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the corresponding amino acids in quantitative yield (98%) (Table 
IX). 

tert-Butyl o-Benzoylbenzoate. To a solution of potassium 
t e r t -  butoxide in t e r t -  butyl alcohol (obtained by dissolving 1.17 g of 
potassium in 250 mL of tert- butyl alcohol) was added dropwise phenyl 
pseudo o-benzoylbenzoate (9.06 g) in 200 mL of dry ether. The reac- 
tion mixture was reflux1.d on a water bath for 3 h, and the solvents 
were removed under rcduced pressure (water pump). Water was 
added to the solid residue, and then it was extracted with ether. The 
ether layer was washed with ice-cold 0.5 M sodium hydroxide solution 
in order to remove the phenol and then with distilled water. The or- 
ganic layer was dried over anhydrous sodium sulfate and filtered, and 
the solvent was distilled. The residue, which was homogeneous on 
TLC, was crystallized from petroleum ether, which afforded a sample 
melting at 72-74 " C  (7.916 g, 83"o): IR max (Nujol) 1708 (ester C=O), 
1670 (aromatic C=O) cin-I. 

Anal. Found: C, 76.5'7; H: 6.73. C21H1803 requires: C, 76.25; H, 
6.75. 

pK, Measurements. Ethyl alcohol was purified by standard 
methodsz5 and subsequently further distilled over zinc and sodium 
hydroxide twice. Double-distilled water was used to make 50% 
aqueous ethanol (v/v), and the solvents were stored under nitrogen. 
Sodium hydroxide (0.05 M) solution was prepared 1 h before use and 
was kept under nitrogen. The acid whose pK, was to be determined 
was accurately weighed and dissolved in 50% aqueous ethanol (0.001 
M). 

The pH meter was standardized by measuring the pH value of 0.05 
M potassium hydrogen phthalate (pH 4.01).26 The acid solution (25 
mL) was pipetted out into a double-walled beaker provided with 
outlets for water circulation from a thermostat in order to keep the 
contents of the beaker at constant temperature (30.0 f 0.1 "C). Ni- 
trogen was gently bubbled through the acid solution in the beaker. 
After 1 h, the calomel electrode of the Photovolt Digicord pH meter 
was immersed in the acid solution and the pH was noted. The pH 
reading was recorded after every 0.1 mL of 0.05 M sodium hydroxide 
solution was added. The process was continued until the neutraliza- 
tion point was reached. The pK, value was read from the plot of the 
titer value against pI1 by measuring the half-neutralization 
point.': 

Kinetic Procedure. The kinetic procedure was the same as that 
descritied for the alkaline hydrolysis of pseudo esters.l 

Registry No. --Phenyl pseudo o-benzoylbenzoate, 5471-75-0; 
t e r t -  butyl alcohol, 75-65-0, 
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In contradistinction to methylenecyclopropanes 2-4 which are inert to 10~,2,2-diphenylmethylenecyclopropane 
( I )  reacts sluggishly, producing benzophenone as the only isolable product. On the other hand 1,l-dimethyl- and 
1,l-dicyclopropylmethylenecyclopropanes 5 and 6 yield a variety of products (depending on the reaction condi- 
tions) whose formation is explicable in terms of secondary rearrangements of an initially formed allylic hydroperox- 
ide. 

While the reactions of singlet oxygen have been well s tud-  
ied,2 the effect of strain on the rate, mode, and direction of 
reaction has been almost totally neglected. Until recently there 
was only a handful of reports3 in which three- and four- 
membered alicyclic olefins were photooxidized. In each in- 
stance, however, the double bond was flanked by a t  least one 
phenyl group. The  expected formation of endoperoxides4 
explains the high yield of polymeric material, and the well- 
documented secondary  rearrangement^^^,^^^ of endoperoxides 

to dioxetanes and allylic hydroperoxides may well explain the 
formation of what might otherwise be mistaken as "ene" or 
2 + 2 cycloaddition products.6 Hence, an unambiguous study 
of small ring systems was clearly warranted. The  recent 
publication of two related reportslO,ll prompts us to  com- 
municate the results of our study on the photooxidation of 
methylenecyclopropanes. 

For the purpose of this study we synthesized olefins 1-6. 
Methylenecyclopropane 1 is the photochemical rearrangement 
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Table I. Product Distribution of the '02 Reaction of Methylenecyclopropane 5 

D--.< 2 products ( h , , , ~  = 0 . 0 ~ 6 )  
5 ___ 

reaction OH HO' 
solvent conditionsb." 7 A  8A 9A 10A 11A 12A 13A 14A 

acetone -78 "C,'PhSP 62Vo 25% 13% 
-78 "C 75% 25% 

20 "C 57% 15% 28% d 
CHC1:j -78 "C,/PhBP 4090 40% 20Yo 

-78 "C 67% 33% 
20 "C 67% 33%1 

CH:JOH 2 0 ° C  20% 10% 10% 45% 15% 

Ph:jP was added upon completion of the 
photooxidation at the temperature of the photooxidation; yields were determined by NMR at  20 "C. At 20 "C the product yields were 
unaffected by the addition of Ph:iP. ( Ph$P did not affect the product yields under all conditions. ITsing acetone-de as solvent, 
a sharp singlet corresponding to acetone-de was observed in the 20 "C runs but not in the -78 "C runs. It represents, however. only 
a few percent. 

Rate of reaction with 1 0 2  as compared to that of tetramethylethylene (kre1 = l .OTa). 

Table 11. a Product Distribution of the '02 Reaction of Methelenecyclopropane fi - products (kreI = 0.0021) e 
solvent conditions 7B 8 B  9B IOB 13B 14B 

~~ ~ ~~~~~ ~~- 

acet.one -78 "C/Ph;jP' 60% 10% 20% 1 0%1 
-78 "C 5O0% 20% 

20 "C 224, 12"" :33"" 
CHC1:I -50 OC/Ph3P b,c 65% l.i'k> 

-50 'C 1,5% 8,590 
20 2 C h . i  2 1% 14% 21% 440/0 

CH:!Cl? -78 'C 10% :i n ' a l  531" 
20 "C 20% 20% 20% 40%" 

CH:iOH 20 "C 10% 20% 2 0'J'~l n0'a 
CH:jCN 20 "C 15% 25% 60% 

C ~ H A O  t 5"/11 20 "C 20% 25'4, 20"+, 35% 
CfiHfi 20 "C 20% :low, 50% 

CiH,jN 

( I  See footnotes to Table I. NMR reveals peaks probably corresponding to the acid analogue of ester 13B, 1 IB, or the corresponding 
anhydride 12B. See the discussion in the Eperimental Section. 

4 5 6 

product of compound 4.12 Feist ester ZI3 was synthesized by 
literature procedures. Compounds 3-6 were prepared ac- 
cording t o  the  one-step procedure of Utimoto.14 

Compound 1 reacted extremely sluggishly with l 0 2 ,  pro- 

ducing benzophenone as the only isolable product. Olefins 2-4 
proved completely iner t l j  t o  1 0 2 ,  while 5 and 6 yielded a va- 
riety of products depending on the  reaction conditions (see 
Tables I and  11). The  products were isolated by preparative 
GLC in most cases and identified by their spectral data.  Cy- 
clobutanones 1OA and 1OB were independently synthesized 
via the  acid-catalyzed rearrangement16 of the  epoxides of 5 
and 6, respectively. Dienone 9A was obtained from the  py- 
rolysis of the  adduct resulting from the  Mannich reaction of 
formalin and dimethylamine hydrochloride with either ethyl 
methyl ketone or ethyl vinyl ketone.I7 Relative yields of 
products 7-14 were determined by integration of GLC peak 
areas and  from the  'H NMR data  of the  reaction mixture. 
Relative rates for olefins 5 and 6 as compared t o  tetrameth- 
ylethylene (TME; krel = 1.02a) were determined in competition 
studies with 1-methylcyclohexene (hrel = 0.004lZa) in 
CH3CN. 
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Scheme I. Proposed Mechanism for the Formation of Products 7-14 
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A priori, i t  might have been inviting to  suggest that  the in- 
ertness of methylenecyclopropanes 2-4 to  results from 
strain factors. After all,  for compounds 2-4 the only available 
allylic hydrogens are ring hydrogens; hence, an “ene” reaction 
would result in t he  formation of cyclopropene with an 8-10 
kcal/mol increase in strain energy over the starting 01efin.l~ 
We have previously suggested,l however, t ha t  is insensi- 
tive to any strain tha t  might result in the final product. The  
lack of reactivity of the allylic ring hydrogens would seem to  
stem then from another source. 

Based on the values determined by Laurie and co-workers 
for the atomic coordinates in methylenecyclopropanezo and 
isobutylene,21 we have calculated the interatomic distances 
between the a-olefinic (carbon and the y-allylic hydrogen, the 
latter lying in a plane perpendicular to the plane of the double 
bond.22 For methylenecyclopropane this distance is 3.269 A, 
while for isobutylene the valuezz is somewhere between 3.017 
and 3.031 A. In other words, the Ca-Hallyllc interatomic dis- 
tance is larger in the former olefin by 0.24-0.25 A. We suggest 
that  as a result of this increment the ring allylic hydrogens are 
essentially “out of reach” for the abstracting oxygen atom 
which must span this gap. This should be true irrespective of 
the exact mechanism of the ene reaction,2 particularly since 
Dewar23a has argued tha t  the second transition state in the 
perepoxide mechanism leading to allylic hydroperoxide has 
the same chair-type geometry expected for the concerted ene 
mechanism. 

It  is not surprising, therefore, t ha t  in the case of the alkyl- 
ated analogues 5 and 6 abstraction of the other allylic hydro- 
gens now available will occur. Indeed, no trace of cycloprop- 
l-enylcarbinols23b could be found and the plethora of products 
observed may all be rationalized as secondary rearrangement 
products of the initially formed hydroperoxide 15 (Scheme 
I). This hydroperoxide is moderately stable a t  low tempera- 

tures and can be reduced to give the corresponding alcohol 7. 
T h e  hydroperoxide may also cleave homolytically, a process 
favored a t  higher temperatures, with the resulting alkoxy 
radical (16) rearranging to  cyclobutanone 10. This last step 
is reminiscent of the acid-catalyzed rearrangement of the 
corresponding alcohol 7,24 but since this alcohol is stable under 
the reaction conditions it is unlikely that it is the source of the 
cyclobutanone. Similarly the suggestionlo that cyclobutanone 
10 is formed from the corresponding epoxide is untenable, as 
the epoxide is also stable under the reaction conditions; yet, 
none of its characteristic absorption peaks were visible in the 
‘H NMR spectrum of the reaction mixture. 

With respect to the formation of acetone and dicyclopropyl 
ketone in the photooxidations of 5 and 6, respectively, it has 
been arguedl0 tha t  they stem from a dioxetane intermediate 
23. T h a t  this is indeed not the case is attested to  by the fact 
t ha t  diphenyl sulfidez5 has absolutely no affect whatsoever 
on the product distribution, irrespective of the reaction con- 
ditions. Were a dioxetane present, we would have expected 
formation of epoxide 24 or increased yields of cyclobutanone 
10 formed as shown in Scheme 11. I t  is far more likely tha t  

Scheme 11. Expected Reaction Pathway of Dioxetane 23 
with Ph,S 

‘ 1  \b 

24 I 
10 
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Hock cleavage2c,dJ2,26 is a t  play. The exact fate of the cyclo- 
propanoneZ7 fragment formed in such a cleavage is unknown, 
and attempts to trap i t  in methanol were unsuccessful. I t  may 
well undergo or more likely autoxidation 
analogous to tha t  reported for tetramethylcyclopropa- 
none.29 

The initially puzzling formation of the remaining products 
can be readily explained (see Scheme I)  if we postulate the 
rearrangement of vinylcyclopropyl hydroperoxide 15 to oxe- 
tane intermediate l(8. Note tha t  the formation of 18 and the 
Hock cleavage intermediate 17 differs only in which u bond 
migrates. Both rearrangements, however, are analogous to the 
classic cumene hydroperoxide rearra11gement.3~ In particular, 
the migration of the strained bond in 15 finds precedent in 
the facile ring expansion of 1-phenylcyclobutyl hydroperoxide 
via the Corresponding tetrahydrofuranyl intermediate.31 

Once formed, 18 can react with available nucleophiles, 
yielding oxetanes 19-21. While 20 and 21 are acetals, 2-hy- 
droxyoxetane 19 is a hemiacetal and as such it is not surprising 
that  it would open to hydroxy ketone 8. The possibility t ha t  
8 might be formed its an autoxidation product of cyclopro- 
pano l7  (or hydroperoxy analogue 15) as has been observed 
for other hydroxycyclopropanes32 may be ruled out by the 
following observations. Firstly, 8 is formed even a t  -78 "C, 
a t  which temperature such autoxidative processes are inhib- 
ited. Furthermore, 8 is obviously a secondary rearrangement 
product since the addition of Ph3P a t  -78 O C ,  subsequent to  
oxidation, supresses its formation drastically. 

In an alternate pathway, oxetanes 19-21 may cleave via a 
retro-Paterno-Buchi r e a ~ t i o n ~ ~ , ~ ~  to give enones 11-13, re- 
spectively. Predictions regarding the cracking modes of simple 
2-substituted oxetanes have been made based either on rela- 
tive diradical stabilitie@ or on the weakest C-0 bond.34 In 
our case, two modes (a  and b) are available, but it is not totally 

OH 

it 
0 
II 

I (-103.9) 
a + 

(12.50)  
C,H* 

7f 
( - 1 7 . 5 )  

clear which approach is applicable. If we assume, however, 
t ha t  for calculations using heats of formation35 [AHfO (kcal/ 
mol)] the Hfo of 3-penten-2-one is a good approximation for 
that  of 3-methyl-3-buten-2-one and tha t  the latter has an 
energy lower than  it:; enol form, then it is clear t ha t  mode a ,  
the observed pathway, is thermodynamically favored over b 
by approximately 43.5 kcal. 

Dienone 9 may be formed directly36 from 18 or via oxetane 
2237 as shown in Scheme I or directly from hydroperoxide 15 
by a Kornblum-DeL,aMare type process3s as outlined in eq 
1. This latter process is well to  be base catalyzed; 

I5 
hence, the observation tha t  the addition of 5% pyridine to  
acetone increases the yield of 9 in the photooxidation of 6 (see 
Table 11) tends to favor this latter mechanism. The evidence, 
however, is far from conclusive. 

The relative rates for the reaction of 5 and 6 are surprisingly 
low. They indicate that despite a 35 kcal/mol decrease in strain 
energylg in going from methylenecyclopropane 5 to cyclo- 
propyl hydroperoxide 14, 5 nevertheless reacts 180 times 
slower than TME. This confirms our previous suggestion' that  

is totally insensitive in the transition state to  the relative 
thermodynamic stability of the final product and is consistent 
with the proposal of a variety of researchers, be they concerted 
ene mechanism proponents39 or perepoxide supporters,*3a 
tha t  the rate-determining transition state occurs early and 
essentially resembles the starting material. Indeed, there is 
only a factor of 2.5 between hrel of 5 and 6 despite the fact that  
for the latter there is no relief of strain in going t o  the corre- 
sponding hydroperoxide.4O 

T h e  low krel of methylenecyclopropanes 5 and 6 may be 
correlated with the higher ionization potential4' of these 
olefins as compared to TME. AuelGa reports that  epoxidation 
of methylenecyclopropanes is also surprisingly slow. The rates 
of both epoxidation16a and photooxygenationZbBc decrease with 
increasing ionization potential. 

Let us close with a brief discussion of the photooxidation 
of olefin 1. The formation of benzophenone suggests the 
probable intermediacy of the corresponding methylenediox- 
olane,42 which subsequently cleaves.43 Attempts to  t rap cy- 

- 0 , l h u  7 )  - & + Ph,C=O 
0 sensitizer 

O J  
oxidation e 1 

and/or n 
polymerization 

clopropanone, the expected side product, as its hemiacetal, 
by carrying out the photooxidation in methanol, were un- 
successful, and its probable fate has been discussed above. 
This case would represent the fifth reported instance44 of a 
reaction between singlet oxygen and a strained u bond. 

Further studies on the reaction of ' 0 2  with small ring olefins 
such as bicyclopropylidene, cyclopropenes, methylenecyclo- 
butanes, and cyclobutenes are presently under investigation 
and will be reported shortly. 

Experimental Section 
'H NMR spectra were obtained on a Varian HA-100 spectrometer. 

IR spectra were taken with a Perkin-Elmer Model 257 spectrometer. 
Mass spectra were run on a single-focusing Hitachi Perkin-Elmer 
RMU-6 spectrometer. A Perkin-Elmer Model 402 ultraviolet-visible 
spectrophotometer was used for recording the UV spectra. When gas 
chromatograms were obtained using a Varian Aerograph Model 920 
preparative GLC. peak areas were determined by triangulation. 
When, however, the Packard Model 824 analytical GLC was used, 
peak areas were determined by digital integration. The photooxida- 
tion apparatus has been previously described.45 For low temperature 
photoxidations, a serum-capped Pyrex test tube containing the 
sample was placed flush against the inside wall of a glass Dewar filled 
with dry ice and acetone. 
Cyclopropylidenediphenylmethane (4) .  This compound was 

synthesized according to the one-step procedure of IJtimoto.*4 The 
crude product was distilled (140 "C (10 mm)) but was found to be 
contaminated with benzophenone. The latter was removed by column 
chromatography on neutral alumina using a 1:l solvent mixture of 
hexane-chloroform as eluant. Recrystallization from hexane gave 
white crystals: mp 65-66 "C; 'H NMR (CDC1,j) 6 1.36 (s ,  4 H, meth- 
ylene), 7.14-7.50 (m, 10 H, phenyl); IR (KBr) 3050 (m), 1590 (m). 1490 
(s), 1440 (s), 1080 (s), 1060 (s). 1030 (s), 1010 (s), 900 (m), 770 (s), 7 5 5  
(s) ,  700 (s) cm-'; UV (ethanol) A,,, nm ( f )  232 (55  OOO), 256 shoulder, 
277 (61 000); MS (70 eV) m/c 206 (M+), 192 (M+ - CHd, 179 (M+ - 
C2H4), 129 (M+ - '&He). 

l-Methylene-2,2-diphenylcyclopropane ( l ) . I ?  A solution of 3 
g of olefin 4 dissolved in 1.2 L of dry acetonitrile was purged with N2 
and irradiated with a 450-W mercury lamp for 6.5 h. The reaction was 
followed by GLC using a 3.5 ft x in. copper column packed with 2% 
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Carbowax 20M on Chromosorb WAWDMCS. When the column 
temperature was 120 "C and the flow rate 75 mL/min, the retention 
times of 1 and 4 were 0.5 and 1 h, respectively. When no further change 
occurred, the solvent was evaporated and the resulting mixture of 
olefins was chromatographed on neutral alumina using a 1:l mixture 
of chloroform-hexane as eluant. This process assured the removal of 
all traces of benzophenone, which had the same retention time on the 
Carbowax column as the product ( I ) .  Pure 1 was isolated by prepar- 
ative GLC: 'H NMR (CI1Cl3) 6 7.23 (m, 10 H, phenyl), 5.75 (m, 1 H, 
vinyl), 5.57 (m, 1 H, vinyl), 1.86 (m, 2 H, cyclopropyl); IR (neat) 3050, 
1600,1500,1450 cm-'; MS (70 eV) mle 206 (M+), 191 (M+ - CH3), 

Cyclopropylidenenaphthylmethane (3). The title compound 
was prepared according to the one-step procedure of Utimoto14 as 
modified by Goldschmidt and Finkel.46 

Isopropylidenecyclopropane (5). To a suspension of sodium 
hydride (49.3 g, 1.1 mol)4' in 1.2 L of rigorously dried (CaH2) diglyme 
was added 232.1 g (0.5 mol) of (3-bromopropyl)triphenylphosphonium 
bromideL4 and 10 mL of dry ethanol. The reaction was carried out 
under a nitrogen cloud, and the mixture was mechanically stirred for 
6 h a t  75-80 "C. The reaction flask was cooled to room temperature 
and 24 g (0.5 mol) of acetone was added. Stirring was then continued 
for an additional 84 h at  room temperature, during which time the 
color of the reaction mixture turned from deep red to brown. The 
reaction mixture was distilled (25-35 "C (10 mm)), and the distilling 
vapor was passed through a series of two collection vessels, the first 
at 0 "C and the second at -78 "C. Gas chromatography (13 f t  X '/4 in. 
glass column packed with 20% Carbowax 20M on Chromosorb 
WAWDMC; column temperature 50 "C; carrier gas flow rate 150 
mL/min) of the distillate (47 g) indicated that nearly 25% (13 g, 30% 
yield) was the desired product 5. Compound 5 was obtained pure by 
preparative GLC (retention time 3 min): 'H NMR48 (CDC13) 6 1.79 
(br s, 6 H, methyl], 0.97 (br s, 4 H, cyclopropyl); MS (70 eV) mle 82 
(M+), 67 (M+ - CH3) 54 (M+ - CHzCHz), 39 (M+ - CH(CH3)z). 
Cyclopropylidenedicyclopropylmethane ( 6).49 To a suspension 

of sodium hydride4' in 200 mL of rigorously dried glyme was added, 
under Nz,46.4 g (0.1 mol) of (3-bromopropy1)triphenylphosphonium 
bromide14 and a few drcsps of ethanol. The reaction mixture was 
stirred at 60-70 "(1 for 6 h and then cooled hack down to room tem- 
perature, at which time 10.2 g (0.09 mol) of dicyclopropyl ketone 
( A l d r i ~ h ) ~ ~  was added. The reaction was stirred for an additional 12 
h a t  60 "C and then refluxed for an additional hour. Ice water was 
added, and the organic layer was extracted with hexane, dried over 
MgS04, and vacuum distilled (31 mm). The fraction distilling at 7&82 
"C proved to be dicyclopropyl ketone (2.9 g). A second fraction dis- 
tilling at  86-94 "C (6.27 g )  was identified hy 'H NMR as olefin 6 
contaminated with -looh of the ketone (yield 45%). Pure olefin was 
obtained by prepar.stive GIX on a 6.5 f t  X */* in. copper column packed 
with 7% SE-52 on Chromosorb WAWDMCS. With the column tem- 
perature a t  90 "C and a carrier gas flow rate of 80 mL/min, the re- 
tention t,ime of 6 was 15 min. The pure olefin should be stored in a 
freezer under argon since it slowly undergoes autoxidation, yielding 
cyclobutanone 10R: 'H NMR (CC14I 6 1.32 (quintet, J = 7 Hz, 2 H, 
allylic methyne), 0.92 (s, 4 H, allylic methylene), 0.62-0.46 (m, 8 H, 
methylene); IH NMR (CDC13) 6 1.37,0.97,0.68-0.51; IR (neat) 3090, 
3000, 1760, 1425, 1020,980.820 cm-I: MS (70 eV) m/e 134 (M+), 105 

Reaction of 5 with l 0 2 .  Photooxidation in Acetone a t  20 "C. 
Olefin 5 (500 pL) vias dissolved in 1 mL of acetone containing 
M Rose Bengal. (RBI. The solution was photolyzed at 20 "C until 98 
mL of oxygen was absorbed, by which time the 0 2  uptake had slowed 
appreciably. The reaction mixture was analyzed by GLCS3 (oven 
temperalure 60 "C) before and after the addition of PhsP, and there 
was no observable difference in the chromatograms. Two peaks eluted 
(retention times 14 and 29.5 min) in a ratio of 2:l.54 The first peak was 
identified as compciund 10A by comparison of its spectral data with 
those reported in the litera.ture1eb,55~5e and with the data of an inde- 
pendently synthesi'zed sample (vide infra). The second peak proved 
to be dienone 9A, and its spectral data were analogous to those of 
similar compounds prepared by Conia et a1.I0 Its spectral data were 
identical with those of an independently synthesized sample (vide 
infra). NMR analysis (acetone-de) also revealed no difference between 
those samples which had .Ph3P added to them following photoox- 
idation and those which did not. However, a third compound was 
observed whose spectral data were consistent with 8A and similar to 
the data described for analogous compounds by Conia and Rous- 
seau.'" Based on the GLC and 'H NMR data, relative yields could he 
determined and are listed .n  Table I. 10A: 'H NMR (CDC13) 6 3.00 
(t, J = 9 Hz ,  2 H, methylene), 1.8 (t, J = 9 Hz, 2 H, methylene), 1.2 (s, 
6 H, methyl); IR (neat) 1753 cm-I; MS (70 eV) m/e 98 (M+), 70 (M+ 

165 (M+ - PhCHz), 91 (M+ - CPh2). 

(M+ - CHzCHz), 93 (M+ - (CHZ)~) .  

- CO), 56 (M+ - CH&O), 55 (M+ - CH3CO), 41 (M+ - 
CH2CH2CO). 9A: 'H NMR (acetone-&) 6 7.05 (dd, Ha, J,, = 17 Hz, 

0 

9A 
J a b  = 10 Hz), 6.19 (dd, H,, Jbc = 3 Hz), 6.05 (s, He), 5.9 (m, Hd), 5.73 
(dd, Hb), 1.98 (m, CH3); IR (neat) 2930,1670,1430,1365,1320,1140, 
935 cm-'; UV (95% EtOH) A,,, nm (€1 277 (50); MS (70 eV) mle 96 

CHzCCH3). 8A: 'H NMR (acetone-ds) 6 6.04 (m, 1 H, vinyl), 5.8 (m, 
1 H, vinyl), 3.8 (t, 2 H, methylene, J = 3 Hz), 2.87 (t, 2 H, methylene, 
J = 3 Hz), 1.85 (m, 3 H, methyl). 

Photooxidation in Methanol at 20 "C. GLC analysis53 of a sample 
of 5 (250 pL) photooxidized in 1 mL of methanol containing M 
RB revealed, in addition to 9A and 10A, a third peak with a retention 
time of 8.5 min. This compound was identified as methyl methacrylate 
(13A) by comparison of its spectral data with that of an authentic 
sample. A 'H NMR spectrum of the reaction mixture (CD30D) re- 
vealed the presence of a fourth component, compound 8A. 

Photooxidation in Chloroform at 20 "C. When the photooxida- 
tion of 5 (100 pL) was carried out in CDC13 M Methylene Blue 
[MB]), the following 1H NMR absorptions (CDC13) were observed 
(relative areas in parentheses): 6 8.2 (br s, 1),6.23 (br s, 2 H), 5.8 (br 
s, 1 H), 5.67 (m, 1 H), 2.01 (s, 3 H), 1.95 (s, 3 H). The mass spectrum 
(70 eV) of the mixture showed peaks at  mle 98,69, and 41, while the 
IR (CHC13) revealed three carbonyl  absorption^^^ at 1697,1720, and 
1785 cm-'. These data are consistent with a 2:l mixture of methacrylic 
acid (11A) and methacrylic anhydride (12A) as is clear from a com- 
parison of these spectral data with those of authentic commercially 
available samples of methacrylic acid (Aldrich) and methacrylic an- 
hydride (K and K). 1 l A  'H NMR (CDC13) 6 8.2 (br s, 1 H, carboxylic), 
6.23 (br s, 1 H, vinyl), 5.67 (m, 1 H, vinyl), 1.95 (m, 3 H, methyl). 1 2 A  
'H NMR (CDC13) 6 6.23 (br s, 2 H, vinyl), 5.8 (br s: 2 H, vinyl), 2.01 
(s, 6 H, methyl). 

Photoxidation in Acetone and Chloroform a t  -78 "C. Photo- 
oxidation of 100 pL of 5 at -78 " C  was carried out in 1 mL of either 
acetone-ds M RB) or CDC13 M MB). Following the pho- 
tolysis, the reaction sample was halved with one portion treated with 
Ph3P and the other not. The two portions were then allowed to warm 
to room temperature, and a 'H NMR spectrum was taken. The results 
are listed in Table I. 

Synthesis of Isopropylidenecyclopropane Epoxide (24, R = 
CH3) and 2,2-Dimethylcyclobutanone (IOA). Olefin 5 (50 mg, 0.6 
mmol) was dissolved in 1 mL of CDC13 and cooled to 0 "C. To this 
solution was added a solution of 0.09 g (1 mmol) of m-chloroperoxy- 
benzoic acid dissolved in 1 mL of CDC13 slowly. The addition was 
continued until a test with KI-starch paper proved positive. Imme- 
diate 'H NMR analysis revealed the presence of epoxide 24 (R = CH3) 
and cyclobutanone 1OA in a ratio of 3 2  After 24 h a t  20 "C, the ratio 
dropped to 1:4. The spectral data for 10A were identical with those 
for the sample obtained from the photooxidation of 5.24 (R = CH3): 
'H NMR (CDC13) 6 1.48 (s, 6 H),  1.4 (m, 2 H),  0.94 (m, 2 H).  

Synthesis of Vinyl Isopropenyl Ketone (9). A mixture of 50 mL 
(0.5 mol) of ethyl vinyl ketone, 42 g (0.5 mol) of dimethylammonium 
chloride," 50 mL (0.5 mol) of 35% aqueous formaldehyde, 1 mL of 
concentrated HC1, and a trace of hydroquinone was heated in a sealed 
Pyrex carius tube for 7 h at 100 "C. The water was distilled off under 
vacuum at 70 OC/44 mmHg. The resulting salt was decomposed in 
vacuo (70-80 mmHg) at an oil bath temperature of 150-210 "C. The 
distillate was passed through two traps, one cooled to 10 "C and the 
other to -78 "C. The contents of the latter were dissolved in ether and 
dried over MgS04. Upon evaporation of the ether, 5 g (10T0 yield) of 
crude product was obtained. The latter was purified by preparative 
GLC,s3 and the spectral data of this compound proved to be identical 
with those of compound 9 obtained from the photooxidation of 5 .  9 
in lower yields was also obtained when the Mannich reaction was re- 
peated as above using 18 g (0.25 mol) of ethyl methyl ketone instead 
of ethyl vinyl ketone. 

Reaction of 6 with ' 0 2 .  The photooxidations were carried out as 
described above for olefin 5. The relative product yields were deter- 
mined by 'H NMR, when the reaction was carried out in CDCl:, or 
acetone-de. It should he noted that when the reaction was carried out 
at -78 "C and followed by reduction with PhaP, peaks were observed 
in the NMR spectrum which are attributable to alcohol 7B.'Ob How- 

(M+), 95 (M+ - H), 81 (M+ - CH3), 69 (M+ - CHzCH), 55 (M+ - 
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ever, because of the complexity of the NMR spectrum, it is d i f f icu l t  
to  assign yield values directly. T h e  isolated y ie ld  for 7B reported by 
Rousseau1Ob was assumed t o  be va l id  w i t h  the relat ive yields of the 
remaining products determined by a combination of lH NMR and 
GLC data. Furthermore, the 'H NMR spectrum o f  the  chloroform 
system a t  room temperature revealed the presence o f  several peaks, 
including a large singlet a t  6 2.36 (4 H, allylic) probably corresponding 
t o  acid 11B or the corresponding anhydride 12B. Hence, the y ie ld  
assignments are tentative. When CHaCN, CH30H, CHZC12, or C6Hs 
served as the solvent, t.hey were str ipped o f f  and replaced by CDC13. 
The chloroform system was also analyzed by GLC (10 ft X '/4 in. glass 
column placked w i th  20% SE-30 on Chromosorb W; oven temperature 
120 "C; f low rate 80 mL/min) ,  and four products were eluted: dicy- 
clopropyl ketone 14B (retention t ime 3 min), 2,2-dicyclopropylcy- 
clobutanone 1OB (12 min) ,  d iv iny l  ketone 9B (27 min), and hydroxy 
ketone 8B (51 mid.  When the reaction was performed in methanol, 
a new product  was obtained and ident i f ied as ester 13B (retention 
t ime 20 min). T h e  spectral data were consistent w i t h  t h a t  reported 
b y  Conia et al."' 8 B  'I-[ NMR (CDCl3) 6 3.92 (t, J = 8 Hz, methylene), 
3.00 (t, J = 8 Hz,  methylene), 1.92 (m, 1 H, allyl), 1.38 (s, 4 H, allyl), 
0.7 (m,  4 H, cyclopropyl); MS (70 eV) mle 121 (M+ - C H Z C H ~ O H ) ,  
93 (M+ - C(=O)CH2CH20H), 91,85,83.9B 'H NMR (CDC13) 6 7 . 2  
(dd, Ha,59 Jab = 11 Hz, J,, = 18 Hz), 6.33 (dd, H,, Jbc = 3 Hz),  5.68 
(dd, Hb), 2.00 (m, 1 H. allylic), 1.37 (s, 4 H, allylic), 0.73 (m, 4 H, cy- 
r lopropyl);  MS (70 eV1 mle 122 (M+ - CHzC), 108 (M+ - C3H5), 94, 
93 ( M +  - CH~CHCID) ,  89, 53 (M+ - cyclopropylcyclopropyli- 
denemethane), 52. 10B: 'H NMR (CDC13) 6 2.76 (t, J = 9 Hz, 2 H, 
methylene), l.,58 (t ,  J = 9 Hz, 2 H, methylene), 1.05-0.5 (m, 10 H, 
cyclopropyl); MS (70 eV) mle 122 ( M f  - CO), 109 (M+ - C3H5), 79 
(Mf - CH3CH2C3H5), 68 (M+ - 2C3H5); IR (neat) 3080,3000,1765 
cm-! 13B: 'H NMR (CDC13) 6 3.77 (s, 3 H, methoxy),6O 1.9 (m, 1 H, 
allylic). 1.23 (s, 4 H, allylic), 0.7 (m, 4 H, cyclopropyl); IR (neat) 1750, 
1700 cm-'; UV (95% ethanol) A,,, nm ( e )  230 (5 X lo5); MS (70 eV) 
mle 152 (M+), 151 IM+ - H ) ,  121 (M+ - OCHz), 93 (M+ - 
C02CH3). 

P r e p a r a t i o n  o f  2,2~-Dicyclopropylcyclobutanone (10B). Olefin 
6 was epoxidized as described in the preparation o f  10A. T h e  NMR 
spectrum revealed the presence of  cyclobutanone 10B contaminated 
w i t h  about 15% o f  another compound whose absorptions correspond 
t o  epoxide 24 tR = cyclopropyl). Af ter  24 h a t  10 "C, only 10B re- 
mained. 

A t tempted Photoox ida t ion  o f  O le f ins  2-4. A solution o f  1 m m o l  
of olefin in 2 mL of methanol containing M RB was irradiated 
for 10-16 h. No oxygen was absorbed by the system, and the start ing 
material remained unchanged as determined by GLC, TLC, and 'H 
NMR. 

P h o t o o x i d a t i o n  of O l e f i n  1. Pure olef in 1 (200 mg) dissolved in 
3 mI, of methanol (lo-'" M RB) was irradiated for 27 h, a t  which t ime 
the reaction had proceeded approximately 70% the way t o  completion 
and the uptake of oxygen had essentially ceased. GLC analysis o f  the 
product  mix ture under a variety o f  conditions revealed only three 
products. The retenti'on times of these products o n  a 2.5 ft X '/a in. 
glass column packed wi th  lo?? Carbowax 20 M on Chromosorb P (flow 
rate = 40 m L / m i n )  at 150 "C were 15, 50, and 100 min. T h e  corre- 
sponding peak area raxios were 301:l. Only the former product could 
be isolated and was identi f ied by i ts  spectral data as benzophenone. 
Essentially the same 'GLC trace was obtained for reactions carried 
out  in benzene or acetone. 
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San Francisco, Calif, 1962, Table VIII. 

(59) For an explanation of proton designations, see the diagram in the Experi- 
mental Section on 9A. 

(60) When the reaction was carried out in CDzOD, this absorption was ab- 
sent. 
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The photocyclization of cu-(N-methylani1ino)styrene (1) to indoline 2 proceeded in a cholesteric liquid crystal 
medium with no detectable asymmetric induction. Similarly, the photochemical interconversion of methyl wnaph- 
thy1 sulfoxicle (11) in a cholesteric phase afforded a negligible (<1-2%) enantiomeric excess. On the basis of these 
results and after reinvestigating several of the reported cases of asymmetric inductions in cholesteric media, we 
conclude that asymmetric transformation in cholesteric phases, as in ordinary chiral solvents, can generally result 
in only low optical yields although exceptions may he found in special cases where strong and specific interactions 
between solute and solvent exist 

There  is a great current interestl--lla in the  possibility of 
influencing or controlling chemical reactivity by an  organized 
medium such as a liquid crystal. Par t  of this interest is due to  
the  analogies between liquid crystal and some biological 
media. 

Nematic mesophases were used as reaction solvent in xan- 
thogenate pyrolysis* and Claisen rearrangements of 0-allyl 
aryl ethers.:j Although initial kinetic measurements indicated 
a definite effect when compared to  isotropic solvents, further 
work4," failed to substantiate any specific effect of the nematic 
solvent on Claisen rearrangement. Dewar5 hypothesized tha t  
bimolecular reactions would be more sensitive to  the  nematic 
environment, bu t  for several years there was no evidence for 
any  positive result in this area.6 One of t he  few chemical re- 
actions strongly influenced by the  organization of a liquid 
crystal was the polymerization of nematic or cholesteric phases 
which retains in the  solid polymer the  features of the liquid 
crystal structure.; I t  is only recently tha t  a large rate en- 
hancement was described in the  photodimerization of ace- 
naphthylene to  syn- and anti-cyclobutane dimers;* it was 
concluded tha t  solvent order exerts a dramatic influence on 
the  efficiency of dimerization but  plays little role in deter-  
mining the  stereochemical course of the  reaction. 

In contrast to  the lack of evidence for control over reactivity 
of nonphotochemical reactions in nematic solvents, asym- 
metric inductions were recently reported t o  occur in cholest- 
eric In view of the  successful asymmetric photo- 
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cyclizations of various substrates with circularly polarized 
light,l* we repeated these reactions with natural  light in var- 
ious cholesteric systems13 in an  attempt to  observe asymmetric 
synthesis. However, photocyclization of tu-(N-methylanil- 
inolstyrene (1) into N-methyl-2-phenylindoline (2) gave a 
racemic material. 

We turned then to  another simple cyclization reaction, the  
transformation 3 -+ 4. We were encouraged to  investigate this 
photosynthesis of chiral oxaziridines because photocyclization 
of nitrones to  optically active oxaziridines in a chiral solvent 
has been described.14 We indeed obtained good chemical 
yields (75%) but the irradiation in the cholesteric J mixture13 
a t  28-30 "C gave 4 having a very low specific rotation ((0)~ = 
+0.18 f 0.04"). When cholesteryl 2-(2-ethoxyethoxy)ethyl- 
carbonate (ChEC) was used as a cholesteric phase (meso- 
morphic range, -5 to  +32 " C )  we obtained a completely ra- 
cemic oxaziridine 4 after photocyclization a t  0 OC. 

Due to  the  negative results in asymmetric photocyclization 
of 3, even a t  low temperature, we decided to  reinvestigate some 
of the asymmetric reactions previously described.9- 11 First we 
reproduced the Claisen rearrangement of 5 t o  6 in cholesteryl 
p-nitrobenzoate (ChNB) a t  200 "C (in the  mesomorphic re- 
gion) as indicated in ref 9. Phenol 6 was isolated by two dif- 
ferent procedures and had no significant specific rotation. The  
CD curve of 6 showed a very weak positive Cotton effect ( A d t  
4 f 2 X lo-" a t  275 nm). Since the  chiroptical properties of 6 
are not known the  optical purity of 69a cannot be calculated 
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