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The cycloaddition of N-pyrrolidinylcyclohexene ( 5 )  to l,l-dicyano-2,2-dimethylcyclopropane (9) proceeded by 
an SN2 route (across the 1-3 bond) rather than by way of a zwitterionic intermediate (across the 1-2 bond). The 
adduct (12) rearranged upon partial hydrolysis to a spiro structure (13) which was further hydrolyzed to 2-oxo- 
4,4-dimethylcyclopentanepentanoic acid (14). This keto acid was synthesized. 

Considerable data now support the existence of zwitter- 
ionic intermediates (2) in the ring opening of suitably acti- 
vated cyclopropanes (1). For instance, Cram1 has demon- 
strated that nucleophiles, electrophiles, and polar solvents 
strongly increase the rate of racemization of such systems. 
In addition, both Cram1 and Danishefsky2 have shown that 
such systems suffer nucleophilic ring opening almost exclu- 
sively at  the more highly substituted carbon (presumably 
by way of the more stable carbonium ion). 

On the other hand, both authors have proven that nu- 
cleophilic attack occurs with complete inuersion,1r2a,b lead- 
ing to the conclusions that nucleophilic attack must be con- 
siderably faster than bond rotation and that racemization, 
a t  least in the presence of nucleophiles or polar solvents, 
probably involves a measure of nucleophilic participation 
as well (and also, perhaps, electrophilic aid). 

Conversely, enamines attack 3 exclusively a t  the termi- 
nal ~ a r b o n . ~  Danishefsky has suggested that the reaction 
involves zwitterionic intermediate 4. 

Where would an enamine attack cyclopropane l? Cy- 
cloaddition of enamine 5 to unalkylated cyclopropane 6 
gave adduct 7 as shown by hydrolysis to keto acid 8.4 

We have examined the reaction of enamine 5 with 1,l- 
dicyano-2,2-dimethylcyclopropane (9).5 A zwitterionic in- 
termediate (10) would give 11; SN2 attack would give 12. In 
the event, 12 was produced in 47% yield. The results are 
summarized in Chart I. 

1 2 

X,Y = CN, COOR. SOZR 
R,,R2 = H, alkyl, vinyl, aryl 

3 4 

5 'COOR 

'COOR 
52% 
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Discussion 
Adduct 12 showed a nitrile band a t  2232 cm-l in the ir; 

the NMR spectrum was characterized by two singlets at 6 
1.38 and 1.45, attributable to the two methyl groups; the 
pyrrolidine group appeared in its characteristic form of an 
unresolved AzB2 multiplet. These data, and the lack of any 
ultraviolet absorption above 210 nm,6 led us to formulate 
the cycloadduct as either 11 or 12. 

Recrystallization of 12 from hot 95% ethanol gave a crys- 
talline product the formula of which denotes replacement 
of the pyrrolidinyl group by hydroxyl. Comparison of spec- 
tral bands with those of enaminonitrile 18,7 the presence of 
an additional ir band a t  1701 cm-l, two exchangeable pro- 
tons (NMR), and the lack of a methine carbon (13C NMR) 
convinced us that this hydrolysis product was 13 (position 
of the methyls still ambiguous). The hydrolysis and rear- 
rangement of 12 to 13 is rationalized in Chart 11. 

Apparently the increased solvent polarity due to the 
presence of 5% water (12 may be recrystallized without re- 
arrangement from absolute alcohol) is sufficient to cause 
reopening of 12 to 19. 

Acid hydrolysis of both 12 and 13 gave keto acid 14 
(which was synthesized as shown in Chart I), thereby fixing 
the position of the methyls as in 12 and not 11 (assuming 
that the structure shown for keto ester 16 is correct). 

These results lead us to believe that terminal attack of 
enamine 5 on vinylcyclopropane 3 occurs by an SN2' mech- 
anism (in xylene). On the other hand, ring attack by pyrrol- 
idine and other nucleophiles in protic solvents can be ra- 
tionalized more readily in terms of solvent-, nucleophile-, 

Chart I 

150" 96% EtOH NcH3 H,O+ H,C b C O O H  

5 + 9  xylene, - 31 hr l2 - 
NH, CN 'H, 
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or electrophile- (proton)  assisted formation of a zwitterion- 
ic intermediate .  

Experimental Section 
Melting points (uncorrected) were determined on a Mel-Temp 

apparatus. Microanalyses were performed by Spang Microanalyti- 
cal Laboratory, Ann Arbor, Mich. GLC results were obtained on a 
Varian Aerograph A90-P3 thermal conductivity instrument. In- 
frared spectra were taken on a Perkin-Elmer 237-B or Beckman 
IR-20 grating spectrophotometer; ultraviolet spectra on a Cary 14; 
'H NMR spectra with a Varian A-60A or EM-360; 13C NMR spec- 
tra with a Varian CFT-20 (Fourier transform); and mass spectra 
with a Varian MAT CH-7 (at 70 eV). 

1,1 -Dicyano-2,2-dimethy1-7a-( N-pyrrolidiny1)perhydroin- 
dene (Adduct 12). A solution of 35.0 g (0.292 mol) of 1,l-dicyano- 
2,2-dimethylcyclopropane (9)5 and 67.0 g (0.445 mol) of 1-N-pyr- 
rolidinylcyclohexene (5) (freshly distilled) in 300 ml of dry xylene 
(distilled from calcium hydride) was refluxed for 3 1  hr under an 
atmosphere of nitrogen. The disappearance of the cyclopropane 
was followed by GLC.8 The mixture was then fractionated, giving 
60.2 g (76%) of viscous yellow oil, bp 118-152O (0.05-0.07 mm), 
which partially solidified. This was recrystallized from warm 
(<45') 95% ethanol, giving 36.0 g (45.6%) of white prisms, mp 78- 
79', of adduct The ir (CHC13) of this material exhibited a ni- 
trile band a t  2232 cm-l; the NMR (CDC13) showed two methyl sin- 
glets a t  6 1.38 and 1.45 and the typically unresolved pyrrolidinyl 
AzBz multiplet centered a t  6 3.10; the MS gave a parent ion a t  m/e 
271. Adduct 12 showed no uv absorption above 220 nm (EtOH). 

In addition, 2.80 g (4.4%) of enaminonitrile 13, mp 164-165', 
was obtained from the mother liquor. 
l-Amino-2-cyano-3,3-dimethylspiro[4.5]decen-l-one-6 (13). 

A solution of 1.00 g of adduct 12 in 20 ml of 95% ethanol was re- 
fluxed for 19 hr. Concentration under reduced pressure left 710 mg 
(91%) of 13, as shown by mixture melting point and ir. Recrystalli- 
zation of crude 13 from 95% ethanol gave white prisms of 13, mp 
167-168.5°.g The enaminonitrile showed an ultraviolet absorption 
maximum (95% EtOH) a t  X 264 nm ( E  11900); ir (CHC13) 3472, 
3367, 2188, 1701, 1645, 1597 cm-l; IH NMR (acetone-&) 6 0.97, s, 
3 H; 1.13, s, 3 H; 6.08, s, 2 H (DzO labile); 13C NMRlO (CDC13) 
(downfield from Me&) CH3 20.6, 30.1; CHz 21.6, 27.2, 38.3, 39.6, 
48.4; CH, . . .; C 42.2,63.3, 88.2, 117.4,160.4, 219.4 ppm. 
2-0xo-4,4-dimethylcyclopentanepentanoic Acid (14). A mix- 

ture of 1.00 g (4.58 mmol) of enaminonitrile 13, 25 ml of 85% phos- 
phoric acid, and 25 ml of glacial acetic acid was refluxed (150') for 
71 hr, then poured onto 100 g of crushed ice. This mixture was ex- 
tracted with four portions of ether which were combined, dried 
over magnesium sulfate, and concentrated under reduced pressure, 
leaving 1.60 g of brown oil. The oil was dissolved in benzene, 
washed with water, and again dried and concentrated, affording 
801 mg (83%) of yellowish prisms, mp 80-83O. Recrystallization of 
the crude keto acid from benzene-hexane or ether gave white 
prisms of 14, mp 84-85°.g The ir (CHC13) of 14 showed bands a t  
1730, 1712,l' 2500-3500 cm-l (br); NMR (CDC13) 6 1.06, s, 3 H; 
1.18, s, 3 H; 11.05, s, 1 H (D20 labile); MS m/e 112 > 42 > 56 > 57 
> 97 > 69 > 83 > 40 > 46 > 67 > 54 > 70 > 81 > 68, parent ion 
m/e 212 (7.4% of m/e 112). A sample of this keto acid was proved 
identical with the product of acid hydrolysis of keto diester 17 
(Chart I) by mixture melting point and comparison of ir, NMR, 
and mass spectra. 

Keto acid 14 was also isolated in 14% yield from a similar phos- 
phoric-acetic acid hydrolysis of adduct 12 (8 days reflux). 

Ethyl 2-0xo-4,4-dimethylcyclopentanecarboxylate (16).12 
To a refluxing suspension of 5.98 g (0.142 mol) of a 57% dispersion 
of sodium hydride in mineral oil in 70 ml of dry benzene and 11.81 
g (0.10 mol) of freshly distilled diethylcarbonate was added, with 
stirring under a nitrogen atmosphere during 4 hr, a solution of 5.61 
g (0.050 mol) of 3,3-dimethyl~yclopentanone.~~ The reaction mix- 
ture was refluxed for an additional 0.5 hr, then cooled and cau- 
tiously acidified with a solution of 10 ml of acetic acid in 10 ml of 
benzene, followed by 35 ml of water. The aqueous layer was ex- 
tracted with three portions of benzene. The combined organic 
layers were washed with several small portions of water, then dried 
over magnesium sulfate and concentrated by distillation. The con- 
centrate was fractionated, giving 5.80 g (63%) of keto ester 16, bp 
99O (13 mm)-122O (16 mm) (>95% pure by GLC estimate14). 

A sample of this material which was purified by GLC14s9 showed 
ir (CC14) 1762, 1731, 1663, 1620 cm-I;15 NMR (cc14) 6 1.06, s; 1.23, 
s; 1.27, t ( J  = 7 Hz) (combined 9 H); 2.10, s; 1.97-2.28, m (com- 
bined 4 H); 3.21, t, 1 H ( J  = 10 Hz; DzO labile); 4.11, q, 2 H ( J  = 

7.5 Hz); MS m/e 29 > 44 > 42 > 55 > 33 > 101 > 56 > 73 > 123 > 
156 > 32 > 69 > 83 >39 > 184 > 169; parent ion m/e 184 (6.2% of 
m/e 29). Keto ester 16 gave a positive ferric chloride test, but no 
enolic H showed in the NMR. 

Ethyl l-Carbethoxy-2-oxo-4,4-dimethylcyclopentanepenta- 
noate (17). To a suspension of 1.10 g (0.026 mol) of a 57% disper- 
sion of sodium hydride in mineral oil in 25 ml of dry benzene was 
added, with stirring under nitrogen during 15 min, a solution of 
3.68 g (0.020 mol) of keto ester 16 in 10 ml of dry benzene. Stirring 
was continued until hydrogen evolution ceased (5 min). To  the 
white suspension of enolate salt was then added, during 10 min, a 
solution of 5.12 g (0.020 mol) of ethyl 5-iodopentanoate16 in 15 ml 
of dry benzene. The resulting mixture was refluxed for 18.5 hr, 
then cooled and quenched with a solution of 5 ml of acetic acid in 
20 ml of benzene, followed by 15 ml of water. The aqueous layer 
was extracted with two portions of benzene; the combined organic 
layers were washed with saturated aqueous sodium bicarbonate, 
dried over magnesium sulfate, and concentrated by distillation. 
The concentrate was fractionated, affording 2.00 g (32%) of keto 
diester 17, bp 139' (0.20 mm)-145' (0.28 mm) (>go% pure by GLC 
e~t imate '~) .  A sample of 17 purified by GLC9J4 showed ir (CC14) 
1730, 1755 cm-' (sh);I7 NMR (CC14) 6 1.11, s; 1.217, t ( J  = 7 Hz); 
1.242, t ( J  = 7 Hz) (the upfield legs of both triplets are hidden 
under the gem-dimethyl singlet); 4.00 q ( J  = 7 Hz); 4.04, q ( J  = 7 
Hz) (combined 4 H); MS m/e 184 > 4 1  > 55 > 8 1  > 56 > 43 > 109 
> 83 > 67 > 39 > 138 = 95 = 42 > 137 = 45 > 53 > 69 = 77 = 79 > 
123 > 193 (21% of m/e 184), parent ion m/e 312 (4% of m/e 184). 
Keto diester 17 gaye a negative ferric chloride test. 

Keto diester 17 (313 mg, 1.0 mmol) was hydrolyzed by refluxing 
with 18 ml of 20% hydrochloric acid for 27 hr. The mixture was 
then concentrated to dryness under reduced pressure. The residual 
oil was triturated with saturated aqueous sodium bicarbonate 
which was then extracted with ether and finally acidified with con- 
centrated hydrochloric acid. The acid mixture was extracted with 
three portions of ether which were combined, dried over magne- 
sium sulfate, and evaporated, leaving 104 mg of colorless oil which 
slowly crystallized. Recrystallization of this (benzene-hexane) 
gave 42 mg of keto acid 14, mp 82-83.5', which was identical with 
the keto acid isolated by hydrolysis of both adduct 12 and enami- 
nonitrile 13 (mixture melting point, ir, MS, NMR). 

l-Methylcyclohex-3-enecarboxaldehyde.13 A practical im- 
provement upon Pines' Diels-Alder procedure (autoclave, 150') 
was obtained by the use of stannic chloride as a catalyst.18 

To a solution of 77.88 g (1.00 mol) of methacrolein (9096, techni- 
cal grade) in 500 ml of benzene a t  3" was added a solution of 36.11 
g (0.139 mol) of anhydrous stannic chloride in 50 ml of benzene. 
After the initial mild exotherm (the temperature rose to 18O), 1,3- 
butadiene was bubbled in subsurface with good stirring. The tem- 
perature was maintained a t  20-30° with intermittent ice cooling 
(continuously a t  first) during 3 hr (cooling was rarely required 
after the first 1.5 hr). The reaction mixture (total volume 1 1.) was 
then poured into a mixture of 100 g of ice and 200 ml of water and 
shaken vigorously (much effervescence of dissolved butadiene). 
The organic layer was washed with dilute hydrochloric acid, 5% 
aqueous sodium chloride, and saturated aqueous sodium bicarbon- 
ate, then dried over magnesium sulfate and concentrated by distil- 
lation. The concentrate was fractionated (much foaming), afford- 
ing 96.1 g (77%) of aldehyde: bp 74' (27 mm) (>99% pure by GLC 
estimatelg); ir (CC14) 1732 cm-l (no bands a t  1600-1650 cm-'1; 
NMR (CC14) 6 1.03, s, 3 H; 1.33-2.65, m, 6 H; 5.57, s (crude triplet 
when expanded), 2 H; 9.30, s, 1 H; M S  mle 43 > 67 = 95 > 39 > 8 1  
> 41 > 55 > 80 = 79 > 77 > 78,91 = 109, parent ion m/e 124 (49% 
of m/e 43). 

Semicarbazone: mp 173.5-174O (lit.13 mp 170-172O). 
The use of freshly distilled methacrolein or rigorously anhy- 

drous conditions did not improve the yield of aldehyde. The use of 
anhydrous aluminum chloride as catalyst lowered the yield to 4796. 
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The mechanisms of the photochemical conversion of isoxazoles to oxazoles and ketoketenimines have been inves- 
tigated. Isoni t r i le  14 was detected by an ir band a t  2160 cm- l  in the photoconversion o f  5 to  15 a t  -77'. Com- 
pound 14 was fur ther  ident i f ied by independent synthesis and by hydrolysis t o  formamide 17 in acid. Ir bands a t  
1690 and 1655 cm- l  are consistent w i t h  the hypothesis t h a t  azirine 13 is the  precursor t o  isonitr i le 14. It is postu- 
la ted t h a t  a v i n y l  nitrene is the immediate precursor t o  13. Photolysis o f  10 a t  -77 or -196" resulted in the for- 
mat ion  of a n  ir band a t  2050 cm-'. Th is  b a n d  was assigned t o  ketoketenimine 23. T h e  structure of 23 was proved 
by independent synthesis and t rapping w i t h  water. No intermediates in the photochemical conversion o f  10 t o  21 
were detected by t rapping or low-temperature ir studies. N e w  syntheses o f  isoxazoles 5 and 10 were developed. 

A study of the mechanisms of the photochemical rear- 
rangement of indoxazene (1) to  benzoxazole (2) and 2-cy- 
anophenol (3) has been reported (Scheme I).2 The isonitrile 
(4) was detected spectrally by trapping experiments and by 
independent synthesis. The present study was undertaken 
with the objective of learning more about the mechanism of 
the photochemical isomerization of isoxazoles to oxa- 
z01es.~-~ 

Scheme I 

2 4 1 

Ihu  

3 

Results and Discussion 
Synthesis of Isoxazoles. The reported synthesis of 

4,5,6,7-tetrahydro-l,2-benzisoxazole (5) from 2-oxocyclo- 
hexanecarboxaldehyde was complicated by the formation 
of isomer 6, which we were unable to separate from 5.697 A 

successful synthesis of pure 5 was devised starting from 
ethyl 2-oxocyclohexanecarboxylate (7) via aldehyde 

-4 
2 LiAlH, pyndine 

7 

8 

Attempted direct synthesis of 3-methyl-4,5,6,7-tetrahy- 
dro-1,2-benzisoxazole (10) from 2-acetylcyclohexanone (9) 
led to a 1:4 mixture of the desired isomer 10 and isomer 11, 
respectively. A higher proportion (51) of 10 was obtained 
by preferential ketalization of the cyclohexanone carbonyl 
of 9 followed by its reaction with hydroxylamine and acid 
hydrolysis of the ketal. We succeeded in obtaining pure 10 
starting from cyclohexanone and proceeding via l-acetyl- 
2-chloro-1-cyclohexene. 


