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The acid-catalyzed reaction of 3-hydroxy acids 2 containing a spiro ring is described. Spiro ketones 1 react 
with the dianion of carboxylic acids to give 3-hydroxy acids 2. Treatment of these 3-hydroxy acids 2 with sulfuric 
acid in boiling benzene takes place readily to yield spiro ring migration to afford [m.n.3]propella-y-lactones 3. 

The chemistry of propellanes, particularly, the struc- 
ture-reactivity relationships, has drawn much attention.' 
Small ring propellanes, such as [m. r~ . l ] -~  and [m.n.2]pro- 
pellanes3 have been well investigated. Furthermore, total 
syntheses of modhephene, a naturally occurring propellane 
isolated from rayless goldenrod (Isocoma ~ r i g h t i i ) ~  have 
been a~hieved.~ In these studies, formation of propellane 
skeletons was usually carried out by photochemical reac- 
tionse6 Propellalactones were prepared from the corre- 
sponding propellane ketones by Baeyer-Villiger oxidation.7 
The transformation of propellalactones into other im- 
portant polycarbocyclic ring systems, dispiro lactones, was 
also reported.8 However the preparation of propella-y- 
lactones from spiro compounds has not been reported. The 
present paper will describe the acid-catalyzed reaction of 
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Table I. Preparation of [m .n .3]Propella-y-lactones 3 
from the Reaction of 2 with Acidic Materialsa 

yield yield 
of 2,b of 3," 

comDd % acidic materials product % 
2a 70 
2b 76 
2c 93 
2c 93 
2c 93 
2c 93 
2c 93 
2c 93 
2c 93 
2c 93 
2c 93 
2d 13 
2e 60 
2f 65 
2g 92 
2h 15 
2i 90 
2j 76 

H2S04 
H2S04 
H2S04 
ZnC1, 

TsOH 
H3P04 

C F ~ C O O H ~  
p 2 0 5  

KHSO4 
Polyphosphoric acid 
SnC14.5H20 
H2S04 
H2S04 
H2S04 
H2S04 
H2S04 
H 2 S 0 4  
H2S04 

3a 83 
3b 80 
3c 98 
3c 39 
3c 93 
3c 75 
3c 95 
3c 91 
3c 15 
3c 73 
3c 63 
3d' 85 
3de 85 
3e 87 
3f 98 
3g 57 
3h 65 
3i 70 

"3-Hydroxy acid 2 (10 mmol), acidic materials (3 mmol), and 
benzene (300 mL) were refluxed for 8 h. The yields are based 
on spiroketone used. "he yields are based on 3-hydroxy acid 
used. At 25 "C for 8 h. eThe same product 3d was obtained 
from 2d and 2e. 

3-hydroxy acids 2 to afford propella- y-lactones 3. 

Results and Discussion 
We examined the reaction of acetic acid and spiro ketone 

IC using lithium naphthalenide in tetrahydrofuran by our 
m e t h ~ d . ~  However, 2c was obtained in poor yield. Spiro 

ketones 1 appear to be less reactive than monocyclic ke- 
tones. Hence it is necessary to use excess acetate dianion 
and longer reaction times in the reaction of IC with acetate 
dianion to obtain 2c in good yield. We have previously 
reported the reaction of 3-hydroxy acid 4 (Scheme I), 
prepared from acetic acid and cyclohexanone, with acidic 
materials in boiling benzene. From the reaction of 4 with 
97% sulfuric acid, the y-lactone 5 was obtained, and, with 
p-toluenesulfonic acid, the unsaturated carboxylic acid 6 
was formed.gb 
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Chem. Biotechnol. 1977,27, 593. 

0022-3263/84/1949-1975$01.50/0 0 1984 American Chemical Society 



1976 J.  Org. Chem., Vol. 49, No. 11, 1984 

Scheme I 

Fujita e t  al. 

H, 9.50. Found: C, 67.72; H, 9.55. 
2d: mp 90-91 "C; IR 3500,1705 cm-'; NMR 6 1.1-1.9 (m, 18 

H), 2.59 (s,2 H), 7.63 (s, 2 H). Anal. Calcd for C13HnO3: C, 68.99; 
H, 9.80. Found: C, 69.18; H, 9.83. 

2e: mp 78-79 "C; IR 3400,1708 cm-'; NMR 6 1.0-2.0 (m, 18 
H), 2.58 (s,2 H), 7.18 (s,2 H). Anal. Calcd for C13H2203: C, 68.99; 
H, 9.80. Found: C, 68.90; H, 9.71. 

2f IR 3350, 1705 cm-'; NMR 6 0.9-1.8 (m, 20 H), 2.57 (s, 2 
H), 7.29 (s, 2 H). Anal. Calcd for C14H2403: C, 69.96; H, 10.07. 
Found C, 70.15; H, 10.11. 

2g: mp 138-139 "C; IR 3305,1702 cm-'; NMR 6 1.26 (d, J = 
7.2 Hz, 3 H), 1.2-1.9 (m, 16 H), 3.01 (q, J = 7.2 Hz, 1 H), 7.41 
(8, 2 H). Anal. Calcd for C13H2203: C, 68.99; H, 9.80. Found: 

TsOH 
C&, reflux 

Now, we examined the reaction of 2c with acidic ma- 
terials. Spiro y-lactone 8 and/or spiro unsaturated car- 

- 

"1 

boxylic acid 9 were not formed, but propella-y-lactone 3c 
was obtained selectively. As Scheme I shows, in the 
acid-catalyzed reaction of 2c, carbenium ion 7a was formed 
which subsequently gives intermediate 7b by migration of 
the spiro bond.1° The intermediate 7b leads to prop- 
ella-y-lactone 3c. The reaction of 2c with several acids was 
performed and the results are listed in Table I. The re- 
action has also been extended to other 3-hydroxy acids. 
As shown in Table I, [m.n.3]propella-y-lactones 3 are ob- 
tained in good yield from the reaction of 3-hydroxy acids 
2 containing spiro rings with 97% sulfuric acid. These 
observations indicate that [m.n.3] propella-y-lactones 3 
can be easily prepared from spiro ketone 1 by two steps. 

Experimental Section 
All melting points are uncorrected. The reaction products were 

analyzed by GLC on a Shimazu Model GC-7A chromatograph 
using a 3 m X 3 mm glass column of 10% silicone DC 200 on 60-80 
mesh Celite 545. Infrared spectra were recorded on a JASCO IR-G 
spectrometer. 'H NMR spectra were obtained on a Hitachi R-600 
spectrometer with Me4% as an internal standard and CC14 as a 
solvent. Mass spectra were measured with a Hitachi RMU-7M 
spectrometer (for high-resolution mass spectra) at  70 eV. Column 
chromatography was carried out with silica gel (Wakogel C-200). 
Microanalyses (C and H) were performed in the Analytical Section 
of our University. 

Spiroketones (1) were prepared as previously reported." 
3-Hydroxy Acids 2. General Procedure. A mixture of 

naphthalene (6.4 g, 50 mmol), metallic lithium cuttings (0.7 g, 
100 mmol), and diethylamine (7.3 g, 100 mmol) in 100 mL of 
tetrahydrofuran was agitated a t  room temperature in an atmo- 
sphere of dry nitrogen for 2 h. To the solution was added car- 
boxylic acid12 (50 "01) in 50 d of tetrahydrofuran over a period 
of 2 h. After 1 h, spiro ketone 1 (25 mmol) in 50 mL of tetra- 
hydrofuran was slowly added and the reaction mixture was stirred 
for an additional 16 h. %Hydroxy acid 2 was separated as reported 
p r e v i o ~ s l y ~ ~  and purified by recrystallization from hexane or 
column chromatography. 

2a: IR 3400, 1700 cm-'; NMR 6 1.0-2.0 (m, 14 H), 2.50 ( 8 ,  2 
H), 7.35 (s, 2 H). Anal. Calcd for Cl1Hl8O,: C, 66.64; H, 9.15. 
Found: C, 66.45; H, 9.17. 

2b: mp 122-123 "C; IR 3550,1690 cm-'; NMR 6 1.1-2.0 (m, 
16 H), 2.55 (e, 2 H), 6.84 (s, 2 H). Anal. Calcd for C12HmO3: C, 
67.89; H, 9.50. Found C, 67.99; H, 9.48. 

2c: mp 78-80 "C; IR 3500,1700 cm-'; NMR 6 1.0-2.1 (m, 16 
H), 2.59 (s,2 H), 7.58 (e, 2 H). Anal. Calcd for C12Hm03: C, 67.89; 

(10) The acid-catalyzed dehydration-rearrangement of spiro com- 
pounds were reported Dunham, D. J.; Lawton, R. G. J.  Am. Chem. Soc. 
1971,93,2075. Takaishi, N.; Inamoto, Y.; Aigami, K. J.  Org. Chem. 1980, 
45, 2254. 

(11) Krapcho, A. P. Synthesis 1974, 383. 
(12) In the case of acetic acid, diethylamine was not used. 

~. ~~ . 

C, 69.17; H, 9.83. 
2h: mp 184-185 "C; IR 3420,1700 cm-'; NMR 6 1.31 (s, 6 H), 

1.1-1.8 (m, 16 H), 7.36 (8, 2 H). Anal. Calcd for C14H2403: C, 
69.96: H. 10.07. Found: C. 69.75: H. 10.14. 

2i:' mp 131-132 "C; IR 3250, 1695'cm-'; NMR 6 0.97 (t, J = 
6.5 Hz, 3 H), 1.2-2.1 (m, 18 H), 2.80 (t, J = 7.9 Hz, 1 H), 7.75 (s, 
2 H). Anal. Calcd for C14H2403: C, 69.96; H, 10.07. Found: C, 
70.28; H, 9.94. 

2j: mp 123-124.5 "C; IR 3330, 1695 cm-'; NMR 6 0.92 (t, J 
= 6.4 Hz, 3 H), 1.1-2.1 (m, 20 H), 2.77 (t, J = 6.4 Hz, 1 H), 7.26 
(s, 2 H). Anal. Calcd for C15H2603: C, 70.83; H, 10.30. Found 
C, 70.92; H, 10.26. 
[m .n .3]Propella-y-lactone 3. General Procedure. A 

mixture of 3-hydroxy acid 2 (10 mmol) and acidic materials (3 
mmol) in 300 mL of benzene was refluxed for 8 h. After cooling 
the mixture to room temperature, 200 mL of water was added. 
The organic layer was washed with water, 5% sodium carbonate 
solution, and then dried over anhydrous sodium sulfate. The 
solvent was removed, and the product was p~r i f ied . '~  

3a: mp 71-72 "C; IR 1778 cm-'; NMR 6 1.3-2.2 (m, 14 H), 2.52 
(q, JAB = 17.2 Hz, 2 H); mass spectrum calcd for CllH1602, m / e  
180.1150 (M); found, m / e  180.1139 (M'). Anal. Calcd for 
CllHI6O2: C, 73.30; H, 8.95. Found: C, 73.15; H, 8.82. 

3b IR 1772 cm-'; NMR 6 1.1-2.1 (m, 16 H), 2.51 (q, JAB = 19.1 
Hz, 2 H); mass spectrum calcd for C12H1802, m / e  194.1307 (M); 
found, m / e  194.1258 (M'). Anal. Calcd for C12H1802: C, 74.19; 
H, 9.34. Found: C, 74.33; H, 9.22. 

3c: mp 73-74 "C; IR 1769 cm-'; NMR 6 1.4-1.9 (m, 16 H), 2.35 
(s, 2 H); mass spectrum calcd for C12H1802, m / e  194.1307 (M); 
found, m / e  194.1305 (M'). Anal. Calcd for C12Hl8O2: C, 74.19; 
H, 9.34. Found: C, 74.22; H. 9.30. 

3d IR 1773 cm-'; NMR 6 1.2-1.9 (m, 18 H), 2.38 (s,2 H); mass 
spectrum calcd for C13H20O2, m / e  208.1463 (M); found, m / e  
208.1451 (M'). Anal. Calcd for C13H20O2: C, 74.96; H, 9.68. 
Found: C, 74.82; H, 9.72. 
3e: mp 84-85 "C; IR 1775 cm-'; NMR 6 1.1-1.9 (m, 20 H), 2.39 

(s, 2 H); mass spectrum calcd for C14H2202, m / e  222.1620 (MI; 
found, m / e  222.1613 (M'). Anal. Calcd for Cl4HZ2O2: C, 75.63; 
H, 9.97. Found: C, 75.86; H, 9.88. 

3 f  mp 101-102 "C; IR 1758 cm-'; NMR 6 0.96 (d, J = 7.4 Hz, 
3 H), 1.1-1.9 (m, 16 H), 2.98 (q, J = 7.4 Hz, 1 H); mass spectrum 
calcd for C13HmO2, m / e  208.1463 (M); found, m / e  208.1441 (M'). 
Anal. Calcd for C13H2002: C, 74.96; H, 9.68. Found: C, 75.22; 
H, 9.68. 

3g: IR 1765 cm-'; NMR 6 1.15 (s, 6 H), 1.3-1.9 (m, 16 H); mass 
spectrum calcd for C14H2202, m / e  222.1620 (MI; found, m / e  
222.1609 (M+). Anal. Calcd for C14H2202: C, 75.63; H, 9.97. 
Found: C, 75.77; H, 9.94. 

3h: mp 72.5-73.5 "C; IR 1760 cm-'; NMR 6 1.19 (t, J = 6.0 
Hz, 3 H), 1.4-1.9 (m, 18 H), 2.68 (t, J = 6.1 Hz, 1 H); mass 
spectrum calcd for C14H22O2, m / e  222.1620 (M); found, m / e  
222.1589 (M'). Anal. Calcd for C14HzzO2: C, 75.63; H, 9.97. 
Found: C, 75.48; H, 10.02. 

3i: mp 70-71 "C; IR 1755 cm-'; NMR 6 0.98 (t, J = 6.5 Hz, 
3 H), 1.2-2.0 (m, 20 H), 2.74 (t, J = 6.4 Hz, 1 H); mass spectrum 
calcd for C15HUO2, m / e  236.1776 (M); found, m / e  236.1818 (M'). 
Anal. Calcd for C15Hz4O2: C, 76.22; H, 10.24. Found: C, 76.01; 
H, 10.29. 
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(13) The solid products were purified by recrystallization from hexane 
and the liquid products were purified by column chromatography. 
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Photoinduced Electron-Transfer Processes Involving Substituted Stilbene 
Oxides' 
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Electron-transfer interactions of several substituted stilbene oxides (oxiranes) containing cyano and carbomethoxy 
groups at  2,3-positions with the singlet and triplet states of 1,4-dicyanonaphthalene (DCN) and N,N,",N'- 
tetramethylbenzidine (TMB) have been investigated by steady-state fluorescence quenching, pulse radiolysis, 
and laser flash photolysis. The results are examined in the context of the behaviors of the oxiranes with respect 
to photosensitized isomerization and degradation under steady-state irradiation (350 nm). Transient spectra 
concerning radical ions and triplets of DCN and TMB as well as primary photoproducts observed in the 
photosensitization of some of the oxiranes are presented. Evidence for charge-transfer interaction with oxiranes 
in acetonitrile is obtained from transient-absorption spectral characterization of the radical anion of DCN and 
the radical cation of TMB; the efficiency of net electron transfer forming solvated radical ions is very small (0-0.3). 
No transient phenomena attributable to ylides formed via back electron transfer within an ion pair or between 
solvated radical ions are observed. With trans and cis forms of 2,3-dicarbomethoxy-2,3-bis(4methoxyphenyl)oxirane, 
long-lived radical cations with dual absorption maxima at  400 and 580 nm are formed as a result of photosensitization 
by DCN in acetonitrile. The radical cation from the cis oxirane displays a relatively slow growth ( t l l z  = 350 
ns) for ita formation from a charge-transfer-derived precursor with a single absorption maximum at 460 nm; this 
transient behavior appears to be associated with either relatively slow ring opening of an initially formed, closed 
ring, radical cation of the cis oxirane via intramolecular electron transfer, or isomerization of an initially formed, 
open ring, strained configuration to a stable one derivable by electron transfer from the trans oxirane. 

Introduction 
Organic reactions mediated by charge-transfer interac- 

tions from electronically excited states are of current in- 
terest. Vicinal diaryl-substituted oxiranes undergo ring 
opening to carbonyl ylides2 upon direct irradiation and our 
experience in this area provided the incentive for the 
present study3 of the reactions of radical ions of such ox- 
iranes presumably generated by photoinduced electron- 
transfer processes in solution. The importance of charge 
transfer has been recognized in the photochemical isom- 
erization" of arylcyclopropanes and in the photochemical 
addition4b of methanol to these systems; cyanoaromatics 
have been used as electron-transfer sensitizers (excited- 
state acceptors) in these studies. Albini and Arnold6 have 
studied photosensitized isomerization of cis- and trans- 
2,3-diphenyloxiranes using a variety of acceptors and 
proposed a mechanism involving singlet-mediated forma- 
tion and cleavage of oxirane radical cation followed by back 
electron transfer from the sensitizer radical anion to pro- 
duce a carbonyl ylide. The intermediacy of the ylide was 
based on the results concerning its trapping by various 
dipolarophiles. More recently, Leslie and Trozzolo' ob- 
served that following laser excitation (337.1 nm) into a 
low-lying charge-transfer absorption band of the 1,4-di- 
cyanobenzene and 2,3-diphenyloxirane system in aceto- 
nitrile the transient species characterized as a radical cation 
of the oxirane decayed much more rapidly than the radical 
anion of 1,4-dicyanobenzene (presumably to a ring closed 
form with the positive charge localized on oxygen or a 
phenyl ring). 

In this paper we present the results of an investigation 
of electron-transfer interactions of several oxiranes with 

'University of Notre Dame. 
*University of New Orleans. 

Chart I 

l a ,  R ,  = R, = CN; R, = R, = p-CH,OC,H, 
Ib. R ,  = R, = CN; R, = R, = p-CH,C,H, 

_ Y _  

IC; R; = R; = CN; R; = R; = C,H, 
2 a ,  R, = R, = COOMe; R, = R, =p-CH,OC,H, 
2b. R,  = R, = COOMe; R, = R, = pCH,C,H, " - 
2c;  R; = R; = COOMe; R; = R; = C,H, 
3a, R, = R, = COOMe; R, = R, = p-CH,OC,H, 
3b, R,  = R, = COOMe; R, = R, = p-CH,C,H, 

1,4-dicyanonaphthalene (DCN) and N,N,N',N'-tetra- 
methylbenzidine (TMB), which play the roles of excited- 

(1) (a) The research described herein was supported by the Office of 
Basic Energy Sciences of the US.  Department of Energy (P.K.D.) and 
in part by the National Science Foundation (G.W.G.). This is Document 
No. NDRL-2441 from the Notre Dame Radiation Laboratory. (b) Taken 
in part from the dissertation submitted by A. J. Muller in partial ful- 
fillment of his Ph.D. requirementa of the University of New Orleans, New 
Orleans, LA, 1982. 
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R. L.: Griffin. G. W. J. Am. Chem. SOC. 1970. 92. 1302-1311. (b) Do- 
Minh. T.: Trozzolo. A. M.: Griffin. G. W. J. Am. Chem. SOC. 1970. 92. 
1402-'1403. (c) Wong, J. P: K.; F d m i ,  A. A.; Griffin, G. W.; Bhacca, N: 
S. Tetrahedron 1981,37, 3345-3355. 

(3) Preliminary papers on part of this work were presented (a) 
Griffin, G. W. 64th Chemical Conference and Exhibition, Chemical In- 
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