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Abstract-Diels-Alder cycloaddition of 1,3-disubstituted butadienes 

to i~0quin01in0pyrr0linediones gives two cycloadducts, the previ- 

ously reported cis-endo ( regarding the dioxopyrroline ring ) 

adduct and the new cis-exo adduct, with a variable ratio largely 

depending on the solvent and temperature of the reaction. Deter- 

mination of their stereochemistries and isomerization experiments 

proved that the former adduct is a kinetic and the latter adduct 

is a thermodynamic product. Acceleration of dissociation and 

recombination of the former to the latter adduct in polar sol- 

vents ( such as cnc13 ) was also suggested. 

Previously we showed that the Diels-Alder reaction of isoquinolinopyrrolinediones 

with activated butadienes provides a useful method for preparation of ring D 

functionalized erythrinans. The reaction proceeds in regio- and stereo-selective 

manner to give the cis-endo ( regarding the dioxopyrroline ring ) adduct exclu- 

2 sively . In this communication. we wish to show that this adduct (A) corresponds 
to the kinetic product and another cycloadduct (8). the thermodynamic product, is 

obtained by reactions under different conditions, and that the ratio of these two 

adducts is markedly affected by factors of solvent and temperature. 

During repetitions of the above cycloaddition reaction, we found that a new cyclo- 

adduct (a), which is isomeric to 5,  is produced under some reaction conditions. 

For example, when the dioxopyrroline 1 and an excess of 1.3-his(trimethylsily1oxy)- 
butadiene were heated in CH2Cl2 at 180•‹C for 15 min, a new cycloadduct I@), mp 



136-13g0c, was produced in 70% yield,. whereas the reaction in dioxane at 130'C af- 

2 forded an isomer L(3 , mp 141-l43'C, in 65% yield. Solvent and temperature 

effects on this reaction are shown in Table 1. Several other ~ombinations of the 

diene and the dienophile showed more or less an analogous trend, two cycloadducts 

being always produced with variable ratios depending on the solvent and temperature 

used ( see also Table 2 1. 

The two isomers showed very close chromatographic behaviour and spectroscopic 

1 Properties, but characteristically distinguished by H-chemical shift of aromatic 

Protons. The new isomer (8). which is assumed as cis-exo (regarding the dioxo- 

pyrroline ring1 adduct, always showed wider spacing of two Ar-H compared to the 

previously reported cis-endo adduct (2) ( see Table 3 I. 

cis-endo (A- 
TMS.0 

1%) 

1 2  1 R =R =Me 1 2  2 R =R =Me, R=TMS 1 2  - - - 3 R =R =Me, R=TMS 
1 1  2 6 R :R =-CH -, R =Et 4 R ~ = R ~ = R = M ~  1 2  - 2 5 R =R =R=Me - 

1 1  2 1 1  2 7 R :R =-CH -, R =Et - 2 .. 8 R :R =-CH2-, R =Et 
R=Me R=Me 

Chart 1 

That the two isomers differ only in the stereochemistry at C1 and the adduct 5 

corresponds to cis-end0 and the adduct!! to cis-exq product were proved as fol- 
3 lows. On treatment with KF in THF, Ll&l and 3(8) gave the ketone, 2 , mp 207-209•‹C, 

and g 3 ,  mP 220-223'C. respectively, which are isomeric to each other. Reduction 

of 1_0 with n - ~ u 4 ~ ~ ~ 4 4  in CHZCIZ gave the ketol 2, mp 113-115•‹C.- (60%). which on 
treatment 5% HC1-THF afforded the enone g, mp 209-211•‹C. This was identical (TLC, 
IR, NMR) with the corresponding enone prepared from the adduct L(&)(i. LiBH4, ii. 

5% HC~-THFI~. Analogo~~ly, z(&16 afforded the ketone L32'3 mp 210-213'C. on treat- 

ment with KF. This was converted, by NaBH4 reduction followed by acetylation, to 

the diacetate 13, mp 242-244OC, whose structure and configuration had been firmly 

2 established by x-ray analysis . On the other hand, treatment of the adduct L(B1 

with KF gave an isomeric ketone g 3 ,  mp 202-203•‹C, which on NaBH4 reduction gave a 

mixture of diols. None of their diacetates was identical with 2. 
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Table 1. Solvent and temperature dependence in cycloaddition 

of the dioxopyrroline 1 to 1,3-bis(trimethylsily1oxy)butadiene 
solvent temp.('C) time (mi". 1 adducta 

dioxane 130 50 A,>B 

dioxane 180 15 A< B 

benzene 180 15 A, B 

toluene 180 30 A> B 

hexane 180 4 5 A< B 

(neat) 180 15 A< B 

CH2C12 130 50 A<<B 

CH2C12 180 15 A<<B 

A: cis-endo adduct 8: adduct 
1 a) The ratio was roughly estimated from H-NMR spectra. 

Table 2. Formation of the cis-endo (A) or cis-exo (2) adduct by cycloaddition of 
dioxopyrrolines (& and 6) to 1.3-disubstituted butadienes 

dienophile diem solvent temp. ('C) time (min. ) isolable product,W("C) 

1 - i dioxane - 130 50 $2)  141-143 a 

CH2ClZ 180 15 ,E!(?) 136-139 

1 
.w 

dioxane 130 50 A(9 142-144 a - 
CH2ClZ 180 50 E ( 5 )  gum 

6 
d 

1 toluene 130 6 0 g ~ m ~ ' ~  . . 
CHC13 180 6 0 B(8) 176-179 ", - 

i: 1.3-Bis(trimethylsilyl0xy)butadiene Li: 1-Methoxy-3-trimethyIsilyloxy- .., 
butadiene 

a) see ref. 2 
b) Mp of the isomer & is mis-listed for this compound in Table 3 of ref. 2. 

It must be changed as this. 

Table 3. Characterization of the cis-endo(&) and the -(fl) adduct. 
1 

( H-NMR aromatic protons of C14-H andC17-H in CDC13, 6 ppm) 

dienophile-diene cis-endo (6) cis-ex0 (&I 

1-i - - 6.72 6.58 7.14 6.58 

l- 3 6.70 6.57 7.35 6.59 

6-12 -. 6.72 6.60 7.35 6.54 



i 

two 
compounds c- 

fmn 15 OH 
COOMe 

1 2  ~ R = R = w , -  11 ,., 
1 1  2 15 R :R =a2-, R =Et 

Chart 2 

It has been sometimes demonstrated for simpler systems that an endo-ex0 ratio of 

the Diels-Alder adducts varies depending on the reaction temperature; that is, 

7 the proportion of =-isomer generally increases on elevating temperature . The 

Same trend of temperature dependency was observed in our cycloaddition. Reaction 

of l-methoxy-3-trimethylsilyloxybutadiene with the dioxopyrroline 1 in dioxane 
gave the cis-endo adduct 4 exclusively at 130'C (50 min), while the cis-endo (4-1 

and the cis-exo (2 adduct were produced in ratio of 1 :3.5 at 180'C (50 min). 

This can be explained by dissociation of the kinetic product (cis-endo) to the 

original components and recombination of them to the more stable thermodynamic 

product 1-0) (see Chart 3)'. This consideration was supported by the fol- 

lowing evidence. On heating pure 4(5) in cHC13 at 180PC (1 h), it dissociated to 

1 the original dioxopyrroline 1 (42%). The H-NMR spectrum of the mother liquor 

from &was identical with that of 5 ( 9 .  When this thermolysis (in CHC13, 180'C. 

1 h) was carried in presence of excess diene, the isomerization of Q@) into 5(B) 
occurred almost quantitatively. 
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There are very little reports on the solvent effect of Diels-Alder reaction. 

BerSon et a1.' suggested that =-selectivity increases with decrease of solvent 

polarity when the reaction is kinetically controlled. Apparently their suggestion 

is conflicting with our case, where the proportion of --product increases with 

increase of solvent polarity.10 Although we do not have any conclusive explanation 

for the role of solvent in our result, it may be safely assumed that a polsr solvent 

such as CH2C12 or CHC13 facilitates dissociation of the kinetically produced 

cis-endo adduct 

RO 

RO 

0 
cis-endo 

Chart 3 
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