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Abstract The o formylarylazomethylenetnphenylphosphoranes carrying an 
electron wlthdrawlng group on the ylldlc carbon undergo thermal lntra 
molecular cyclizatlon to 3-oxo-indazolin-2-yl-methylenetriphenylphosphora- 
ne derivatives The latter compounds, and their 1-alkyl derlvatlves. in 
turn, undergo thermal and/or acid catalyzed rearrangement to 4-0x0-1,4- 
dlhydroqulnazollne denvatlves and PPh3 Some possible reaction mechanisms 
are discussed, and some synthetic applications of the above reactions 
are shown 

During the last years we have been exploring the reactivity of arylazomethylenetrlphenylphosphora 

nes (1) towards C-Cl, C-N2, and C-O3'4 multiple bonds and electrophlllc reagents5, both inter 

/,PPh, 
ArN=N-C - - 

‘R 

and lntra molecularly, and we have already referred on some peculiar features of the behavlour 

of these compounds, whose reactivity seems strictly tied to their ability of oelocallzlng the 

negative charge from the ylldlc carbon on the azo group In a preliminary note3 we conznunlcated 

that compound (la), refluxed in toluene for a short time, gave the "lntermedlate" (2a1, ldentl- 

fled later on4 as 3-oxo-indazolin-2-yl(methouycarbonyl)methylenetr~phenylphosphorane Compounu 

[2a), on further heating, afforded the 4-oxo-1,4-dlhydroqulnazoline* derivative (3a] In the 

same note we reported also that compound (lb), heated at 70" in toluene for 2h, gave PPh3 and 

the 1,3-dloxolo[4,5-glquinazollne derivative (3b) 

We wish now to comnunlcate the results of our subsequent studies on the above thermally promoted 

lntra molecular reactions 

In order to gather some indication of their scope and mechanism , we tned them on other com- 

pounds, carrying different substltuents on the ylidic carbon To this purpose we prepared the 

0 formylphenylazomethylenetrlphenylphosphoranes (lc-f) (lc-el Were synthesized from the cor- 

responding hydrazonoyl chlorides following a reported procedure6 (If) Was prepared from 0 amino- 

benzaldehyde by diazotitatlon and coupling with (methylthio-thiocarbonyl)methylenetnphenylphospho - 

*The 4-oxo-1,4-dlhydroquinazollnes with unsubstituted nttrogen atoms are tautomenc with the 

corresponding 4-oxo-3.4-dlhydroqulnazollnes 
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out also on the l-methyl derivatives of (2a.g). namely (2h,iI, and led to the l-methyl+rethoxycar_ 

bonyl-4-oxo-1,4-dihydroquinazollnes (3h,l), which cannot be obtalned by direct alkylatlon of 

the corresponding 4-oxo-dihydroqu;nazol~nes (3a,gI, that give the 3-alkyl derivatives' 

In scheme 1 are indicated two mechanistic hypothesis which may account for the above experimental 

results at present we have no evidence to make a choice between them 

Scheme 1 

(1') 

Roth I, 

The azo group attacks, as a nucleophllic agent, the 0 formyl substltuent, to give the cyclic 

dlpolar species (l')* In path i_, the formatlon of a stable compound by electron shift and charge 

neutralization should act as driving force for the following proton migration from a carbon to 

the adJacent O-** In path ii the same result should be achieved by hydride ion transfer*** - 

In each case hydrogen migration seems a fundamental step in the whole reaction if ln (1~1 the 

formyl proton 1s exchanged with a methyl group, no reaction takes place under 110' C, and at 

this temperature thermal decomposltlon leads to an intractable mixture of tarry products 

From the above results lt comes out that the formation of 3-oxo-lndazolrnes by intra molecular 

reaction of an aldehydlc functton with an ortho azo group is not much lnflucenced by the nature 

of the substituents on this group, and, in phosphoranes (la-f). 1s preferred with respect to 

the lntra molecular electrophilic attack on the ylldlc carbon Actually, no phosphoranes of type 

(11, where R is a keto or an ~1koxycarbonyI group, has ever given an inter molecular Wlttlg 

reaction, probably because of the presence of the additional electron withdrawing azo group**** 
1 

This 1s also ln accord with the fact that in these compounds the H NMR signal of the methoxy- 

carbonyl group IS not split lo Quite unexpectedly, also phosphoranes (Za,c,ff, although the 

electron withdrawing N=N group is no longer present and their 
1 
H NMR spectra show the comnon 

features of phosphorus ylldes stabilized only by an alkoxycarbonyl substituent, do not unde: 

* The formation of 3-oxo-lndazollne derivatives on thermal treatment of an 0 formylarylazo 

compound has been reported without mechanistic explanation* 

** Analogous proton shifts are mechanistic steps generally accepted to explain other reactlons 

fe g the benzoln condensation) 

***An analogous hydride ion shift is the key step ln the Cannlzzaro reaction 

**** In accord with this behaviour, electrophiles l-rke CS25 or alkyl iodides' attacked phosphora- 

nes (11 at the azo group 
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go the cornnon reactions of these phosphorus yl1des at moderate temperature they are not hydroly 

zed 1n basic media, they are not oxidized by t butyl peroxide, they do not react with aldehydes, 

and methyliodide alkylates them at the indazolinonyl nitrogen At higher temperatures (2a,c) 

rearrange to (3a.c) before any other reactlon and (2f) decomposes X ray analysis of (21) has 

shown4 that the ylidic carbon IS rather shielded by the substituents and this might be the reason 

for the low reactivity of that carbon atom in compounds (2) 

With regard to the rearrangement of (2) to (3) two reaction pathways are sketched 1n scheme 2, 

which can rationalize the experimental observations Following path lthe (2) to (3) rearrangement 

Scheme 2 

Patn 1 - 

‘: 

a = I 
NJ cd b’bh, 
,N-c:R - 
6 

(2) 

Path 11 - 

(4) 

‘;’ + = 1 a N--R ,J + P% 

8 

(3) 

7 

a = \ 
N\ 

- 
C' 

j-R + PPhd 

6 1: 

(2) (3) 

should be a two-step reaction, with the intermediate formation of the open chain compound (4) 

Path 11, instead, indicates a concertea one step reaction Analogous mechanisms can operate 1n 

the acid catalyzed reaction. where they would be favoured since the nitrogen In position 1 of 

compounds (2) would be protonated * Although we cannot rule out anyone of these pathways, we 

are rather inclinea towards the two-step one, since the concerted one would imply the attack 

of a carbanion on an sp3 hybridized nitrogen Moreover, the 3-oxo-indazollnes C=O group seems 

to play an important role in the above rearrangement, possibly delocalizing the negative chargein 

the open chain compound (4) In fact, phosphoranes (512 do not undergo a similar rearrangement 

(5) (6) 

* Such protonated form 1s likely to be in tautomeric equilibrium with compounds protonated on 

different positions, 2 2 on the ylidlc carbon 
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The 4-oxo-1,4-dlhydroqulnazoline (3e) has been differently functlonalized in position 2 

Scheme 3 

(31) 

cli,o’-’ 
. 

&B”f’ 
. 

(-IS-Ctiz-ClQCOOCH, 
. 

C,",Mel . 

R 

7 k OCH, 

’ sRBu 
:: 

m NCH,p% 

” C2% 

(3k-n) 

(3e) Actually reacted very smootly with a series of nucleophlles, namely water, alkoxides. thio- 

lates. organometalllcs. as lndlcated in scheme 3, giving the 2.4dioxo-1,2.3,4-tetrahydroquinazo 

llne(3J) and the 4-oxo-1,4-dlhydroquinazollnes (3k.n) In good yields Therefore, by the reactions 

described in this paper, arylazomethylenetnphenylphosphoranes are shown to be useful starting 

materials also for the synthesis of a number of 4-oxo-dihydroquinazoline derivatives through 

the intermediacy of compounds (2). which undergo an unexpectedly facile rearrangement. with 

cleavage of an N-N bond and formation of a C-N one with PPh elimination 
3 

EXPERIMENTAL 

M p s were taken by means of a Buchi apparatus and are uncorrected IR spectra were recorded 

by a Perkin-Elmer X98 spectrophotometer 
1 
H NMR spectra were taken with a Vanan EM 390 spectro- 

meter Chemical shifts are expressed as 6 values (SiMe4 as internal standard) Silica gel 60 

(Merck, 70-230 mesh) was used for column chromatography T 1 c s were performed on Merck pre- 

coated silica gel 6OF-254 plates Crystallization solvents, analytical and chemlco-physlcal data 

of 3-oxo-indazoline and 4-oxo-1,4-dlhydroqulnazoline derivatives are reported In Table 1 and 

2, respectively 

o Formylarylazomethylenetrlphenylphosphoranes (la-e) 

COmPOunos (la-e) were prepared from the corresponding hydrazonoyl chlorides by reaction with PPh3 

and Et3N in CH3CN at room temperature6 (la.c,e) Have been already described2'6 

2-Formyl-4,5-methylened~oxy-phenylazo(methoxycarbonyl)methylenetr~phenylphosphora~ (lb) yellowdl& 

washed with Et20 and then with water anu acetone, at 160-170 "C becomes white, and melts at 200- 

210 "C vmax (cm-l, nuJo1) 1760, 1670. 'H NMW (CoCl,) 3,55(3H. s). 5 BB(2H.s). 6 9-7 7(17H. m), 

9 l(lH, s) Analysis found % C=68 29, H=4 58, N=5 43. for C2gH23N205P calctd % C=6B 23, 

H 4 51, N 5 49 

2-Formyl-phenylazo(phenylsulphonyl)methylenetr~phenylphosph~ane (Id) m p 157 "C (from C6H6) 
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at room temperature for 1 h in the case of (2a) and 7 h in the case of (29) The sollds were 

collected, washed mth water, dried at room temperature and washed with Et20, to give (3a) and 

(39). practically pure, in 40% and 86% yield, respectively 

Rearrangement of (2h,i) to (3h,i) 

(2h.l) Refluxed in toluene or dioxane for 5 h, were recovered unchanged (2h) (1 10m3 Moles) 

and e toluensulphonic acid (PTSA) (1 5 10m3 moles) were stirred in toluene at 45 "C for 2 h 

The precipitate was collected, extracted with CHC13 and washed with water The organic layer, 

dried over Na SO4 and evaporated, afforded (3h) in quantitative yield 

(2i) (1.1 10 
-S 

Moles) was refluxed 1 h in dioxane (25 cm31 in the presence of a catalytic amount 

of PTSA The solvent was evaporated at reduced pressure and the residue was extracted with CHC13 

and washed with water The organic layer, dried over Na2S04 and evaporated, gave a residue, 

which, by crystallization. afforded (31) in 35% yield 

2.4-Dloxo-1,2.3.4-tetrahydroqulnazoline (3~) 

To a slurry of 2-etosyl-4-oxo-dihydroquinazoline (3e) (1 g) in EtOH (10 cm31 an EtOH solution 

of KOH was added to pH 8 The mixture was stirred 1 h at room temperature, the solvent evapora- 

ted at reduced pressure and the residue dissolved in water By making the solution acidic with 

10% HCl a white solid precipitated, that was collected and crystallized to give 0 52 g of pure 

(351, identified by comparison with an authentic sample 

2-Methoxy-4-oxo-1,4-dihydroquinazoline (3k) 

A mixture of (3d) (0,60 g), NaOCH3 (0 50 g) and tetraoctylammonium bromide (TOAB) (0 30 g) was 

refluxed in C6H6 (20 cm31 for 24 h After solvent evaporation at reduced pressure the residue 

was dissolved in water From this solution. brought to pH 4 with dll HCl, a white solid preci- 

pitated, which was collected and washed with hot acetone, to give the title compound (0 18 g) 

2-n Butylthlo-4-oxo-1,4-dlhydroqulnazoline (31) 

To the mixture obtained from 11 BUSH (0 15 9). NaOH (0 067 g) and TOAB (0 184 g) in CHC13 (15 

cm3). a solution of 2-etosyl-4-oxo-dihydroquinazoline (3e) (0 5 g) in CHC13 (15 cm31 was added 

After 24 h refluxing, the mixture was extracted with water The organic layer was dried over 

Na2S04 and the solvent was evaporated at reduced pressure The residue was crystallized to give 

the title compound (0 30 g) 

2-(2-Methoxycarbonyl)ethylthio-4-oxo-1,4-dlhydroqulnazollne (3m) 

To the mixture obtained from 2-methoxycarbonyl-ethylthlol (1 6 g), solid ground NaOH (0 187 

g) and TOAB (0 187 g) in C6H6 (15 cm31 a solution of quinazollne (3e) (1 4 g) in C6H6 (50 cm31 

was added After 5 h refluxlng the solvent was evaporated at reduced pressure and the residue 

was crystallyzed to give the title compound 

2-Ethyl-3-oxu-1,4-drhydroquinazollne (3n) 

To a Grignard solution, prepared from Et1 (2 5 g) and Mg (0 36 g) in t BuOMe (40 cm3), a solution 

of (3e) (0 5 g) in dry tetrahydrofuran (40 cm31 was added After 3 h refluxlng the mixture was 

cooled at room temperature, diluted with water, treated with cone HCl (3 cm31 and extracted 

with Et20 The water solution was brought to pH 8 with NaOH and extracted with CHC13 The orga- 

nic layer, dried over Na2S04, on solvent evaporation and crystallization of the residue, gave 

the title compound (0 2 g) 
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