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AbstrJCt * The therm]. rerction between (E) or (2)~pyraxolones ft) Jnd 

2,3-dimethylbutediem (2) 98~s 1,2_di~thyl-S-JrylcyclohexenJ-spirO~’ 

(I’-phcnyl-3’-substituicd-S’-pyrJzol+ss) (3, 4), from a Diels-Alder 

reaction, and 4-aryl-2-isopropenyl-2-~thyl-5-substitutcd-7-phcnyldihydropy- 

ran [3,2-d] pyrsrolcs (5, 6). from J hcterodiene reection. The effect of the 

configuration of the starting pyrazolone. as well us thst of substitucnts, 

on isomer distribution is here discussed. 

The resction can be convenicntiy catalyzed by different JCidS. The 

nJturc of the pyrazolonc- acid complex UJS invcstipstcd by Wt. 

The acid influences, drastically, both the cheaosctectivi:y and the 

stereoselectivity of the reaction. The effect of the ca:Jlyst uas 

rationalized by caking into eccoun; both the chsngc of the X& induced by 

conplcxation and steric hindrance of the acid. 

i&en dienss react with & B-unsaturated carbonyl compounds, :hc Oicls-Alder pJthwJy to 

cyclohcxcnes is J~VJYS preferred :o the heterodienc PJthwJy :o dihydropyrans. 
(2) 

This occurs both for :hc simples: model, since the reJction between butadienc and Jcrolein 

gives Q-foruylcyclohewene and 6-vinyl-d2-dihydropyran in 90% and 0.5% yields respectively, 
(3) 

Jnd 

for more complicsted structures, since 2-oxindofil-3-ylidene derivatives react wi:h isoprcnc to 

give a rcqioisomeric mixture of spiro-oxindol-cyclohcxcncs, 
(4) 

Several other examples taken froa 

the 1 iterature~5-‘6) give similar results. 

The Jpplication of the perturbation equation explains the observed selectivity since the 

overlap between the C, and C4 coefficients of the butadicne HOHO with the C3 and C4 coefficicn:s of 

the Jcrolcin LUIIO gives J larger energy qsin thsn that involving the butadicnc coefficients C , and 

C2 ui:h Jcrolein (I, and C4. 
(2) 

The perturbation theory does not take into account JdditiOnJl factors such as the sronticity 

qJin of the cycloedducts: therefore, the prediction thus obtained is violated by the rcection of 

o.quinone athidcs 
(17) 

- with butadicnc. which only gave 2-vinylchromanas. 

A preliminary invsstiqetion of the reJc:ion between (L) 4-benral-1-phenyl-5-pyraralonc (la) and 

2.3-di8ethylbutadimc (2) revealed that a mixture of Diels-Alder (3~) sod haterodiene Jdducts (Sa) 

is formed(‘) (Scheme 1 end 2). 

5229 



5230 

Here w report the results of a detailed investigation undertaken to evaluate the electronic 

and configurational factors th*t affect the reactivity as wall as the influence of various 

catalysts on both reactivity and selectivity. 
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- Yhe reaction between 2.3~dimethylbutadiene (2) and 

(1~) (Scheme 1). the latter having: 

a) either an (ff (la-e) or a (2) configuration (If-a); 

b) either electron-ettrrctinq (lb, c, g, 1) or electron-refeesing substituents (Id, e, h, ~1 in the 

rrylidene group; 

c) different hindering substituents in position 3 CR I H, IG or Phf; 

~1)s performed under thermal conditions in benzene. 

The low reactivity of the electron-releasing substituted derivatives (Id, o, h, IB) required a 

reaction time of several days at 120’. whereas all other reactions were perfomed at BOO. A 

fractioml crystallization. together with colum chro8etography. allowed us to seprrats 

1,2-diwthyl-5-arylcyclohexene-4-spiro-4’~l’-phenyl-5’-pyrarolones~ (3, 4) from 4-eryl-2- 

isopr~enyl-2-aethyl-7-pheny~dihydropyran [3,2-d] pyreroles (5, 6). (Scheme 2). 

The Oiels-Alder adducts 4 md the heterodiene edducts 6 uere never isolrted from ppzOlOnt4 

with m (f) configuration. From the electron-releesing substituted pyrsrolonos (Id, w, h, l ) only 

the Uiels-Alder sdducts wre obtained. Table 1 sumdrizes products and yields obtained under 

them.81 conditions. 

Configurstion of the adducts 3-6 - Uhereas I) choice between dienic (3, 4) or hatcrodienic 

structures (5, 6) was easily solved by IR and NHR spectroscopy (see experimntal), the 

configuration of 3 and 4 Y&S determined by WR shift reagent Eutfod) experiments. 

&en both isomers 3 and 4 were obtained, the (R, $1, (or S, A) 
tw 

;roeer 3 8rarstic protons 

ortho to X were less deshielded by the lectea carbonyl than those of the (R. RI ismer 4. The H-5 

proton of 3, more than that of 4, uas deshielded by ths lactar cerbonyl, but only uhen R was a 

wthyl group, since a phenyl group also deshielded H-5 in 4. Uith the &in of elininating my 

urbiguity in the configurstion of the sdducts, the Eu(fodj3 tecnique vas used. Sinca coaplexstioh 
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Tsble 1. Adducts of the thereel reaction between 1 end 2 

Pyrezolwls R X 10 Tia 
Adducts yields \ 

3 4 5 b 
__~__ 

0) H H 80 12 h 90 10 

lb H No2 80 12 h 90 10 

IC H CN 80 12 h 90 10 

Id H Otk 120 3d 97 

18 H me2 120 3d 90 

If me H 80 2d 73 14 8 2 

Q He HO2 80 20 h 4% 40 6 4 

lh Ne NMe 2 120 10 d 05 9 

li Ph H 80 2d 40 25 20 10 

11 Ph rm2 80 40 h ao 25 20 10 

1D Ph *2 120 10 d 52 43 

__ -______ -____ -.- -- 
(8) 

Values t&en fro0 ref. 1. 

occurred in the cerbonyl group, l plot of P(eolrr fraction of the shift reagent) 2 d&of M-5 

grve slopes of l beut 11-12 for 3 end l bout 2-3 for 4 respectively. 

Uhen 4 sinJ1e isomer nes obtained froa the reaction of la-e, the chenqe of the chesicsl shift of 
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R-5 induced by Eu(fod)3 gJve a correlation, otPEA6, whose slope uJs 9-10 consistent with the 

(R, S) configuration of 3+e. 

The configutrtion of dihydropyran darivstivas 5 Jnd 6 was difficult to detaraina on tha bssis of 

spactroscopic dJtJ, evbn if the vinylic protons (in C606) JppaJr in tha fora of two broad singlets 

whom Ab is in the rJnga 0.30-0.35 ppa for 5 end 0.15-0.20 for 6. The confiqvrstion ~8s 

unslbiguously Jssi9nJd to 9 md 6 since, under aore severe tharnJ1 conditions, these raJrrJn9e 

stareoSpacifiCJlly to 3 JR~ 4 through J [3.3] SigMtropic shift, which wa will describe in detail 

elwuhera. (19) ’ 
Thus, 5 hJd the isapropanyl cis to the 4-Jryl proup Jnd 6 had these groups in J - 

trans ralJtionship. 

Discussion of #a thJrra1 results - The first pdint to be clsrified is the reeson why 

electron-raleesing substituted pyrsrolmas (ld, 8, h, l 1 did not yield dihydropyran derivatives. 

Uharass Jt 8O*C tha JdductS 3-Q mare stsbla, Jt 120% the dihydropyran darivativas 5,6 underwent 

the S~KWS l untiohJd 13.31 sipvtropic rerrrengemnt to becooa Spiro-cyclohaxen derivstivas. 
(19) 

Thus we bsiiavr that tha temperature required to perform these reections pravantad the isolation of 

dihydropyrJns. 

Electron-Jttrscting substituants did not ChJnga product cmposition significantly. 

The resctions of 3-M substituted pyrszolohes (l~-e) uue more stereospacific thsn any other. 

This depend8 on the (El aonfigurstion 
(20) 

of these cyclorddsnds. If the Oiels-Alder reactions 

occurs with retention of the configuration of the dieoophila and if the hetarodienc reactions occur 

through an ando trJnsition stste (stabilized by non-bonding interactions between the carbon of the 

carbonyl group end the t-3 canter of the butsdiane), 3 Jnd g Jr0 obtained StraOSpJCifiCJily. 

Furtherrors, Id, e gave only #, J. This awns that if dihydropyrens Jre foraad, thase must hsve 

the configuration of 5 since the sigmtropic rasrrsngamaot is totally stereospacific. 

Tha rerctions of 3-mthyl- end 3-phenyl-substituted pyrsrolows (If-m) were non-stereospacific 

and both diJstereoismars 3 and 4 (Jnd sometimes 8 and 6) ware obtrined. The (2) confiqurstion of 

these cyclo~ddmds (20) should give. Js do fE) pyrszolonas, cyclohexanes 4 and dihydropyrans 6. If, 

under the axparimantaI conditions, a f2)-_” (Ef squilibrim occurs Jnd tha (8) isomers Jre lOr0 

rasctive, (as do other cycloadditions of these darivrtives), 
(21) 

both diJstOraOiSoWWS era obtsinad 

from both & dienic Jnd a haterodienic reections (Scheme 3). 

Schaw 3 



which did not rebct under therul conditions, that crotonyl cybnide bnd 4-methyl-1,3-pentbdiene, 

9bve the hetrrodiene ulduct under AlCl3 cetrlysis. 

Before invsstigatinp the rertivity of 4-bryl idene-5-pyrbrolones under acidic cbtblysis, we 

studied the nbture of the coqlex between 1 bnd the cetblyst. 
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It is knoun that Louis acids bet not only on the rate out blso on both the regioiscmeric nd 

stereoisowric dirtrikrtion of Gels-Alder reaction. 
(22) 

Furthermre, lrwil md Hoffmbnn 
(23) 

found 

Lewis bcid-pyrbrolone complexes - The nbture of the interaction between 4-brylideoe-5-pyrerolcms 

end Lewis bcids was investigbted in (E) isoaer la rnd (2) isomers If, i. chbnging the nbture of the 

bcid which wbs: H l (fra CF3COW), hbrd end smbll-sized, AlCl3, hbrd hut with b lbrqe steric 

hindrance, and Eu(fodj3, soft. 

The 
13 

C-W spectrua of lb was registered bt 35Y in both CDC13 end CF3CCOH. where the 

protonated species 

protonbting wdiu 

shift). 

was present. The cheaicbl shift of bll cbrhon atoms end the shift induced in the 

are reported in Scheme 4 (forulbe A end B respectively; + means b downfield 

Scheme 4 
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Since the lbrpast vbribtion involved the carbon btom in the 8 position, bs occurs in protonbted 

bcrolein,(24) the oxygen btom of the o(, ISunseturbted system of la was the site of protonbtion. 

This reduced the delocblizbtion of the N-l lone pair on the phony1 ring, and the shift of its 

cbrbon atoms is, moreover, consistent with this bssuption. The sbne trend occurred bn the 13C-MMR 

spectrb of If, i. 

Furtheraore, protonbtion et the oxygen btor did not chbnqe the (2) configurbtion of If, i since 

the ortho protons of the henrylidene group (strongly deshielded in 
1 
H-M spectra by the cbrbonyl 

group -0.48 bnd 6.46 6 in CoOe respectively-) did not chbnpe their chericbl shift bfter the 

bddition of CF3COOD. 

Eu(fodj3 coupleration involved the cbrbcmyl group of lb. f, i. 

If the vbribtion in the cheeicbl shift for the most sipnificent protons (see Scheme 5) is 

plotted s the increasing concentration of Eu(fodj3, the slopes reported in Table 2 are obtained. 

The slopes involving H-2’ and H-6’ (those of the @my1 9roup in position 1) were siqificbntly 
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larger for la then for If, i. If the oxygen atoa is the site of caplexation, this WMS that la is 

strcqly corplened. tieroar thr (2) brnrylidene group of lf, i severely hinders the rppfoa& of 

EuCfodj3 and the coupler is wak. 

The configuration of the coaplexed pyrarolones (Schwa 5) was apain (E) for la and (2) for If, 

i. This is suggested by the different slopes of the vinylic proton in la and lf, i. Furtharmore, 

H-2 and H-6 of the benzylidene rinq remained deshielded by the carbonyl group in If, i l hd the 

methyl group of If ~55 mainly unchanged. 

Schem 5 

R 

2’ 
Eu(fod)g 

la - Eu(fod)2complex 11, I - Eu(fod)jcomPlexer 

Table 2. Slopes of A&_ VI increasing concentration of Eu(fod13 

Pyrazolone H benzylidene 2(6)-H 2’t6’)-H R 

la 10.1 a 8.0 3.8 

If 0.6 1.5 1.0 0.5 

Ii 0.6 1.8 1.1 a 

a) not determined 

The coclplexation of la, f, i uith AlC13 uas followed by 
1 
H-NM in C606 solution by adding, 

initially,0.5 ~ole5 of the Lewis acid and increasing the amcunt to about 1 : 1 ratio. - 

Ph 

AICl3 
t 

a- AICl2 complexeS 

Schema 6 

AICl2 
* 

11.1 - AlCl2 complexen 
- 

Coaplexation occurrad at tha oxypan atom as muggerted by the upfield shift of the 2’,6’-protons. 

There is MI evi&nca of a change in configuration for la aftrr complexatiocr (Schem 6) even if 

the solubility of tha AK13 coclplax is very low. 
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For 11, i, the ortho protons of the benrylidene group CM2 and H6) shored both an upfield shift, 

due to coclplexrtion, and a reduced area of their sivl, suggesting that part of this signal wted 

to becoos overlapped by srouticr. This is a clear sign of a partial change in configuration fra 

(2) to (El in the coqlexed species (Schew 61, and, as a further sign, the aethyl group of If 

split (the new signal at 1.71 being shielded by the phenyl group in the (E) configuration). 

Having in our hands a picture of the effect of the coaplexation on 4-arylidene-S+pyrazolones, we 

began to study the effect of Lewis acids on the diene/heterodiene reactions. 

Acid-catalyxed cycloadditions - The reaction of la was performd in benzene (unless otherwise 

stated) in the presence of several acidic catalysts and the results are reported in Table 3. 

AlC13 and Tic14 (entries 1 and 2) not only increased rate (4 hrs at rooe teqerature) but also 

changed chemselectivity as the diene adduct 3a uas the only reaction product. Similar behaviour 

was found for Eu(fod13 (entry 31, the only difference being a lower rate due to the softness of the 

acid. 

Chemselectivity changed dranetically in the reaction with CF3COOH (entry 5). The reaction was 

very fast (5 minutes at O°C) and the uin product was the heterodiene adduct Sa; its stereoisowr 

b and the dienc adduct 3a mere mrely minor products. Increased aaounts of the heterodiene adduct 

k were also obtained with psrs toluensulforic acid and boron trifluoride (entries b and 4 

respectively). 

Nafion H, which is an acidic out-of-phase catalyst (entry 71, did not affect reactivity and the 

results uere comparable to those of the therm1 reaction of la (Table 1). 

The different behaviwr of Levis (A1C13 TiC14) VI protic acids (CF3COOH. TsWIprollpted us to - 

check the effect of substituents for these two classes of catalyst. The results (entries E-11 and 

12-15 for AlC13 and CF3COOH respectively) revealed very low changes except for the reaction of le 

with AlC13 (entry 11) uhere the out-of-phase complex was so stable as to prevrnt any further 

reaction. In spite of these disadvantages. after a long reaction tim. poor yields of the dicne 

adduct 3e were obtained. 

The dienic adducts obtained from (E) pyrazoloncs la-e were 3a-e and they retained the 

configuration of the starting dienophile. Thus we investigated the acid-catalyzed reaction of (2) 

pyrarolones If, i neglecting (because of the trivial results previously obtained) the effect of 

substituents on the benzylidene ring. 

The A1C13-catalyzed reactions of If and li (entries 16 and 19 respectively) gave diene adducts 

3f, i as the main isomr, 41, i being obtained in wall amunts only. Thus A1C13-coclplexed 

pyrazoloncs reacted mainly under the (E) configuration which is always present in the reaction 

mixture. 

The iu(fod13 catalyzed reaction of lf, i (entries 17 and 70) gave only dienic adducts, 3f, i 

being the main isomers. The reactions occurred at rooa temperature, but, due to weak complexation 

with a soft acid, they were not fast (lo-15 days, coqared to the 20 hrs required for la). These 

EuCfod13 complexed pyraroloncs reacted aeinly under the (E) configuration which is not that of the - 

cornplexed species. 

The CF3COOH catalyzed reaction of If, i (entries 18 and 21) were again very fast and gave all 

four isomers. The main dienic and hetercdienic adducts were 4f, i and 6f, i, both deriving fror the 

(2) configuration of the protonated pyrazolones. 
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Table 3. Adducts of the acid-catalyzed reaction between 1 and 2 

-_ _- -. 

Entry Catalyst fbles of Pyrarolone React. cond. Adducts yields %’ 

catalyst R x temp. - :i;le 3 4 5 6 

lb 

2 

3 

4 

gb 

6 

7 

3 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

AlC13 

TiC14 

Eu(fod13 

BF3 Et20 

CF3COW 

TSOH 

Nation H 

A1C13 

A1C13 

AlC13 

AlC13 

CF3COW 

CF3COOH 

CF3COOH 

CF3CWH 

A1C13 

EuCfod13 

CF3COW 

A1C13 

EuCfodj3 

CF3CWH 

0.3 

0.3 

0.5 

0.3 

6.0 

0.5 

1 gd 

0.3 

0.3 

0.3 

0.3 

6.0 

6.0 

6.0 

6.0 

0.3 

0.5 

6.0 

0.3 

0.5 

6.0 

la H 

la H 

la H 

la H 

la H 

la H 

la H 

lb H 

lc H 

Id H 

le H 

lb H 

lc H 

Id H 

la H 

H 

H 

H 

H 

H 

H 

H 

ll”2 

CN 

One 

Hb2 

N32 

CN 

Me 

Hb2 

If h H 

If He H 

If fb H 

li Ph H 

li Ph H 

11 Ph H 

r.t. - 4 hrs 95 

r.t. - 4 hrs 90 

r.t. -20 hrs 96 

r.t. -10 hrs 60 

00 - 5 min. 35 

r.t. -20 hrs 56 

r.t. - 7 dd 82 

r.t. - 4 hrs 95 

r.t. - 4 hrs 95 

r.t. - 4 hrs 95 

r.t. - 3 months 30 

00 - 5 l in 46 

O@ - 5 ain 55 

00 -20 min 46 

00 120 rain 41 

r.t. - 4 hrs 92 

r.t. -15 dd 93 

00 - 5 min 12 

r.t. - 4 hrs 85 

r.t. -10 dd 62 

00 - 5 min 9 

3 

4 

2i-J 

10 

20 

lb 

_ - 

21 5 

40 5 

38 (1 

15 <1 

_ _ 

_ - 

_ _ 

30 13 

32 6 

32 7 

23 <1 

_ - 

_ - 

30 37 

_ - 

_ _ 

22 40 

a) given on isolated products b) values taken from ref. 1 c) in CH2C12 d) per mol of la 

iliscussicn of the results of the acid-catalyzed reactions and conclusions - If the therrsl c the 

protic-acid-catalyzed reactions are coclpared, the main differences are a faster rate and an 

increased yield of the heterodiene adducts in thr latter. 

A CNDO/2 calculation of I-phenyl-4~benrylidene-5-pyrazolone (la) and protonated la was 

performed (25’ (Fig. 1). The LlM is strongly stabilized and therefore the rate of the reaction 

increased for the lower energy separation between LUMP pyrarolone and MM3 diwthylbutadiene. 

The protonation of la decreases the LlJRl coefficient 

atom, but the former mre than the latter. This should 

heterodiene pathway. 

The perturbation theory does not :ake into account 

cycloadditions. Thus if the oxygen atom is coordinated by 

this center will be prevented (in spite of fevoursble WS 

both at pyrarolone C-4 and at the oxygen 

disfavour aore the Oiles-Alder than the 

steric hindrance of centers involved in 

A1C13. TiC14 or Eu(fodj3, the reaction at 

factors) and the Dials-Alder pathway will 

be followed. A lover steric hindrance (BF3) will give a result that falls between the extremes. 

The protic acid-catalyzed reaction of (2) 4-•rylidma-5-pyrazolones (lf,i) gave more 

heterodiene adducts (5, 6) than Oiels-Alder products (3, 4). this in accordance with a Fn3 control 

of reactivity. The pyrarolones reacted mainly under the (2) configuration (yields 4> 3 and 6> 5) 
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Figure 1. LINK) anergy and coefficients of la and protoneted la. 

which is consistent with the configuration of the protonated (Z)-pyrarolones that we discussed 

previously. 

The AlCl3-catalyzed reaction of (2) 4-erylidene-S-pyrazolones (If. i) gave Di8ls-Alder adducts 

3 and 4 only. Again, this is due to the coordination of the Lewis acid with the oxygen atom which 

prevented, for steric reasons, any heterodiene pathway. But, as previously shown. coordination with 

AlC13 inverted partially the pyrsrolone configuration. Therefore, pyrarolones largely reacted under 

the rrwe reactive (E) configuration, since the yields of 3f, i are significantly larger than those 

of 4f, i (by a factor of at least 8). 

The Eu(fodj3 catalyzed reactions of (2) pyrazolonea, even thwgh the weakly complexed species 

was again (Z), gave products that derive from an (E) configuration. This result seems at a first 

glance to be illogical. A possible rationalization lies in the slow rate of the reactions (lo-15 

days at room temperature) which allowed the equilibrium (Z)*(E), (already proposed for the 

thermal resciioos-Schew 3). to be established. This does not occurr in fast reactions (e.g. proton 

catalyzed - 5 minutes at OOC). 

A final point cannot be omitted. The protic acid-catalyzed reactions of (E) la-e gave small, 

but nevertheless significant, amounts of dihydropyrans 60-e (entries 5, 6. 12-15). 

This could be due to a lower endo selectivity of the acid-catalyzed vs the thermal reaction. - 

But this is not supported by FRO data if the coeffcient a: the carbon atom of the carbonyl 

(involved in the secondary non-bonding interaction thet gives the endo transition state) is 

significantly larger in the protonated species than in the non-coordinated one (Fig. 1). 

If the acid-catalyzed reaction of la with 2 has a significant contribution frocl the 

positively-charged internadis:e 7 (Scheme 7). its ring closure can explain the formation of 6a. 

This two-stop mechanism, in coclprtition with the concerted pathway, has raetimes beren 

proposad in the literature 
(26) 

as an explanation for the formation of some “out-of-the-rule” 

products of the acid catalyzed Diels-Alder reaction. 

In conclusion, acid catalysis in [4+a cycloaddition is a useful tool to increase rate. to 

influence strreoisonric distribution and, at least in thero raacticns, to change chemosalectivity. 



Scheme 7 

A concerted 

EXPERIRNTAL 

llsltinq points are uncorrected and were daterminad by the capillary method on a Tottoli 
apparatus (Biichi). Elemental #nalyses wre urds on Erbr CHN analyzer mo 
mulls) wre recorded on a Porkin-Elmer 983 spectrophotometar and H- and 

#3 1106. IR spectra (nujol 
C-HI\ spectra on a Bruker 

tar (CBCl3 “as the solvent, unless otherrise stated, chemicsl shifts are reported 
scale, coupl~n9 cmstmts in Hz). 

1-Phenyl-4-aryliden-S-pyr~zolonas (b-r) - Prepared in accord with the litersturc method; C*‘) for 

lo? 

Therm1 reaction of 1 with 2 - General procedure, A mixture of 1 (2 mol) and 2 Cl.1 ~1 - 10 mol) 
in benzene (10 ml) was heated under the conditions reported in table 1. After the avrporstion of 
the solvent, the sdductr wro obtained following the procedures reported in tsbie 4. 

A - the 
was 

B - tha 

Table 4 

Pyrrrolon~s Operations required in the order 
-- 

(products separated in the order) 
._ 

la - 1s A (3e-01: B (3a-o. %-c) 
tf A (3fl; B (If, 3f and 5, 6f in admixture); C (6f,Bf) 

19 B (4qsp, 3q and S,$q in adaixturs); 0 C&J, 3q) 
lh A (3hh); C (4h, 341) 
li f (3, 41 and 5, 6i as mixtures); F (41, 31); F (bi, Bi) 

11 E (31, 41 rod 5, 61 in admixture); F (61, 51) 

1m 8 (4m, 3D). 

rssidus uas ground uith a few ml of diisopropylethar and the precipitate, after cooling, 
filtered off. 
nother liquors froa A (the crude reaction residue froa lg. l f were colum chromatoqrsphsd 

(Silicagel Herk 230-400 fbsh, elwnt wthylenechloride). 
C - the mixture from B VU chromtoqraphed on a aedium pressure liquid chromatoqrsph (Miniprep 

Jobin Yvon, Silicaqel Nerk 0.063 I, slwnt cyclohsx~ns/rthyl~cst~te 95:5) 
B - as C krt the aluant was cyclohsxsns/diisopropylsthar 9:l 
E- as B but the slwnt was ~thylenechloride/cyclohexane 1:l 
F - as C but the eluant was cyclohaxans/ethylacstate 9B:2. 

For these adducts, as well as for those described i g this paper, l .p.s. phisicel aspect, 
elemental analyses and IR spectra are reported in table 5: H-HR spectra are reported in tables 6 
and 7. 

Lewis acid-catalyzed reaction of 1 with 2 
a) AlCl,-catalyzed reaction of let, i. To a solution of l+f,i (2 alf in enhydrous benzene (10 

al), A%Zl,,tO.OB q - 0.6 101) MS added. After I hr stirring at r.t., 2 ft.1 ml - 10 moif w~ls 
added dropwlsd and the reaction left under the conditions reported in Table 3. The mixture was 
poured in NaHCO 
evaporated undo 9 

sat. soln., extracted with diethylether, dried over Na2S04 and thr solvent uas 
VKUU. The sdducts were obtained followin the procedures reported in Table 4. 

avoiding operations uhich involve separation of sdducts hot obtained in these rerctims. From the 
rerction of 10, a JO-SO% yield of starting pyrszolone was obtained as second fraction. following 
procedure B. 
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Corpd Physical 

aspect 
-__ 

38 Elite needles 

CArytidme-J-pyrazolooarod 2.3duoethylburrdisoe 

Teble 5. Physical data of compounds S-6. 

M.p. (solv.) Elemental analyses 
or B.p. 

102-103~ (0) for C22H22N20 
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lr spectra 
Qc.0 cm-’ 

1695 

!h Mite needles 113-115O (b) 
b Oil lOO~/O.l I Hg 

crlc.:C,8O.O;.H.6.7; N,B.S\ 

found?’ 80.7; 6.0; 8.5 
found: 79.9; 6.7; 8.5 

found: 79.9; 6.7; 0.5 

1710 

1708 

1bpO 

1700 

1705 

1702 

1705 

1700 

1710 

1700 

1710 

1710 

1710 

1710 

1710 

1710 

celc.:C,70.4; H,5.b; N,ll.2% 

found: 70.3; 5.7; 11.1 

found: 70.3; 5.6; 11.1 

found: 70.4; 5.0; 11.1 

3b Cream crystals lg4-lg5° (c) for CZ2HZ1N303 

5b Cream needles 141-142O (d) 

66 Cream crytstsls 131-132O (a) 

3c Ulite platelets 149-150° (cl for C23H2,N3U cslc.:C,77.7; H,b.O; N.11.a 

found: 77.6; 6.0; 11.0 

found: 77.6; 5.9; 11.0 
found: 77.0; 6.1; 11.6 

cslc.:C,76.6; H,b.7; N. 7.7% 

found: 76.7; 6.6; 7.0 

found: 76.5; 6.6; 7.5 

fwnd: 76.9; 6.9; 7.5 

SC Uhite chrystsls 162-163O (a) 

6c Mite crystals 123-124O (.m) 

llO-lll" (b) for C H N U 
23 24 2 2 

131-132O (.s) 

lOO~/O.l m Hg 

3d Llhite needles 

# 
&I 

Mite crystals 
Uil 

38 Uhite crystals 147-14B" (a) for C24H27N30 

Cream prisms 13O-1310 (a) 

cslc.:C.77.2; H.7.3; N,ll.2% 

found: 77.3; 7.3; 11.2 

found: 77.4; H,7.4; 11.1 se 

3f Uhite needles 126-127O (e) for C23H24N20 

4f Ulite prisms 115-llb" (d) 

5f Uhite crystals g0-gg" (d) 

6f ‘Aite crystals 119-1210 (a) 

celc.:C,00.2; H,7.0; N,0.1\ 

found: 00.1; 7.0; 0.0 
found: 80.1; 6.9; 0.1 

found: 00.3; 7.1; 0.1 

found: 80.2; 7.0; 0.2 

Cream crystals 155-15b" (d) for C23H23N303 crlc.:C,70.9; H,5.g; N,lO.W 

found: 71.1; 6.0; 10.8 
found: 70.9; 6.0; 10.7 
found: 70.6: 5.7; 10.6 
found: 70.7; 5.7; 10.6 

Cream crystals 142-143O Cd) 
Yellouish needles 160-16g" (d) 
Cream needles 15a-1590 (d) 

3l Uhite needles 165-167' (d) for C25H2qN3U 

Uhite needles 150-15g" (d) 

cslc.:C.77.5; H.7.5; N.1O.n 
found: 77.5; 7.5; 10.7 
found: 77.4; 7.5; 10.7 

crlc.:C,02.7; H,6.4; N, 6.n 
found: 02.7; 6.4; 6.0 

found: 02.0; 6.4; 6.9 

found: 02.5: 6.3; 6.7 

found: 02.6; 6.5 6.7 

3i Uhite crystals 167-lb0O (d) for C20H26N2U 

4i Uhite crystals 12g-130° (d) 

5i Uhite crystals 117-llg" (5) 

6i WIite needles 130-132O (b) 

Uhite needles 103-104' (d) for C H N 0 
20 25 3 3 

4j Yellowish needles lg3-lg4* (d) 

sj Uhite needles 103-104O (d) 

bj Uhite needles 131-132O (d) 

cslc.:C,74.5; H,5.6: N, 9.3% 

found: 74.4; 5.6; 9.7 

found: 74.5; 5.6; 9.7 

found: 74.6; 5.6; 9.6 

found: 74.6; 5.5; 9.6 

Mite needles 164-165O (e) for C30H3,N20 celc.:C,00.1; H;b.9; N, 9.4% 

found: 00.1; 7.1; 9.3 
found: 00.1; 7.0; 9.3 4& Ulite needles 202-203O (f) 

a) Uiisopropyl ether. b) Petroleua ether 60-00’. cl AcOH. d) EtOH. e) HeOHf) A&Et 
_-- 
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Table 6. 
1 
H-M spectra 

(a) 
of coopounds 3.4. 

-- 

Cocl9d 
” CbJ-- 

“b-“b’*Hc-“c’ 
bb(d) p(c) )(W 

ArcaaticsCc) 
a 

3a 3.4 1.4 -3.1 1.75 7.8 7.0 -7.9 
3b 3.55 1.4 -3.1 1.77 7.8 7.0 -8.5 
k 3.4 t.4 -3.1 1.73 7.8 7.0 -7.9 
3d 3.32 1.4 -3.0 1.74 7.72 3.68 6.6 -7.0 
k 3.25 1.3 -3.0 1.63 7.60 2.75 6.4 -7.0 

3f 3.43 1.4 -3.0 1.75 2.27 6.8 -7.6 

4f 3.19 1.4 -3.3 1.75 2.02 6.8 -7.95 
3.5 1.45-3.0 1.77 2.27 6.8 -8.2 
3.25 1.45-3.5 1.75 2.00 7.0 -8.25 

3h 3.37 1.4 -3.0 1.74 2.27 2.83 b.&?.? 

4h 3.1 1.45-3.25 1.74 2.02 2.63 6.4 -7.9 
3i 3.4 1.4 -3.25 1.60 1.83 (lr0Ul 6.7 -7.8 
4i 3.75 1.45-3.55 1.75 1.85 arom 6.7 -8.1 
3f 3.5 1.4 -3.25 1.74 1.88 (lf0rn 6.8 -8.1 
4j 3.85 1.35-3.60 1.75 1.80 a)C0a 6.75-8.1 
3k 3.35 1.45-3.25. 1.70 t-85 cram 6.35-7.9 
4k 3.72 1.5 -3.5 1.76 1.82 croa 2.77 6.25-8.15 

_,___-_- ._-_.___ _--- -_ -~--- 

Doubling doublet; broad sinqlet for 4f, g,h; J +J wcrc always in the range 
9, h) which indicates aa~re!&d conforution uith H in 

One brosd singlet for k-h, 4f-h; two broad singlcts*for 

b) TiC1,-catalyzed reaction of te - TiC14 (0.07 al - 0.6 cm11 nas addcd dropwisc to a stirred 
solution of la (2 amol) in anhydrous bcnzcnc (10 ml). After 1 hr, 2 (1.1 ml - 10 -1) was slwly 
added to the ice-cooled oixturc, which was left 4 hrs at r.t. and worked up as described under (a). 
c) BF3-Latslyzcd reaction of 18 - Frcsly distilled BF 
roll in anhydrous benzene (5 ml) under stirring. 1 

Et20 CO.08 al - 0.3 moo11 was added to 1p (1 
ftcr 1 hr. 2 (0.55 ml - 5 sol) was cddcd 

dropwisc to the ice-cooled aixturc, which was then left 10 hrs at r.t.. After a work up as 
described under (a). the reaction mixture uas submitted to procedure B thus obtaining 3a, unrcsctcd 
la C( 5%) and a l ixturc of 5,6c in the order. Pura 6a and 5a uerc obtained in the order, following 

procedure C. 
d) Euffod)3-catalyrcd reaction of 9o, f, i. 2 CO.55 ml - 5 molf was added to a solution of 1 fl ~ _._- 
rolf in l ethylcnochloride (5 al) containing EuCfodj3 10.516 g - 0.5 mof) and the reaction l ixture 
was left under the conditions reported in table 3. After evaporation of the solvent, the adducts 
ware obtained following the procedures reported in Table 4. 

Protic acid-catalyzed reaction of 3 with 2 -___ -- 
a) CF CWH - catalyzed reaction of la-f,>-- CF3COWl CO.9 ml - 12 ual) was added to a solution of 1 
(2 21) in snhydrous benzene (10 al) and, under cooling and stirring, 2 (10 ml) was added 
dropuisc. Stirring was continued until1 the colow dirappcared, md the reaction mixture ~8s pouted 
into Na2Cu3 s8t. solution, extracted with diethylcther, dried over 
evaporated under vacua. Starting fror la-e, the crude reaction residue uas 
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(teble 4) obtrining Pure 3e-• end l l trture of 5.6 8-e in the order. Pura kd l hd 5e-d wre 
obteinad (in the order) following procedure U, uherear cure k uas obtained by grinding the 

corresponding mixture with light petroleu ether , cooling and filtering off the precipit,ate (6e, 

yield 5%. was only detected by m? in the mother liquors). Sterting from 11, i, the adducts uere 

obteined following the procedures reported in table 4. 
b) p.toluensulfonic acid-catalyzed reaction of la. 2 (5 -1) WI added to a stirred solution of 

le Cl rol) and p. toluemulfonic acid CO.086 g - 0.5 ~1) in anhydrous methylehchloride (10 ml) 
and the mixture was left under the conditions reported in table 3. The reaction mixture WI worked 
up es described under (a) end b ws only detected by MU in the mother liquors of !%e. 
c) Mefion H-cetelyzed peection of la - 2 (5 sol) was edded to a stirred mixture of 18 (1 nol) end -- 
Mafion 117-H- form (1.0 g, ebout 0.9 ma111 in enhydrous benrene (10 ml). Stirring was continued et 
r.t. for 7 days, then the colourless suspension wes filtered, the cetelyrt usshed with 
methylenechloride (2x5 ml). the solvent evaporrted end the crude residue wes worked up es described 
under (b). 

Table 7. 
1 

H-WIR rpcctra(a) of ccmpounds 5.6 

--_._ _._ - - _ _--- __ __ __ __-_ _..-- ~_... -- - -- 

- -_.__.- 

Cc-pd 
H_4(b) 3-C”*(c) --- CH2 vinylic(d) ---2+(e) $’ ,(e) X(‘) -ArometicrCf) 

-_.___- .-. ___A __ _-_ .__ -- 
5m 3.70 1.00 5.10 4.00 1.20 1.62 (9) 6.0 -0.3 
b 3.71 
5b 3.66 

& 3.57 

5c 3.55 

6c 3.53 

# 3.a2 
6d 3.75 

k 
6e(h) ‘;;; 
5f 3.77 

2 3.75 3.65 

w 3.67 

5i 4.11 
bi 4.13 
5j 3.94 
0j 3.95 

1.3- 2.2 4.93 4.72 1.29 1.50 (g) 
1.64 5.14 4.04 1.22 1.64 Cg) 

1.25-2.0 4.92 4.77 1.30 1.50 (g) 
1.50 5.10 4.0 1.15 1.60 (g) 

1.25-2.0 4.90 4.75 1.20 1.40 (g) 
1.05 5.15 4.03 1.25 1.65 7.5 

1.4 -2.2 4.97 4.77 1.33 1.52 7.4 
1.92 5.15 4.02 1.25 1.60 7.55 

(i) 5.0 4.00 1.33 1.55 (i) 

1.86 5.13 4.00 1.25 1.60 1.97 
1.6 -2.25 4.97 4.70 1.33 1.55 1.90 

1.73 5.15 4.a2 1.25 1.50 1.00 
1.45-2.15 4.97 4.02 1.35 1.50 1.76 

1.90 5.03 4.69 1.25 1.42 erom 
1.55-2.35 4.97 4.77 1.27 1.57 erom 
1.50-1.8 4.97 4.62 1.15 1.29 erom 
1.3 -2.1 4.90 4.75 1.30 1.37 eroI 

3.42 
3.42 
2.50 
2.50 

6.75-0.5 

6.0 -0.4 
6.7 -0.5 

6.6 -0.4 

6.65-0.5 

6.3 -0.4 

6.7 -0.5 

6.5 -0.4 

6.5 -0.4 

6.75-0.4 

6.0 -0.5 
6.6 -0.5 

6.6 -0.5 

6.0 -0.4 

6.75-0.5 

6.45-0.3 

6.5 -0.3 

(a) 
In C6D6. 

(b) 
Uoubling doublet; triplet for Sr,o,i,j; J +J , are. iv theCcrfnge 15-17 Hz which 

indiceter e preferred. ~~$o’,~,ti~m,,“~~Il4 itI the “pIeu~~~~~~~lC,,~9~n~verle~~l~~ efrokz,:; 
nftlplet for 6 and 5~. . Cifinglet. 

Spectrum obteined in tiixture with k. Signals overlrpped by those of 50. 
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