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sequence that  proceeds without rearrangement in the dicyclopen- 
tadiene system.17 

Anal. Calcd for CgH1402: C, 70.13; H. 9.09. Found: C,  69.90; H. 
9.22. 

Methanesulfonate 3b. The mesylate was prepared by reaction 
of a slight excess of methanesulfonyl chloride with 3c in pyridine 
in the cold. The ester, recrystallized from methanol, had m p  
105.5-106.0". 

Anal. Calcd for CloHlaO4S: C, 51.75; H ,  6.90; S, 13.78. Found: 
C, 51.72; H ,  6.95; S, 13.71. 

8-exo-Hydroxy-exo-4-oxatricyclo[5.2.1.026]decane (4c). Fol- 
lowing the procedure used for the preparation of 3c, 10.0 g of pure 
exo-4-oxatricyclo[5.2.1.02~6~-8-decene4 yielded 5.28 g (47%) of 4c, 
bp  87.5" (0.25 mm)-90" (0.30 m m )  [lit.4 bp  95-97" (0.7 mm) .  

Methanesulfonate 4b. The mesylate, prepared from 4c in the 
manner described for 3b, formed shiny white platelets, mp  56.4- 
56.7", after recrystallization from petroleum ether (bp  30-60"). 

Anal. Calcd for CloHle04S: C, 51.75; H ,  6.90; S, 13.78. Found: 
C, 51.87: H ,  6.99; S, 13.75. 

Methanesulfonate 5b. The ester, prepared from the alcohol 8- 
exo-hydroxy-enclo-tricyclo[5.2.1.0z~6]decane (5d)19 and methane- 
sulfonyl chloride in pyridine, was an  oil which decomposed upon 
distillation. 

In  a second preparation, the reaction mixture from 5.0 g of al- 
cohol 5d and 5.0 g of methanesulfonyl chloride in 40 ml of anhy- 
drous pyridine was stored in a freezer overnight and then was 
poured over ice to which had been added 46 ml of concentrated 
HC1. The orange oil which separated was taken up  in ether and 
the aqueous portion was extracted three times with ether. The 
combined ethereal portions were washed twice with water, dried 
over MgS04, and then filtered. After removal of solvent. a final 
removal was conducted under high vacuum a t  room temperature. 
The yield was 6.8 g (90%) of ester as a slightly discolored liquid. 

Anal Calcd for CllH18S03: C,  57.45; H, 7.83. Found: C, 57.75; 
H, 7.90. 

Kinetic Measurements .  Reagent grade p-dioxane was rigorous- 
ly purified by the method of Wiberg.20 Typically 45.0 g of dioxane 
was diluted with 15.0 g of deionized water to prepare the 75% 
aqueous dioxane. Esters were weighed into 50-ml volumetric 
flasks so tha t  solutions approximately 1 X M in ester would 
be obtained when solvent was added. The samples were divided 
into ten screw-cap test tubes and incubated in a constant-tem- 
perature bath together with a 5-ml solvent blank. Samples were 
withdrawn a t  intervals, frozen in Dry Ice-acetone, washed out 
with water, and titrated immediately with 1 X M NaOH to 
a phenolphthalein end point. Infinity values for 5b and 3b were 
constant a t  100 and 90% of theoretical, respectively; the theoreti- 
cal infinity value for 4b was used after i t  was discovered that  sol- 
vent, alone or pyridine buffered, developed considerable acidity 
over the reaction t ime required for 10 half lives. Plots of log (A ,  - 
At)  us.  t ime were linear; the slopes were determined by calcula- 
tion of the least-squares line fitting the experimental points. 

Product analysis was accomplished by gas chromatography on 
a 5 ft X 0.125 in. 20% FFAP column a t  180" with a flow rate of 25 
ml/min. Samples taken a t  various times from kinetic runs a t  dif- 
ferent temperatures showed essentially constant ratios of 3c and 
4c, depending on the starting ester; no traces of the endo epimers 
of 3c and 4c (independently synthesized) were detected. In an ex- 
periment to  recover unreacted 3c, 150 mg of ester in 50 ml of sol- 
vent was incubated a t  75.90" for 7-8 min. poured into ice water. 
and extracted continuously with ether. After drying and evapora- 
tion, crystals, mp  100-102.5", were recovered: ir spectrum identi- 
cal with that  of authentic 3c; mmp with 3c, 88-93"; mmp with 
4c, 40-93". Similarly 150 mg of 4c in 50 ml of solvent was incubat- 
ed a t  75.90" for 4.5 hr, poured into ice water, and extracted. Crys- 
tals melting a t  55.2-56.2" were recovered: ir spectrum identical 
with that  of authentic 4c; mmp with 4c, 55.0-56.0"; mmp with 3c, 
40-68". 

Registry No. 3b, 43187-55-9; 3c, 43187-56-0; 4b, 43187-57-1; 
4c, 43187-58-2; 5b, 43187-59-3; 5d, 10271-45-1; 7, 43187-61-7; exo- 
4-oxatricyclo[5.2.1 .02-6]-8-decene, 43187-62-8. 
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The kinetics of epoxidation of only two strained olefins 
have been reported in the literature.28-c In peracetic-ace- 
tic acid solution a t  25.8", cyclobutene epoxidizes 6.3 times 
slower than cyclohexene and 9.6 times slower than cyclo- 
penteneS3 Norbornene, on the other hand, epoxidizes 1.2 
times faster than cyclohexene a t  25" with perkauric acid in 
ch l~ ro fo rm.~  Since norbornene epoxidizes 99.5% ex0,5 the 
corrected rate constant for norbornene per olefin side is 
2.4 times faster than cyclohexene. Even though cyclobu- 
tene and norbornene are 30.6 and 27.2 kcal/mol strained,6 
their rate constants for epoxidation are within a factor of 
10 (1.25 kcal/mol) of the rate constants for the much less- 
er strained cyclopentene through cycloheptene systems.2a 
There appears to be no rate-strain relationship for epox- 
idation reactions. 

In light of the above results, we expected that the oxi- 
dation of cyclopropenes with peracid might be atypical 
and would be a severe test of the previously observed re- 
sults that  the rate of epoxidation is independent of olefin 
strain. Specifically, the 55 kcal/mol strain6 in cyclopro- 
penes is twice the strain of the olefins whose epoxidation 
kinetics have previously been studied. Furthermore, this 
abnormally large strain has caused the double bond in 
these compounds to have a characteristic high reactivity 
toward various reagents.' If the loss of even a fraction of 
this 55 kcal/mol of strain energy were not compensated by 
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an increase in the transition-state strain for peracid oxida- 
tion, cyclopropenes would be quite reactive. Also, our past 
experiences with the sensitivity of cyclopropenes to air ox- 
idation suggested that they might react "like a shot" with 
oxidizers such as peracid. 

In order to evaluate the reactivity of cyclopropenes, we 
have determined the peracid oxidation kinetics for 1,2- 
diphenylcyclopropene (1)s and the 1,2-diphenyl analogs of 
cyclobutene (2)9 and cyclopentene (3) .IO Cyclopentene 3 
gave a quantitative yield of epoxide when reacted with 
peracid. Cyclobutene 2 gave the expected epoxide 4 as the 
only reaction product a t  short reaction times. After longer 
times, 1,2-dibenzoylethane 5 9  was the major product of 
the reaction. For the purposes of this work, the details of 
this interesting oxidation were not investigated. Last, cy- 
clopropene 1 gave a quantitative yield of 1,2-diphenyl-2- 
propen-1-one.11 This product was expected, since the oxi- 
dation of other cyclopropenes gave enone products.12 

The kinetics for olefins 2 and 3 were determined titri- 
metrically by following peracid disappearance and 
checked to be overall second order. The cyclobutene runs 
were terminated before significant amounts of diketone 5 
were formed. Competitive kinetic runs between cyclopro- 
pene 1 and cyclobutene 2 were used to get the rate con- 
stant of the cyclopropene oxidation relative to cyclobutene 
2. The standard second-order competitive kinetics analy- 
sis as described by Russell13 was used. 

As shown in Table I, there is an 11.7-fold decrease in 
the rate constant for cyclobutene 2 relative to cyclopen- 
tene 3, similar to the 9.6-fold decrease in the unsubsti- 
tuted system which was previously reported.3 Surprising- 
ly, however, cyclopropene 1 does not oxidize faster than 
olefins 2 and 3. The rate constant is indistinguishable 
from that for cyclobutene 2. 

Oxidation with peracid appears to be the first reported 
reaction in which a cyclopropene has exhibited a similar 
reactivity in comparison to larger ring analogs. This result 
seems consistent with an oxabicyclobutane-forming tran- 
sition state where the activation increase in strain is simi- 
lar to that experienced by relatively unstrained olefins 
such as ~yclopentene.1~ The present study has severely 
tested and strengthened the postulate that  the rate of ep- 
oxidation is independent of olefin strain. 

Even though the postulate has been found to be opera- 
tionally correct for cyclopropenes, a thorough analysis of 
the epoxidation rate-strain problem reveals some in- 
consistencies. Specifically, the difference in strain be- 
tween bicyclobutanes and cyclopropenes is ea. 12 kcal/ 
mol whereas the strain difference between bicyclo- 
[2.1.0]pentanes (or 5-0xabicyclo[2.l.O]pentanes) and cyclo- 
butenes is ea. 24 kcal/mol.6 As a result, if oxabicyclobu- 
tanes possess about the same strain as bicyclobutanes,l5 
the activation increase in strain for an oxabicyclobutane- 
forming transition state could be considerably less than 
that experienced in the epoxidation of cyclobutenes. This 
situation should lead to a faster rate for cyclopropene ep- 
oxidation if the transition state is moderately advanced. 
In contrast, bicyclo[3.1.O]hexanes (and presumably 6-oxa- 
bicyclo[3.1.O]hexanes) are ca. 27 kcal/mol more strained 
than cyclobutenes.6 As such, the epoxidation rates for cy- 
clopentenes and cyclobutenes should be similar, as ob- 
served. 

A way out of this dilemma is to postulate an early tran- 
sition state for epoxidation that does not yet reflect any 
activation in strain. However, this would not be in agree- 
ment with the moderate vinyl and allylic substituent ef- 
fects that have been observed for alkene epoxidations.2a 
We have also observed similar moderate substituent ef- 
fects in the oxidation of cyclopropenes with peracids.16 

In conclusion, we believe that one or more of the prem- 

Table I 
Rate Constants of rn-Chloroperbenzoic Acid Oxidation 

of Olefins 1-3 in CCl, a t  0" 
~~ - 

Olefin 108 kz, M-1 sec-1 a Re1 k2 

dPh 
1 1 . 7  

3 . 3 2  d= 0.05 ( 3 ) b  (1 . O )  

Ph 

3.4 i 0.1 (9)c 1 . o  
Ph 

1 

a 0.01-0.03 M olefin, 0.006-0.1 M peracid. Errors are 
standard deviations of independent runs with the indicated 
degrees of freedom. b Measured titrimetrically following 
peracid. c Competitive runs following the relative dis- 
appearance of olefins 1 and 2 by nmr. 

ises given above must be wrong. One little-tested premise 
is that  the strain of heteroatomic substituted systems is 
the same as their all-carbon analogs. If oxabicyclobutanes 
were considerably more strained than bicyclobutanes, the 
anticipated rate of cyclopropene epoxidation might be re- 
duced to that observed. 

Experimental Section 
General. 1,2-Diphenylcyclopropene (1),8 1,2-diphenylcyclobu- 

tene (2),9 and 1,2-diphenylcyclopentene (3)10 were all purified by 
recrystallization from cold anhydrous methanol. The physical and 
spectral da ta  obtained from these samples were identical with 
those previously reported. 

Product studies and kinetic runs were performed with Mallink- 
rodt SpectrAFt grade cc14 from freshly opened bottles. m-Chloro- 
perbenzoic acid (Aldrich) was purified by washing with a neutral 
phosphate buffer in order to remove rn-chlorobenzoic acid.17 

1,2-Diphenylcyclopropene (1) with rn-Chloroperbenzoic 
Acid. A solution of 10 mg (0.05 mmol) of cyclopropene 1, 10 ~1 of 
CH2C12, and 6 mg (0.03 mmol) of 99% m-chloroperbenzoic acid 
was prepared at  0" in CC14. After a negative starch-iodide test 
was obtained the solution was analyzed by nmr (CH2C12 as inter- 
nal standard) and showed a 1 : l  mixture of olefin and 1,2-diphe- 
nyl-2-propen-1-one. 

The enone prepared in the above reaction and authentic 1,2- 
diphenyl-2-propen-l-onell were both analyzed: ir (cc14) 1668 
cm-I ;  nmr (CC14) 6 8.10-7.70 (m,  2), 7.55-7.10 (m,  8), 5.98 (s, l),  
5.54 (s, 1) .  

When olefin 1 was treated with a slight excess of peracid the 
nmr spectrum (cC14) of the p r o d u m i x t a r e  showed an  apparent 
AB quartet ( J  = 6.0 Hz) centered at  6 3.20 which also appeared 
in the spectrum of 1,2-diphenyl-2-propen-l-one that  had been 
treated with peracid. This was presumably due to formation of 
the epoxide of the enone. 

1,2-Diphenylcyclobutene with rn-Chloroperbenzoic Acid. A 
solution of 20 mg (0.10 mmol) of cyclobutene 2 in 2.0 ml of CC14 
was cooled to 0" and treated with 9 mg (0.05 mmol) of m-chloro- 
perbenzoic acid. After a negative starch-iodide test was obtained 
the mixture was washed with 10% aqueous NaHC03, dried over 
anhydrous KzC03, and concentrated on a rotary evaporator. The 
sample was analyzed by nmr and showed an  apparent A2Bz mul- 
tiplet centered at  6 2.52 as the only new peaks in the region 6 
0.0-5.0. Analysis of the spectrum indicated that  ca 50% conversion 
(100% yield) of olefin 2 to epoxide 4 had occurred. Samples of ep- 
oxide 4 could not be obtained in greater than 80+ 70 purity (with 
olefin 2 as the only contaminant) by silica gel chromatography or 
by vpc with columns containing 4% KOH. 

The enriched sample of epoxide 4 was analyzed: ir (CC14) 
1660-1680 cm-' (transparent); nmr (CC14) 6 7.40 (m,  lo) ,  2.52 
(apparent AzBz m,  4);  mass spectrum (70 eV) m / e  222 (molecular 
ion). 

When cyclobutene 2 was treated with a slight molar excess of 
peracid, 1,2-dibenzoylethane ( 5 )  was isolated in high yield: m p  
146-148" (lit.9 m p  146.5-148.5"); ir (cC14) 1680 cm-l ;  nmr (CC14) 



418 J.  Org. Chem., Vol. 39, No. 3, 1974 Notes 

6 7.90 (m,  4),  7.30 (m,  6),  3.30 (s, 4); mass spectrum (70 eV) m/e 
238 (68, molecular ion), 105 (100). 

When the mixture of olefin 2 and epoxide 4 was worked up  
under acidic conditions, new absorptions in the nmr (cc14) a t  6 
1.50-1.30 ( m )  and the ir (cc14) a t  1674 cm-l  were observed. 
These were presumably due to the rearrangementZa of epoxide 4 
to 1-benzoyl-1-phenylcyclopropane [lit.l* ir (cc14) 1675 cm-l ;  
nmr (cc14) 7.4 (m,  lo), 1.40 (apparent AzBz m, 4)]. 
1,2-Diphenylcyclopentene (3) with  m-Chloroperbenzoic 

Acid. A solution of 220 mg (1.00 mmol) of cyclopentene 3 in 3.0 
ml of CC14 was treated with 180 mg (ca. 1.00 mmol) of m-chloro- 
perbenzoic acid for 36 hr a t  0". The resulting mixture was filtered, 
washed with 10% aqueous KaHCOa, dried over anhydrous 
KzCO3, and concentrated on a rotary evaporator. The crude 
product thus obtained was analyzed: ir (cc14) 1600-1750 cm-l  
(transparent); nmr (cc14) 6 6.88 (s, 10) 2.10 (apparent broad d,  J 
= 6.0 Hz, 4), 1.65 (apparent broad q, J = 5.0 Hz, 2) ;  mass spec- 
trum (70 eV) m/e  236 (molecular ion). 

Nmr Method of Determining Ra te  Constants.  A stock solu- 
tion was prepared of cyclopropene 1 (ea. 0.08 M )  and cyclobutene 
2 (ca. 0.04 M )  with CHzClz and PhCH3 as internal standards. 
The solution was analyzed to determine the initial (olefin/inter- 
nal standard) integration ratios. The  nmr tube was then cooled to 
0" and an  equal volume of ca. 0.075 M peracid stock solution was 
added. The  tube was stored at  0" for 12-20 hr and then analyzed 
by nmr to determine the final (olefin/internal standard) integra- 
tion ratios. 

Each peak was integrated 8-12 times with the average integra- 
tion value used in subsequent calculations. The relative rates 
were determined from the following equation13 

h ( 1 )  In (fraction 1 remaining) 

h ( 2 )  In (fraction 2 remaining) 

where k(l)/k(2) is the ratio of the  second-order rate constants for 
olefins 1 and 2, respectively, and the fraction 1 (or 2) remaining 
a t  time t is the final time ratio (olefint/internal standard) divided 
by the initial ratio (olefino/internal standard). 

Iodometric Method of Determining Ra te  Constants.  A mag- 
netically stirred solution containing known amounts of olefin and 
peracid was prepared at  0" in a 10-ml volumetric flask. A short 
time thereafter (1-2 min to allow mixing and thermal equilibra- 
tion), a 1-ml aliquot was withdrawn with a calibrated ( a t  0") sy- 
ringe which was cooled to 0". The aliquot was added to a solution 
of 1 ml of acetic acid and 1 ml of 10% aqueous KI. The  liberated 
iodine was titrated with NazSz03 (ea. 1 X 10-3-1 X M )  
which had been previously normalized with KI03. A stopwatch 
was started during the addition of the reaction solution to the 
acetic acid-KI solution. The peracid loss during the initial 1-2- 
min period from the prepared concentration was calculated and 
an  appropriate correction was made in the time zero olefin con- 
centration used in subsequent calculations. 

The reaction solution was subsequently monitored at  recorded 
times by withdrawing 0.5- or 1.0-ml aliquots with a chilled ( O " ) ,  
calibrated syringe. Ice was replaced in the cooling bath to main- 
tain a temperature of 0". The reaction solution was analyzed re- 
peatedly until 20-6070 peracid loss was noted. Usually, several 
(5-12) samples were analyzed at  various times for each run. 

The data were analyzed first by a least-squares program on a 
Hewlett-Packard Model 9820-A advanced programming calcula- 
tor. The normal second-order rate equation was rearranged into 
terms of observables, for conditions of initial olefin concentration 
greater than  initial peracid concentration 

where A ,  is the difference in the time zero concentration of olefins 
and peracid, respectively, V, is the volume in milliliters of the 
reaction aliquot analyzed, M is the molarity of the thiosulfate 
stock solution, and mlt and mlo are the volumes of thiosulfate so- 
lution at  time t and t o  required to titrate the liberated iodine for 
the respective samples. 

Subsequently, the da ta  were analyzed with a nonlinear itera- 
tive least-squares computer program19 on an IBM 360/65 com- 
puter. This program accounts for random errors present in all ob- 
servables. In all cases, the da ta  gave linear plots with the second- 
order rate equation and the rate constants were invariant over a 
varying range of initial reactant concentrations. 
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Considerable interest has been expressed recently in the 
possible contribution that tetrahydroisoquinolines derived 
endogenously from dopamine and related phenylethyl- 
amines and aldehydes such as 3,4-dihydroxyphenylacetal- 
dehyde and aietaldehyde may make to central and pe- 
ripheral adrenergic mechanisms .1 As part of our investiga- 
tions into the metabolism of the hallucinogenic compound 
1-( 2,5-dimethoxy-4-methylphenyl)-2-aminopropane ( 1),2 
we wish to examine the possible endogenous formation of 
tetrahydroisoquinolines derived from amine 1 and alde- 
hyde 3. Such condensation reactions presumably proceed 
by a Pictet-Spengler cyclization.3 As has been reported 
for several drugs containing aromatic OCH3  group^,^ we 
have detected both the 2 - 0 -  and 5-0-demethylated com- 
pounds 2a and 2b, respectively, in the urine of rabbits ad- 
ministered amine 1 intraperitoneally.5 Since Pictet-Spen- 
gler cyclizations readily occur with phenylethylamines ac- 


