
Tewahedrm VOI 49, No 11. ~1, 2261-2274.1993 
Rmted m Great Braam 

oo4oa2oi93 $600+00 
Q 1993 Pexgamon Press Lad 

Thermal Rearrangement of Benzisoxazole- and 
Naphthisoxazolequinones in Solution and in the Solid State. 

Stereoselective Synthesis of 
y-Cyanomethylidenebutenolides. 

M. Victoria Martinez-Dfaza, Salom6 Rodriguez-Morgadea, Wolfram Sch&ferb and 

Tom& Torres*ga 

-to de Quirmca (C-I) Faailtad de ~wa.aaa Umwmlad Aut6nana de Madnd 2$04!%4adnd, SW 

bMax-F’knck-Inshtut fur Bmcheone gO33Martmsncd bea Munchen, Germany 

(Received in UK 31 December 1992) 

Absbwt. Readdy accessable benz~soxszolequmonea 1 undergo thermal mdnccd b&ly stereosekct~ve rearrangement m 

solution to afford quanutatwely r-cyanomethyhdenebutenobdea 3 The trawformahon cao be explamed by the 

form&on of a vmylogoua mtrene m@rmedmte 4. which undergoes an mtramoleudar aad-cataIysed rearraagemcnt 
Compounds 3 react eauly with alcohols m hkhael ad&hon On the other hand. benzlsoxazoleqmnones 1 and 
naphdusoxaz&qmnones 2 undergo thermal mtermolccular rearrangement m the sobd state to gave m tb~s case the 
correspandmg N-methybsoxazo1oneqomone.q u) and 11. respeztwely, as mayor products 

Heterocychc qumones are an important feature of many blologlcally active natural and synthetic products 

and often serve also as useful synthetic mtermedmtest~ 

Our own Interest In qmnone chemistry3 prompted us to explore syntheses and reactlvlty of 

benvsoxazolequmones 14 Some of these compounds are mtrene precursors on thermal or photochem& 

exatattons, being therefore versatde mtermedlates for the preparation of highly functionalised compound&7 

Thus, we described the reanangement reactton of lsoxazolequmones m dlmethylsulfoxlde solution which allows 

the preparation of sulfoxlmldo and sulflhrnmoqumones6 Recently7, we reported a facile synthesis of 

alkylrdenebutenohdes via thermal rearrangement of benzlsoxazolequmones In this papers we descnbe the 

detailed results regarding the thermal rearrangement In solution and m solid state of benzlsoxazole- and 

naphthlsoxazolequmones 1 and 2 
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Thermal Rearrangement in Solution. Prevlouslfl, we reported a simple preparation method of 3- 

alkoxy-5arylamlno[2, llbenusoxazole-qmnones 1 startmg from 2-carboxy- l&hydroqmnone Benusoxazole- 

qmnones la-e can be easily transformed m alkylldenebutenohdes 3a-e m near quantitative yield by heatmg at 

110 @C dunng 40-60 mm m a chlorobenzene solut~ooa The structures were determined on the basis of analytical, 

chemical and spectroscopic data and confirmed by X-ray analysis of 3ag Alkyhdenebutenohdes are important 

synthetic intermediates and have been used as precursors of several physlologlcally active butenohdes such as 

tetronomycm, among others lo 

The rearrangement of lsoxazoleqmnones 1 to butenohdes 3 under these con&tions proceeds m a highly 

stereoselechve manner Only a single detectable stereoisomer Q was obtamed as evidenced by NMR However, 

when compound la was heated at lower temperature (61°C) m chloroform solution dunng 2 days, It was possible 

to observe by IH-NMR a mixture of stereoisomers (Z)- and (I$3a together with non-reacted startmg matenal 

la 

The configurattonal stablhty of compound (I$-3a was tested by heatmg a mixture (ca 2 1) of (Z)-and (Ii’)- 

3a at 110 “c m chlorobenzene solution After 30-40 mm the Z-Isomer was the only vlslble product (IH-NMR) 

thus m&cahng its higher thermodynanuc stabdity 

The final (Z)- stereochemistry of the compounds 3 might be determined by stenc effects affecting the 

thermal eqmhbna between compounds (E)-3 and (Z)-3 at thermolysls temperature (110 “c) These eqmhbna are 

completely dsplaced to the Z-Isomer (within the error limits of the lH-NMR techmque) as evidenced by a 1H- 

NMR spectrum of pure (Z)-3a In chlorobenzene at 110 “C which only showed the presence of the Z- 

stereolsomer 

* (Z)*(E)-3 L (Z)-3 

Scheme 1 

The transformation from lsoxazolequmones 1 to butenohdes (Z)-3 could be expliuned m terms of the 

reaction pathway depicted rn Scheme 1 This would begin with the cleavage of the weak N-O bond of 

benzlsoxazolequmone 1 to give a vmylogous mtrene 4, which would undergo an intramolecular acid-catalysed 

rearrangement due to the presence of the arylammo substltuent m Sposltlon, leadmg to the correspondmg ketene 

5 as a mixture of two StereoIsomerS m keto-enol equlhbnum This ketene would undergo then mtermolecular O- 

acylahon to give a mixture of (2) and (Q-3 which would evolve to the thermcdynamlcally more stable isomer 

(Z)-3 The proposed mechanism IS quite slmllar to the accepted one for the actd-catalysed rmg contraction m 
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audo-l+qumones to gve butenolldestt*t* 

1 R-k Ar-NH 4 R-X= Ar-NH 
6 R-X=CH&l 7 R-X= Cy-0 

6 R-X=Ar-NH 

9 R-x=Cl&-O 
(Z)*(E) - 3 R-X= AI-NH 

(Z)+(E) - 10 R-X= Clg-0 

Scheme 2 

The rearrangement 1 to 3 could be also theoretlcally explamed without mtermolecular acid catalysis 

according to the reaction pathway showed m Scheme 2 Thus, vmylogous nitrene 4 would undergo thermal 

rearrangement to the (2) + (Q-3 lsomenc mixture across the mtermedlate 8 However, the rearrangement 1 to 3 

should not be simply the thermal process showed m the Scheme 2 Besides the mentioned precedents about 

external and mtramolecular acid-catalysed rearrangements which are accepted for related processestt,l* addltmnal 

evidence can be inferred from the followmg expenments Benvsoxazolequmone 64 and naphtlusoxazolequmone 

24, with no mtramolecular acid catalysis posslblhtles, do not give butenolldes on heating under the same 

condltlons described above for compounds 1 The pathway depicted m Scheme 1 1s excluded for these two 

compounds, although compound 6 could be rearranged as m&cated m Scheme 2 Thus, prolonged heatmg (18 h) 

of lsoxazolequmone 6 m chlorobenzene at reflux temperature (132 “c) affords the mixture of stereoisomers (z)- 

and (Ii)-10 m a 85 15 thermodynamic ratlo13 In this case a transformation pathway 6-7 -9 -10 as depicted 

m Scheme 2 IS proposed 

If the thermal rearrangement of 6 to give 10 1s camed out m the presence of tnchloroacetic acid the reactmn 

1s slgnlflcantly accelerated This fact must be interpreted as a consequence of an acid catalysed process12 

Stronger acids, such as sulfunc acid, could not be employed due to side reactions 

On the other hand, heating of naphthl\ox;volequmone 2 m chlorohenzene at reflux temperature (132 “c) 

dunng 96 hours does not give butenohdes In this case both reaction pathways (Schema 1 and 2) are excluded 

The thermal rearrangement of naphthlsoxazolequmone 2 m these condlt~ons leads to a mixture of N-methyl- 

lsoxazolonequmone 11 m low yield (15%) and its degradation products 2-carboxy-3-methylan@ and 2- 
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Table 1 Thermal Rearrangement of Isoxazolequmones in Solution and m the Solid State 

Thermal Rearrangement Fmal ProductIs~ 

starhng 
Isoxazole- 
qumone 

la 
la 
la 

::: 

lc 
IC 

:: 

le 
le 

A 
B 

110 
110 

07 
4 

3e (80) 
z+e (45) 

2 
132 % Not observed 
150 2 Not observed 

6 A 132 18 
6 B 132 16 

14 

methoda temperature 
(“0 

2 
B 

A 
B 

A 
B 

A 

110 07 3a (85) 
6lc 48 

1 
3a (70)d 

110 3a (5) 

110 
110 

110 
110 

07 
1 

07 
1 

3b (85) 
3b (5) 

3c (80) 
3e (5) 

110 
110 

07 
1 

179f 55 

10 (76) 
10 (5) 

15 (90) 

@I 
butenohde 
(96 yield) 

ste~lechvlty 

WE )b 

N-alkyl 
~soxazolonequmone 

(96 meld) 

> 0 95 
067 

>095 

>095 
>095 

>095 
>095 

> 0 95 
> 0 95 

>095 
>095 

Not observed 
Not observed 

2Oa (50) 

Not observed 
mb (50) 

Not observed 
* (45) 

Not observed 
2od (35) 

Not observed 
2Q (15) 

ii (15)e 
11 (65) 

070 Not observed 
21 (67) 

>095 

aMethod A In solnhon. Chlorobemene was used unless stated otherwne Method B In sold state ~IIII the IH-Nh4R error llmu 
cIn chlorof~ dStartmg ma&ml la (15%) was recovered eCompounds 12 aad 13werc also obtamed m 3 % and 2 % yield 
respedtvdy fIno-dlchlorobeJEule 

methylammo-l&naphthoqumones (12 and 13) The formatton of compound 11 could be explamed m terms of 

a 0 onto N methyl group rearrangement as consequence of a thermal reachon of compound 2 m the sohd stateta, 

as Will be dlscussed below 

To gam further mslght into the rearrangement reaction of lsoxazolequmones to give butenolldes. 

methyllsoxazolequmone 144 was heated at 179 “C m 1,2-dlchlorobenzene solution dunng 5 5 hours Under 
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these condhons only one stereotsomer. (Z)-15, was obtamed m excellent yield This rearrangement takes place 

much more slowly at lower temperatures The presence of the arylammo subshtuent m S-position would facthtate 

the rearrangement reachon as m the case of compounds 1 The lower n~~t~v~ty of 14 m comparison w~tb 1 

mdzates stronger N-O bond m the former case 

Ph-NH Ph-NH 

(2) - 15 

The results obtamed m the thermal rearrangements of benztsoxaz&qumones m solution are summarized in 

Table 1 

Alkyhdenebutenohdes 3 react qmckly with alcohols by ahon to the highly activated exocyclrc double 

bond Thus, Michael addltlon of ethanol to 3a affords a 

thermodynanuc equlhbnum taho (Scheme 3) 
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Scheme 3 

Recrystalhza~on of the crude reactlon mixture from ethanol allows the lsolahon of the maJor component 16 

as a pure crystallme racemlc mixture The structure of butenohde 16 was confirmed by X-ray crystallographic 

analysis9 Acid-catalysed eptmenzahon of 16 takes place easdy even in normal WlR solvents to gve the 

thermodynamic control mixture of 16 and 17 For example. when the pure isomer 16 was Qssolved in normal 
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d3-chloroform for NMR at room temperature, an Isomer rat10 of 70 to 30, for 16 and 17 respectively, could be 

observed wlthm 5 mm, thus m&catmg that the eqmhbnum had already been established Slmllar results were 

obtamed with &-DMSO and &-methanol However, tis eplmenzatlon reaction does not occur m anhydrous acid 

free chloroform The ad&bon of methanol to the a@hdenebutenohde 3s also affords the correspondmg eplmenc 

mixture of 18 and 19 m ca 70 30 ratio Identical results as described above for 16 were obtamed m the actd- 

cataIysed eplmenzatlon of 18. 

Addltlon compounds 16, 17 and 18.19 undergo alcohol ehmmatlon by treatment with sdlca gel in 

chloroform at room temperature to gve the butenohde (Z)-3a m near quant&ttlve yield The presence of the Q- 

3a isomer could not be observed 

Thermal Rearrangement in the Solid State. The thermal reachon m the sohd state of compounds 1 

and 6 follows predommantly another entirely different pathway, besldes the one described above for the thermal 

reachon m solution In the sohd state 3-methoxy substituted benzlsoxazolequmones 1 and 6 react via methyl 

group rearrangement to afford N-methylbenzlsoxazolonequmones 20 and 21 as major products, rather than by 

N-O bond sclsslon, opemng of the lsoxazole nng and subsequent rearrangement to yield 3 and 10 Heatmg of 

la-d or 6 at the mdlcated temperature m each case (Table 1) ylelded a mixture of the correspondmg N- 

methyhsoxazolonequmone 2Oa-d or 21 m 35-6746 yleldts and the corresponding butenohde, 3a-d or 10 m 5 

25% yield Structure assignments for these products wefe made on the basis of charactenstic spectral data (1H 

and t3C-NMR, IR, MS) and by comparison with hterature data reported by ourselve&Jj~7 Compound 2Oa was 

ldenfical to an authentic sample prepared by treatment of S-an~lmo-3-hydroxy[2,llbenz~soxazole-4,7-qumone 

with dlazomethane In tis reaction benzlsoxazolequmone la was also isolated 

A 
AI-NH 

1 
Solid State * 

20 

a R= Cb, Ah C&H6 d RI Cy, Ah pBGH, f I% Cl&, Ar= pBrC,,H, 
b R= CQ,, AI’= GHS e R= Cb, Ah @W&H, g R= CH&&, Al= QH5 
C’ R= Cy, Am p-CR.&H, 

0 0 

h 
cw 

6 Solid Stete * e IIMP+ ‘0 

0 An, 

21 

In a slmdar way 3-methoxy substituted naphthlsoxazolequmone 24 undergoes smooth rearran gement on 

thermdysis m the sohd state when heated at 150 “c for two hours to produce the N-methyl denvanve 11 m 65% 

yield15 In this case the thermal reaction does not give butenohde because mtramolecular acid catalysis IS not 

possible m the naphtho-senes The rearrangement IS of synthebc uhhty as a good route to N-methyhsoxa- 
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zolonequmones of type 11, u) and 21 It was proved to be mtermolecular by a cross expenment where 

equlmolar amounts of lc and the appropnately labeled compound lb were heated together The two different 

lsoxazolonequmones obtamed, which were separated by chromatography, were studted by mass spectrometry 

(electron impact) Each of both compounds were identified as mixtures of two components 2Oa + ulb and 2Oe 

+ 20e. respectively The formation of 20a (m/z = 270, M+) and 20e (m/z = 287, M+) assured the 

intermolecular r earrangement of tbe methyl group Slmdar results were obtamed m the thermolysis of a mixture of 

lb and Id In this case N-methylbenzlsoxazolonequmones 20a + 20b and 2Od + 2Of were identified The 

cleavage of 0-alkyl groups m related systems, for example m 22, by means of tnalkyloxomum tetrafluorobomtes 

affordmg the correspondmg lsomenc dl-N-alkylbenzodusoxazolonedlone, has also been described and follows a 

different pathway16 Related to the above described rearrangements IS the thermal Isomenzafion in the solid state 

of 3-methoxy-4,7-mdazolequmone-3-one reported also by ust7 

22 

Scheme 4 

The above described results may demonstrate an important contnbutlon of structure. A2 to the resonance 

hybnd A (Scheme 4) m 3-alkoxybenzlsoxazole and naphthlsoxazolequmones 1 and 2 Unfortunately, 

appropnate crystals of 1 or 2 for X-ray analysis could not be obtamed However, the proposed strong polanza- 

tion of the exocychc 0-alkyl bond m 1 and 2 IS m accordance with the X-ray data found by other authors for the 

related compound 221” The electrophlhc character of the ethyl group m 2219 and the methyl group m la-c6 and 

consequently Its potential as alkylatmg agents has been evidenced agamst different substrates such as 

thlophenolates, pyndme, sulfoxldes, sulfides, amides, etc A hypothetical stackmg of the molecules of 1 and 2 m 

the sohd state (Scheme 4). slmllar to that found by X-Ray analysts for 2218, together wrth the polar character of 

the 0-CH3 bond (A), could be responsible for the efficient mtermolecular mlgratlon of the methyl group here 
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5). 86 0 (C-2). 52 4 (OCH3). 212 (CH3-Ar), MS m/z (relattve mtenstty) 284 M+ (42). 253 (5), 252 (13), 225 

(43). 224 (15), 159 (14). 158 (100). 130 (32), 91 (25) Anal Calcd for C15H&JzO4 C, 63 38, H, 4 26, N, 

9 85 Found C, 63 18, H, 4 32, N, 9 80 

~-(p-Bromoanrhno)-~~a~yanocarbomethoxymethyi~~~-Aa~-bute~li~ (3d). Yellow-orange needles, mp 

201 “C (dec), IR (KBr) 3140,222O (CN). 1790 (C=O), 1705 (C=O). 1630, 1580, 1560. 1300, cm-l, tH NMR 

(CDC13) 6 114 (broad s, slowly removed by D20, lH, NH), 7 6-7 1 (m. 4H, arom), 5 66 (s, lH, CH=), 4 01 

ppm (s. COOCH3). 13C NMR (CDCl3) 8 168 0 (C-l). 165 4, 165 2 (C-4, C-6), 152 8 (C-3), 136 4, 135 2 (C- 

l’, C-4’), 130 4 (C-3’, C-5’), 121 2 (C-2’,C-63,111 8 (CN), 88 6 (C-5). 85 2 (C-2), 53 6 ppm (OCH3), MS 

m/z (relative mtenstty) 348,350 M+ (51), 3 15,3 17 (12). 289,291 (15) 222,22.4 (lOO), 195. 197 (15), 194, 1% 

(14), Anal Calcd for Ct&IgBrN204 C, 48 16, H 2 60, N, 8 02 Found C, 48 45, H, 2 52. N, 7 78 

~-Anrlmo-~-cyanocarboethoxymethyluiene-A~&Wenoha? (3e). Yellow-orange needles, mp 179-181 “C 

(dec). IR (KBr) 3145.2227 (CN), 1782 (C=O), 1702 (C=O), 1630,1580, 1295, 1284, cm-l, tH NMR (CDCl3) 

6 114 (broad s, slowly removed by D20 , 1H , NH), 7 6-7 1 (m, 5H, arom). 5 64 (s, lH, CH=), 4 42 (q, 2H, 

OC&CH3) 140 ppm (t, 3H, OCH2C&), 13C NMR (CDCl3) 8 167 7 (s) (C-l), 165 1 (s), 1547 (s) (C-4, C- 

6), 152 9 (s) (C-3). 138 2 (s) (C-l’), 130 0 (d) (C-3’. C-51, 126 4 (d) (C-4’), 121 5 (d) (C-2’, C-6’), 111 8 

(s) (CN), 88 9 (s) (C-5), 86 4 (d) (C-2), 64 5 (t) (OC_H$H$. 14 0 (q) (OCH$H$, MS m/z (relative mtenslty) 

284 M+ (32), 270 (1). 256 (2), 240 (5), 238 (8), 211 (52), 183 (8). 155 (5). 144 (100). 117 (18), 116 (19), 90 

(19) Anal Calcd for ClsHt2N204 C, 63 38, H 4 26, N, 9 85 Found C, 63 15, H, 4 32, N, 9 72 

Thermal Rearrangement of 3-Methoxyf2,l]benzsoxazole-4,7-qurtwne la tn Chloroform Solutton. A 

so&on of la (1 mmol) m chloroform (100 ml) was heated for 48 h at reflux temperature The solvent was 

removed m vacua and the residue, after washmg with ethyl acetate-hexane, was analysed by tH NMR (CDCl3) 

The yellow-orange sold (189 mg) showed to be a mixture of startmg matenal la (15%, deduced from the tH 

NMR spectrum) and butenohdes (Z)- 3a and (EJ- 3a m a 5 1 ratto Compound Q -3a could not be Isolated by 

chromatography on s111ca gel because of lsomenzatlon to (Z)- 3a or recrystalhzat~on Spectral data for (I?)-3a 

were taken from the mixture (Z)+(&3a 

@Pa. ‘H NMR (CDC13) 6 8 10 (broad s, slowly removed by h0 , 1H , NH), 7 60-7 10 (m, 5H, 

arom), 5 67 (s, lH, CH=), 3 94 ppm (s, 3H, COOCH3), 13C NMR (CDCl3) 6 167 6 (C-l), 162 4, 159 4 (C-4, 

C-6), 153 6 (C-3), 137 3 (C-l’), 130 0 (C-3’, C-5’). 126 9 (C-4’), 121 9 (C-2’. C-6’),115 4 (CN), 88 0, 83 9 

(C-2, C-5), 53 6 ppm (OCH3) 

Thermal treatment of (Z)-3a and (E)-3a m Chlorobenzene Solutron. IH NMR Experrments. A sample of 

the mixture of(Z)- 3a and (E)-3a (5 1) obtamed above was heated m chlorobenzene solutton tn a NMR tube at 

110 “C After 30 mm the (2) isomer was the only product observed On the other hand, a tH NMR spectrum of 

(Z)-3a in chlorobenzene at 110 “C showed that this Isomer does not undergo any transformation at thus 

temperature 

Thermal Rearrangement of 3,5-DNnethoxy[2,l]benzrsoxazole-4,7-qurnone (6) m Chlorobenzene Solutron 

Synthesis of butenoltdes (Z) and (E)-10. A solution of 6 (1 mmol) m chloroknzene (80 ml) was heated at reflux 

temperature for 18 h The solvent was removed m vacua and the residue analysed by ‘H NMR The pale-yellow 

sold showed to be a mixture of (Z)-10 and (E)-10 m a 85 15 ratlo The dlastereolsomers were separated by 

chromatography on slhca gel usmg ethyl acetate-hexane 10 3 as eluent. 

(Z)-~-Methoxy-y-cyanocarbomethoxymethylidene-Aa~~-butenoLrde i(Z)-lo]. Yteld 658, pale-yellow 

needles, mp 125 “c, IR (KBr) 3130,3000,2960,2220 (CN). 1800 (C=O), 1740 (C=O), 1640, 1610, 1435, 
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1285, 1250, 1230 cm-l, tH NMR (CDCl3) 6 5 63 (s, lH, CH=), 4 11 (s, 3H, COOCH3), 3 90 ppm (s, 3H, 

OCH3), 13C NMR (CDC13) 6 169 1 (C-l), 163 5, 159 9, 159 4 (C-3, C-4, C-6), 112 1 (CN), 93 2 (C-2), 86 0 

(C-5), 60 7 (OCH3), 53 4 ppm (COOCH3). MS m/z (relatwe mtenuty) 209 (90), 178 (30), 150 (5), 138 (16), 

94(11), 69(100) Anal Calcd for CgHflfi C, 5168, H,338,N, 669 Found C, 5141, H,3 28,N, 649 

(E)-8-Methoxy-rcyanocarbomethonymethylzde~-Aa~~-butenohde [(E)-lo]. Yield 1 l%, pale-yellow 

needles, mp 147-148°C IR (KBr) 3130, 3000, 2960, 2230 (CN), 1805 (CEO), 1740 (GO), 1635, 1610, 

1435, 1285, 1255, 1230 cm-l, tH NMR (CDCl3) i3 5 61 (s, lH, CH=), 4 01 (s, 3H, COOCHs), 3 89 ppm (s, 

3H, oCI+$, 1* NMR (CDCl3) B 168 3 (C-l), 163 2, 159 0, 158 8 (C-3, C-4, C-6), 1114 (CN), 94 5 (C-2). 

89 1 (C-5), 60 7 (OCH3). 53 7 ppm (COOCH3), MS m/z (relattve mtenstty) 209 (89), 178 (56), 150 (18). 138 

(33), 94 (26), 69 (lOO), High resoluhon MS Calcd for C&Ofl 209 032 Found 209 030 

When the thermal treatment of 6 was camed out at 110°C m the presence of a catalytic amount of 

tnchloroacetic ac4 the rearrangement to give (2) and (E)-10 took place more quickly than the rearrangement 

wtthout actd catalysts, as was proved by tH NMR monttormg Thus, after 10 h heatmg the transformatton was of 

77% in the presence of tnchloroacettc acid and only of 64% without the catalyst 

lkmal Rearrangement of 3-Methoxynaphth[2,3-c]zsoxazole-4,9-quznone (2) zn Chiorobenzene Solutzon. 

A soluhon of 2 (1 mmol) m chlorobenzene (80 ml) was heated at reflux temperature for 90 h The solvent was 

removed m vacua and the residue chromathographed on silica gel using chloroform-acetone (10 1) as eluent to 

give startmg mate& (15%) l-Methyl[2,l]naphth[2,3c]tsoxazol-3( U&one-4,9-qumone (11) as major product 

m 15% yield (described below) and other two minor compounds 

2-Carboxy-3-methylammo-1,4-naphthoquznone (12). Yield 3%, mp 170-171 “c (dec), IR (KBr) 310@ 

2900 (br, COOH), 1675 (C=O), 1650, 1490, 1335, 1280 cm-t,*H NMR (CDCl3) 8 14 8 (broad s, removed by 

D20 , lH, COOH), 12 1 (broad s, slowly removed by @O , 1H , NH-CH3), 8 3-7 7 (m, 4H, arom), 3 59 

ppm (d, 3H, NH-CH3), MS m/z (relattve mtenstty) 231 M+ (21), 213 (lOO), 187 (7), 186 (lo), 185 (23). 172 

(34). 157 (16), 130 (18), High resolutton MS Calcd for Ct2HgN04 23 1053 Found 231056 

2-Methylonzzno-l,4-naphthoquznone (13). Yield 2%. mp 234 “C [L&t1 232 “cl, tH NMR (CDCl3) 8 8 4 

7 4 (m, 4H, arom), 5 9 (broad s, removed by D20 , lH, NH-CH3) 5 73 (s, lH, qumone), 2 94 ppm (d, 3H, 

NH-CH3), MS m/z (relative intensity) 187 M+ (lOO), 172 (15), 159 (9), 158 (8). 146 (13), 130 (22), 105 (28). 

I-hgh resolution MS Calcd for CtlHgNQ 187 063, Found 187 069 

Thermal Rearrangement of 3-Methyl-5-anzlzno[2,l]benzzsoxazole-4,7-quznone 14 zn o-Dzchlorobenzene 

Solution Synthesis of /?-Anzkno-~cyanoacetylmethylzdene-A~~~-butenolzde 15. A solutton of 14 (1 mmol) m 

o-dlchlorobenzene (100 ml) was heated at reflux temperature for 5 5 h The solvent was removed m high vacua 

and the restdue was recrystalhzed from ethyl acetate-hexane to give butenohde 15 m 90% yield Yellow-orange 

needles, mp 130°C IR (KBr) 3130,227O (CN), 1775 (C=O), 1740 (C=O), 1685, 1625, 1595, 1545 cm-l, 1H 

NMR (CDC13) 6 11 66 (broad s, slowly removed by b0 , 1H , NH), 7 5-7 2 (m, 5H, arom), 5 67 (s, lH, 

CH=), 2 73 (s, lH, COCH3). 13C NMR (CDCl3) B 1% 3 (C=O), 167 8 (C-l), 165 3 (C-4), 152 5 (C-3). 137 8 

(C-l’), 129 9 (C-3’, C-5’), 126 3 (C-4’), 121 3 (C-2’, C-6’), 114,2 (CN), 92 0 (C-5), 85 4 (C-2), 31 1 ppm 

(OCH3), MS m/z (relative mtenslty) 254 (28), 212 (56), 144 (lOO), 117 (20), 77 (38) Anal Calcd for 

Ct5Ht2N2O3 C, 66 13, H, 3 97, N, 1101 Found C, 6641, H, 405, N, 10 68 

General Procedure for Alcohol Aoilztzon to Butezzohde 3a. Butenohde 3a (0 5 mmol) was dissolved m 

chloroform (20 ml) and the correspondmg alcohol, ethanol or methanol, (20 ml) was added After 4h at room 

temperature the solvent was removed m vacua wlthout heatmg The oily resldue sohdlfled on treatment wtth ethyl 
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ether under cooling Rectystalltzabon from ethyl acetate-hexane afforded the corresponding addition products 16 

or 18 respectively tn almost quantltattve yield Compounds 16 and 18 undergo alcohol eltmmatton on 

chromatography on s111ca gel to gve 3a 

(RS,RS)-~-Amlmo-~~ayanocnrbomethoxyme~hyl-y-e~ho~-A~~~-bu~e~i~de (16). Slightly-yellow crystals, 

mp 155-157°C (dec at 135 “C), IR (KBr) 3235,225s (CN). 1755 (C=O), 1722 (GO), 1620, 1590 cm-l, IR 

(acid free CHCl3) 3320,225O (CN), 1746 (C=O), 1638, 1595, cm- 1,lH NMR (acid free CDC13) 6 8 47 (broad 

S, slowly removed by DzO, 1H , NH), 7 6-7 1 (m, 5H, arom), 5 48 (s, lH, CH=), 4 37 (s, removed by D20, 

lH, CH), 3 93 (s, 3H, COOCH3). 3 62 (m, 2H, OC&CH3), 124 ppm (t, 3H, OCH$l&), tH NMR (Q- 

DMSO) (Data of 16 taken from the mixture of 16 and 17 described below) 8 9 84 (broad s, slowly removed by 

D20, 1H , NH), 7 6-7 0 (m, 5H, arom ), 5 48 (s, lH, CH=), 5 06 (s, removed by 90, lH, CH), 3 64 (s, 

3H, COOCH$, 3 5 (m, 2H, OC&CH3), 122 ppm (t, 3H, OCH2C&), 13C NMR (acid free CDC13) 8 169 4 

(s), 1647 (s) (C-l, C-6), 158 3 (s) (C-3), 138 8 (s) (C-l’), 129 9 (d) (C-3’, C-5’), 125 5 (d) (C-4’), 120 5 (d) 

(C-2:C-63,111 8 (s) (CN),l02 6 (s) (C-4). 87 9 (d) (C-2), 60 6 (t) (OC_H2CH3), 54 6 (q) (OCH3). 45 9 (d) 

(C-5). 14 9 ppm (q) (OCHsHs), MS m/z (relative Intensity) 316 M+ (9), 270 (22), 212 (9), 211 (20), Anal 

Calcd for C1,5H@J2O5 C, 60 75, H, 5 10, N. 8 86 Found C, 60 64, H, 5 12, N, 8 87 

(RS,SR)-~-Anrlzno-~cyanocarbomethoxymethyl-~ethoxy-d~~~-butenol~de (17). Parhal epimenzatlon of 

16 to afford thermodynamic equlhbnum mixture of 16 and 17 m an approximate 70 30 ratlo took place when 

pure compound 16 was dtssolved in non-acid free solvents (for example, CDCl3) or polar ones (d6-DMSO, 

C@OD) Dmstereotsomer 17 could not be isolated because it undergoes epimenzatton on recrystalhzatton from 

ethanol to give the thermodynamically more stable dmstereotsomer 16 On the other hand, compounds 16 and 17 

undergo ethanol elimination in column chromatography on s~lrca gel to afford 3a The NMR data of 17 were 

taken from the mixture of 16 and 17 tH NMR (CDC13) 6 7 6 (broad s, slowly removed by &O, 1H , NH), 

7 6-7 1 (m, 5H, arom), 5 39 (s, lH, CH=), 4 29 (s, removed by D20, lH, CH), 3 85 (s, 3H, COOCH$, 3 6 

(m, 2H, OC&CH3). 130 ppm (t. 3H, OCH$Z&). 1H NMR (dBDMS0) 6 8 2 (broad s, slowly removed by 

D20, 1H , NH), 7 6-7 0 (m, 5H, arom), 5 65 (s, lH, CH=), 5 01 (s, removed by &O, lH, CH), 3 81 (s, 3H, 

COOCH3), 3 5 (m, 3H, OC&.ZH3). 1 17 ppm (t,3H, 0CH2C&),t3C NMR (CDCl3) 6 169 0 (s), 162 9 (s) 

(C-l, C-6), 158 8 (s) (C-3), 138 3 (5) (C-l’), 129 9 (d) (C-3’, C-5’), 125 8 (d) (C-4’), 120 7 (d) (C-2’,C- 

6’),111 2 (s) (CN),lOl 6 (s) (C-4), 87 7 (d) (C-2), 60 4 (t) (OCH$ZHj), 54 4 (q) (OCH3). 46 1 (d) (C-5), 

14 9 ppm (q) (OCHsH3) 

(RS,RS)-~-At~~bt~o-~cyat~ocarbotnethox~methyl-~-methoxy-d~~B-burettol~de (18). Sltghtly-yellow 

crystals, mp 120-122°C (dec at 9O”C), 1R (KBr) 3215, 1752 (C=O), 1721 (GO), 1637, 1620, cm-l, IR (acid 

free CHCl$ 33 15, 2250 (CN), 1744 (GO), 1636, 15Y5, cm- 1, lH NMR (acid free CDCl3) 6 8 45 (broad s, 

slowly removed by D20, IH , NH), 7 6-7 I (m, 5H. arom), 5 49 (s, lH, CH=), 4 36 (s, removed by D20, lH, 

CH), 3 92 (s, 3H, COOCHJ), 3 37 ppm (s, 3H, OCH3), tH NMR (d6-DMSO) (Data tclken from the mixture of 

18 and 19 described below) 6 9 83 (broad s, slowly removed by D20, 1H , NH), 7 6-7 0 (m, 5H, arom), 5 50 

(s, IH, CH=), 5 05 (s, removed by &O, lH, CH), 3 64 (s, 3H, COOCH3), 3 26 ppm (s, 3H, OCH3), t3C 

NMR (aLcld free CDCl3) 6 169 3 (~);I64 6 (s) (C- 1, C-6). I57 7 (s) (C-3), 138 7 (s) (C-l’), 129 9 (d) (C-3’. C- 

5’), 125 6 (d) (C-4’), 120 5 (d) (C-?,C-6’),1 I 1 8 (7) (CN),lO2 8 (s) (C-4), 88 1 (d) (C-3). 54 7 (q) (OCH3), 

51 7 (q) (OCH? on C-4). 45 6 (d) (C-S), MS IN/: (rclatlvc Intensity) 302 M+ (9), 270 (22). II 1 (23), 144 (100). 

Anal Calcd for C&I t~N205 C.59 60, H, 4 67, N, 9 27 Found C, 59 68, H, 4 57, N, 9 28 

(RS.SR)-P-Atttlrtto-u_c ynttoc arhottreltrctxxytttettlry~-y-tneltroxy-A” P-htrrrtroltde (19). Compound 19 was 
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obtamed by partId eplmenzatlon of dlastereolsomer 18 as described above for the case of 17 The 

thermodynamic qmhbnum ratlo of the mixture of 19 and 18 was also approximately 70 30 m this case 

Duwtereolsomer 19 could not be Isolated for the same reasons given above for the case of 17 Its tH NhJR data 

were taken from the mixture of both dmstereolsomers tH NMR (CDC13) B 7 6 (broad s, slowly removed by 

D20,lH . NW, 7 6-7 1 (m. SH, arom), 5 42 (s, lH, CH=). 4 27 (s, removed by &O, 1H. CH), 3 87 (s, 3H, 

COOW3). 3 42 Ppm (s, 3X OCH3). IH NMR cc&-DMSO) 6 8 3 (broad S, slowly removed by &O, IH, NH), 

7 6-7 0 (m, 5I-l. arom), 5 66 (s, lH, CH=), 5 01 (s, removed by 90, lH, CH), 3 81 (s, 3H, COOCH3), 3 22 

(s, 3H, OCH3) ppm, 13C NMR (CDCl3) 8 169 0 (s), 162 9 (s) (C-l, C-6), 158 1 (s) (c-3), 138 4 (s) (c-l’), 

129 9 (d) (C-3’, C-51, 125 8 (d) (C-4’), 120 7 (d) (C-2’,C-6’),112 0 (s) (CN),l02 1 (s) (c-4), 88 0 (d) (c-2). 

54 4 (q) PCH3), 517 (q) WC& on C-4), 45 8 ppm (d) (C-5) 

General Procedure for the Thermal Rearrangement of 3-Methoxy[2,1 Jbenzrsoxazole-4,7-qutnones la-e 

and 6, and 3-Methoxyf2,l Jnaphthlsoxazole-4,9-qumnone 2 m the Sohd State The corresponding qumone (1 

mmol) WaS chssolved in chloroform (250 ml) The solvent was evaporated at room temperature under reduced 

pressure and then the qumomc thm film was heated m an oven as Indicated m each case (see expenmental 

condmons in Table 1) The residue was chromatogmphed on slhca gel usmg chloroform-acetone (10 1) as eluent 

to afford the corresponding N-alkyhsoxazolonequmone 20,ll or 21 as major product and the corresponding 

butenohde 3 or 10 as the nunor one Yields are mdlcated m Table I The spectral and analytical data of the N- 

alkyhsoxazolonequmoncs are described below 

I-Methyl[2,1 Jnaphth[2,3-cJrsoxazol-3(1H)-one-4.9-qurrwne (11) Previously described by ~386, yellow 

crystals mp 194-195 Oc (dec) (chloroform-n-hexane), t3C NMR (&-DMF) 8 177 1 (s), 176 5 (s) (C-3, C-4, C- 

9), 151 1 (s) (C+a), 135 1 (s), 133 4 (s) (C-4a, C-8a), 136 6 (d), 134 1 (d) (C-6, C-7), 127 5 (d), 127 0 (d) 

(C-5, C-8), % 3 (s) (C-3a), 38 6 ppm (q) (CH3) 

5-Anrlrno-I-methyl[2,l]benzlsoxazole-3(1H)-one-4,7-quu~one (2Oa) Prewously described by 1196, dark 

red crystals mp 211-212 “c (dec at 190 “c) (benzene), t3C NMR (d7-DMF) 6 174 0 (s), 173 5 (s) (C-3, C-4, C- 

7) 151 2 (s), 150 0 (s) (C-5, C-7a), 138 4 (s) (C-l’), 130 2 (d) (C-3’, C-S), 127 3 (d) (C-4’). 125 2 (d) (C-2’, 

C-6’), 100 5 (d) (C-6), 92 5 (s) (C-3a), 38 1 ppm (q) (CH3) 

5-An~lrno-l-(d~-mett~yl)[2,l]be~~zrsoxazol-3(1H)-orre-4,7-qrrrrrorre (20b) Dark red crystals, mp 210-212 

“C (dec at 190 “c) (benzene), IR (KBr) 3200, 1785 (C=O), 1774 (C=O), 1656, 1619, 1589, 1565, 1490 cm-l, 

tH NMR (CDCl3) 6 8 2 (broad s, removed by D20, lH, NH), 7 6-7 1 (m, 5H, arom), 6 13 ppm (s, lH, CH=), 

t3C NMR (d7-DMF) 8 1740 (s), 173 5 (s) (C-3, C-4, C-7) 151 2 (s), 150 0 (s) (C-5, C-7a), 138 4 (s) (C-l’), 

1302 (d) (C-3’, C-5’), 1273 (d) (C-4’), 1252 (d) (C- 2’, C-6’), 100 5 (d) (C-6), 92 5 (s) (C-3a), 38 1 ppm 

(CD& MS m/z (relative mtenwty) 273 M+ (40), 257 (9), 228(11),200(10), 145(13), 144(100), 129(11), 116 

(24), 90 (19) Anal Calcd for CtaH7D3N204 C, 61 54, H+D 4 79, N, 10 25 Found C, 6176, H+D 4 78, N, 

10 20 

l-Methyl-5-(p-tolurdr~~o)[2,l]benzrsoxa~ole-3(lH)-orte-4,7-qrr~no~~e (20~) FVe\ IOUSI~ described by us6, 

dark red needles mp 217-219 “c (dec) (acetone), t3C NMR (CDCl3) 6 173 4 (C-3, $-4, C-7), 149 0 (C-5, C- 

7a), 137 4 (C-l’), 133 5 (C-4’), 130 4 (C-3’, C-S), 123 4 (C-- , ” C-6’). 1003 (C-6), 92 4 (C-3a), 37 9 

(NCHs), 21 1 ppm (CHS-Ar) 

5-(p-brornoa~r~lrrro)-l-~~~eti~~l[2,1 Jbenrlsoxarole-3(1H)-one-4,7-qrrrrrorre (20d) Dark red needles, mp 

258-261 “c (dec) (chloroform), IR (KBr) 3204, 1801 (C=O), 1774 (C=O), 1663, 1624, 1.500, 1421 cm-t, *H 

NMR (CDCl3) 6 8 1 (broad s, removed by &O, IH, NH), 7 54, 7 16 (AA’XX’, 5H, arom), 6 08 (s, lH, 
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CH=) 4 13 (s. 3H, NCI+). 1* NMR (CF3COOD) a 1712. 171 1 (C-3, C-4, C-7) 150 2. 148 8 (C-S, C-7a). 

133 3, 132 1, 129 8, 125 2 (C-l’, C-2’, C-3’, C-4’, C-S, C-6’). 91 3 (C-3a), 38 1 ppm (CH3), MS m/z 

(relahve intensity) 348,350 M+( 100). 330.332 (10). 275.277 (15). 222.224 (86). 194,1% (22) Anal C&d 

for Ct&IgBrN& C, 48 16, H, 2 60, N, 8 02 Found C, 48 27 , H, 2 56 , N, 8 30 
5-An&no-l -ethyl[2,1 Jbenzrsoxazole-3(1H)-one-4,7-quuwne (2Og) Red crystals, mp 200-202 “C (dec) 

(chloroform-hexane), IR (KBr) 3200, 1790 (C=O), 1775 (C=O). 1660. 1618, 1593. 1567. 1496, 1443, 1268 

cm-l, tH NMR (CDCl3) 6 8 2 (broad s, removed by &O. lH, NH), 7 5-7 2 (m, 5H. arom). 6 13 (s, lH, CH=) 

4 60 (q,2H, CI-M, 149 ppm (t.3I-I. CH3), t3C NMR (CDCl3) 8 173 6, 172 5 (C-3, C-4, C-7) 148 8 (C-5, C- 

7a), 136 2 (C-l’), 129 9 (C-3’, C-5’), 127 2 (C-4’), 123 5 (C-2’. C-6’), 100 5 (C-6) 92 3 (C-3a), 46 9 (CH2), 

13 4 ppm (CH3). MS m/z (relative intensity) 284 M+ (84). 266 (14), 211 (15). 144 (lOO), 116 (20), 77 (32) 

Anal Calcd for Ct5Ht2N~O4 C, 63 38, H, 4 25. N, 9 85 Found C, 63 13, H, 4 08, N, 9 52 

5-Methoxy-I-methyl[2,I]benzisoxazole-3(lH)-one-4,7-qurnone (21) Orange crystals, mp 192-195 “C 

(dec) (ethyl acetate-hexane), IR (KBr) 3050.1800 (C=O), 1780 (C=O), 1670, 1648, 1585, 1570, 1520,1425, 

1330, cm-t, *H NMR (CDC13) 8 5 98 (s, lH, CH=) 4 08 (s, 3H, NC&), 3 93 ppm (s, 3H. OCH3), t3C NMR 

(CDC13) 8 176 2, 171 5, 163 6 (C-3, C-4, C-7) 1616, 148 8 (C-5, C-7a), KY7 7 (C-6) 92 2 (C-3a), 57 6 

(OCH3), 37 9 ppm (NCHj), MS m/z (relauve intensity) 209 M+ (43), 193 (51). 191 (20), 163 (60), 126 (21), 

82 (55), 69 (lOO), Anal Calcd for CgH7NOs C, 5168, H, 3 37, N, 6 70 Found C, 5189, H, 3 58, N, 6 25 

Cross Expenment Thermal Rearrangement of the Mature of Benztsoxazolequrnones lb and lc m the 

Solid State Equimolar amounts (0 2 mmol) of lb and lc were heated together according to the general 

procedure for thermal rearrangements m the solid state described above The two red maJor components 

(benztsoxazolonequmones) were separated by chromatography and analysed by mass spectrometry The first 

eluted component was identified as a mixture of 20c (mlz 284, M+) and I-(d3-Methyl)-5- 

tolurdmo[2,l]benz~soxazol-3(lH)-one4,7-qumone (2Oe) (mlz 287, M+) The second one was identified as a 

mixture of 2Oa (m/z 270, M+) and 2Ob (m/z 273, M+) 
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