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REAC’l’lON OF AL~YLI~ENEPSEU~OX~~L~NES 
WITH AMINES 

Y. IWAKURA, F. TODA, Y. TORII and IL TOMKKA 

Department of Synthetic Chemistry, 
Faculty of Engineering, The University of Tokyo 

Ab&raei--New 2-alkylid~ep~udox~olo~~ reacted with primary amina to give K&addition products 
of aIkyIidene~udoxa~olon~ and amines, while by the reaction with secondary amines, the mixtures of 
1:X- and f:2-adducts were isolated. A relationship of the structures of pseudoxazolones and amines to 
the products was discussed. 

IN RECENT years, although Sarylidenepseudoxazolones have been investigated,1*2 
the reactions of 2-alkylidenepseudoxazolones3 towards nueleophilic reagents have 
not been considered. The C-4 and C-5 positions in 2-arylidenepseudoxalones are 
regarded as the principal sites of attack by most nucleophilic reagents. Mustafa 
et al. reported’ that Z-b~n~lidene~-phenyl-3-ox~olin-5~one (1) reacted with 
aniline in methanol to give a ring-fission product II and with excess phenylhydr~ine 
to yield a product for which the structure III has been givense6 Our discovery of 
the preparation of 2-alkylidenep~udox~olon~ from ~-alkenoyl-~-Gino acids 
prompted us to explore the problem of their reactivity to amines.’ 

Aniline 

McOH e h 

PhCH*CONH COOMe 

NH Ph 

2 Pbcnylbydratint c 

II 

II1 

I;HNHPh 

RESULTS AND DISCUSSfON 

One mole of 2-alkyliden~-3-ox~olin-S-on~ (IV) reacts slowly with two moles of 
aniline at 60” for I2-24hr without solvents to yield the addition products VI as 
shown in Table 1. Maximum yield of VI require threefold molar excess of amine, 
Intermediate saturated S-oxazolone (V) was known to be more reactive than TV.’ 
The structure of VI was confirmed by chemical properties, hydrolyses. IR and 
NMR spectral data. Although VI resists hydrolysis in basic media, Via is partially 
hydrolysed in concentrated aqueous HCl at 100-120” for 2 hr to give VIIa. The 
complete hydrolysis of Via in concentrated aqueous HCI at 160’ for 16 hr gives 
l-anilinoisobutyric acid9 (VIII) and DL-alanine which was detected by paper- 
chromatography and isolated in the form of the benzoyl derivative. 

~imethylfulvene (IX) adds phenyllithi~ at the sterically hindered-ecu-double 
bond to form a product X due to electron drift from the exodouble bond into the 
ring.“. I1 The exodouble bond of IV would be attacked by nucleophilic reagents 
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Reaction of alkylidcncpseudoxamlones with aminm 577 

presumably by electron drift to the heterocyclic ring through the conjugation with 
the CO group. 

Aniline 
- PbNH CONH 

F 

2 

CiH 
CONHPh 

Me R, 

IV 
L 

V 
J VI 

Via: R, = Me, Rz = Me WC: R1 = i-Bu, R2 - Me VIc: RI = i-Pr, R2 - 0-8~ 
VIb: R, = i-F%, R, * Me VId:R,=Ph,R2=Me VIf:R1 =H,Rt-Me 

It is well known that the reaction of normal S-oxazolones with primary and second- 
ary amines occurs generally at the C-5 position to afford 1: l-addition products. f2 
In contrast to the ring opening reaction, 2-phenyl4isopropylidenc-2-oxazolin-5-one 
(XI) reacts with alkyl Grignard reagents by 1,2-addition to give saturated S-oxa- 
zolone (X11).13 Especially, XI undergoes a ring opening reaction along with the 

PhNHCCOOH + DL--0 

VIIa VIII 

1:Zaddition with benzyl mercaptane,‘* thiophenol,i6 hydrogen sulfide,‘* and 
amm~nia’~ to give products such as XIII. 1:2-Adducts are produced by a similar 
reaction of IV with primary amines such as benxylamine, phenethylamine, and 
cyciohcxylamine. 

Ph 

Me- -Me 
c 

X 

When piperidine reacts with IVb in aromatic solvents in place of primary amines, 
an exothcrmic reaction producing a l:l-adduct (XIV) as the main product within a 
few hours occurs even in the presence of twice the equimolar amount of piperidine. 
The adduct (XIV) was identical in all respects with the compound prepared from 
2-isopropyI4isopropylidene-2-oxazolin+onc (XV) and piperidine, The addition 
reaction at the exodouble bond was preceded by the ring opening at C-5 position 
presumably because of steric hindrance of the amine. XIV was accompanied with 
a small amount of the 1,2-adduct which was separated from XIV by recrystallization. 
The structure of the l,aadduct is considered analogous to VI as listed in Table 2. 

XII XI XIII 

T 
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The l,Z-adduct was isolated from the reaction of morpholine and IVb as the principal 
product, while from N-mcthylbcnzylaminc and pyrrolidine with IVb, only 1:2-adducts 
were obtained as shown in Table 3. 

i-Pr 

The reaction was extended to 2-cthylidenepseudoxazolon~ When 2cthylidcne4 
methyl~3-oxaz@n-5-one (XVIa) prepared by Bergmann’s method” reacts with 
aniline, the 1:Zadduct together with the l:l-adduct in the ratio of 2*5:1 is produced 

IVb + Pijmidins - 

1 

Marco co 

?~I1 
i- 

XV + Piparidina * Ma~cHCONH XIV 

Mea ro 

(Table’ 4). The formation of l:l-adducta may be due to the preferential attack on 
C-5 position of XVI followed by the raement of the double bond or the rc- 
arrarqement of XVI to 24~hyl-2-oxazoline~5~oncs by the catalytic effect of aniline 
followed by C-5 attack to l,l-adducts? 

XV&R-Me XVib; R - i-R XVIc; R - i-Bu 

Finally, the normal S~xazoloncs (XVII) as montioncd in the litcraturc1f reacts 
with aniline in aromatic solvents at room temperature to give l,l-adducts and the 
results are given in Table 5, 

2-Ethyl4isopropylidono-2-oxazolin-5-one (XVIIa) and 2-isopropyl4benzyli- 
den*2-oxazolin-5-one (XVIIb) wore prepared by the cyclization’ of N-~c@o~~-DL- 
valiner’and N-metbacryloyl-DL-phanylatanine. XV was synthwized from N-isobutyryl- 
glycine and acetone by Erlcnmeyer’s method.” The reaction of IV with aliphatic 
amines including n-butylaminc and diothylaminc was tried, but the reaction products 
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neither crystallized nor form crystalline derivatives. The reaction, followed by the 
carbonyl absorption of IV in the IR spectra, does not proceed with N-methylaniline 
owing to its low reactivity. Thiophenol also gives the 1:Zadduct with IVb. The mode 
of reaction is probably similar to that with aniline. 

TABLB 4. RBMXION OF 2-ETHYLIDENWSiKJDoXZOLD~ WITH AMLINE 

Required Found 
Compound Adduct M.p. Formula r , I \ 

C H N C H N 

XVIa 1:2-(39 %) 147-151° C1sH1iNsGa 69.43, 6.80, 13.50 69.32, 6.83, 1347 
XVIa 1:1+6%) 114-117” ClaHliNzGz 66.03, 6.47. 12.84 65.23, 647, 12.84 
XVIb 1:2- 150-151” %JHIJNS% 70.77, 7.43, 12.38 7028, 7.52 11.86 
xvic 1:2- 145” CI iHz,N,% 71.36, 7.70, il.89 69.40, 7.32, 11.41 
XVIC l:l- 200” C,aH;loN,Gz 69.20, 7.74, IO,76 69.32, 7.85, 10.86 

TABLBS. &LACCIONOFNORbfAL~-OXAZoLONESWlT?IANIUNE 

Required Found 
Compound Adduct M.p. Formula 

CN‘ 
I \ 
C H N 

XVIIa l:l- 205-207” %H,sNtGz 68.27, 7.37, 11.37 68.23, 745, 11.61 
xv l:l- 242-243” ClsH10NtGz 69.20, 7.74, 10.76 69Q3, 7.53, 10.85 
XVIIb l:l- 198-199” CWH~ON@~ 7400, 654, 9.09 73.73, 6.65, 9.22 

EXPERIMENTAL 

N-ZSO~U~JT~CDL-VUB~U. N-Isobutyryl-Dr.-valinc prepared by the reaction of DL-valinc with isobutyryl 
chloride in water using two equivalents of 20% NaOH soln as acid acceptor, yielded the product (59%). 
mp 170-171” (lit.19 165-167’). (Found: C, 58%; H, 8.39; N, 7%. C9Hl,N03 requires: G 57.73; H, 
9.;;; N, 7.48 %.) 

a-Zkomoisoburytylglycke. Glycinc (21 g) and NaOH (&7 a) were dissolved in water (60 ml). To this 
soln, NaOHaq (NaOH 8*7g/H20 6Oml) and a-bromoisobutyryl bromide (500, were added dropwise 
under cooling in au ice bath and the mixture was stirred at room temp for 1 hr. Then the mixture was 
acidified with cone HCl(18 ml). The product was filtered off and recrystallized from water (about 150 ml) 
(305 g, 63%), m.p. 116-I 18” (lit. 1o 118O). (Found: C, 33.50; H, 468; N, 6.65. CsHloNOsBr requires: 
C, 32.10; H, 447; N, 6.25 %.f 

a-Bromopropfonyl-DL-&&ne. This compound” was prepared in the same mauner as a-bromoiso- 
butyrylglycine using DL-W (9.3 8) and a-bromopropionyl bromide (25 g). The product was 24g 
(93x), m.p. 149-151” (from H20); v, 3300 (N-H), 1715, 165Ocm-’ (a-0). (Found: C, 32.38; H, 
4.72. C6HIONOsBr requiroa: C, 32.10; H, 447 %.) 

2-Zsopropylidmr-ermty~-3~~zolfn-S-onc (IVa). The preparation of IVa from N-methacryioyl-Dx,- 
alanine was carried out by the method described earlier. ‘*21 IVa, 41”/, b.p. 54-S6°/l*5 mm; 1% a4%, 
74-76’11 mm; IVc, 780/, 84-86”/1 mm; IVd, 14”/, m.p. 138”; IVc, 580/, 8688”,07 mm. 

2-Etbytklsnc-e~~opsoptopyE3sx4tolfn-5snc (XVIb) and2-ctlryl4fsopropyll-2~x~l~-~~~ (XVIIa). 
Both compounds were synthesixed by the method described previously.’ XVIIa, 88%915”/11 mm; d_ 
271 m)c (in cyclohexane); v, 1780 (C=O), 1680 (C=N), 1620cm-’ (C-C). 

2-Zsopropyfkl~-3-ox4zolln-kmc (IV0 This compound was prepared according to the procedure of 
Bergmann.” A mixture of N-a-bromoisobutyrylglycine (20.5 g), NaOAc (7.5 g) and benxoic anhydride 
(310) was ground in a mortar. Lie solid mixture was heated on an oil bath at I2 mm and the distillate 
boiling at 8W9” was collected. The yield was 6.2 g (42 %); v, 1775 (M), 1675 cm- 1 (G-IN), 11, 
310 mp. The product, upon exposure to the air, polymerized with evolution of hea! within 4 hr. To avoid 



the formation of polymer, a trace of hydroquinone w added to tba distilIate and tbc remetion with 
aniline mwt be carried out u K)OII u possibk; afta preparation, 

2-Ethylklnr4-mrthyl-34x4soltn-5-onr (XVir) A powdered mixture of N-a-bromopropionyl-DL- 
alanine (i&J g), anbyd NaOAc (3.7 gh and benxoic anhydride (16.9 rr) wu hated in 50 ml flask on an oil 
betb kept at 100-1200 fn trruyd. Tbu fraction boiling at 57-W/5 mm (fit.” 76-77”ftZ mm) wu collected 
(110; 75%; v,, 1775 fC=O), 168Ocm” (C-N). 

2,4=oMropropyr-2~~oJsxntoltn-5anr. About 100 ml of AC@ wu bextad to 100” on an oil bath and into the 
preheated AQO, N-isobutyryl-~waline (9 g) wu added aa quickty u) poseibls and tbs mixture wan held 
at loo” for additional 5 minqr2 AcOH and excw Ac~O were removed under reduced prelr and the ruiduc 
wae fractionated &I wuo. The yield of the product boiling at 84-W/lOmm was 5g (62%); v,, 1810 
(C-U), 1670~11” f-N). (Found: C, 639; H, 9.08; N, 8.47. C,H,SNO1 requinr: C, 63.88; H, 8%; 
N, 8*28 %.I 

2-fsopr~~yJ4f~2~~oJ~-~~ (XV). Thii compound wax prepared by the method 
reported by Ramage and Simonran;‘* 7678’/25 mm (8 g, 11 %e) 

ReMon wtt), 0nfJJnr 

(a) A &turn of fVa (107 0) and aniline (735 0) in toluene (10 ml) wp1; kept at 60* for 24 hr in a sealed 
tube. The rwuhing cryst& were recrystaliixed from 1X1 ml toluene, yiekiing Via (108 gh m.p. 142” ; 
v_ 3380,330O [N-m 1690,1650,160~ un-’ @-Cb); NMR ringlet, b - I.60 ppm (SH, ~~~d~etbyJ~; 

doublet, d I 1.44 ppm (3H. ;CH--CH,, J - 6*6 C/6) in pyridine. 

Uting (L similar procedure, the following compounb reacted witb &ine. 
VIb from wetone, v- 33!%I, 3320 (N-H), 1685, 1650,161O cm-’ @-O); 
VIE from tofuen% v- 3360* 3360 (N-H), 1680, l650‘ 1605 cm” @-Of; 
VId from beswne, v, 3380,3300 (N-H), 1@0,1605 cm-’ (0-Q; 
Vlf from benzene, v, 3380,332O fN-HX f690,165o,f6# cm-’ (CMD); 
Vie from benzene and petroleum ether, v, 3300 (N-H), 1684 1655,M-U cm-’ (olo). 

(b) Aniline (8 0) WM added to XVfr (4.64 g) diwolved in toluene (10 ml). The mixtm WIU allowal to 
stand overnight 8nd then tL nrulting white ma66 wu collcctal by filtration. Thi6 wu mainly comporad 
of 1:2-adduct mixed with small quantity of l:l-rdduct. Since the f:2-edduct wea 1~ lohable in EtOAc, it 
was purified by recry&allixation from EtUAc in 39% yieki (4~33 gL Tbe M-adduct WIU recovered from 
tbe combined residuaJ soln end recry6taUzed twice from H&-EtOH in t6% yield ($3 rp% In the reaction 
of XVtc with aniline, only * small quantity of adduct was isolated melting ;200” from We, wbiJe with 
XVIb the Wadduct WOI not Watod at all m 112~adduct from XVIe ha8 v, 3270 (N-H1 1680,1640, 
IfiOOcm”~ (C-QL The 1:2-mdduct from XV% ha6 v_ 3280 (N-H), 1650, lS9Scm*1 (-1 The 
1:2-adduct from XVlc hat v, 3200 (N-H), 1650,139S cm”’ (C-O), 

Reaction wirh ~J~~f~ 
(a) To IVb (2-N 0) in bantsna (S mlf pip&dine (241 of wx6 added in a tied tube. Tbe mixture was 

kept at 60’ for 4 hr. The resulting rolid matcrir3 wu diuolved in ~CWBM (10 ml), then the aoln wa6 cooled 
and the cryrt& were reparattd, Ind reaytt16bod from 4Oml of a mixture of bimz~ tmd a-hexanc to 
yield 2.53 g (73 “/,) of i,l-adduct Tbo filtrate wu evaporated and tb reridw diualvcd in a-hexane (10 ml). 
Tbc inoolubic matter WM ~paratcd by filtration from a hot 6ol.n Pad the f&rata was allowed to stand in 
a nfrigerator. The yierci of 1:2-edduct wa@ tI80 g (17%) The 1 :l-addua has v, 3tW (N-H), 1680, 
f6OOcm” (C-0). Ibs f:?-addwzt bu v, 3300 @I--Hh la 162Ocm” (C+Uj, 

(b) XV flO8gt reacted with pipe&line fl*35pf in beaxene (1OmJj to give the product (t+l8 g, 73% based 
on XV); m+p. 128-1319 By removd of solvent from the fittrate, about 014g of the l:l-adduct was n- 
covered, but no 1:2-adduct wax obtained. 

(c) Ta a ~lln of 24-di~propyl-2-ox~oliu~S~~ (2a g) in bunzune (50 ml) piporidine (1.28 g) wa6 
added. The mixture wa6 allowed to stand at room tamp ovurnight. About 2.3s g (75 YJ adduct wu obuinc#i 
by filtration and thi6 wa6 rcqMaE& from the mixture of bcnxene fS ml] and n-hexam! (20 ml); m.p. 
10S107°, v_ 3330 (N-H), 167% 162O~m-~ (C-0). 

R~ucrion of IVb with nmrpholinr 
A mixture of morpholiaa (348 g) and IVb (3% 0) wu kept at 60” for 12 hr. The rarultiw cry6tal6 wart 

recry6tallixed from a mixture of banxane (10 ml) and pet. other (20 ml& The yield wa6 W3 g (779/,x v_ 
3360,32QO (N-H), 1760,1640,1610cm” (C-0). 
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By the ume method, the following compoupd, worn rubject@ to tbs reaction with secondary amlaer: 
Compound IVb with N-methylbenxylamine-v,, 3Mo (N-H), 1670 (w), 1640,1610cm- (O-0); 1Vb 
with pyrrolidino-v_,, 3200,315O (N-H), 1670,161O cm-* (G-0). 

Reactfon of Ivb wfth thfophenol 
A mixture of IVb (2Q2 0) ad thiophenol(2*97 a) WM allowed to stand at room temp for about 2 we&, 

The m&in@ cryatala were rcuyrt&izcd from c mixtum of n-hexane (20 ml) and benxano (20 ml), 17%; 
m.p. 1%1220, v, 3380 (N-H), 169Ocm-' (C43). (Found: C!, 65.34; H, 6.52; N, 414; !$ 16%. 
C&H1,N02S2 requirta: C, 6597; H, 651; N, 3.61; S, l&55 %.) 

PrrpotlrHon of 1-anflfnofsobutyrk a& Am rcn authentic rompk of VIII, l-mnilinoirobutyric acid wi 
prepared from ethyl a-bromoisobutyrate and aniline via ethyl I-anilinoiaobutyrate by thr method de+ 
cribad by Birchoff. a3 The m.p. wu 180-183°, Y_ 3300 (broad, N-H), 1600 cm-’ (C-0) The author 
mentioned that two compounds were produoed by the ma&on.‘3 The NMR data rupporta that the 
compound of hi&er m.p. is l-anillnoirobutyric rcid;9 d - 1.74 ppm (singlet, qcmdimcthyl), b - 250 ppm 
(NH) in pyridine. 

Portid hydrolysfs of Via A umple of Vfa (2 g) was refluxcd with cone HCl(20 ml) for 2 hr on an oil 
bath kept at 100-120”. Tbc water and HCl wan removed by evaporation under reduced pm88 and then 
dimsolved in Ha0 (30 ml). After nsutralixetion with 10% N10Haq to pH 4, the resulting crystal8 were 
rccrystallizul from EtOH-H,O. The yield WPI 970 mg (63 %); v, 3380,. 3330 (N-H), 1730, 1720,162O 
cm-’ (C-O); m.p. 187-188”; NMR ringlet, d - 1+67ppm (6H, gnn-dimethyl), doublet, b - 136ppm 

(3H, >CX--CH,, J - 7*2cfq), (Found: C, 62.36; H, 7.37; N, 11.15. C,3H,6N103 requires: C, 62.38; 

Ii, 7.25; N, 11.19 %.) By an anrlogow proo8dure, the hydrolyrir of Vlb wu carried out at 1600 for 6 hr 
in 42% yield. Drtutic conditions wcm required for hydrolyti owing to the branched alkyl group; v, 
3350 (N-H), 1710, 1630 (C-Q, m.p. 164-168”. (Found: C, 65.75; H, 8.05; N, 1@14. CIsH~INaOI 
requirea : C, 64.72 ; H, 7.97; N, 1097 %.) 

Compleu! hpfrO~y6b of Via A sample of Via (5 a) wu rcfluxed with cone HCl(50 ml) for 16 hr on (us. 
oil bath kept at 160”. After evrporrtion of tho aqueous HCl, Hz0 (30 ml) wu added and neutrnlizcd with 
10% NaOHaq to pH 4. The reaulting solid ~6 iiltsmd off md wrshai with H,O and dried. Tbu compound 
(1.62 g, 59 “/ WM I-milinoiiobutyric acid 8nd &her rccry6tallixation from EtOH-H,O, 6Ubjwtsd to 
elementel analysca (m.p. 180”). The filtrau WPI adjurtcd to pH 9 with dil NaOHaq and treated twice with 
50 ml of ether in order to extract the resultiql nniline. To the so4 the theoretical amount of benxoyl 
chloride and NaOH were added and the mixture &red for 1 hr. Afta acidification of the mixture with 
10% HCl, the result& lolid was repart@ and nrcryatxllixal from H,O; m.p. 159-161” (liter 165-166’). 
The yield of N-bcnxoyl-oL&nine wu 245 mg (21 %h l-Anilinoiaobutyric acid (Found: C, 6745; H, 
722; N, 803. C1,,HL3N03 rcquiru: C, 6702; H, 7.31; N, 7.82%) N-Benzoyl-DL-alanin(Found: N, 
7.19. C10HI,N03 requires: N, 7*25%.) 

By a similar procedure, the hydrolyllia of Vlc was undertaken. From VIc (5 S), 2.14 0 (87% yield) of 
l-anilinoisobutyric acid was obtained After extraction of aniline with ether, the soln was adjwted to pH 7. 
~~.&ucine ~68 obtained in 25% yield (437 mo) in cryrtallinc form becaum of itr poor roiubility in HIO. 
l-Anilinoiaobutyric acid (m.p. 180-1900). (Found: C, 6643; H, 7-24; N, 7.74. CtoH13NOl requiter: C, 
6792; H, 7.31; N, 7.82 “r,.) 1-Anilinoirobutyric acid (679 mg, 67%) WM obtnined from the hydrolyrir of 
VIb (2 0) at 160” for 36 hr. Bcnxoylotion of the filtrate afforded 1.85 0 of N-beazoyl-~~-~~tline in 59 % 
yield. N-Bcnzoyl-DL-valino, m-p. 1300 (lit. a’ 1325”). (Found: N, 6.53. CllHllN03 requires: N, 6*33x.) 
Reaction of IVb with n=butyhfnc. The mixture of IVb (092 mole) and n-butylamine (O#mob) wet 

allowed to stand at room tcmp for A week, but no cry6tallinc material WM obtained. The resulting oil 
rhowcd IR l bsorptions at 3350 and 1650 cm”. 
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