mp. (Found: C, 4944; H, 4.22; N, E-29. CILHI,N,OI requires: 
C, 49.71; H, 4.17; N, 8*28%.) 

3,S--D&r~xyc~Lw1y~yri&te (XXIV). To a soln of ethyl propiolate (3.8 gI in SO% McOHaq 
(40 ml) was added trim& formakloxim~(1~0 g). The mixture was reiluxcd for 4 hr. After cvapora- 
tion of McOH the residue was extracted with CHCl, IO give reddish yellow oil (43 g). Chromatog- 
raphy of this oily product on silica gel using CHCl,Me+CGEtOH (93: 7: 1) aa solwnt gave XXTV as 
an oil which solidified on standing, m.p. Sl”.‘ (Found: C, 59.22; H. 5.84. Cak. for CIIHIINOI: 
C. S9.18; H, 587%. Mass: M+ 223.) 
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