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Reaction of 5-phenyl-2,3-dihydrofuran-2,3-dione with 
6,7-dimethoxy-3,4-dihydroisoquinoline. 
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The reaction of 5-phenyl-2,3-dihydrofumn-2,3-dione with 6,7-dimethoxy-3,4-dihydro- 
isoquinoline gave l-benzoyl-2-hydroxy-8,9-dimethoxy-3,5,6,10b-tetrahydropyrrolol2, l-aJiso- 
quinolin-3-one and its oxidation product, viz., l-benzoyl-8,9-dimethoxy-2,3,5,6-tetra- 
hydropyrrolo[2,l-alisoquinoline-2,3-dione. The last-mentioned compound was studied by 
X-ray structural analysis. 

Key words: 5-phenyl-2,3-dihydrofuran-2.3-dione: l-benzoyl-2-hydroxy-8,9-dimethoxy- 
3,5,6,1 l-tetrahydropyrrolo[2, l-alisoquinoiin-3-one, oxidation; l-benzoyl-8,9-dimethoxy- 
2.3,5.6-tetrahydropyrrolo[2,l-alisoquinohne-2,3-dione, crystal and molecular structure. 

Previously, it has been demonstrated that 5-aryl- 
2,3-dihydrofuran-2,3-diones react with 1,3,3-trimethyl- 
3,4-dihydroisoquinoline to form 2-aroylpyruvoyl-3,3-di- 
methyl- l-methylene- 1,2,3,4- tetrahydroisoquinoline, l As 
part of continuing studies of  the reactions of 5-aryl- 
2,3-dihydrofuran-2,3-diones with 3,4-dihydroisoquino- 
lines, we studied the reaction of  5-phenyl-2,3-di-  
hydrofuran-2,3-dione (1) with 6,7-dimethoxy-3,4-di- 
hydroisoquinoline (2). 

It was established that the reaction of equimolar 
amounts of compounds 1 and 2 in anhydrous dioxane in 
the cold yields two compounds, namely, yellow 1-ben- 
zoyl -2-hydroxy-8 ,9-dimethoxy-3 ,5 ,6 ,  10b-tetrahydro- 
pyrrolo[2, l-a]isoquinolin-3-one (3) and dark-red l-ben- 
zoyl-8,9-dimethoxy-2, 3,5,6-tetrahyd ropyrrolo[2,1-a]iso- 
quinoline-2,3-dione (4) (Scheme 1). 

A possible scheme of  the reaction involves the ring 
opening of compound 1 by the nuc!eophilic attack of 
the trigonal N atom of isoquinoline 2 and cyclization of 
intermediate 5 to hexahydropyrroloisoquinoline 6. The 
migration of the proton from the C atom to the O atom 
of the carbonyl group in compound 6 yields one of the 
reaction products, viz., compound 3. Product 4 forms, 
apparently, by oxidation of  compound 3 under the reac- 
tion conditions. Unexpectedly, this oxidation proceeds 
readily, whereas monocyclic 3-hydroxy-2-pyrrolones re- 

fated to compounds 3 (see Ref. 2) are stable to oxida- 
tion. Unlike pyrrolediones reported previously, 3 com- 
pound 4 does not react with alcohols, and therefore, it 
can be recrystallized from ethanol. To confirm the struc- 
ture of compound 4, we studied it by X-ray structural 
analysis. The overall view of  molecule 4 is shown in 
Fig. I.* The bond lengths and bond angles are given in 
Tables 1 and 2. The six-membered heterocycle adopts a 
distorted boat conformation. The N, C(4), C(5), and 
C(12) atoms are in a single plane (within 0.006 A). The 
C(6) and C(7) atoms deviate from this plane in one 
direction by 0.88 and 0.47 A, respectively. Both MeO 
groups are coplanar with the plane of the benzene ring 
and are arranged symmetrically with respect to each 
other. The orientation of  the benzoyl fragment with 
respect to the dihydropyrrole ring is characterized by the 
C(2)--C(3)--C(15)--O(3)  and C(3)- -C(15)- -C(16)- -  
C(17) torsion angles of  37.1 ~ and 27.5 ~ respectively. 
The angle between the planes of  the benzene ring of  the 
benzoyl fragment and the dihydropyrrole ring is 58.2 ~ 
The dihydropyrrole ring is noncoplanar  with the 
dimethoxyphenyl substituent, The anne between the 

* The atomic numbering scheme, which is used in the discus- 
sion of the molecular structure of compound 4, is g':ven in 
Fig. I. 
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planes of these fragments is 22.3 ~ The C(3)--C(4)-- 
C(12)--C(11) torsion angle is 20.1 ~ The noncoplanarity 
of the pyrrole ring and its substituents at positions 4 and 
5 decreases the probability of formation of the common 
r~-conjugated system. However, the double C(3)=C(4) 
bond is noticeably elongated [1.387(3) ,~]. The C(4)-- 
C(12) bond [1.444(3) ~1 is substantially shortened com- 
pared to the standard bond length between sp 2 hybrid- 
ized C atoms (1.46 ~).4,5 However, the C(2)--C(3) and 
C(3)--C(15) bonds [1.457(3) and 1.458(3) ,~, respec- 
tively] are not shortened. The N--C(1) and N--C(4) 
bonds [1.370(3) a and 1.394(2) A, respectively] are sub- 
stantially longer than the bond between the planar N 
atom and the sp 2 hybridized C atom (1.34 A). s The 
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Fig. 1. Overall view of molecule 4. 

lengths of these bonds are in the range of the values 
observed in the nitrogen-containing heterocycles. There- 
fore, the elongation of the C(3)=C(4) bond due to its 
participation in the ~-conjugation, if this is the case, has 
no significant effect on the lengths of the adjacent 
bonds. However, the deeper (red) color of the cry.'stals of 
compound 4 compared to the yellow color of compound 
3 is indicative of the presence of a more extended 
conjugation system in the former compound. The analo- 
gous elongation of the double C=C bond was also 
observed in other pyrrole derivatives. For example, these 
bonds are 1.357(8) ~. and t.403(5) X in the molecules 
of Z-2-ethoxycarbonylmethylene-4,5-diphenyl- 2,3-di- 
hydropyrrol-3-one 6 and l-benzyl-2-hydroxy-5-methyl- 
3-oxo-2-phenacyl- 2,3-dihydropyrrole-4-carboxylic acid, 7 
respectively. The substantially elongated bond between 
the C atoms of the carbonyl groups of the pyrrole ring 
[1.543(3) ~,] suggests that not the entire pyrrote ring, 

Table 1. Bond lengths (d) in molecule 4 

Bond d/~ Bond d/.~ 

O(1)--C(1) 1 .210(3)  C(5)--C(6) 1.513(4) 
O(2)--C(2) 1.210(3)  C(6)--C(7) 1.514(3) 
O(3)--C(15) 1.225(2) C(7)--C(8) 1.393(3) 
O(4)--C(9) 1.356(2)  C(7)--C(12) 1.402(3) 
O(4)--C(13) 1.431(3) C(8)--C(9) 1.380(3) 
O(5)--C(I0) 1.358(2) C(9)--C(I0) 1.415(3) 
O(5)--C(14) 1.415(3) C(10)--C(I l) 1.371(3) 
N--C(I) 1.370(3) C(11)--C(12) 1.398(3) 
N--C(4) 1.394(2) C(I5)--C(16) 1.490(3) 
N--C(5) 1.463(3) C(16)--C(17) 1.385(3) 
C(I)--C(2) 1.543(3)  C(16)--C(21) 1.394(3) 
C(2)--C(3) 1.457(3) C(17)--C(t8) 1.390(3) 
C(3)--C(4) 1.387(3) C(18)--C(19) 1.386(5) 
C(3)--C(15) 1.458(3) C(19)--C(20) 1.374(5) 
C(4)--C(12) 1.444(3) C(20)--C(21) 1.384(4) 



Synthesis of pyrrolo[2, l -a l isoquinol inediones  Russ.Chem.BulL, Pbl. 46, No. 10, October. 1997 1753 

Table 2. Bond angles ((~) in molecule 4 

Angle o/deg Angle o/deg Angle e~/deg 

C(1)--N--C(4) 110.6(2) N--C(5)--C(6) 108.5(2) 
C(I)--N--C(5) 126.1(2) C(5)--C(6)--C(7) 109.9(2) 
C(4)--N--C(5) 122.6(2) C(8)--C(7)--C(I 2) 118.7(2) 
O(1)--C(1)--N 127.0(2) C(8)--C(7)--C(6) 121.9(2) 
O(1)--C(I)--C(2) 1 2 7 . 5 ( 2 )  C(12)--C(7)--C(6) 119.3(2) 
C(2)--C(1)--N 105.6(2) C(9)--C(8)--C(7) 121.1(2) 
O(2)--C(2)--C(3) 1 3 2 . 1 ( 2 )  C(8)--C(9)--C(10) 120.0(2) 
O(2)--C(2)--C(1) 1 2 2 . 5 ( 2 )  C(8)--C(9)--O(4) 125.3(2) 
C(3)--C(2)--C( 1 ) 1 0 5 . 4 ( 2 )  C(9)--O(4)--C(13) 116.9(2) 
C(4)--C(3)--C(2) 1 0 6 . 8 ( 2 )  C(10)--C(9)--O(4) 114.6(2) 
C(4)--C(3)--C(15) 132.4(2) C(10)--O(5)--C(14) 116.3(2) 
C(2)--C(3)--C(15) 120 .7(2)  O(5)--C(10)--C(1 I) 125.5(2) 
C(3)--C(4)--N 111.5(2) O(5)--C(10)--C(9) 115.7(2) 
C(3)--C(4)--C(12) 131.6(2) C(I 1)--C(I0)--C(9) 118.8(2) 
N--C(4)--C(12) 116.9(2) C(10)--C(1 I)--C(12) 121.4(2) 

C(I 1)--C(12)--C(7) 119.7(2) 
C(I 1)--C(I2)--C(4) 121.2(2) 
C(7)-C(I  2)--C(4) 119.1(2) 
0(3)--C(15)--C(3) 119.4(2) 
0(3)--C(15)--C(16) 119.5(2). 
C(3)--C(15)--C(16) 120.9(2) 
C(17)--C(t6)--C(21) 119.8(2) 
C(17)--C(16)--C(15) 122.1(2) 
C(21)--C(16)--C(15) 118.1(2) 
C(I6)--C(17)--C(18) 120.0(2) 
C(19)--C(18)--C(17) 119.3(3) 
C(20)--C(19)--C(18) 121.2(3) 
C(19)--C(20)--C(21) 1i9.5(3) 
C(20)--C(21)--C(16) 120.2(3) 

Table 3. Coordinates of nonhydrogen atoms (x [04) and hydrogen 
(x 103) Of molecule 4 

Atom x y Z bTA 2 Atom 

N 2528(1) 5398(2) 4121(1) 60(1) C(17) 
O(1) 1810(1) 6590(3) 4429(1) 86(i) C(18) 
0(2) 2416(1) 5195(2) 5954(I) 75(1) C(19) 
0(3) 3300(1) 2599(3) 6420(1) 88(1) C(20) 
0(4) 4249(1) 1 8 0 1 ( 2 )  2819(1) 66(t) C(21) 
0(5) 4240(I) 166(2) 4034(1) 70(1) H(5a) 
C(l) 223l(1) 5782(3) 4596(1) 64(l) H(5b) 
C(2) 2550(I) 4992(3) 5386(1) 59(l) H(6a) 
C(3) 3015(l) 4123(3) 5270(1) 51(t) H(6b) 
C(4) 2970(I) 4352(2) 4501(1) 49(1) H(8) 
C(5) 2371(1) 5770(4) 3295(1) 68(i) H(l l )  
C(6) 2883(1) 6028(3) 3084(1) 66(I) H(13a) 
C(7) 32600) 4504(3) 3355(11 51(1) H(13b) 
C(8) 3585(l) 3895(3) 2938(1) 54(I) H(13c) 
C(9) 3918(1) 2481(3) 3185(l) 510) H(14a) 
C(10) 3920(1) [592(2) 3860(1) 50(I) H(14b) 
C(II) 3607(1) 2207(2) 4277(I) 48(1) H(t4c) 
C(12) 3285(1) 3677(2) 4046(1) 47(1) H(17) 
C(13) 4269(1) 2672(4) 2141(2) 70(1) H(18) 
C(14) 4236(2) -760(5) 4697(2) 99(1) H(19) 
C(15) 3433(l) 3325(3) 5916(1) 55(I) H(20) 
C(16) 4022(I) 3482(3) 5998(1) 52(l) H(21) 

atoms (xl03) and isotropic thermal parameters 

x y z bTA 2 

4224(1) 4870(3) 5702(1) 58(i) 
4781(1) 5020(4) 5838(2) 75(!) 
5127(1) 3739(5) 6247(2) 86(1) 
4929(t) 2332(5) 6524(2) 85(1) 
4377(I) 2219(4) 6417(1) 70(1) 

214(1) 481(4) 301(2) 82(8) 
215(1) 677(4) 320(2) 89(9) 
280(1) 623(3) 254(2) 70(7) 
309(1) 715(3) 335(2) 76(7) 
358(t) 451(3) 247(I) 62(6) 
361(1) 16l(3) 472(I) 50(5) 
392(1) 270(3) 175(2) 66(7) 
437(1) 385(4) 224(2) 85(9) 
453(1) 204(4) 198(2) 94(9) 
447(l) -168(4) 475(2) 97(9) 
388(2) -108(5) 466(2) 124(14) 
436(2) 11(6) 515(2) 137(14) 
399(1) 575(3) 545(2) 73(8) 
492(1) 617(5) 562(2) 114(11) 
551(1) 377(4) 634(2) 93(9) 
517(I) 145(4) 683(2) 99(10) 
420(I) 120(4) 660(2) 82(8) 

but rather only the C(3)=C(4) bond, is involved in the 
possible ,-t-conjugated system. 

Experimental 

The IR spectra were recorded on a UR-20 spectrophotom- 
eter as Nujol mulls. The IH NMR spectra were measured on a 
Tesla BS 467 instrument (80 MHz) in chloroform-d with 
HMDS as the internal standard. The mass spectrum of com- 
pound 3 was recorded on a Varian MAT 311 spectrometer with 
direct introduction of the sample into the ion source (the 
energy of ionizing electrons was 70 eV). The course of the 
reaction and the purities of the resulting compounds were 

monitored by TLC on Silufol plates using a 3 : 2 benzene-- 
ether mixture as the solvent. 

The reaction of 5-phenyi-2,3-dihydrofnran-2,3-dione (1) 
with 6,7-dimethoxy-3,4-dihydroisoquinoline (2). A mixture of 
compound 1 (0.87 g, 5 mmol) and compound 2 (0.96 g, 
5 mmol) was kept in anhydrous dioxane (25 mL) at 
20--22 ~ tbr 12 h. The solvent was evaporated. The residue 
was triturated with hot acetonitrile. After cooling of the solu- 
tion, crystals of compound 3 that precipitated were filtered off. 
The yield of 3 was 0.98 g (54%), m.p. 183--185 "C (MeCN). 
[R, v/cm-l: 3150 (OH); 1683 (C=O); 1622 (C=C). IH NMR, 
3 :3 .44  (s, 3 H, MeOH); 3.71 (s, 3 H, MeOH); 2.81 
(q, 2 H, CH2): 4.09 (q, 2 H, CH2); 5.74 (s, I H, CH); 7.21 
(m, 7 H, H arom.); 9.00 (br.s, 1 H, OH). MS, m/z 
(/re} (%)): 365 [M] + (14), 260 [M-PhCO] + (15). 106 
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[PhCHO] + (100). Found: N, 3.97%. C2~HIgNO 5. Calculated: 
N, 3.84.,%. 

The mother liquor was concentrated. The residue was 
treated with hot ethanol and cooled. 1-Benzoyl-8,9-dimethoxy- 
2,3,5,6-tetrahydropyrrolo[2,1-a]isoquinoline-2,3-dione (4) that 
precipitated was filtered off and recrystallized from ethanol. 
The yield was 0.43 g (24%), m.p. 211--213 ~ (deeomp.). IR, 
v /cm-I :  1730 (C=O): I700 (C=O). IH NMR, 8 :3 .55  (s, 
3 H, MeOH); 3.00 (t, 2 H, CH2): 3.80 (t, 2 H, CH2); 7.25 
(m, 7 H, H atom.). Found: N, 4.01%. C21HtTNO 5. Calcu- 
lated: N, 3.85%. 

Elongated quadrangular-prismatic dark-red crystals of com- 
pound 4 belong to the monoelinic system. The principal 
crystallographic data are as follows: a = 25.949(5) A, b = 
7.774(2) ~, c = i8.325(4) A, 13 = 109.0(I) ~ V =  3495.3 ~3 
M = 363.36, dcajc = 1.381 g c m  -3, Z = 8, space group C2/c. 

The unit cell parameters and the experimental intensity data 
were measured on an automated four-circle KM-4 diffracto- 
meter (Kuma diffraction, Poland) with the ;(-geometry using the 
0/0 scanning technique in the angle range of 4 ~ < 0 < 80 ~ 
(Cu-Kc~ radiation, graphite monochromator). A total of 3783 
independent reflections were collected. The smlcture was solved 
by the direct method using the AREN program. 8 All other 
calculations were carried out on a PC/AT computer using the 
SHELXL program package. 9 The positions of the hydrogen 
a:oms were located from the difference electron density synthe- 
ses. The structure was refined anisotropically (isotropieally for H 
atoms) by the full-matrix least-squares method. The final value 
of the R factor was 0.042 using 2363 reflections with [ > 2o(/), 
and R = 0.072 using a total set of reflections. The atomic 
coordinates are given in Table 3. The anisotropic thermal pa- 
rameters can be obtained from the authors. 
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