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denser with drying tube. The reaction mixture was stirred magnet- 
ically. All additions were done at  ice-bath temperatures and all re- 
actions were carried out under a nitrogen atmosphere. 

To the ester 2 (6.2 g, 11.6 mol) suspended in 300 ml of dry THF 
was added 1 M BH3-THF (20 ml, 20 mmol) in 20 ml of dry THF as 
rapidly as possible. The reaction mixture was refluxed for 1.5 hr 
and cooled in an ice bath and 50 ml of acetic acid saturated with 
HBr(g) was added dropwise. The reaction was stirred at  room tem- 
perature for 1 hr and filtered to give 5.0 g of the reduced ester 3 
HBr, mp 196-197O dec. Reduction in volume of the filtrate and 
dilution with ether gave an additional 1.6 g of 3 HBr: mp 193-194O 
dec; 96% total crude yield; ir (Nujol) 3250, 1800 cm-l; NMR 
(MezSO-ds) 2.43 (8, 3, CHAr), 3.22,4.00, 4.74 (a series of three sin- 
glets which change such that the singlet at 4.74 decreases, the sin- 
glet at 4.00 increases, and the singlet a t  3.22 becomes a multiplet, 
as the ester reacts with MezSO-ds, 6, CHzN), 7.46 and 7.84 (d, 2, J 
= 9 Hz, Ar), 8.00 (s,1, NHSOz), 9.4 ppm (s,2, NHz+). 

An analytical sample was prepared by recrystallization from a 
mixture of dimethylformamide-THF-ether to give the pure ester 3 
HBr, mp 196.5-197O dec. Anal. Calcd for C ~ ~ H I ~ C ~ ~ N Z O & H B ~  
(601.60): C, 33.94; H, 2.68; Br, 13.28; C1, 29.47; S, 5.33. Found: C, 
33.84; H, 2.58; Br, 13.43; C1, 29.57; S, 5.43. 

Triethylamine (1.25 ml, 9 mmol) in 75 ml of dry chloroform was 
added to a stirred suspension of 3 HBr (5.4 g, 9 mmol) in 75 ml of 
dry chloroform. The reaction mixture was stirred until solution oc- 
curred and then concentrated to dryness in vacuo. The residue was 
warmed gently with 200 ml of benzene and the triethylamine hy- 
drobromide was removed by filtration. The benzene filtrate was 
concentrated in vacuo to 50 ml to give 4.0 g of the free base 3 (85%, 
mp 123-125O): ir (Nujol) 3300,3140,1785 cm-’. 

The free base was unstable and formed the diketopiperazine 7 
on attempted purification. A sample of 7 was recrystallized from 
ethanol-dimethylformamide to give a solid: mp 251-252O; ir 
(Nujol) 3260, 1635 cm-l. Anal. Calcd for CzzHzsN406Sz (7) 
(508.63): C, 51.95; H, 5.55; N, 11.02; S, 12.61. Found: C, 51.96; H, 
5.45; N, 11.05; S, 12.77. 
N-Acetyl-N-(2-tosylaminoethyl)glycine Pentachlorophen- 

yl Ester (4). The base 3 (3.9 g, 7.5 mmol) was stirred in redistilled 
acetic anhydride (25 ml) until solution occurred. The reaction mix- 
ture was then stirred for an additional 2 hr a t  room temperature. A 
solid precipitated. The solid was filtered and washed with a small 
portion of acetic anhydride and then with ether to give 3.0 g of 4 
(73%, mp 147-148O): ir (Nujol) 3140,1786,1645 cm-l. 
N-Ethyl-N-(2-tosylaminoethyl)glyoine Hydrochloride (6a). 

The amido ester 4 (1.1 g, 3 mmol) in 40 ml of dry THF was added 
dropwise to 1 M BH3-THF (3.4 ml, 3.4 mmol) in 15 ml of cold, dry 
THF. The reaction mixture was stirred at  room temperature for 2 
hr and then cooled in an ice bath. Hydrochloric acid (0.5 ml, 6 N) 
was added dropwise and the reaction mixture stirred for 1 hr. The 
solid was filtered and washed with THF to give 0.2 g of the amino 
acid salt 6a, mp 154-160’ dec. Reduction in volume of the filtrate 
and dilution with ether gave 0.15-0.20 g more of 6: ir (Nujol) 3300 
(broad), 3060,1730 cm-l. 

The filtrate was concentrated in vacuo. The residue was dis- 
solved in a small volume of THF and diluted with ether to remove 
the pentachlorophenol. The material that was insoluble in ether 
was treated with a small portion of THF to give 0.15 g of the amino 
ester 5: mp 134-136’ dec; ir (Nujol) 3210,1795 cm-l. Reduction of 
the filtrate and treatment of the residue with THF-ether gave 
about 0.1 g of crude 5. 

The amino ester 5 (0.45 g, 0.77 mmol) was saponified with sodi- 
um hydroxide (1.54 ml, 1.54 mmol) to give both the amino acid salt 
6a, 0.2 g, ir (Nujol) 1730 cm-l, contains sodium chloride (theory 
for NaCl 80 mg), and the free amino acid 6, mp 185-187O, ir 
(Nujol) 3010, 1650 cm-l, which is a 98% recovery of the material 
based on recovery of the amino acid salt 6a. 

An analytical sample of 6a was prepared by recrystallization 
from 2-propanok mp 155-161O; ir (Nujol) 3300 (broad), 3050, 1730 
cm-l; NMR (MezSO-de) 1.23 (t, 3, J = 8 Hz, CHsCHz), 2.42 (s, 3, 
CHsAr), 3.25 (m, 6, CHzN), 3.8 (broad t) and 4.1 (s, 2, NCHzCO), 
7.42 and 7.78 (d, 2, J = 9 Hz, Ar), 8.22 ppm (8 ,  1, SNH). Anal. 
Calcd for C I ~ H Z ~ N Z O ~ C ~ S  (336.83): C, 46.36; H, 6.28; C1, 10.53; N, 
8.32; S, 9.52. Found: C, 46.19; H, 6.34; C1, 10.39; N, 8.28; S, 9.53. 
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In one of our previous papers we have reported that uv 
irradiation (254 nm) of benzo[b]thiophene in aliphatic 
amines leads to the corresponding adducts and we have 
postulated the intermediate formation of an exciplex.2 In 
contrast to benzo[b]thiophene, no detectable reaction was 
observed when benzo[b]furan was irradiated with uv light 
in an aliphatic amine.2 Assuming that the photoexcited 
heterocycle reacts with the amine via intermediate forma- 
tion of an exciplex3f4 in which the heteroaromatic deriva- 
tive possesses the character of a radical anion, we were able 
to explain the difference in the photochemical behavior of 
these two heterocycles as due to the fact that the maximum 
spin density in the benzo[b]furan radical anion is found in 
the 4 position whereas in the benzo[b]thiophene radical 
anion it is the 2 position where the spin density is the high- 
est.2 This means that, if a photoreaction between benzo- 
[blfuran and an aliphatic amine, HNR2, were possible, it 
would lead to the formation of product 1 which would be 
unstable under the conditions used in our study.2 

To verify this assumption, we have synthesized some 
benzo[b]furan derivatives in which the spin density of their 
radical anion is the highest in the 4 position, and we have 
also prepared some other derivatives whose radical anions 
have the highest spin density in the 2 position. According 
to our hypothesis, the former group of compounds should 
not give any isolable products when irradiated in an ali- 
phatic amine, whereas uv irradiation of the compounds be- 
longing to the latter group is expected to lead to the forma- 
tion of stable photoproducts. 
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Table I 
Calculated HMO Spin Densities of Radical Anions 

Derived from Substituted Benzo[ b Ifuransa 

Posi- 2,3-Di- methyl-3- 2,3-Di- 
tionb methyl 2-Phenyl 3-Phenyl phenyl phenyl 

2,4,7-!C'ri- 

1 0.0040 0.0302 0.0236 0.0083 0.0351 
2 0.1074 0.1019 0.2257 0.1408 0.1334 
3 0.0097 0.0941 0.0295 0.0074 0.0653 
3a 0.0735 0.0103 0.0013 0.0297 0,0000 
4 0.3018 0.1333 0.1370 0.0122 0.0740 
5 0.0605 0.0249 0.0715 0.0554 0.0299 
6 0.1009 0.0641 0.0229 0.0123 0.0260 
7 0.2972 0.1138 0.1531 0.0172 0.0763 
7a 0.0382 0.0002 0.0286 0.0346 0.0002 
a The spin density p r  at  a tom r was approximated by the 

square of the coefficient of the correspondin atomic orbi- 
tal in the respective molecular orbital, p r  = C ~ + I , ~ ,  where 
c m + l , y  is the expansion coefficient of the  r th  atomic orbital 
in the ( m  + 1 )s t  molecular orbital, i.e., the  lowest unoqcu- 
pied rn molecular orbital of the parent heterocyclic system. 
The HMO calculations were made in the usual way using a n  
IBM 360/50 computer. The heteroatom model of the 
methyl group was used in the calculations and the methyl 
group was assumed to contribute pair of electrons to the 
71 system. The following parameters were a d ~ p t e d : ~ ~ ~  (YO = 
(Y + 20; = + 20; FC(Me) 7 - 0.2 0; PCO = f i e ;  PCMe 
= 0.7 P. The highest spin density for each radical anion is 

8 

underlined. b Numberiqg: 

' 1  

T h e  calculated HMO spin densities of the  radical anions 
of t h e  compounds under study are summarized in  Table I. 

As expected, 2,3-dimethylbenzo[ b ]  furan, which has the 
highest value of spin density in its radical anion in the  4 
position, does not give any identifiable photoproducts 
when irradiated in  n-propylamine'or triethylamine, regard- 
less of the  presence or absence of methanol (methanol is 
known t o  facilitate the photoreaction of benzene with tri- 
ethylamine6). 2-Phenylbenzo[b]furan, which belongs to  the 
same group as 2,3-dimethylbenzo[b]furan, photodimerizes 
in n -propylamine similarly As in  other  solvent^.^?^ 

On the other hand, 3-phenylbenzo[b]furan (2a) and 
2,4,7-trimethyl-3-phenylbenzo[b]furan (2b), i.e., com- 
pounds in  which the spin density in  their respective radiEal 
anions in the  highest in the 2 position, are photoreduced t o  
t h e  corresponding 2,3-dihydro derivatives 3a and' 3b, re- 
spectively, when irradiated in a n  aliphatic amine. Similarly 

1 
R = H or NR, 

R u  

2 3 
a , R = H  
b,R= Me 

as in other solvents, 2,3-diphenylbenzo[b]furan, which 
belongs t o  this group as well, undergoea photocyclization 
when irradiated under these  condition^.^ 

T h e  chemical yield of photoreduction of 2a by aliphatic 
amines increases when going from a primary amine to a ter- 
tiary amine. The yields of 2,3-dihydro-3-phenylbenzo[b]fu- 
ran (3a) in n-propylamine, diethylamine, and triethyl- 
amine (with 10% of methanol added) are  10, 20, and 3096, 
respectively, and thus increase with decreasing ionization 
potential of the amine (the first ionization potentials of t h e  
above amines are 8.78, 8.01, and 7.50 eV, respectivelylO). 
This finding is consistent with the hypothesis about the in- 
termediate formation of a n  exciplex during the photoreac- 
tion of benzo[b] furan 4erivatives with an aliphatic amine, 
at least in the case of those derivatives which undergo pho- 
toreduction. 

E x p e r i m e n t a l  Section 
Materials. 2-Phenylbenzo[b]furan and 3-phenylbenzo[b]furan 

(2a) were synthesized as described in the 1iterature.l' Previously 
described procedures were used to prepare 2,4,7-trimethyl-3-phen- 
ylben~o[b]furan'~-'~ (2b) and 2,3-dimethylbenzo[b]furan.l5 

Instruments and Methods. NMR spectra were obtained with a 
Jeol C-6OHL spectrometer. Mass spectra were determined on an 
AEI Model MS 12 spectrometer (Laboratoire de Chimie Appliqube 
de I'Universitb de Bordeaux I, Bordeaux, France) operating at  70 
eV ionizing potential. Preparative gas chromatography was per- 
formed on an Autoprep A 700 gas chromatograph using a column 
of 10% Apiezon L on Chromosorb W (8 f t  X 0.375 in.). Gas chroma- 
tographic analyses were made on an F & M Model 810 gas chroma- 
tograph using a 30% SE column (6 f t  X 0.25 in.). 

Irradiations were conducted in a quartz vessel using light from a 
Hanau NN 1544 15-W low-pressure mercury arc lamp. All samples 
were irradiated for 24 hr and a nitrogen atmosphere was main- 
tained during irradiation. The concentration of the solutions was 1 
g of the heterocyclic substrate in 100 ml of n-propylamine, diethyl- 
amine, or triethylamine (or a mixture of 90 ml of triethylamine 
and 10 ml of methanol in the case of the irradiation of 2a in trieth- 
ylamine). After evaporation of the solvent, the crude reaction 
product was filtered through a silica gel column with petroleum 
ether as eluent and-then isolated 6y preparative gas chromatogra- 
phy. The yields were determined by analytical VPC. 

All melting points are uncorrected. Elemental microanalyses 
were carried out by the Centre de Microanalyse du CNRS, Thiais, 
France. 

Irradiation of a-Phenylbenzo[ blfuran. The dimer of 2-phen- 
ylbenzo[b]furan formed during irradiation deposited on the walls 
of the photochemical vessel (0.51 g, 51%). After recrystallization 
from benzene, it had mp 283-284O; NMR (dimethyl sulfoxide) 6 
4.95 (2 H, s), 6.75 (8 H, m), 7.20 ppm (10 H, m). 

Anal. Calcd for C28HzqOz: C, 86.57; H, 5.19; 0, 8.24. Found: C, 
86.19; H, 5.26; 0, 8.52. 

Irradiation of 3-Phenylbenzo[ blfuran. Irradiation of this 
compound gave 2,3-ditiydro-3-phenylbenzo[b]furan (3a): mp 35- 
37O (ethanol); NMR (CC14) 6 4.5 (3 H, m), 6.8 (4 H, m), 7.15 ppm 
(5 H, m); mass spectrum m/e (re1 intensity) 196 (M+, IOO), 181 
(14), 167 (25), 165 (28), 91 (16). Yields, reduced photoproduct 
(RP), unreacted starting material (SM): in triethylamine, 30% RP, 
70% SM; in diethylamine, 20% RP, 80% SM; in n-propylamine, 
10% RP, 90% SM. 

Anal. Calcd for C14H120: C, 85.68; H, 6.16; 0, 8.15. Found: C, 
85.61; H, 6.18; 0,8.12. 

Irradiation of 2,4,7-Trimethyl-3-phenylbenzo[ blfuran (2b). 
In this case, an inseparable mixture of cia- and trans-2,3-dihydro- 
2,4,7-trimethyl-3-phenylbenzo[b]furan (3b) was obtained, in an 
overall yield of 20% (the unreacted starting material represented 
80%) when the reaction was carried out in triethylamine. The two 
isomers were present in 1:2 ratio, the trans isomer seeming to be 
the preponderant isomer. NMR of the mixture (CC4): 6 1.06 (3 H, 
d), 1.47 (3 H , 8  , 1.87 (3 H, s), 2.19 (3  H, s), 4.00 (1 H, d), 4.25 (1 H, 
d), unresolved a etween 4.4 and 5.1 (1 H, m), unresolved between 
6.3 and 7.25 ppm (7 H, m). Mass spectrum m/e (re1 intensity): 238 
(M+, IOO), 223 (69), 209 (23), 195 (19). M+ calcd for C17HieO: 238. 
Found: 238. 

Irradiation of 2,3-Dimethylbenzo[ blfuran. Under the condi- 
tions described above, irradiation of this compound gave no photo- 
reduction. No product could be identified by gas chromatography. 

Irradiation of 2,9-Diphenylbenzo[ blfuran. The photocycliza- 
tion of this compound has 6een described in one of our previous 
 publication^.^ 
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We have previously reported1 that 1,l-dipyrrolidinocy- 
clopropanes of type l3 undergo ready reaction with ketones 
under mildly acidic conditions to form addition products 
such as 2. We have now found that these aminals undergo 

n 

2 

ready alkylation by nitroalkanes under conditions in which 
the cyclopropyl iminium salts are probable intermediates. 
The addition takes place on treatment of la or l b  with ex- 
cess nitromethane or nitroethane under a nitrogen atmo- 
sphere in the presence of methyl iodide at  room tempera- 
ture and leads to derivatives corresponding to 4 (Scheme I). 
Presumably, the alkylation of 1 with methyl iodide yields a 

1 

a, n = l ;  X =N 

b, n = 0 ;  X = N  3 3 

Scheme I 
CH,I, RCH,NO. 

*tHN02 (CHI), I 

4 
R 

a , n = l ; X = N  ; R = H  

b, n=0;  X = N  ; R = H  

3 
3 
3 
3 

c, n = l ;  X = N  ; R=CH, 

d, n=O; X = N  ; R =CHI 

W 

quaternary derivative which then dissociates to an iminium 
salt such as 3a. Reaction of the iminium salt with the ni- 
troalkane (through the aci form) leads to 4. 

Reduction of the nitroalkanes with lithium aluminum 
hydride yields the primary amines 5, which may serve as 
substrates for the Tiffeneau-Demjanov ring enlargement 
(acetic acid and isoamyl nitrite in benzene followed by 
aqueous work-up)2 forming fused ring cyclobutanones 6 
(Scheme 11). 

Scheme I1 

4 

a , n = l ; X = N  3 
b, n = 0 ;  X = N  '3 6 

a, n = l  
b, n=O 

In the work outlined below, this procedure has been 
adapted for the preparation of bicyclo[4.2.O]octan-7-one 
(6a)4 and bicyclo[3.2.0]heptan-6-one (6b). The structures 
of these cyclobutanone derivatives were established by 
spectroscopic methods and by comparison with authentic 
materials. 

Experimental Section 
Microanalyses were performed by Dr. R. Rittner of the Olin Ma- 

thieson Chemical Co., New Haven, Conn. Infrared spectra were de- 
termined on a Perkin-Elmer Model 421 grating spectrophotometer 
as neat liquids unless otherwise noted. NMR spectra were record- 
ed on Varian Model A-60, A-60A (60 MHz), or Jeolco Minimar 100 
(100 MHz) spectrometers, as indicated. Chemical shifts are re- 
ported in 6 units using tetramethylsilane as the internal standard. 
Mass spectra were recorded on an AEI Model MS-9 instrument, 
courtesy of Dr. W. McMurray. Boiling points are uncorrected. 
VPC analyses and sample preparations were performed with an 
Aerograph Model A90-P3 instrument. A 12 ft X 0.375 in. 9% SE-30 
column packed on 60-80 mesh Anakrom A support was used, col- 
umn temperature 95-1OO0C, helium flow rate 60 ml/min. Reten- 
tion times were as noted below. Sample purity checks were made 
on a Waters Associates Model ALC-100 analytical liquid chroma- 


