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absence of a band a t  1375 cm-' showed absence of a methyl radi- 
cal. 

The MS of a lower boiling fraction [76O (9.8 mm)] showed mo- 
lecular tions at mle 176, 178, and 180 in the ratios corresponding 
to two chlorine atoms. The data correspond to CsHloClP. The ir 
spectrum showed strong bands a t  650-750 cm-' for C-CI stretch 
and strong bands a t  800-1000 cm-' for C-CI stretch and olefin. 
Two bands were observed in the C=C stretch region. No methyl 
was indicated a t  1380 cm-' while CH2 bonding was observed a t  
1450 cm-'. On the assumption that the product consisted of two 
isomers (17 and 18), the NMR integrals were consistent with 18 as 
the major component. NMR spin decoupling revealed that the 
doublet 6 5.75 was coupling with the proton a t  6 3.18. The integral 
was then found to be consistent with 85% 18 and 15% 17.. 
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The photochemical behavior of the vicinally unsymmetrical tetrasubstituted olefins lb-d in methanol was 
studied. Each olefin afforded a mixture of saturated and unsaturated ethers 5-8 and hydrocarbons 11-13. There 
was no strong dominance in the direction of nucleophilic attack on the excited states from olefins lb-d. Isopropy- 
lidenenorbornane (14) afforded a complex mixture, with the ether 15 and 2-endo-isopropylnorbornane (16) as the 
major products. Evidence for the presence of ejected electrons was obtained using sulfur hexafluoride as an elec- 
tron trap. 

In contrast to the triplet manifold of simple alkenes, in 
which just one excited state (A ,A* )  is clearly low lying, 
there are two, and possibly three, excited states in the sin- 
glet manifold which are low lying and close in energy. As- 
signment of two of these as H,A* and s,R(3s) is now widely 
a ~ c e p t e d , ~  and the presence of a T,U*  state of similar ener- 
gy has also been proposed.3b Studies in these laboratories 
have been directed toward elucidating the chemical prop- 
erties of these excited states and the effects of structure 
and environment on their reactivities. 

I t  has recently been reported from these laboratories 
that tri- and, particularly, tetrasubstituted alkenes exhibit 
novel photochemical behavior which appears to involve the 
7r,R(3s) Rydberg excited state.'q4 This state arises from 
promotion of one of the K electrons to a large molecular or- 
bital similar in size and shape to a 3s atomic orbital. As de- 
picted by 2 and 2', this process generates radical cation 
character in the K core of the molecule. In the case of 2,3- 
dimethyl-2-butene (la) the excited state 2a is trapped nu- 
cleophilically in hydroxylic media to afford a mixture of 
saturated and unsaturated ethers, as exemplified in 
Scheme I.4 This reaction is of mechanistic interest, as it 
represents one of the first observations of the chemical be- 
havior of the ?r,R(3s) excited state in solution. Little is 
known about the a,R(3s) state, including the important 
question of whether in vicinally unsymmetrical systems 

Scheme I 

la, R = CH:, 2 
b, R = CH,,CH, 
C, R, R = -(CH~)S- 
d, R. K = -(CHxh- 
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CH,O f-6 + ')+OCH, 
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5. saturated 7, saturated 
6, unsaturated 8, unsaturated 

there are differences in electron density and, hence, reac- 
tivity a t  the two termini of the radical cation core. The ex- 
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amples initially reported involved olefins having vicinal 
symmetry about the double bond;4 in these systems nucleo- 
philic attack at  either end of the bond would afford the 
same radical intermediate (i.e., 3 = 4). We wish now to de- 
scribe additional insight into the chemical behavior of the 
?r,R(Bs) excited state gained by a study of the series of vici- 
nally unsymmetrical olefins 1 b-d. Previous studies have 
shown that decreasing the ring size in this series on going 
from acyclic to six-membered to five-membered strongly 
affects the photochemical behavior in nonnucleophilic 
media.5 

Results 
The results from irradiation of these olefins in methanol 

are summarized in Table I and Scheme 11. Each olefin af- 

Scheme I1 
OCH3 

z)=( & CH,OH I>1-( + X O C H ,  

l b  5b 0.8 7b 0.7 
6b 1.0 

1.8 
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IC 5c 4.5 7c 1.0 
6c  L4 

5.9 1.0 
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Id 5d 0.6 7d 3.2 
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forded a mixture of saturated and unsaturated ethers 5-8. 
Ethers 5 and '7 in each series were obtained independently 
by acid-catalyzed addition of methanol to the correspond- 
ing olefin 1. Ethers 5b and 7c were also prepared indepen- 
dently by methylation of the corresponding alcohol. The 
remaining ethers were characterized by means of their 
spectral data, as outlined in the Experimental Section. 
Each olefin also afforded a mixture of saturated (12) and 
unsaturated hydrocarbons (11 and 13), which were identi- 
fied by spectral data and comparison with authentic speci- 
mens. It is assumed that 5-8 and 11-13 are all primary 

Scheme I11 
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Table I 
Irradiation of Alkenes 1 in Methanolu 

Yield, % * 
Alkene Time, 

1 h r l S  6 7 8 11 12 13 

lac 4 6 37 30 16 4 
l b  6 31 13 16 11 5 1 1 0 d  
IC 16 25 25 7 .5  5 . 5  e 4 11 
Id 8 10 4 2.5  21 13 1 17 5 

Q Irradiations were conducted as described in the Experimental 
Section. b Determined by gas chromatographic analysis relative to 
an internal standard on aliquots removed from the reaction mix- 
ture. See ref 4. d Trace. e None detectable. 

Table I1 
Irradiation of 2,3-Dimethyl-2-butene (la) in Methanol in 

the Presence of Sulfur Hexafluoridea 

I l a  I, mol/ 1 Time, hr IF-] ,  moll1 

2.4  x 10-3 2.0 x 10-1 3 
2.9 x 10-3 2.0 x 10-1 5 

None 3 5.4  x 10-4 
None 5 7 .0  x 10-4 

a Irradiations were conducted as described in the Experimental 
Section. 

products, since there was no significant change in their rel- 
ative amounts during the course of reaction, except for a 
slow loss of the unsaturated products on extended irradia- 
tion. 

In connection with these and other studies the photo- 
chemical behavior of isopropylidenenorbornane (14) was 
also examined. On irradiation in methanol 14 afforded a 
complex mixture of hydrocarbon and ether products, of 
which the ether 15 and 2-endo-isopropylnorbornane (16) 
were identified as principal components. 

14 15 16 

An important contribution from the present study was 
the observation of the presence of free electrons during the 
irradiation of olefin la in methanol obtained using sulfur 
hexafluoride, a highly efficient specific electron scavanger 
which has been widely used in radiochemical and photo- 
chemical studies.6 Sulfur hexafluoride undergoes decompo- 
sition to fluoride ions on electron capture in methanolic so- 
lution, making it a convenient probe for free electrons.7 As 
detailed in Table 11, irradiation of la in methanol saturat- 
ed with sulfur hexafluoride resulted in the generation of 
fluoride ions at  concentrations substantially greater than 
those generated by the slow light-induced decomposition of 
sulfur hexafluoride under these conditions, in support of 
the presence of free electrons in the irradiation mixture. 

Discussion 
Ether  Products. As can be seen from Scheme 11, the ex- 

cited states of olefins lb-d did not undergo nucleophilic at- 
tack at either end with equal facility. Moreover, there was a 
change from predominant attack at  the ring end for IC, to 
more nearly equal degrees of attack at both ends for lb,  to 
dominant attack a t  the gem-dimethyl end for Id. This pat- 
tern does not correlate with the observed regioselectivity of 
acid-catalyzed addition of methanol to these olefins, which 
shifts from a 17:l predominance of 7b over 5b to a lesser 
4.4:l predominance of 7c over 5c to a 1.1:l reversed pre- 
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dominance of 5d over 7d. Likewise it is contrary to the in- 
creasingly preferred photoreaction in nonnucleophilic 
media at the ring end of the double bond in going from lb  
to  IC to ld.5 However, since t h e  photoproduct ratios a re  
not large, the transition state energies for attack at either 
end  apparently differ by less than 1 kcal/mol. The direc- 
t ion of attack will be controlled by several factors, includ- 
ing the relative contributions from resonance forms 2 and 
2', differences in steric hindrance, and differences in stabil- 
i ty  of the resulting radicals 3 and 4. The low selectivities 
observed suggest that these differences are either small or 
offsetting. . 

Hydrocarbon Products. Nucleophilic trapping of the 
.rr,R(3s) state should be accompanied by ejection of the ex- 
cited electron, which no longer has a place in the T system 
to which to return. The present observation of electron 
trapping by sulfur hexafluoride confirms the presence of 
free electrons. In the absence of t rapping by sulfur hexaflu- 
oride the resulting free electron might be t rapped by either 
the solvent or unreacted starting olefin. The rate  for elec- 
t ron  capture  is generally greater for olefins* than  metha-  
n01,~ but this advantage is offset by differences in concen- 
tration, leaving comparable probabilities for either mode of 
capture. Electron trapping by methanol results in the gen- 
eration of hydrogen atoms (eq 1)9 which, on capture by un- 

e- + CH,OH -+ CH30- + Ha (1) 

reacted starting olefin 1, would lead to the hydrocarbon 
photoproducts 11-13 as outlined in Scheme 111. Alterna- 
tively, electron capture  by olefin 1 (eq 2) would afford the 

1 17 

radical anion 17, which on protonation by methanol would 
give rise to  the same radical intermediates 9 and 10 and 
thence to the hydrocarbon products 11-13. Both of these 
routes a re  consistent with the observed incorporation of 
deuterium in products l l a  and 12a on irradiation of 2,3- 
dimethyl-2-butene (la) in methanol-O-d.4J0 

Work continues in elucidating further the chemical 
properties of the ~ , R ( 3 s )  excited states of alkenes. 

Experimental Section 
Infrared spectra were obtained on carbon tetrachloride solutions 

with a Perkin-Elmer 421 grating spectrophotometer. Gas chroma- 
tographic analyses were performed on an Aerograph 90-P or a 
Hewlett-Packard 5750 instrument using 10 f t  X 0.25 in. columns 
packed with (A) 20% Carbowax 20M, or (B) 20% SE-30 on 60-80 
mesh Chromosorb W, or a 20 f t  X 0.25 in. column packed with (C) 
20% @,p-oxydipropionitrile on 60-80 mesh Chromosorb P. Nuclear 
magnetic resonance spectra were determined on carbon tetrachlo- 
ride solutions with a Jeolco C-6OHL or Varian XL-100 spectrome- 
ter, using 0.3% tetramethylsilane as an internal standard. NMR 
data are reported in the following manner: multiplicity (s = sin- 
glet, d = doublet, t = triplet, q = quartet, and m = unresolved 
multiplet); integration; coupling constant (given in hertz); and as- 
signment. Mass spectra were obtained using an AEI MS-902 spec- 
trometer; mle values reported include the parent ion peak, if de- 
tectable, and other significantly large peaks appearing above mle 
55. Unless otherwise indicated, all irradiations were conducted 
using a Hanovia 450-W medium-pressure mercury arc and a water- 
cooled quartz immersion well. The solution was purged with nitro- 
gen 5-10 min before irradiation. Vigorous stirring during irradia- 
tion was effected by a magnetic stirring bar. For product isolation 
the solution was added to water semisaturated with sodium chlo- 
ride and continuously extracted with pentane. After removal of the 
pentane by distillation, the products were isolated gas chromato- 
graphically. 

3-Ethyl-2-methyl-2-pentene (lb). A. Irradiation. A 100-ml 
methanolic solution containing 2.24 g of olefin was irradiated as 
described above for 6 hr. Gas chromatographic analysis (A and C) 
revealed partial recovery of olefin l b  and formation of several hy- 
drocarbon and four ether products. Isolation by gas chromato- 
graphic preparative methods afforded 3-ethyl-2-methyl-1-pen- 
tene ( l l b )  and 3-ethyl-2-methylpentane (12b), which each had 
spectral properties and gas chromatographic retention times iden- 
tical with those of commercial samples. The remaining hydrocar- 
bon products were not isolated. 
3-Methoxy-3-ethyl-2-methylpentane (5b) was obtained as a 

colorless liquid: urnax 2962, 2938, 2880, 2825, 1459, 1379, 1170, 1142, 
1070, and 900 cm-l; NMR spectrum 7 6.85 (s,3, CHBO-); MS mle 
129.1282 (calcd for CsH170, 129.1280), 115 (83), 101 (loo), 83 (25), 
and 59 (58). This material was identical with a specimen prepared 
independently as described below. 

Isolation of the major ether product afforded 3-methoxy-3- 
ethyl-2-methyl-1-pentene (6b) as a colorless liquid: urnax 3092, 
2971, 2882, 2827, 1640, 1450, 1379, 1161, 1149, 1123, 1082, 1058, 
1029,936,919, and 901 cm-l; NMR spectrum 7 4.95 and 5.05 (2  m, 
2, CH2=), 6.97 (5, 3, CH30-), and 9.27 [t, 6, (CH&H2)2C-]; MS 
m/e 142.1356 (calcd for CgHlsO, 142.1358), 113 (loo), 101 (18), 81 
(22), and 55 (23). 
2-Methoxy-3-ethyl-2-methylpentane (7b) was obtained as a 

colorless liquid: urnax 2934, 2875, 2825, 1458, 1377, 1361, 1187,1155, 
1139, 1080, 1061, and 830 cm-l; NMR spectrum 7 6.85 (s, 3, 
CH30-), and 8.93 [s, (CH&C-]; MS mle 129.1277 (calcd for 
C8H170, 129.1280), 83 (5), 73 (loo), 59 (41, and 55 (8). This materi- 
al was identical in retention time and spectral properties with a 
sample prepared as described below. 

A mixture of ( E ) -  and (Z)-4-methoxy-3-ethy1-4-methyl-2- 
pentene (8b) was obtained as a colorless liquid: urnax 3057, 2978, 
2934,2880, 2824, 1459, 1376,1361,1168,1145,1069, and 894 cm-'; 
NMR spectrum 7 4.53 (9, 1, J = 6.5 Hz, CH-31, 7.07 (9, 3, CH30-), 

[s, 6, (CH&C-], and 8.98 (t, 3, J = 7.5 Hz, CH~CHZ-); MS mle 
142.1356 (calcd for CgHlsO, 142.13581, 127 (93), 113 (37), 95 (34), 
73 (loo), 69 (26), and 67 (35). 
B. Acid-Catalyzed Methanolysis. A solution containing 1 g of 

olefin l b  and 10 drops of concentrated sulfuric acid in 30 ml of 
methanol was allowed to stand a t  room temperature for 18 days. 
The resulting solution was neutralized with sodium bicarbonate, 
diluted with water, and continuously extracted with pentane. The 
pentane solution was concentrated by distillation. Gas chromato- 
graphic analysis revealed the formation of two ether products in a 
17:l.O ratio. Isolation of the major component afforded ether 7b. 
The second component had a retention time identical with that of 
ether 5b. 

Independent Synthesis of 3-Methoxy-3-ethyl-2-methylpen- 
tane (5b). A solution containing 3.5 g (20 mmol) of 2-methyl-3- 
ethyl-3-pentanolll in 25 ml of freshly distilled 1,2-dimethoxyeth- 
ane was added dropwise to 1.33 g (20 mmol) of a 50% suspension of 
sodium hydride in oil, which had been washed with pentane, under 
nitrogen with stirring. After 6 hr 4.12 g (29 mmol) of methyl iodide 
was added dropwise to the solution in an ice bath. After addition, 
the mixture was stirred a t  30' overnight. After cooling, the solu- 
tion was diluted with 10 ml of water. The organic layer was collect- 
ed and concentrated by distillation to afford 1.53 g (10.3 mmol, 
53%) of ether 5b, bp 75-76O (63 mm). This material was identical 
in every respect with that obtained photochemically as described 
above. 

Isopropylidenecyclohexane (IC). A. Irradiation. A 100-ml 
methanolic solution containing 2.48 g (20 mmol) of olefin 1c12 was 
irradiated as described above for 16 hr. Gas chromatographic anal- 
ysis (A and C) revealed a partial recovery of olefin IC and the for- 
mation of three hydrocarbon products and three ether products. 
Isolation by preparative gas chromatographic techniques (A and 
C) afforded isopropylcyclohexane (12c) which had spectral 
properties and a retention time identical with those of a commer- 
cial specimen. Isolation of the second component afforded 2-cy- 
clohexylpropene ( I l c )  as a colorless liquid: urnax 3091, 2935, 2860, 
1645, 1453, 1375, 1108, and 891 cm-l (lit.13 urnax 1650 and 883 
cm-l). The third hydrocarbon was not isolated. 

1-Methoxy-1-isopropylcyclohexane (5c) was obtained as a 
colorless liquid: urnax 2940, 2865, 2829, 1463, 1384, 1367, 1156, 1144, 
1075, 940, 923, 912, and 804 cm-l; NMR spectrum r 6.88 (s, 3, 
CH30-) and 9.15 [d, 6, J = 7 Hz, (CH3)2C--]; MS mle 156.1516 
(calcd for CloHzoO, 156.1514), 113 (loo), and 81 (47). This material 
was identical in retention time and spectral properties with a sam- 
ple prepared independently as described below. 

7.88 (9, 2, J = 7.5 Hz, CHsCHz-), 8.32 (d, 3, J = 6.5, CH3-4), 8.79 



Unsymmetrical Olefins in Hydroxylic Media J. Org. Chem., Vol. 40, No. 17, 1975 2437 

l-Methoxy-l-(2'-propenyl)cyclohexane (6c) was obtained as 
a colorless liquid: urnax 3090, 2938, 2861, 2825, 1638, 1447, 1148, 
1079, 927, and 901 cm-l; NMR spectrum T 7.08 (s, CH30-), 5.10 
(d, J = 10 Hz:, vinyl); MS mle 154.1359 (calcd for CiOH180, 
154.1357), 139 (15), 113 (91), 111 (loo), 81 (63), 79 (42), and 67 
(22). 
2-Methoxy-2-cyclohexylpropane (7c) was obtained as a color- 

less liquid: uma,: 2980, 2938, 2859, 2830, 1450, 1379, 1363, 1230, 
1201, 1169, 1146, 1112, 1074, 889, and 854 cm-l; NMR spectrum T 

6.87 (s, 3, CH30-) and 8.95 [s, (CH3)&-]; MS m/e 141.1282 (calca 
for CgH170, 141.1279), 81 (27), 74 (27), 73 (loo), 72 (34), and 59 
(31). This material was identical in retention time and spectral 
properties with specimens prepared independently as described 
below. 

B. Acid-Catalyzed Methanolysis. A solution containing 1 g of 
olefin IC and 10 drops of concentrated sulfuric acid in 20 ml of 
methanol was allowed to stand a t  room temperature for 11 days. 
The resulting solution was neutralized with sodium bicarbonate 
and continuously extracted with pentane. The pentane solution 
was concentrated by distillation. Preparative gas chromatographic 
techniques (C) afforded the two ether products 7c and 5c in a 4.4: 
1.0 ratio, each having retention times and spectral properties iden- 
tical with those given above. 

Independent Synthesis of 2-Methoxy-2-cyclohexylpropane 
(7c). 2-Cyclohexyl-2-propanol was prepared by the addition of 
methyllithium (60 ml of 2.2 M solution) dropwise to an ice-cold so- 
lution of cyclohiexyl methyl ketone in 25 ml of anhydrous ether 
under nitrogen. After 1 hr of stirring at  room temperature, 50 ml of 
water was added dropwise and the solution was stirred for an addi- 
tional 1 hr. The reaction mixture was then extracted with ether 
and the combined ether extracts were dried over saturated sodium 
chloride solution followed by anhydrous sodium sulfate. Distilla- 
tion afforded 7.98 g (56%) of 2-cyc1ohexy1-2-propano1, bp 42' (4 
mm). 

A solution containing 2.15 g (15 mmol) of 2-cyclohexyl-2-propa- 
no1 in 50 ml of anhydrous ether was added dropwise with stirring 
to 0.81 g of a 50% suspension of sodium hydride in oil, which had 
been washed with pentane, under nitrogen. After 4 hr of stirring 
the solution was cooled in an ice bath and 2.41 g (17 mmol) of 
methyl iodide was added dropwise. After addition, the mixture was 
stirred at  room temperature for 24 hr. The mixture was treated 
with 5 ml of water and extracted with three 25-ml portions of 
ether. The combined ether fractions were washed with a saturated 
sodium chloride solution, dried over anhydrous sodium sulfate, 
and concentrated by distillation. Isolation by preparative gas chro- 
matography (C) afforded a specimen of 7c which had spectral 
properties identical with those described above. 
Isopropylidenecyclopentane (Id). A. Irradiation. A 100-ml 

methanolic solution containing 2.2 g of olefin Id was irradiated as 
described above for 8 hr. Gas chromatographic analysis (B and C) 
revealed a partial recovery of olefin Id and the formation of three 
hydrocarbon and four ether products. Isolation by preparative gas 

centrated by distillation. Preparative gas chromatographic tech- 
niques (A) afforded the ethers 5d and 7d in a 1.1:l.O ratio. 
1-Methoxy-1-isopropylcyclopentane (5d) was obtained as a 

colorless liquid: vmax 2960, 2876, 2826, 1467, 1386, 1368, 1190, and 
1080 cm-l; NMR spectrum 7 6.94 (s, 3, CH&-), 8.39 [m, 9, 
(CH2)4CH-], and 9.12 [d, 6, J = 6.75 Hz, (CH3)zC-1; MS mle 
142.1355 (calcd for C9Hls0, 142.1358), 113 (13), 99 (loo), 81 (12), 
69 (16), and 67 (78). 

2-Methoxy-2-cyclopentylpropane (7d) was obtained as a col- 
orless liquid: urnax 2957, 2873, 2830, 1466, 1381, 1363, 1186, 1124, 
1079, and 909 cm-l; NMR spectrum T 6.87 (s, 3, CH30-), 8.55 [m, 
9, (CHz)&H-], and 8.93 [s, 6, (CH&C-]; MS mle 127.1120 (calcd 
for CsH150, 127.1124), 95 (72), 69 (50),  67 (loo), and 59 (33). The 
infrared spectrum was similar to that previously r e ~ 0 r t e d . l ~  
2-Isopropylidenenorbornane (14). A. Irradiation. A 100-ml 

methanolic solution containing 2.72 g of olefin 14, prepared by the 
general method of Kornblum et  al.,12J4 was irradiated as described 
above for 7 hr. Gas chromatographic analysis (B) revealed the for- 
mation of seven ether and several hydrocarbon products. The fol- 
lowing two principal products were isolated by preparative tech- 
niques. 
2-(2'-Methoxy-2'-propyl)-2-norbornene (15) was obtained as 

a colorless liquid: urnax 3055, 2971, 2873, 2822, 1442, 1370, 1368, 
1273, 1161, and 1069 cm-'; NMR spectrum T 4.19 (d, J = 3 Hz, 
olefinic), 6.88 (s, CHsO-), 7.09 (m, bridgehead), 8.73 (s, CH3-), and 
8.75 (s, CH3-); MS m/e 166.1354 (calcd for C11H180, 166.1357), 151 
(40), 123 (loo), 108 (15), 107 (20), and 91 (42). 
2-endo-Isopropylnorbornane (16) was obtained as a colorless 

liquid: urnax 2950, 2869, 1462, 1450, 1381, 1362, and 1310 cm-'; 
NMR spectrum T 7.78 (m, bridgehead). This material was identical 
in retention time and spectral properties with an authentic sample 
obtained as described previously.16 

Irradiation of 2,3-Dimethyl-2-butene ( la)  in the Presence 
of Sulfur Hexafluoride. Through a solution containing 1.68 g (20 
mmol) of 2,3-dimethyl-2-butene (la) in 100 ml of methanol was 
bubbled nitrogen (15 min) followed by sulfur hexafluoride (10 
min). Sulfur hexafluoride was slowly bubbled through the solution 
during the irradiation, which was carried out by the general proce- 
dure described above. After irradiation, 80 ml of the solution was 
diluted to 100 ml with distilled water. Fluoride concentrations 
were then determined from the potential of an Orion fluoride ion 
activity electrode (94-09) vs. a Fischer standard saturated calomel 
electrode with cracked glass junction as measured by a Beckman 
Century SS pH meter on expanded scale. A calibration curve was 
obtained using sodium fluoride in 80:20 methanol-water standard 
solutions. The results are summarized in Table 11. 
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chromatographic techniques afforded isopropylcyclopentane surements. 
(12d) which had a retention time and spectral properties identical 
with those of a commercial sample. 1-Isopropyl-1-cyclopentene 
(13d) was obtained as a colorless liquid which had spectral proper- 
ties identical with those of an authentic sample prepared by treat- 
ment of 2-cyclopentyl-2-propanol with p-toluenesulfonic acid.14 
2-Cyclopentylpropene ( l ld)  was obtained as a colorless liquid, 
urnax 3088, 2962, 2875, 1644, 1453, 1377, and 892 cm-' umax 
1650 and 881 cm-I). 
1-Methoxy-1-isopropylcyclopentane (5d) and 2-methoxy-2- 

cyclopentylprapane (7d) were obtained as colorless liquids which 
had the same retention times and spectral properties as the speci- 
mens prepared independently as described below. l-Methoxy-1- 
(2'-propenyl)c:yclopentane (6d) was observed as one component 
of a mixture of the four ethers in an NMR spectrum (T  5.10), but 
attempts to isolate the material were unsuccessful. 2-Methoxy-2- 
(1'-cyclopenteny1)propane (Sa) was obtained as a colorless liq- 
uid: urnax 3058, 2981, 2934, 2850,2823,1462, 1442, 1372, 1359,1258, 
1167, 1143, 1072, 950, and 911 cm-l; NMR spectrum T 4.41 (m, 
-CH=), 6.90 (s, CHzO-), and 8.70 [s, (CHs)&-]; MS m / e  140.1203 
(calcd for CgH160, 140.1201), 125 (loo), 109 (18), 95 (15), 93 (40), 
and 67 (20). 

E. Acid-Catalyzed Methanolysis. A solution containing 1 ml 
of olefin Id and 6 drops of concentrated sulfuric acid in 10 ml of 
methanol was allowed to stand for 1 day. The solution was neutral- 
ized with sodium bicarbonate and extracted with pentane. The 
combined pentane extracts were washed with saturated sodium 
chloride solution, dried over anhydrous sodium sulfate, and con- 

Registry No.-la, 563-79-1; lb, 19780-67-7; IC, 5749-72-4; Id, 
765-83-3; 5b, 55660-92-9; 5 ~ ,  55660-93-0; 5d, 55660-94-1; 6b, 
55660-95-2; 6c, 55660-96-3; 7b, 55660-97-4; 712, 55660-98-5; 7d, 
3275-02-3; (E)-8b, 55660-99-6; (Z)-8b, 55661-00-2; Sd, 55661-01-3; 

55661-04-6; 2-methyl-3-ethy1-3-pentano1, 55661-05-7; methyl io- 
dide, 74-88-4; 2-cyc1ohexy1-2-propano1, 16664-07-6; methyllithium, 
917-54-4; cyclohexyl methyl ketone, 823-76-7; sulfur hexafluoride, 
2551-62-4. 

l l ~ ,  2157-18-8; lld, 55661-02-4; 14, 4696-14-4; 15, 55661-03-5; 16, 
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The synthesis of 2,6-dimethylene[3.3.2]propellane (4) in three steps and 12% overall yield from allene dimer 1 is 
reported. The key reaction is the formation of 4 by transannular photochemical ring closure of 1,2,5,6-tetramethy- 
lenecyclooctane (3). A chemical separation of 4 from isomers that are carried through the synthesis is described, 
which makes the purification of the intermediates (1-3) unnecessary. Compound 4 has been converted to the par- 
ent [3.3.2]propellane (6), which undergoes free-radical addition of bromine across the central bond to give 13. 

The synthesis of small-ring propellanes has been an area 
of considerable activity in recent years.2 Theoretical inter- 
est in [2.2.2]propeIlane (7)3 has given special stimulus to 
the preparation of this molecule. A derivative of 7 has been 
synthesized by Eaton and his coworkers through two suc- 
cessive ring contractions of [4.2.2]propellane-2-0ne.~~ This 
key intermediate was prepared from the enol acetate of 
1,3-~yclohexanedione by photoaddition of ethylene, base- 
catalyzed elimination of the elements of acetic acid, and 
photoaddition of a second molecule of ethylene.4b Evidence 
for the intermediacy of the parent compound (7) in the 
electrochemical reduction of 1,4-dibromobicyclo[2.2.2]oc- 
tane5 and in the mercury-sensitized photolysis of 1,4-di- 
methylenecyclohexanea has also been reported. 

Our route7 to the [2.2.2]propellane ring system took cog- 
nizance of the fact that photochemical ring closure in 1,4- 
dimethylenecyclohexane provided a formally attractive 
synthesis of 7. However, since the ring in this diene prefers 
a chair conformation,8 we anticipated that ring closure to 7 
might be a rather inefficient process. Moreover, because 
short-wavelength light or a high-energy sensitizer would be 
required to excite the isolated double bonds in 1,4-dimeth- 
ylenecyclohexane, it seemed possible that 7, if formed, 
might undergo photoinitiated opening back to the starting 
material. Finally, were only small amounts of 7 to be 
formed, for either or both of the above reasons, its separa- 
tion from unreacted starting material would be problemati- 
cal. Therefore, we explored the route, outlined in Scheme I, 
which circumvented these difficulties by effecting photo- 
chemical ring closure in 1,2,5,6-tetramethylenecyclooctane 
(3).9 Cyclooctane rings readily undergo 1,5-transannular 
reactions;1° and excitation of 3, either direct or sensitized, 
was expected to be easy because of the conjugated diene 
systems present in the molecule. Moreover, the methylene 
groups in the anticipated photocyclization product (4) 
could be ozonized to give 5 ,  a precursor of the parent 
[3.3.2]propellane (6) and, more important, a promising in- 

termediate for the synthesis of 7.11 As indicated in Scheme 
I, a synthesis of 3 can be constructed by noting that 3 is the 
product of cyclobutene ring opening in 2, which is in turn a 
dimer of 1,2 dimethylenecyclobutane (1). Thus our synthe- 
sis began with attempts to prepare 2 from 1. 

Scheme I 
R 

1 2 3 R 
4, R = CH, 
5, R = O  

A 6, R = H, 

7 

Results and Discussion 
The simplest route to 1 is through the thermal dimeriza- 

tion of allene, which also produces about 20% of 1,3-di- 
methylenecyclobutane.12 Since we required large amounts 
of 1, our first task was to improve the literature method for 
its preparation. Allene gas was passed through a tube 
packed with glass balls and heated to 500'. The pyrolysate 
was collected in a flask cooled with Dry Ice. The flask, con- 
taining unreacted allene, allene dimers, and higher oligom- 
ers, was then connected to the inlet of the heated tube and 
allowed to warm to room temperature. Only the allene dis- 
tilled through the tube, and the pyrolysate was trapped in a 
second flask. The two flasks were then interchanged and 
the allene was cycled through the tube again.13 Allene, re- 
cycled thus ten times, gave yields of dimers on the order of 
25%. With further recycling even higher yields could be 
realized. 


