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acts as a general acid catalyst by partially protonating the 
carbonyl oxygen atom of the substrate. Since polar substitu- 
ents in the carboxylic acid will affect the proton-donating 
powers of the hydroxyl function and the proton-withdrawing 
powers of the carbonyl oxygen atom in opposite fashions, it 
would be anticipated that the catalytic constants would be 
independent of the nature of such substituents. In other 
words, a should be smaller than 0.35. This is in contrast with 
the observed value of cy (0.90) and rules out this explana- 
tion. 

The possibility of rate-determining proton transfer from 
the carboxylic acid to the zwitterionic addition compound4~5 
is also inconsistent with the data since such reactions are ex- 
pected to be diffusion controlled or nearly so and, hence, have 
rate constants independent of the acidity of the catalyst. In 
addition, unusual mechanisms for phenylhydrazone formation 
from pyrrole-2-carboxaldehyde seem unlikely since the re- 
activity of this compound is consistent with that expected on 
the basis of its relatives (see below). 

We are left without a satisfactory explanation for the un- 
usually large value of a for this reaction. It evidently depends 
on having the proton on the heterocyclic nitrogen atom and 
may or may not depend on the bifunctional character of the 
carboxylic acid. Further studies will be required to settle this 
point. 

B. Free Energy Relationships. In this work we have found 
a linear free energy relationship between the reactivity of 
derivatives of aromatic heterocyclic rings, viz., furan, thio- 
phene, and pyrrole, and the acidity of the corresponding 
acids. 

The sensitivity of the attack reaction of phenylhydrazine 
on the aromatic heterocyclic aldehydes is highest when the 
reaction is water catalyzed (y = 1.2), intermediate when the 
reaction is catalyzed by carboxylic acids (y = l .O), and smallest 
when the reaction is catalyzed by the hydronium ion (y = 
0.27). The variation of the y values with the acidity of the 
general acid catalyst together with the considerations con- 
cerning variation in transition state structures as function of 
reactivity is in accord with the considerations of Hammond,21 
LeffleraZ2 and Swain and Thornton.23 
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Photochemical cycloaddition of ethylene and 1 gave only 2, a result consistent with the Wiesner model for pho- 
toaddition of olefins to  cyclohexenones. 

The photochemical cycloaddition of olefins to enones is 
a synthetically useful reaction. Wiesner* has rationalized the 
stereochemistry of such additions to cyclohexenones in terms 
of an excited enone in which the p carbon becomes nearly 
tetrahedral with an electron-rich orbital in a pseudoaxial 
orientation, This model is consistent with a large number of 
cycloadditions to cyclohexenones of the cholestenone type. 

We report here the first test of the Wiesner model in a A9- l -  
octalone. 

The enone 13 underwent photochemical cycloaddition with 
ethylene in methylene chloride solution a t  -60 "C to  give 
exclusively 2 in 82% yield. The structure of 2 was established 
by single-crystal x-ray diffraction analysis of the p-bromo- 
benzoate 3b. 
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Figure 1 .  Stereoview of 3b. 
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According to the Wiesner model, four excited forms of 1 
may be considered: 4,5,6, and 7. In two of these, 4 and 7, ring 
C is held in the boat conformation and these are presumed to 
be considerably less important than 5 or 6. Cycloaddition with 
6 must occur from the (Y face, which is severely hindered by 
rings A and B. No obstacles impede cycloaddition with the 
remaining species, 5. Thus, the formation of 2 as the sole 
product of cycloaddition of ethylene and 1 is adequately ra- 
tionalized in terms of the Wiesner model and intermediate 
5 .  

Reduction of 2 with lithium tri-tert- butoxyaluminum hy- 
dride gave only 3a. Conversion of this alcohol into its p-bro- 
mobenzoate 3b gave a crystalline derivative suitable for x-ray 
analysis. 

When 2 was heated with p-toluenesulfonic acid in boiling 
benzene for 2 h, a new cyclopentanone 8 was isolated in 64% 
yield. The structure of 8 follows from spectral data and ample 
p r e ~ e d e n t . ~  
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Experimental Sections 
Cycloaddition of Ethylene and 1.  An irradiation apparatus 

equipped with a Hanovia 450-Watt Type 1, mercury vapor lamp and 
a Pyrex probe cooled by circulating ethanol maintained a t  ca. -60 "C 
by a dry ice-isopropyl alcohol bath was charged with a solution of 7.25 
g of 1 in 130 ml of methylene chloride. The  apparatus was cooled in 
a dry ice-isopropyl alcohol bath and ethylene was bubbled through 
the solution during irradiation. After 1 h of irradiation all the starting 
material had reacted. The  solvent was removed and the resulting solid 
was recrystallized from methanol to yield 5.03 g of 2, m p  131.5-133 
"C. The mother liquors yielded another 1.49 g of 2 (total 82.1%) yield), 
ir (CHLCIY) 1690 cm-I. 

Anal. Calcd for C21H?(iOe: C,  81.25; H, 8.44. Found: C, 80.94; H,  
8.08. 

Reduction of 2. T o  a solution of 1.20 g (5.83 mmol) of lithium tri- 
tert-butoxyaluminum hydride in 6 mi of dry tetrahydrofuran was 



4098 J .  Org. Chern., Vol. 41, No. 26, 1976 

T a b l e  I 

A. Crystal  Parameters  

Formula Cz~H:,l0:113r (495.5) 
Crystal size, m m  
Cell dimensions 

0.2 x 0.2 x 0.3 
a = 11.874 (2)  A 
b = 7.520 (1)  P\ 
c = 27.095 (5) A 
B = 101.08 ( 1 ) O  

V = 2374.3 (7) A'' 
Space  group P 2  I /c 
Molecules/unit cell 4 
Density observed, g/cm:' 1.35 
Densi ty  calculated, g/cm,' I .OS6 
Linear  absorpt ion 28.1 

coefficient (MI ,  cm-  

H. Refinement  Parameters  

N u m h e r  of reflections 2443 
Nonzero reflections 2038 
K index 0.061 

Weighted K 0.010 

Final  shif ts  <0.3a 

( R  = X I I F , , [  - l F , , l [ / Z l F , , l )  

(K'  = w(F,,:! - F c , Z ) Z / X ~ 1 2 ~ ~ ' ~ )  

iIddcd a solution 01' 600 mg (1.94 mmol) of 2 in 6 ml of dry tetrahy- 
drofuran. T h e  resulting mixture was stirred a t  0 "C for 75 min. After 
the usual workup alcohol 3a was isolated as  a white solid (570 mg, 
94.5'%, m p  153 -159 "C). Hecrystalliza~ion from methanol gave ma- 
terial of mp 158.5-160 "C; ir (CHzClr) 3630, 8500 cm-.'. Alcohol 3a 
was converted into t h r  p-hromobenzoate 3b by treatmen!. with p -  
hromo1)enzoyl chloride in dioxane-pyridine. The  crystalline product 
ot)taincd after usual workup was recrystallized twice from benzene- 
hoxiine: mp 175.5- 177 "C; ir (CHzC12) 1710,1615 cm-'.'I'his material 
was usod for x-ray diffraction analysis. 

Anirl. Calcd for C&(lO:jHr: C, 67.87; H, 6.31; Br, 16.14. Found: C, 
67.63; H ,  6.21; Hr,  16.32. 

Acid-Catalyzed Isomerizat ion of 2. A solution of 500 mg (1.64 
mmol)  of 2 and 1.6 g of p-toluenesulfonic acid momhydrate  in 125 
nil of hrnzcne was refluxed for 2 h. The  resulting mixture was washed 
with aqueous NaHC0.I and water, and dried (MgSOh). Removal of 
solvent gave 540 mg o f a  dark oil. A solution of this oil in methanol was 
st irrtxi with activated charcoal, filtered and concentrated to yield 320 
mg (64%) of crystalline 8, m p  119 -120 OC. Two additional recrystal- 
lizations from methanol gave an analytical sample: mp 120-121 "C; 

Anal. Calcd for GIH,&t: C, 81.25; H,  8.44. Found: C, 81.07; H, 
8.26, 

X-Nay Analysis of 3b. The crystal structure of this compound was 
c,i)nclurled in a routine manner. Suitable crystals were grown from a 
mixture of benzene and hexane. The crystals were surveyed and a 1-A 
intcnsity data set (maximum sin 0/A = 0.5) was ohtained on a Syntex 
i ' i  ditfractometer using copper radiation ( A  = 1.5418 A) a t  room 
temperature. The  crystal density was measured by the flotation 
technique in aqueous KI.  Final unit cell dimensions were obtained 
using 16 high angle reflections ( 2 0  > 40'). T h e  diffractometer was 
equipped with a graphite incident heam monochromator mounted 
i n  the  perpendicular mode. During data  collection a 0-20 scan tech- 
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nique was employed, the scan rate was Zo/min in 2(1, the scan range 
was 1.0" above Km, and 1.0" below K a l ,  and the t)ackground was 
counted for half the scan time on each side of the peak. A single check 
reflection was monitored every 30 reflections and indicated no crystal 
damage since i t  was reproducible within counting statistics. 

The diffractometer output was processed using subprograms of the 
( ' I tYM crystallographic computer system." T h e  processing included 
corrections for hackground, Lorentz, and polarization effects. T h e  
polarization effect due to the graphite monochromatm was included 
in these corrections.; No corrections were made for absorption. T h e  
data processing also included calculation of the P value and its 
standard deviation for each reflection. The  standard deviations were 
assigned on the basis of the equation 

~ ' ( l )  = S + tu2(Rl + Hz) t (dS)2  

where S is the scan count, Rl and H 2  are  the hackground counts, d is 
an empirical constant equal to 0.02, and ir is the scan time to total 
hackground time ratio. All intensities with values less than three times 
the standard deviation were set  equal to zero with zero weight. T h e  
data set was placed on an approximately absolute scale by means of 
Wilson statistics. Crystal parameters are summarized in Table I. 

Determina t ion  of S t r u c t u r e  a n d  Refinement .  A trial structure 
for 3b was obtained by conventional Patterson and Fourier tech- 
niques. This trial structure refined routinely to an acceptable R index 
(see Table I ) .  The  latter stages of the refinement procedure included 
a fu l l  matrix least-squares treatment of all nonhydrogen coordinates 
in one mat,rix, and anisotropic temperature factors and scale factor 
in a second matrix. Methylene and methine hydrogen positions were 
calculated; all other hydrogen positions were locatod by difference 
Fourier techniques. While hydrogen parameters were added t o  t,he 
structure factor calculation in the latter stage of refinemrnt, they were 
not refined. The  quantity minimized hy the least-squares procedure 
was Z U ( ~ ' < , ~  - F < 2 ) 2 ,  where u = I / O ~ ( F ~ , ~ ) .  A final difference Fourier 
reveilled no missing o r  misplaced electron density. A stereoplot of 3b 
is given in Figure 1. Atomic parameters and hond distances and angles 
appear in Tables 11 and 
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