
acrylonitrile by a procedure similar to that used to prepare V. Workup gave 0.66 g (58%) 
of a product with Rf 0.15 [hexane-acetone (2:1)] Mass spectrum, m/z (%): 228 (4.2), 175 
(100.0). 
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PHOTOCHEMICAL REACTIONS OF 7-AMINOCOUMARINS. 

2.* [2 + 2]-CYCLOADDUCTS WITH STYRENE 

M. A. Kirpichenok, L. M. Mel'nikova, 
D. S. Yufit, Yu. T. Struchkov, I. I. Grandberg, 
and L. K. Denisov 

UDC 547.587.51'538:141:535.217 

The photocycloaddition of styrene to 4-methyl-7-aminocoumarin, 4-methyl-7- 
diethylaminocoumarin, 7-(N-morpholino)coumarin, 3-ethoxycarbonylmethyl-4- 
methyl-7-diethylaminocoumarin, and coumarin-102 (2,3,6,7-tetrahydro-9- 
methyl-iH,5H,llH-[1]-benzopyrano[6,7,8-ij]quinolizin-ll-one) was investi- 
gated. Adducts of regio- and stereospecific [2 + 2]-cycloaddition to the 
3-4 bond were isolated. It was established by means of x-ray diffraction 
analysis that the phenyl group in the cycloadducts occupies the l-endo 
position. The participation of the singlet excited states of the 7-amino- 
coumarin molecules in [2 + 2]-cycloaddition was demonstrated. 

*See [i] for Communication i. 
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TABLE i. Characteristics of VI-X 

C o m -  

p o u n d  

VI 
VII 

VIII 
IX 
X 

rap, ~ 

113,5 
116,5 
93,0 
58,0 
89,0 

I Found, % 

C H 

77,6 6,4 
78,5 7,5 
75,4 6,4 
73,9 7,5 
80,0 6,7 

4,7 
4,3 
4,4 
3,5 
3,7 

Empirical 
formula 

Calc.,  % 

5,0 
4,2 
4,2 
3,3 
3,9 

C,sH,zNO2 
C22H25NO2 
C2,H2,NO3 
C2sH3,NO4 
C24H:2sNO2 

c H 

77,4 6,1 
78,8 7,5 
75,2 6,3 
74, I 7,4 
80,2 7,0 

.Yield, 
~o 

47 
62 
54 
46 
32 

TABLE 

C o m -  
p o u n d  

VI 
VII 

VIII 

IX 
X 

2. IR and UV Spectra of VI-X 

IR spec trum,  v .  c m  "l 

C = O  

1742 
1755 

1757 

i1761,1710 
i 1759 

C = C  

~ I spectrum, ) 'max, nm (log e) 

I 
1635,1575 I 258 (3,76), 280 (3,55) 
1633,1565,15301 214 (4,63), 240 (4,28), 272 (4,15), 280 (4,20), 

300 (3,95) 
1635, 1572, 15301 215 (4,57), 242 (4,31), 275 (4,18), 283 (4,18), 

I 304 (3,85) 
1635, 1575,1532! 214 (4,59), 245 (4,27), 280 (4,21), 310 (3,90) 
1635,1570 t 250 (3,81), 280 (3,70), 335 (3,74) 

We have previously reported [i] the [2 + 2]-cycloaddition of vinyl butyl ether and 
acrylonitrile to 4-methyl-7-aminocoumarin (I) and 4-methyl-7-diethylaminocoumarin (II). 
It was found that exclusively regioisomers of the "head-to-tail" type are formed in these 
reactions. In the present paper we present data on the cycloaddition of styrene to cou- 
marins I and II, as well as 7-(N-morpholino)coumarin (III), 3-carbethoxymethyl-4-methyl-7- 
diethylaminocoumarin (IV), and coumarin-102 (V). Styrene was selected because of its inter- 
mediate position from the point of view of the electronic donor-acceptor properties in a 
series of investigated olefins [I]. Consequently, in comparing the reactions of the select- 
ed olefins with the reactions of vinyl butyl ether and acrylonitrile one can more accu- 
rately evaluate the ratio of the "polar" and "steric" factors in [2 + 2]-cycloaddition. 

The reactions were carried out in acetonitrile by irradiat&on of a 0.05 M solu- 
tion of the corresponding 7-aminocoumarin with UV light through a Pyrex filter (% > 300 
nm) in excess styrene (15-20 equivalents) for 8-10 h. A single adduct (VI-X) was isolated 
as the principal product in all cases. 

R 2 R 2 
i H i S l .  

I-IV CH5 VI-IX CH 3 H 

"~ C6H~CH=CH ~ " ~ . ~ / - ~ . . ~ - C 6 H  5 
~ "  I II 

0 

I, VI R*=RO=H, R2=CH3; II, VII Rt=H, R2=CH3, R3=C2Hs; III, VIII RI=R2=H. 
R3+R3=--CI-I:CH2OCH2CH~--; IV, IX R*=CH2CO2C2Hs, R2=CH~, R3=C21-15 

Despite their high percentages in the reaction mixtures (-90%), the preparation 
yields of the adducts did not exceed 60% (Table i), since VI-X are rather unstable and un- 
dergo retrodecomposition during chromatographic isolation on silica gel and heating or 
under the influence of light. 

To prove the structures of adducts VI-X we first used ordinary physicochemical methods 
(Tables 1-3). Thus a band of carbonyl absorption appears at 1745-1760 cm -I in the IR spec- 
tra of VI-X; this is in agreement with other derivatives of this type [i, 2]. Absorption 
bands at 280-285 and 300-335 nm, which are characteristic for a saturated dihydrocoumarin 
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Fig. i. Principal bond lengths 
and bond angles in the VII 
molecule. 

fragment [3], are present in the UV spectra (Table 2). The mass-spectral fragmentation 
of VI-X resembles the fragmentation of 7-aminocoumarins [4] and is characterized by high- 
intensity peaks of starting coumarins I-V (relative intensities ~90-100%); this constitutes 
evidence for retro-[2 + 2]-decomposition. The intensities of the molecular-ion peaks are 
generally low and do not exceed 30%. 

The principal information regarding the structures of derivatives VI-X follows from 
their PMR spectra (Table 3). In conformity with the literature data [i, 5, 6] cis fusion 
of the cyclobutane and lactone fragments was adopted for all of the adducts. Signals of 
aromatic 8-H, 7-H, and 5-H protons of the coumarin fragment at 5.8-5.9, 6.0-6.1, and 6.3 
ppm, respectively, are readily distinguishable in the PMR spectra of VI-X. Attention is 
directed to the fact of the significant shift to strong field of the 8-H signals as com- 
pared with the starting coumarins (7.5 ppm) [7] or the adducts based on acrylonitrile and 
vinyl butyl ether (6.9-7.2 ppm) [i]. This regularity is evidently explained by the shield" 
ing effect of the phenyl substituents in VI-X. 

The PMR spectra of adducts VI, VII, and X have a rather simple form as a consequence 
of the coincidence of the spin-spin coupling constants (SSCC) of the cyclobutane protons. 
Thus the spectrum of VI contains three groups of signals at 2.46, 3.20, and 3.63 ppm, which 
were assigned to the 2-H (exo and endo), 2a-H, and I-H protons, respectively. The signals 
at 3.20 and 3.63 ppm have the form of triplets (J = 9.5 Hz) and are not linked by spin-spin 
coupling, as evidenced by the use of double resonance. On the other hand, suppression of 
the signal at 2.46 ppm leads to distortion or degeneration of the I-H and 2a-H signals. 
The position and form of the signals of the cyclobutane protons of VI, VII, and X make it 
possible to assign them to isomers of the "head-to-tail" type. The absence in the spectra 
of long-range coupling of the I-H and 2a-H protons, which, according to the data in [8], 
are equal to -1.0 Hz in the case of an anti orientation, makes it possible to assume the 
presence of the phenyl substituent in the l-endo position. This assumption is also con- 
firmed by the absence of a shielding effect of the phenyl ring on the protons of the 8b- 
methyl group (see [i]), which is well known for phenyl-substituted cyclobutanes [9, i0]. 
A small degree of splitting to a doublet of the strong-field line of the triplet Signal 
at 2.46 ppm (J = 1.25 Hz) can also be observed in the spectrum of VI. The indicated split- 
ting correlates with the signals of the aromatic ortho protons of the phenyl group and was 
assigned to long-range W coupling of the 2-endo-H proton with one of the ortho protons. 

Chemical shifts of cyclobutane protons are observed at 2.7-4.0 ppm in the PMR spectrum 
of adduct VIII. Signals of I-H (4.02 ppm) and 8b-H (3.91 ppm) protons, which show up in 
the form of a doublet of triplets and are linked by spin-spin coupling with the 2-H (3.68 
and 3~ ppm) and 2a-H (3.58 ppm) protons, are located at weakest field. The constants 
of spin-spin coupling of the 8b-H proton with the I-H and 2a-H ~ protons are identical and 
are equal to 7.9 Hz. This fact makes it possible to assume a cis orientation for the 8b-H 
and 1oH protons and, consequently, an endo orientation for the phenyl group. The ssignment 
of the 2-endo-H proton was made on the basis of the long-range ~J2-endo,gb constant, which 

is 3.0 Hz. The analogy in the stereochemical structures of VIII and adducts VI, VII, and 
X is also confirmed by~he close values of the remaining vicinal constants. A comparison 
of the PMR spectra of adducts VII and VIII indicates the appreciable shielding effect of 
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TABLE 4. Coordinates (• ") and 
Equivalent IsotropicTemperature 
Factors of the Nonhydrogen Atoms 
in the VII Molecule 

Atom 

C(i) 
C(2) 
C~z) 
0(4) 
C(4,*) 
0(5) 

Ci7) 
C(8) 
C(Ba) 
C(:to.) 
C<8~) 

N(,o) 
C(n) 
C(l~) 
C(~a) 
C()4) 
C()s) 
C(16) 
Ccm 
C(ls) 
C(l$,) 
C(19) 
C(19') 
C(2o) 
C(21) 

x ] v 

5827(2) 
5782(3) 
6538 (3) 
7451 (2) 
7888(3) 
8811 (3) 
9354 (3) 
8913(3) 
7982(3) 
7428(2) 
5986 (3) 
6427 (2) 
6242 (2) 
0266(3) 
6148(2) 
6119(3) 
6422(3) 
6746 (3) 
6763 (3) 
6471 (3) 
6236(3) 

10822 (7) 
10958 (9) 
1134(8) 
1112(11) 
0708(3) 

10952(4) 

i131(2) 
3844 (2) 
2650(2) 
2787 ( 1 ) 
3275(2) 
3360(2) 
3790 (2) 
4t15(2) 
4027 (2) 
3601 (2) 
3123(2) 
3487 (2) 
2169(1) 
3902(2) 
4857 (2) 
5105(4) 
5771 (2) 
6216(2) 
5983 (2) 
5311 (2) 
3164(2) 
4486 (5) 
4088 (7) 
4047 (6) 
4760(7) 
3560 (3) 
2846(3) 

eq 
B iso '  

(Xb._ 
3,4(1) 
4,1(1) 
3,7(1) 
4,33 (7) 
3,7(1) 
4,7(1) 
5,7(1) 
5,8(1) 
4,6(2) 
3,1(1) 
3,7(1) 
3,1(1) 
4,64 (8) 
8,4 (2) 
3,2(1) 
4,o(1) 
4,7(1) 
4,6(1) 
4,6(1) 
3,9(1) 
4,7(1) 
6,0 (2) * 
9,8 (3) * 
8,6 (3) * 

11,3 (4) * 
8,0(2) 

10,5(3) 

*The Bis o values are presented 
(these atoms were refined iso- 
tropically with G = 0.5). 

the ~-cis-methyl group, as a result of which the signals of the l-exo-H and 2a-H protons 
in VIII are shifted -0.4 ppm to weak field as compared with adduct VII. 

In the PMR spectrum of IX the signals of the cyclobutane protons are observed at 3.61, 
2.70, and 2.20 ppm. The signal at 3.61 ppm was assigned to the l-exo-H proton on the basis 
of the characteristic chemical shift (compare VII-IX and X), and it is thus assumed that 
the phenyl group is in the l-endo position. This conclusion is confirmed by the close val- 
ues of the chemical shifts of the aromatic 8-H, 7-H, and 5-H aromatic protons in VII-IX, 
which attest to a monotypic configuration of the C(I ) center in the adducts obtained. The 
signal at 2.70 ppm has the form of a triplet and was assigned to the 2-exo-H proton, since 
a deshielding effect of the carbonyl group [Ii] of the substituent in the 2a position can 
be expected for this proton. The presence of an ethoxycarbonylmethyl group in IX evidently 
leads to appreciable distortion of the cyclobutane fragment. This results in greatershieid- 
ing of the 2-endo-H proton (2.20 ppm) by the ~-phenyl group and an increase in the differ- 
ence in the 3J1.exo,a_endo (8.0 Hz) and aJ1_exo,a_ex o (ii.0 Hz) constants as compared with 

the other adducts. The nonequivalence of the methylene protons in the CH2CO and OCHa frag- 
ments of the carbethoxymethyl substituent (Table 3) may serve as an additional confirmation 
of the steric hindrance that develops. 

On the whole, the PMR spectra of the synthesized cycloadducts VI-X have elements in 
common, and their interpretation is interdependent in many respects. Taking this into ac- 
count, we conducted a special x-ray diffraction study of adduct VII and confirmed its struc- 
ture as a compound with a cis-fused ring that is an isomer of the "head-to-tail" type with 
an endo orientation of the phenyl substituent. 

The structure of the VII molecule in accordance with the results of x-ray diffraction 
analysis is shown in Fig. i, and the coordinates of the atoms are presented in Tables 4 
and 5. Most of the geometrical parameters have the expected values. In the VII molecule 
one observes the usual (for coumarin [12, 13] and 3,4-dihydrocoumarin [14] derivatives) 
difference in the C(8)C(s~)C(4a) [114.5(3) ~ ] and C(s)C(4a)C(aa) [124.3(4) ~ ] bond angles 

and O(4)-C(,a) [1.410(4) ~] and 0(~)-C(3 ) [1.356(5) A] bond lengths, as well as a certain 
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TABLE 5. Coordinates of 
the Hydrogen Atoms (• ) 
in the VII Molecule 

A tom x ,q z 

I-I(I) 
He=,,) 
I~I(2a) 
H(5, 
U(7} 
HI8) 
Him~ 

H(t4~ 
el 15) 
H(,6) 
H(17,1) 
Hi 17,2) 

H{2o,i) 

H(21,1) 
H(2h2) 
H(m,a) 

520(2) 
523(2) 
630(2) 
541(2) 
765(2) 
926(2) 
908(2) 
591(2) 
642(2) 
703(2) 
703(2) 
655(2) 
66l(2) 
652(2) 
558(2) 
020(2) 
12o(2) 

029(2) 
142(2) 

119(2) 

-197(5) 
144(5) 
]51(5) 

--4](5) 
--382(5) 
-327(5) 

146(5) 
-471(5) 
--549(5) 
--307(5) 
-307(5) 

I09(5) 
--407(5) 
--492(5) 
--413(5) 

257(5) 
144(5) 
23(5) 

--17(5) 
150(5) 

406(2) 
39] (2) 
398(2) 
29] (2) 
433(2) 
446(2) 
310(2) 
480(2) 
593(2) 
676{2) 
676(2) 
513(2) 
270(2) 
341(2) 
313(2) 
351{2) 
385(2) 
240(2) 
286{2) 
262(2} 

decrease in angle 0(4)C(3)0(9 ) [117.0(3) ~ ] as compared with the ideal value (120~ In 

the six-membered heteroring the C(3 ) and C(2a) atoms deviate from the plane [drawn with 

an accuracy of 0.011(4) ~] of the remaining four atoms by 0.060(4) ~ and 0.404(4) ~, res- 
pectively, i.e., the conformation of this ring can be described as a distorted sofa (or 
a distorted boat)~ The modified (in accordance with [15]) Cramer-Pople parameters for this 
ring are as follows: Q = 0.401 ~, 8 = 132.8 ~ , ~ = 214.0 ~ , and o = 0.6 ~ . The four-membered 
ring is nonplanar, and its degree of bending with respect to the C(z)~..C(2a) line is 32 ~ . 

This value is characteristic for substituted cyclobutane derivatives (30 • 6 ~ [16]. The 
C(1)-C(sb) bond[l.578(5) ~] is substantially elongated as compared with the other three 

bonds of this ring; this is probably due to the strain of the condensed system with the 
six-membered heteroring and, particularly, the short nonbonding C(zl)...C(sa) [3.092(5) ~] 

and C(zz) .... C(s ) [3.215(5) ~] contacts. 

The C(zg)-C(zs) ethyl group is randomized with respect to two orientations in such 

a way that the C(Is) and C(zs, ) atoms deviate by -0.415(9) ~ and 0.66(1) ~, respectively, 

on different sides of the plane of the benzene ring, while the C(20) atom of the other ethyl 

group virtually lies in this plane [its deviation is -0.078(6) ~]~ The decrease in the 
endocyclic C(5)-C(6)-C(7 ) bond angle to 116.6(4) o is normal and is due to the electron- 

donor character of the diethylamino group. 

Thus the structures of adducts VI-X indicate regiospecific cycloaddition. In combina- 
tion with the stereospecificity of the reactions this may constitute evidence in favor of 
concerted character of the cycloaddition. The available rigorous ab initio calculations 
of the [2 + 2]-cycloaddition of unsymmetrical olefins (for example, see [17]) predict the 
energic preferableness of unsymmetrical transition states with different degrees of formed 
character of the chemical bonds. In [i] we demonstrated that the cycloaddition of couma- 
rins land II to terminal olefins, regardless of the donor-acceptor properties of the sub- 
stituent in the olefin, leads to isomers of the "head-to-tail" type. With these data in 
mind, for the explanation of the regiospecificity of the reactions with monosubstituted 
olefins in a simplified way one can imagine the existence of a biradical intermediate or 
"biradical-like" transition state A with a more markedly formed C(2a)-C(2 ) bond as com- 

pared with the C(z)-C(sb) bond; this is depicted arbitrarily below by 6 symbols (see scheme 

on following page). 

This scheme suggests the participation of the excited state of the 7-aminocoumarin 
molecule in the reactions. To verify this assumption we studied the effect of the addition 
of triplet sensitizers (acetophenone), singlet quenchers (CHBr3), and electron photocarriers 
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(triethylamine, 1,4-dicyanobenzene) on the quantum yields of the reaction to form adduct 
VII. The data obtained (Table 6) show a certain decrease in the effectiveness of cyclo- 
addition under the influence of added acetophenone and 1,4-dicyanobenzene and pronounced 
quenching of the reactions by bromoform. These results, as well as previously obtained 
data [I], constitute evidence for the participation of the singlet excited state of 7- 
aminocoumarin in the cycloaddition. The satisfaction of the Stern-Volmer dependence [18] 
that we found in an investigation of the quenching of the fluorescence of coumarin II by 
styrene, which in the case of small degrees of conversion is linearly related to the quan- 
tum yields of reactions carried out at similar concentrations of the reagents, may serve 
as yet another confirmation of this. 

A rather unexpected result was obtained in the reaction of coumarin II with styrene 
in the presence of excess triethylamine. Appreciable acceleration of cycloaddition was 
observed in this case; this is confirmed by the increase in the quantum yield of the reac- 
tion (Table 6). A probable explanation of this fact consists in the formation of a long- 
lived exciplex with the participation of triethylamine and the singlet excited state of 
the aminocoumarin. The development of such reactive exciplexes in [2 + 2]-cycloaddition 
reactions is well known [19, 20]. We established that the reaction of coumarin II with 
vinyl butyl ether and acrylonitrile is quenched weakly by triethylamine. In contrast to 
styrene, vinyl butyl ether, as a more electron-donor molecule, evidently itself can form 
exciplexes with the participation of the singlet excited state of the aminocoumarin [20]. 
The formation of such exciplexes should be partially suppressed in the presence of tri- 
ethylamine. On the other hand, a strong electron acceptor - acrylonitrile - is capable 
of undergoing prior coordination with triethylamine and is thus removed from the reaction 
sphere~ In both cases the addition of triethylamine should hinder cycloaddition, and this 
is actually observed. 

Thus the concepts regarding the participation of the excited states of aminocoumarin 
I-V molecules in [2 + 2]-cycloaddition and the determining effect of the spin properties 
of the electron density localized on the C(s) atom on the course of the reaction make it 
possible to explain the regiospecificity of the processes. However, these concepts alone 
clearly are inadequate for the interpretation of the stereospecificity of the investigated 
reactions. The most consistent explanation for the observed principles can be given if 
one assumes secondary interactions in the step involving the formation of new a bonds. In 
fact, we observed the formation of l-endo isomers previously [i] in reactions involving 
cycloaddition of acrylonitrile to coumarins I and II. This signifies drawing together in 
the transition state of the phenyl ring of the 7-aminocoumarins and the acceptor nitrile 
group, which may facilitate their additional attraction. Similar coordination may also 
be assumed for styrene. 

Thus stereocontrol in the investigated cycioaddition reactions may be realized under 
the influence of the aminobenzene fragment. In conclusion, we should add that the high 
sensitivity of reactions involving [2 + 2]-cycloaddition to donor-acceptor interactions 
in the transition state and their insensitivity to steric factors have frequently been 
mentioned in the literature [21]. 

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer. 
The UV spectra of solutions in 2-propanol were recorded with a Hitachi EPS-3T spectrophotom- 
eter. The PMR spectra of solutions in CDCI 3 were obtained with a Bruker WM spectrometer 
(250 MHz) with hexamethyldisiloxane as the internal standard. The mass spectra were obtained 
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TABLE 6. Quantum Yields of the Reactions to Form Adducts 
Vl-X in Acetonitrile* 

Com- 
pound Additive I 

-I C6HsCOCHa 
CHBra ] 

Additive Quantum 
yield concn.. M (.102) 

- -  5,5 
- -  4,1 
- -  1,8 
- -  9,5 

0,08 1,0 
0,08 O, 1 

Com- 
pound 

VII 
VII 
VIII 

IX 

Additive 

p- (CN)2C6H4 
(C2Hs)3N 

Additive 
concn., M 

0,08 
0,15 

VI 
VII 
VII** 
VII*** 
VII 
VII 

*The concentration of coumarins I-V was 0.08 M in all 
cases, and the styrene concentration was I0.0 M. 
**The styrene concentration was 5.0 H. 
***The styrene concentration was 15.0 M. 

Quantum 
yield. 
(.lO z) 

2,3 
8,0 
3,5 
2,4 
3,1 

with a Varian MAT-311A spectrometer with direct introduction of the samples into the ion 
source at an electron-ionization energy of 70 eV. 

The syntheses of the adducts were carried out in 100-ml Pyrex reactors; the irradia- 
tion source was a PRK-2 medium-pressure mercury lamp. The products were isolated by means 
of column chromatography with columns (35 by 2.5 cm) packed with Silpearl UV-254 silica 
gel with hexane-acetone (3:1) as the eluent. The purity of the synthesized substances was 
monitored by TLC on Silufol UV plates by elution with hexane-acetone and benzene-acetone 
and development with UV light and iodine. 

The quantum yields of the reactions were determined for 0.08 M solutions of 
the starting c~umarine in acetonitrile by means of a Shimadzu CS-930 densitometer and were 
simultaneously monitored with a Du Pont liquid chromatograph from the rates of accumulation 
of the corresponding adducts. Ultraviolet light with a wavelength of 370 nm, which was 
obtained by means of a Shimadzu NGF-16 monochromator, was used for excitation of coumarin 
I-V molecules. The intensity of the source was determined in the standard way [22] and 
was 11 = 5.62o10 -I~ ergs/sec~ The quantum yields of the reactions of coumarin II with sty- 
rene in the presence of N(CaHs) s and CHBr s were determined by excitation with the same 
light, whereas in the case of CsHsCOCHs and 1,4-(CN)2CeH 4 they were determined with irradia- 
tion by monochromatic light with a wavelength of 250 nm (I= = 5.81.10 -I~ ergs/sec) taking 
into account the absorption of the additive in this region. 

The quenching of the luminescence of coumarin VII by styrene and the comparison with 
data on the quantum yields of the reactions to form adduct VII were investigated in aceto- 
nitrile at 20~ over the styrene concentration range 0-i0.0 M at a coumarin concentration 
of 5o3.10 -6 M. 

General Method for 05raining Adducts VI-X. A mixture of 5 mmole of the coumarin (l-V) 
and 75-100 mmole of styrene was dissolved in i00 ml of freshly distilled deoxygenated aceto- 
nitrile, and the solution was irradiated for 8-10 h with vigorous stirring with a stream 
of nitrogen, as well as by means of a magnetic stirrer. The reaction mixture was evaporated 
in vacuo at no higher then 40-50~ and the residue was subjected to rapid chromatography. 
The desired products were recrystallized from hexane-acetone. 

l-endo-Phenyl-8b-methyl-6-amino- 1 ~ 2-dihydrocyclobuta [ c ] benzopyran- 3-one (Vl). After 
irradiation for 9 h, 0.88 g (5 mmole) of coumarin I and 10.40 g (i00 mmole) of styrene gave 
0.65 g (47%) of VI with Rf 0.05 [hexane-acetone (3:1)]. Mass spectrum,* m/z (%): 279 (3), 
231 (99). 

I -endo- Phenyl- 8b-methyl- 6-diethylamino- i ~ 2-dihydrocyclobuta [ c ] benzopyran-3-one (VII). 
After irradiation for 9 h, 1.16 g (5 mmole) of coumarin II and 8.3 g (80 mmole) of styrene 
gave 1.04 g (62%) of VII with Rf 0.38 [hexane-acetone (3:1)]. Mass spectrum, m/z (%): 335 
(2), 279 (2), 266 (i), 242 (2), 231 (99). 

*Here and subsequently, the fragment ions with masses no lower than that of the starting 
coumarin are presented. 
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A crystal for x-ray diffraction study was grown by slow evaporation of a solution of 
VII in hexane. 

X-Ray Diffraction Study of VII. The crystals of adduct VII were monoclinic and had 
the following parameters at 20~ a = 14.601(I), b = 6.7194(4), c = 19.230(1) ~, B = 
91.267(6) ~ , V = 1886.1(2) ~3, dcal c = 1.18 g/cm 3, Z = 4, space group P2z/c. The cellparam- 
eters and intensities of 1991 reflections with I ~ 2a were measured with a Hilger-Watts 
automatic four-circle diffractometer(% MoK~, graphite monochromator, 8/2e scanning, 8 

30~ The structure was decoded by the direct method by means of the MULTAN program and 
was refined by the total-matrix method of least squares within the anisotropic approxima- 
tion for all of the nonhydrogen atoms, except for the randomized carbon atoms of the ethyl 
group. Refinement of the populations of the C(zs) and C(zs) positions led to approximately 
equal values, and these atoms therefore were subsequently refined isotropically with half 
masses. All of the H atoms, except the H atoms in the disordered ethyl group, were revealed 
in a differential series; no attempt was made to localize them. The H atoms were refined 
with fixed Bis o = 5 ~2. The final divergence factors R = 0.068 and R w = 0.061. All of the 
calculations were made with an Eclipse S/200 computer by means of INEXTL programs [23]. 

l-en~q-Phenyl-6-(N-morpholino)-l,2-dihyd~ocyclobuta[c]benzopyran-3-one (VIII). After 
irradiation for 9 h, 1.16 g (5 mmole) of coumarin III and 8.3 g (80 mmole) of styrene gave 
0.90 g (54%) of VIII with Rf 0.35 [hexane-acetone (3:1)]. Mass spectrum, m/z (%): 335 
(5), 231 (95). 

~-endo-Pheny~-2a-carbethox~methy~-8b-methy~-~2Tdihydrocyc~buta[c]benz~pyran-3-on e 
(IX). After irradiation for 9 h, 1.63 g (5 mmole) of coumarin IV and 10.40 g (i00 mmole) 
of styrene gave 0.97 g (46%) of IX with Rf 0.29 [hexane-acetone (3:1)]. Mass spectrum, 
m/z (%): 421 (6), 325 (91). 

~-end~-Pheny~-~2b-methy~-~2~6~7#~-hexahydr~-3H~5H'9H-[~]-cyc~buta[c]benz~pyran~ 
[6,7t8-ij]quinolizin-3-one (X). After irradiation for i0 h, 1.28 g (5 mmole) of coumarin 
V and 10.40 g (i00 mmole) of styrene gave 0.58 g (32%) of X with Rf 0.40 [hexane--acetone 
(3:1)]. Mass spectrum, m/z (%): 359 (i), 255 (95). 
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2-BENZOPYRYLIUM SALTS. 

33.* 4-1'-DIMERIZATION OF 2-BENZOPYRYLIUM SALTS. 
FORMATION OF BENZ[a]ANTHRACENES 

Yu. A. Zhdanov, S. V. Verin, 
I. V. Korobka, and E. V. Kuznetsov 

UDC 547.814.1'672.1 

The conversion of 2-benzopyrylium salts to benz[a]anthracenes, which pro- 
ceeds through prior dimerization of a new type, was observed. An inter- 
mediate dimer was isolated, its properties were studied, and assumptions 
regarding the mechanisms of its formation and conversion to benz[a]anthracenes, 
cenes were expressed. 

We have recently described the formation of chrysenes from l-(=)-methyl-2-benzopyryl- 
ium salts [2, 3]; it was shown [3] that in the presence of bases the reaction proceeds 
via prior =-l'-dimerization. Under these conditions the 2-benzopyrylium salt, acting as 
a CH acid, is deprotonated with the formation of the anhydro base, the unshielded (by sub- 
stituents) nucleophilic exo-methylene group of which reacts with the cation of the unchanged 
salt. The anhydro base molecule can be regarded as a cyclic divinyl ether in which the 
reaction center is the exocyclic double bond; the endocyclic fragment of the vinyl ether 
does not participate in this reaction. 

If, however, the 2-benzopyrylium salt is not deprotonated but adds a nucleophile, the 
vinyl ether fragment that develops in the resulting adduct is capable of participating in 
dimerization of a new type. However, only opening of the heteroring with the subsequent 
occurrence of intramolecular recyclization reactions has thus far been observed in adducts 
of the II type under the conditions used to realize the electrophilic-nucleophilic reaction 
of 2-benzopyrylium salts [4, 5]. 

We have observed that a product of new 4-1'-dimerization (Ilia) is formed in quantita- 
tive yield when l-phenyl-3-methyl-2-benzopyrylium perchlorate la is maintained in the two- 
phase 10% aqueous alkali-ether system at 20~ (on top of following page). 

The presence of two asymmetric centers in dimer Ilia molecule leads to its isolation 
from the reaction in the form of a mixture of two diastereomers in a ratio of ~i:I, from 
which one diastereomer (monitoring by means of the PMR spectra) was obtained after three 
recrystallizations from acetonitrile. 

Absorption bands of two carbonyl groups at 1650 and 1725 cm -I are present in the IR 
spectrum of this diastereomer. The weak-intensity band at 1675 cm -I is related to the 
vibrations of the C=C bond of the vinyl ether of the isochromene ring. The retention of 
the isochromene ring is also confirmed by the weak splitting of the methyl group in the 
3 position of the heteroring (J = 0.8 Hz), which is due to allylic coupling of the methyl 
group with the vinyl proton, the signal of which is also somewhat broadened. 

*See [i] for Communication 32. 
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