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The photocycloaddition of carbostyril to olefins gives series of dihydrocyclobuta[c] -2-quinolones in a regio- 
The stereochemistry of these products indicates that the reaction proceeds to form selectively specific manner. 

the head-to-tail adducts. 

Cyclic enone photocycloaddition to olefins has been 
used extensively for the synthesis of cyclobutanes2 and 
has provided the means for synthesis of cubane,aa ati- 
~ i n e , ~ b  bo~rbonenes,~ caryophyllenes,s p-himachalene,6 
and a variety of other natural products' and extremely 
novel structures.2 We have investigated the photo- 
cycloaddition of carbostyrils 1 (cyclenone heteroana- 
logs) to olefins because of its utility in synthesis of the 
unique tricyclic system 2. 

The cyclobutane derivatives of carbostyrils are 
readily synthesized photochemically without the aid of 
sensitizers in good to excellent yields. Carbostyril 
dimerization usually accompanies the cycloaddition 
reaction, and the yield of dimer is dependent on con- 
centration, solvent, and olefin. A series of adducts was 
prepared from carbostyrils and olefins and is described 
in Scheme I. In  general, a ratio of 10 equiv of olefin 
to 1 equiv of carbostyril was used a t  various concentra- 
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tions in ethanol or N,N'-dimethylacetamide. Reac- 
tions were followed by tlc and usually run to completion. 
The results are summarized in Table I. 

TABLE I 
Irradn 
time? Yield of Yield of 

hr adduct, % dimer 8, % Compd Concn of 1" Solvent 
2a 69 Ethanol 20 90 9 .4  
2b 69 Ethanol 72 57 40 
2c 41 Ethanol 72 50 50 
2d 0.69 Dimethyl- 24 100 0 

2e 69 Ethanol 144 65 35 
2f 50 Ethanol 96 63 37 
2g 69 Ethanol 72 8 22 
2h 69 Ethanol 48 79 20 
21 50 Dimethyl- 96 71 5 

2 j  6.9 Ethanol 192 20 20 
2k 69 Ethanol 72 54 46 
21 69 Ethanol 144 49 43 

acetamide 

acetamide 

Concentration of 1 X l o 8  M .  Irradiation time for a total 
volume of 700 ml of solvent irradiated in the Rayonet apparatus 
with 16 black-light lamps. 

We have already presented some evidence to support 
the assigned structures 2 in a preliminary communica- 
tion.8 In  addition, Loev, et have described similar 
products from 6-trifluoromethyl-N-methylcarbostyril 
and olefins, and BuchardtlO has observed results related 
to ours. The photochemical dimerization of 1,11 N- 
methylcarbostyril," and 6-trifluoromethyl-N-methyl- 
carbostyrilg has been described, and the stereochemistry 
of the dimers has been elegantly elucidated.'l 

Besides the elemental analyses, which are summarized 
in Table 11, our evidence for the cycloadducts is based 
mainly on spectral data. The ir lactam carbonyl band 
of 2a is in reasonable agreement with that of 3,4-dihy- 
drocarbostyril (1671 and 1675 cm-l,l2 respectively, 
Nujol mull). The uv maximum of 2a 259 mp 
(E 8600)l is shifted to lower frequency from that of 
3,4-dihydrocarbostyril [A:::" 250 mp (e 12,000) 1.12 

The ir and uv spectra of the other cycloadducts (2) also 
exhibit these shifts to lower frequency, and similar data 
were observed by Buchardt for the dimers 3 [ h z y  
259 mp (log e 4.23)].llb 

The mass spectra of the adducts exhibit weak parent 
molecule ions; the major ion is consistently due to 
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TABLE I1 
ELEMENTAL ANALYSES OF CYCLOADDUCTS 

----Carbon---- Y H y d r o g e n -  ---Nitrogen-- 
Compd Adduct formula Calod, % Found, ’% Calcd, % Found, ’% Calod, ’% Found, ’% 

2a CiJLgNO 78.56 78.39 8.35 8.39 6.11 6.13 
2b CiaHibNO 77 I 58 77.60 7.51 7.55 6.96 7.27 
2c Ci6HigNO 78.56 78.53 8.35 8 .35  6.11 6.07 
2d CiaHi~Noa 66.93 66.96 6.48 6.41 6.01 5.86 
2e CizHiaNOz 70.91 71.03 6.45 6.50 6.89 7.04 
2f CizHioNz0 72.71 72.67 5.09 4.98 14.13 13.97 
2g CiaHiaNOa 67.52 67.53 5.67 5.62 6.06 6.03 
2h CisHisNOz 73.44 73.30 7.81 7.88 5.71 5.82 
2i CiiHTNOClP 42.48 42.60 2.27 2.20 4.50 4.59 
2j  CzaHigNO 84.89 84 * 85 5.89 5.60 4.30 4.33 
2k Ci4Hi5NO 78.84 78.89 7.09 7.12 6.57 6.33 
21 Ci7HziNO 79.96 80.30 8.29 8.42 5.49 5.14 

a Calcd: C1,45.59. Found: C1,45.45. 

---Oxygen---- 
Calcd, % Found, % 

6.98 7.08 
7.95 8.17 

20.58 20.85 
15.75 15.97 

13.04 13.12 

7.50 7.51 

carbostyril (m/e 145) from the loss of photocycloadded 
olefin. 

The most compelling evidence for the assigned struc- 
ture is given by the nmr spectra. For example, the 
spectrum of 2a (CDCI3, TMS) has four methyl singlets 
a t  6 0.83, 1.13, 1.32, and 1.36, four aromatic hydrogens 
a t  6 7.13 (m), and an AB pattern for the C-3 and C-6 
cyclobutane hydrogens at  6 3.40 and 3.57 ( J A ~  = 10.3 
Hz), respectively. The large coupling constant is con- 
sistent with cis vicinal hydrogens in a rigid cyclobutane 
ring, and would therefore indicate cis ring fusion. l3 

trans ring fusion of six- and four-membered rings 
has been observed in photochemical cycloadditions of 
~ y c l o h e x e n o n e ~ ~ ~  and 4,4-dimethylcyclohexenone.14b 
It was also observed in 6-4 and 5-4 fused-ring systems 
of cyclohexadiene and cyclopentadiene with dichloro- 
maleic anhydride.16 However, the coupling of an 
intermediate biradical leading to  trans ring juncture is 
less probable in our system because of the steric con- 
straints of the fused benzene ring and the amide func- 
tion. 

The stereochemical assignment of substituents on 
cyclobutane rings by nmr is untenable when it is based 
purely on the supposition that cis vicinal coupling 
constants will be larger than trans. I n  many cases 
Jczs J,ra,s owing to fast conformational averaging, 
and in other cases they are nearly equivalent owing to  
puckering in the molecule that significantly alters the 
vicinal dihedral angles from 0” (cis) and 120” (trans),13 
or to fast conformational averaging. A good example 
of this phenomenon is found in the nmr spectrum of 
anemonin, which has two J,,, values of 10.2 Hz, a 
Jtrans value of 10.7 Hz, and a J,Tans value of 2.2 Hz.’~ 
However, in cases of rigid, planar cyclobutanes, the 
cis vicinal coupling constants have been shown to be 
significantly larger than the trans; e.g., cyclobutanone is 
reported to  have a Jets value of 10.02 Ha and a Jtrans 
value of 6.35 Hz. l7 

Structure assignment on the basis of size df coupling 

(13) W. A. Thomas, in “Annual Review of NMR Spectroscopy,” Vol. I, 
E. F. Mooney, Ed., Aoademic Press, New York, N .  Y., 1968, pp 74-76; H. 
Weitkamp and F. Korte, Tetrahedron, Suppl .  7, 75 (1966); I. Fleming and 
D. H. Williams, Tetrahedron, 2747 (1967). 
(14) (a) E. J. Corey, J. D. Bass, R. LeMahieu, and R, B. Mitra, J .  Amer. 

Chem. SOC., 86, 5570 (1964); (b) P. J. Nelson, D. Ostrem, J. D. Lassila, 
and 0. L. Chapman, J. Org. Cham., 84, 811 (1969). 
(15) H. D. Scharf, Tetrahedron Lett., 4321 (1967). 
(16) E. Lustig and R. M. Moriarity, J .  Amer. Chem. SOC., 81, 3252 (1965). 
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constants has been used by others,l8 but in view of the 
above controversy over cis and trans couplings we 
attempted to further corroborate our cis assignment. 
In  the photoaddition of 4,4-dimethylcyclohex-2-enone to 
dimethyl ketene acetal, Chapman, et a1.,19 found that 
both cis and trans ring-fusion products were obtained. 
They were able to convert the kinetically formed trans 
adduct into the thermodynamically more stable cis 
product with base. 

By analogy, if 2a had a trans ring juncture, treatment 
with base should give the cis ring-fused product. Com- 
pound 2a was treated with 3.5 equiv of n-butyllithium 
and 1,4-diazabicyclo [2.2.2. ]octane in tetrahydrofuran 
a t  0”. After 2.5 hr half of the reaction was quenched 
with HzO and half with DzO. The reaction mixtures 
were separated by column chromatography, and the 
fractions corresponding to 2a were analyzed by nmr. 
The nmr of the adduct from the DzO treatment indi- 
cated 100% D incorporation (the cyclobutane hydrogen 
AB pattern of 2a was replaced by a single, somewhat 
broad, resonance line at  6 3.58 corresponding to the 
C-6 hydrogen). The nmr spectrum of the adduct from 
the HzO treatment was identical with that of the start- 
ing material 2a. This evidence strongly supports the 
supposition of cis ring fusion for 2a and presumably for 
other adducts 2. 

In  the compounds described below, which are specific 
examples of adducts obtained from unique types of 
olefins, we will discuss the nmr spectra in detail. This 
is necessary because of the aforementioned controversy 
over nmr data of cyclobutane rings, and because there 
is only limited analysis of these systems reported to 

The structure of adducts from unsymmetrical 1,l- 
disubstituted olefins is not immediately predictable, 
since both head-to-head (2m, R1 = Rz = H; Rs= R4 = 
CH3) and head-to-tail (2b, R3 = R4 = H; R1 = Rz = 
CH3) adducts could be expected. I n  the pioneering 
work on photocycloaddition of cyclenones to unsym- 
metrical olefins, Corey, et al.,14 observed a 3: 1 prefer- 
ence for head-to-tail over head-to-head products from 
cyclohexenone and isobutylene. Thus it is quite rea- 
sonable to expect a mixture of isomers from the irradia- 
tion of carbostyrils with similar olefins. However, 
after careful analysis by vpc, tlc, and nmr, we were not 
able to detect the presence of more than one isomer from 

date.8 ,9,11,18 

(18) J. W. Hanifin and E. Cohen, Tetrahedron Lett., 1419 (1966). 
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J .  Amer. Chem. floc., 90, 1657 (1968). 
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the photoaddition of any carbostyril to a 1,l-disubsti- 
tuted olefin. 

The 60-MHz nmr spectrum of the isobutylene carbo- 
styril cycloadduct 2b is quite complex; in CFsCO2.D the 
methylene and methine cyclobutane hydrogens are 
broad multiplets a t  6 2.38 (2 H) and 3.5 (2 H), respec- 
tively. The compound was analyzed on a 220-MHz 
instrument and a simple first-order spectrum in CDC1, 
(TMS) for the four-proton system was obtained; the 
specific chemical shifts and coupling constants are 
tabulated in Table 111, on the basis of which we ten- 
tatively assigned structure 2b. 

TABLE 111 
220-MHz NMR DATA (CDCla) FOR 2b 

J, Hz 
H 8,ppm 4-ex0 4-endo 6 

3 3.35 10.0 4 . 5  10.0 
4-exo 2.49 -12.0 
4-endo 2.21 
6 3.50 

Further proof was obtained by preparation of C-3 
deuterium-labeled carbostyril from 2-methoxyquinoline 
by treatment with n-butyllithium and DzO followed 
by acid hydrolysis. The photocycloaddition of the 
3-deuterocarbostyril to isobutylene gave the 3-deuterio- 
6-hydrocyclobuta[c]-2-quinolone. The mmr spectrum 
(CF3C02D) of the cyclobutane hydrogens was a simple 

2b 

H 
2m 

ABM pattern: a singlet a t  6 3.68 (1 H) and a quartet 
a t  6 2.33 and 2.68 (2 H, J A B  = 12.1 Hz). Double- 
resonance nrnr experiments indicated that cross-ring 
coupling was present: IJ8,4& = 0.84 HZ and 1 J6,1-endoj 
= 0.68 Hz. These values are of opposite sign, but 
it was not possible to determine the absolute value 
of each. In addition, the low-field methylene proton 
is weakly coupled (0.5 Hz 3 J > 0.0 Hz) with the high- 
field methyl group. This spectrum is compatible only 
with the head-to-tail adduct 2b; the head-to-head iso- 
mer 2m would be expected to have larger coupling con- 
stants for the vicinal hydrogens ( J A M ,  J B M  = 6-10 Hz), 
producing a more complex ABM pattern than that ob- 
served ( J A M ,  ' JBM <1 Hz). 

In  addition it was possible to exchange the C-3 hydro- 
gen of certain adducts for deuterium by treating them 
with butyllithium-DABCO and quenching with DzO 
as described above. The nmr of the product from this 
treatment of 2b after purification by chromatography 
was identical with that obtained from the photocyclo- 
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addition reaction of 3-deuteriocarbostyril and iso- 
butylene. By this deuterium-labeling method we were 
able to  simplify the four-proton nmr spectra of other 
1,l-disubstituted adducts to a three-spin system and 
thereby confirm the head-to-tail photochemical addi- 
tion. Furthermore, this method of incorporation of 
deuterium offers a more convenient alternative to the 
aforementioned synthesis of 3-deuteriocarbostyril. 

By first approximation, cycloalkenes should give 
syn and anti fused-ring products on reaction with carbo- 
styril. However, in view of carbostyril's dimerization 
to  a single head-to-head anti ring-fused product, we 
expected to observe a single product from cyclopentene 
or cyclooctene addition. 

The product 2k from irradiation of 1 and cyclopentene 
appeared to  be one product from vpc, tlc, and nmr data. 
The A-60 nmr spectrum was quite complex and the 
stereochemistry of the product was not known. How- 
ever, the 220-MHz nmr spectrum (CDCla) not only 
helped elucidate the structure but also indicated the 
presence of two isomers in the reaction mixture: the 
anti ring-fused adduct 2k and the syn adduct 2k' in a 

& a ! ?  2k H 2k' H 

3 :  1 ratio. The 220-MHz nmr data are presented in 
Table IV. 

H 
3 
4 
8 
9 

5/7 

TABLE IV 
220-MHe NMR DATA (CDCla) FOR 2k AND 2k' 

8,ppm 4 8 9 6-7 H S,ppm 4 8 9 

2.88 4 . 5  9 . 7  0 3 3.92 10.5 10.5 
3.10 7 7 . 0  4 3.36 10.5 
2.72 4 . 5  7 . 0  8 3 . 3  10.5 
3.21 0 9 4.00 
1.92 

Y J ,  Hz--- Y J ,  Hz- 

The four cyclobutane hydrogens of 2k were readily 
identifiable by first-order analysis: H-3 and H-9 
formed a four line pattern-a doublet of doublets-with 
J values of 4.5 and 9.7 He; H-4 and H-8 gave a six-line 
pattern-two sets of triplets each-with J values of 
4.5,7.0, and 7.0 Ha. 

The structure 2k' was assigned on the basis of the 
low-field triplets of H-3 and H-9 with the large J values 
of 10.5 Hz. This is consistent with four cis hydrogens 
on a cyclobutane ring. The upfield proton H-4 (or 
H-8) was further split by ca. 7 Hz by the methylene 
hydrogens C-5 and C-7. Part of the H-8 (or H-4) reso- 
nance signal was masked by H-9 of 2k, and a complete 
analysis is not possible. 

I n  view of the data from cyclopentene addition, one 
could expect, with monosubstituted unsymmetrical 
olefins, not one head-to-tail adduct, but a mixture20 of 
two isomers with exo and endo substituents. The 
photocycloaddition of carbostyril to vinyl methyl ether 
should produce epimers (exo- and endo-methoxy) and 
possibly isomers owing to  direction of addition (4- or 

(20) This is Consistent with our vpc data for adducts with these olefina; 
however, the oyolopentene adduct gave one peak in the vpc. 
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5-methoxy from head-to-head or head-to-tail addition) 
and type of ring fusion (cis or trans a t  C-3 and C-6). 
Only exo-5- and endo-5-methoxy epimers with a cis 
fused-ring juncture were found. This might be expected 
in that vinyl methyl ether should react similarly to 
dimethyl ketene acetal and give the cis ring-fused, head- 
to-tail products. However, acrylonitrile could give 
either the 5- or 4-cyano mixture depending on the pre- 
ferred reaction mechanism. A biradical intermediate 
would favor a 5-cyano mixture, while a dipole-dipole 
interaction mechanism favors the 4-cyano mixture. 

The irradiation of 1 with vinyl methyl ether, followed 
by subsequent removal of dimer and chromatography, 
gave the mixture 2e in 33% yield. The analysis of the 
220-MHz nmr spectrum revealed a 56 : 44 mixture of the 
exo- to endo-5-methoxy adducts. After three recrystal- 
lizations from acetone, the pure exo-5-methoxy-3,6- 
dihydrocyclobuta [c]-2-quinolone was obtained in 4% 
yield. The main support for the proposed structure is 
the nmr data of the pure isomer presented in Table V. 

TABLE V 
220 MHz NMR DATA (CDCI,) FOR exo-2e 

,---------J, H.z- - 
n 6,ppm 4-endo 4-ex0 6-endo 6 

3 3.26 3.0 10.0 1 . 5  10.0 
4-endo 2.78 12.0 7 .0  1.0 
4-eXO 2.54 7 .0  
5-endo 4.04 7.0 
6 3.64 

The five cyclobutane hydrogens are readily identifi- 
able by their first-order patterns: H-6 is a doublet of 
doublets that is coupled to the cis vicinal H-3 by 10.0 
Hz and to the trans vicinal H-5 by 7.0 Hz; H-3 is a 
triplet with one portion masked by the OCHa at  3.30 
ppm and the other two resonances further split by 3.0 
and 1.5 Hz; H-5 is a quartet with 7.0-Hz splitting and 
with secondary splitting of 1.5 Hz; H-4 exo is a triplet of 
doublets (the center lines of the quartet are split by 
3.0 Hz); and H-4 endo is a somewhat complex 16-line 
pattern incorporating all of the observed J values. 

The assignment of the head-to-tail structure is 
strongly supported by deuterium-exchange experiments 
and the nmr spectra. The assignment of the exo posi- 
tion for the methoxy group is consistent with the expec- 
tation that the major epimer of the reaction mixture 
should have this configuration. Further support can 
be obtained from the magnitude of the aJ,i, for the H-3, 
H-4, and H-5 hydrogens. A thorough analysisz1 of 
this system supports the puckered form of the cyclo- 
butane ring, allowing the methoxyl group to assume the 
equatorial position. 

We have not been able to separate the isomers by 
chromatography and have had to rely on the nmr of the 
mixture to confirm the identity of the other isomer. 
There is considerable overlap between the resonance 
signals of the two isomers, and a complete analysis of 
the minor product (endo-5-methoxy) is not possible. 

The irradiation of carbostyril and acrylonitrile gave 
a considerable amount of dimer (37%) and some adduct 
2f (42%). We have been able to isolate the lower Rf 
isomer (on silica gel tlc) by recrystallization from 

(21) E. E. Whipple, Jr., and G. R. Evanegrt, Orp. Magnetic Resonance, 
2, 1 (1970) .  

ethanol in 16% yield. Based on the 220-MHz spec- 
trum, we have assigned the cyano group the 5-endo 
position (see Table VI). 

TABLE VI 
220-MHz NMR DATA (DMSO-de) FOR THE 

endO-5-CYANO ISOMER 2f 

H 8,ppm 4-ex0 4-endo 5-ex0 6 
J, Hs - 

3 3.38 9 .0  6 .5  1.0 9 .0  
4-ex0 2.89 12.0 9.0 1.5 
4-endo 2.38 6 .5  1.0 
5-ex0 3.85 9 .0  
6 4.15 

Four of the five cyclobutane hydrogens are readily 
identifiable by their first-order patterns: H-5 exo is 
masked by protons in the solvent; H-6 is a broad triplet 
( W ,  = 4 Hz) a t  6 4.15; H-3 is an imperfect quartet 
a t  6 3.85 with secondary splitting; H-4 ex0 is also an 
imperfect quartet with secondary splitting; and H-4 
endo is a doublet of triplets with some overlap to give 
a five-line pattern. 

A more thorough discussion of the nmr of 2f has been 
presented elsewhere.21 The observed coupling con- 
stants for H-3, H-4, and H-5 are consistent with the 
assignment of the 5-cyano group to an equatorial posi- 
tion on a puckered cyclobutane ring. 

Although we have not been able to isolate the other 
isomer, an analysis of the 220-MHz nmr spectrum of 
the reaction mixture indicates a 40 : 60 mixture of exo- 
to endo-5-cyano-3,6-dihydrocyclobuta [c]-2-quinolone. 
This 40:60 ratio of exo to endo epimers is inconsistent 
with what one would expect for a bulky substituent 
based on the vinyl methyl ether case. 

Recently, it was reportedz2 that the acetophenone- 
photosensitized cycloaddition of indene to acrylonitrile 
gave a 50:45 ratio of exo- to endo-7-cyano-2,3-benzo- 
bicyclo [3,2,0]hept-2-ene. Direct irradiation of either 
isomer gave a photostationary state composed of a 
45: 55 exo- to endo-7-cyano mixture. Equilibrium 
studies with t-butoxide found a 70:30 exo- to endo- 
cyano ratio a t  25”. These variations in ratio, al- 
though small, discount the steric influence of the cyano 
group. 

In  view of these results, any interpretation of our 
data a t  this time would indicate our lack of understand- 
ing of the reaction mechanism, including the specific 
function of the substituent on the olefin. However, 
one comment can be made about the mechanism at  this 
time. Since the 5-cyano and not the 4-cyano epimer 
mixture was obtained, the nature of the product would 
seem to be determined by “the more stable biradical 
intermediate” theory and not by a dipole-dipole inter- 
action mechanism. Further information on the mecha- 
nism of photocycloaddition will be published at  a later 
date. 

Experimental Section 
Infrared spectra were recorded on a Beckman IR-10 spectro- 

photometer. Ultraviolet spectra were taken on a Cary 14 record- 
ing spectrophotometer. In  general, nmr spectra were obtained 
on a Varian Associates A-60 spectrometer. All 220-MHz nmr 
spectra were run by Varian Associates, Palo Alto, Calif. 

(22) J. J. MoCullough and C. W. Huang, Can. J .  Chem., 47, 757 (1969). 
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Column chromatography was done on 0.05-0.2-mm silica gel 
(E. Merck, Darmstadt) from Brinkmann Instruments, West- 
bury, N.  Y. Analytical precoated tlc plates of silica gel F-254 
with fluorescent indicator (E. Merck, Darmstadt) were obtained 
from Brinkmann Instruments. Unibars were from Analtech, 
Wilmington, Del. 

Vpc work was done on a Hewlett-Packard (F & M Scientific) 
Research Chromatograph, Model 5750, using a 6 f t  X 0.125 in. 
column of 10% silicone gum rubber (UC-W98) on Chromosorb 
G (80-100 mesh, AW-DMCS). 

Photocycloadditions of Carbostyrils with Olefins.-In general 
a 0.03-0.18 M solution of the carbostyril and 10 equiv of olefin 
in a suitable solvent (N,N-dimethylacetamide or ethanol) was 
purged with nitrogen and irradiated through quartz in the 
Srinivasan-Griffin photochemical reactor of othe Southern New 
England Ultraviolet Co. equipped with 3500-A fluorescent lamps. 
The irradiation was followed by tlc [lo% (v/v) 2-propanol in 
benzene] and continued until the starting material disappeared 
(20 hr-2 weeks). The ethanolic irradiation mixtures were 
filtered to remove the precipitated dimer, and the filtrate was 
concentrated to dryness on a rotary evaporator'. In  other solvents 
the solution was concentrated and the residue was triturated or 
extracted with ethanol to separate the dimer. The products were 
purified normally by recrystallization, evaporative distillation, 
or sublimation. In  a few cases, as indicated in the text, the re- 
action mixtures were separated by column chromatography. All 
reaction mixtures when analyzed by vpc gave one peak with the 
retention expected for the adduct unless otherwise specified. 
4,4,5,5-Tetramethyl-3 ,6-dihydrocyclobuta [c] -2-quinolone (2a) .- 

Compound 1 (10.0 g) and tetramethylethylene (58 g) in a 700-ml 
ethanol solution gave 0.94 g of 3 and 14.3 g of 2a: mp 197-198.5' 
(from acetone, 63% overall yield); ir (KBr) 1666 cm-l (amide 
C=O); uv 259 mp (E 8600); nmr (CDCla) 6 9.48 (brs, 
1, NH), 6.98 (m, 4, ArH), 3.26 (q, 2, JAB = 10.4 Hz, cyclo- 
butane CHCH), and 1.30, 1.19, 1.05, and 0.78 ppm (4 s ,  12, 

5,5-Dimethyl-3,6-dihydrocyclobuta [c] -2-quinolone (2b) .- 
Compound 1 (1.00 g) and isobutylene (17 g) in a 700-ml ethanol 
solution gave 4.0 g of 3 and 7.90 g of 2b: mp 172.5-173.5" 
(acetone, 39%); ir (KBr) 1668 cm-l (C=O); uv 259 mp 
(e 8830); nmr (CDCla) 6 9.59 (brs, 1, NH), 6.95 (m, 4, ArH), 
3.45 (m, 2, cyclobutane, CHCH), 2.34 (m, 2, cyclobutane CHZ), 
and 1.27 and 0.86 ppm (2 s, 6, 2 CH3). 

5,5-Diethyl-3,6-dihydrocyclobuta[c] -2-quinolone (2c).-Com- 
pound 1 (6.0 g) and 2-ethyl-l-butene (34.8 g) in a 700-ml ethanol 
solution gave 3.0 g of 3 and 4.61 g of 2c: mp 152-153' (acetone, 
35%); ir (KBr) 1663 cm-l (C=O); nmr (CDCla) 6 9.81 (brs, 
1, NH), 7.00 (m, 4, ArH), 3.54 (m, 2, cyclobutane, CHCH), 
2.28 (m, 2, cyclobutane CHZ), 1.65 (q, 2, CHzCHa), 1.25 (q, 2, 
CHzCHa), 0.93 (t, 3, CHa), and 0.60 ppm (t, 3, CHs). 

5 ,5-Dimethoxy-3,6-dihydrocyclobuta [c] -2-quinolone (2d) .- 
Compound 1 (100 mg) and dimethyl ketene acetal14 (650 mg) in 
25 ml of N,N-dimethylacetamide gave 170 mg of 2d: mp 167- 
168.5" (acetone, 40%); ir (KBr) 1666 cm-l (C-0); nmr (CD- 

6 9.73 (brs, 1, NH), 7.04 (m, 4, ArH), 3.95 (d, 1, JAB = 
9.56 Hz, cyclobutane CHCH), 3.32, 3.05 (2 s, 6, 2 OC&), 
3.3-2.85 (m, 1, cyclobutane CHCH, hidden under OCHa), and 
2.83-2.50 ppm (d, 2, cyclobutane CHZ). 

5-Methoxy-3,6-dihydrocyclobuta[c] -2-quinolone (2e).-Com- 
pound 1 (10.0 g) and vinyl methyl ether (24.9 g) in a 700-ml 
ethanol solution gave 3.50 g of 3 and 9.1 g of 2e (vpc indicated 
two adducts with t~ 29.7 and 36.2 min, T 160", in a 2 : l  ratio): 
mp 124-135' (acetone, 33%); ir (KBr) 1661 cm-l (C=O); 
nmr (CDCls) 6 10.13, 9.92 (2 brs, 2, 2 NH), 7.08 (m, 8, ArH), 
3.31, 3.25 (2 s, 6, 2 OCHI), and 4.42-2.0 ppm (brm, 10, cyclo- 
butane CHCH and CHZ). After three recrystallizations, vpc 
indicated one isomer ( t ~  29.7 min): mp 149.5-151' (acetone, 
4yo); ir (KBr) 1661 cm-l (C=O); nmr reported in Table V. 

4 CHa). 

(23) The nmr of ad was a deceptively simple spectrum; see E. 0. Bishop 
in "Annual Review of NMR Spectroscopy," Vol. I, E. F. Mooney, Ed., 
Academic Press, Now York, N. Y., 1968, pp 126-127. 
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5-Cyano-3,6-dihydrocyclobuta [c] -2-quinolone (2f) .-Compound 
1 (7.25 g) and acrylonitrile (27.5 g) in a 700-ml ethanol solution 
gave 3.7 g of 3 and 6.32 g of 2f [vpc indicated two adducts with 
t~ 12.6 min, T 192' (not separated) and tlc indicated a ratio of 
1.4:1]: mp 164-176" (ethanol, 42%); ir (KBr) 1666 cm-1 
(C=O); nmr (DMSO-ds) 6 10.20 (brs, 1, NH),  7.17 (m, 4, 
ArH), and 4.42-2.08 ppm (brrn, 5, cyclobutane CHCH and CH2). 
Trituration of the original reaction mixture gave 0.95 g (16%) of 
one isomer (lower Rr, lower t ~ )  by tlc: shrinks a t  215'; mp 
229.5-231.5'; ir (KBr) 1666 cm-l (C=O); nmr (DMSO-&) 
reported in Table VI. 

5-Acetoxy-3,6-dihydrocyclobuta [c] -2-quinolone (2g) .-Com- 
pound 1 (10.0 g) and vinyl acetate (60 g)  in a 700-ml ethanol 
solution gave 2.2 g of 3 and 1.32 g of 2g: mp 190.5-192.0" 
(acetone, 4.4%); ir (KBr) 1729 (acetyl C=O) and 1669 cm-1 
(amide C=O); nmr (CDCla) 6 9.75 (brs, 1, NH), 7.08 (m, 4, 
ArH), 5.06 (m, 1, cyclobutane CHCH), 4.18-2.25 (brm, 4, 
cyclobutane CHCH and CH2), and 2.09 ppm (s, 3, CHa). The 
yield was low because product mixed with polymerized vinyl 
acetate was difficult to purify. 

5-n-Butoxy-3,6-dihydrocyclobuta[c]-2-quinolone (2h).-Com- 
pound 1 (10.0 g)  and vinyl n-butyl ether (69 g) in a 700-ml ethanol 
solution gave 2.0 g of 3 and 13.3 g of 2h: mp 121.5-122.5' 
(acetone, 40%); ir (KBr) 1670 cm-l (C=O); nmr (CDCla) 
6 9.62 (brs, 1, NH), 7.04 (m, 4, ArH), 4.08 (m, 2, cyclobutane 
CHCH), 3.60-2.0 (brm, 5, cyclobutane CHCH, CHa, and 
OCHz), and 1.75-0.60 ppm (brm, 7, CHzCHzCHa). 

4,4,5,5-Tetrachloro-3,6-dihydrocyclobuta[c] -2-quinolone. (Pi). 
-Compound 1 (7.25 g) and tetrachloroethylene (82.9 g) in a 
700-ml N,N'-dimethylacetamide solution gave 0.36 g of 3, 1.67 
g of unreacted 1, and 11 .I g of 2i: mp 285.5-287.5" (EtOH, 36%), 
ir (KBr) 1680 cm-l (C=O); nmr (DMSO-ds) S 3.37 (brs, 1, 
NH), 7.14 (m, 4, ArH), and 4.54 ppm (q, 2, JAB = 10.7 Hz) 
cyclobutane CHCH). 
5,5-Diphenyl-3,6-dihydrocyclobuta [ c] -2-quinolone (2 j ) .-Com- 

pound 1 (1.0 g)  and 1,l-diphenylethylene (12.4 g)  in a 125-ml 
ethanol solution gave 0.20 g of 3 and 0.45 g of Zj: mp 191.5- 
192.5' (column chromatography followed by recrystallization 
from acetone, 770); ir (KBr) 1673 cm-l (C=O); nmr (pyridine- 
da) 6 8.73 (brs, 1, NH), 7.23 (m, 14, ArH), 4.78 (d, 1, JAB = 
9.12 Hz, cyclobutane CH-CH), and 4.20-2.42 ppm (brm, 3, 
cyclobutane CHCH and CHZ). The yield was low because the 
product decomposed either as it formed or on the column. 

3,9-Dihydrobicyclo [3.2 .O] heptano[6',7'-c] -2-quinolone (Zk).- 
Compound 1 (10.0 g) and cyclopentene (47 g) in a 700-ml 
ethanol solution gave 4.6 g of 3 and 8.0 g of 2k: mp 161' dec 
(acetone, 38%); ir (KBr) 1668 cm-l (C=O); uv 258 mp 
(e 8550); nmr (CDC13) 6 9.23 (brs, 1, NH), 6.98 (m, 4, ArH), 
and 3.5-1.0 ppm (brrn, 10, cyclobutane CHCH and CH2, 
aliphatic CH2). 

3,12-Dihydrobicyclo [6.2 .O] decano [9', 10'-c] -2-quinolone (21) .- 
Compound 1 (10.0 g)  and cyclooctene (76 g) in a 700-ml ethanol 
solution gave 4.3 g of 3 and 8.70 g of 21: mp 166' dec (acetone, 
22%); ir (KBr) 1667 cm-l (C=O); nmr (CDCla): 6 9.47 (brs, 
1, NH), 6.98 (m, 4, ArH), and 3.5-0.83 ppm (brrn, 16, cyclo- 
butane CHCH and CH2, aliphatic CHz). 

Registry No.-Carbostyril, 493-62-9; Za, 19045-10-4; 
Zb, 19045-11-5; Zc, 23667-19-8; Zd, 23667-20-1; Ze, 

24-5; Zi, 23667-25-6; 2j, 23667-26-7; Zk, 19399-15-6; 
19045-12-6; Zf, 23667-22-3; Zg, 23667-23-4; 2h, 23667- 

Zk', 23667-28-9; 21, 23667-29-0. 
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