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A series of crowded olefins were prepared in high yield by the one-pot reaction of in situ generated lithium 
alkoxides, formed from hindered ketones and alkyllithiums, with thionyl chloride. The prepared olefm are generally 
inaccessible by either the Wittig reaction or using Grignard reagents because of predominant electron-transfer 
reduction of the hindered ketones. 

Introduction 
Preparation of olefins can be accomplished in addition 

to dehydrogenation, dehydration, and dehydrohalogenation 
by a great variety of methods2 from various functional 
groups such as carboxylic acids, vicinal dicarboxylic acids, 
alkyl halides and vicinal dihalides, halohydrins, 0-hydroxy 
sulfonamides, amines, etc. The most widely used olefin 
synthesis from carbonyl compounds is the Wittig rea~t ion .~  
A host of substituted olefins are also prepared, among 
other methods, by Perkin: S t ~ b b e , ~  and Darzenes' re- 
actions from carbonyl compounds. 

When the Wittig reaction between alkylidene- 
phosphorane and an enolizable ketone is sterically hin- 
dered, the enolate of the ketone is formed, together with 
phosphonium salt and the products of self-condensation 
of ketone.' With a nonenolizable ketone (or one that 
enolizes with great difficulty), no reaction under usual 
Wittig conditions between alkylidenephosphoranes and 
ketones is observed.8 Our previous studies of preparing 
hindered olefins from nonenolizable ketones 2- 
adamantanones ( l)9J0 and 3-diamantanones (2)'O with 
hindered alkylidenephosphoranes were unsuccessful, and 
instead we observed electron-transfer reduction. 

For dehydration of alcohols to olefins among other 
dehydrating agents, thionyl chloride in combination with 
excess pyridine has been widely used.l' Thionyl chloride, 
otherwise, is a chlorinating agent12 for alcohols, reacting 
through intermediate chlorosulfite  derivative^'^ in an S N ~  

(1) Synthetic Methods and Reactions. 140. Part 139: Olah, G. A.; 
Wu, A,; Farooq, 0. Synthesis, in press. 

(2) House, 0. H. Modern Synthetic Reactions; W. A. Benjamin, Inc.: 
Menlo Park, CA, 1972 and references therein for appropriate method 
used for various functional groups,. 

(3) Maercker, A. Org. React. (N.Y. )  1965, 14, 270. 
(4) Johnson, J. R. Org. React. (N.Y.) 1942,1,210. Jones, G. Ibid. 1967, 

( 5 )  Johnson, W. S.; Daub, G. H. Org. React. (N.Y.) 1951, 6, 1. 
(6) Dilling, W. L.; Hickner, R. A.; Farber, H. A. J. Org. Chem. 1967, 

(7) Wittig, G.; Boll, W.; Kruck, K. H. Chem. Ber. 1962, 95, 2514. 
(8) Harding, K. E.; Tseng, C. Y. J. Org. Chem. 1975, 40, 929. 
(9) Olah, G. A,; Krishnamurthy, V. V. J. Am. Chem. SOC. 1982,104, 

(10) Farooq, 0.; Olah, G. A. Unpublished results. 
(11) Corey, E. J.; Ohno, M.; Mitra, R. B.; Vatakenehery, P. A. J. Am. 

Chem. SOC. 1964,86, 478. Prashad, M.; Fraser-Reid, B. J. Org. Chem. 
1985,50, 1564. Stork, G.; McMurry, J. E. J .  Am. Chem. SOC. 1967,89, 
5464. 

(12) Eliel, E. L.; Fisk, M. T.; Prosser, T. Organic Syntheses; Wiley: 
New York, 1963; Collect. Vol. IV, p 169. 
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a a, R1 = R2 = H; b, R1 = R2 = CH,; c, Ea, = CH3, R2 = CHzCH3. 

type reaction.14 In the absence of pyridine, use of thionyl 
chloride as dehydrating agent for alcohols to olefins has 

________ 

(13) (a) Gerrard, W.; Hudson, H. R. J. Chem. SOC. 1963, 1059; 1964, 
2310; Chem. Rev. 1965 ,6697 .  (b) Gerrard, W.; Hudson, H. R.; Murphy, 
W. S. J .  Chem. SOC. 1964,2314. (c) Caulson, E. J.; Gerrard, W.; Hudson, 
H. R. Ibid. 1965, 2364. 
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Scheme I1 Table I. Olefin Formation from Hindered Ketones with 
Alkyllithiums and Thionyl Chloride 

olefins (% vield)" 
via via via 

ketone methvllithium isoDroDvllithium sec-butvllithium 
1 7a (94) 7b (94) 7c (95) 
2 8a (92) 8b (91) 8c (96) 
3 9a (93) 9b (90) 9c (88) 
4 10a (82) 10b (82) 1Oc (83) 
5 l l a  (96) l l b  (95) l l c  (96) 
6 12a (96) 12b (93) 12c (901, E + 2 

Isolated yield. 

been sporadically reported. Thus, in steroid chemistry, 
treatment of 5a-cholestan-.la-ol and 5a-cholestan-l~-ol 
with thionyl chloride gives an isomeric mixture of olefins 
and a single ring-homologated olefin, re~pective1y.l~ 

Continuing our study of the synthesis of hindered olefins 
led us to the development of a convenient one-pot method 
of reacting hindered ketones with alkyllithium and thionyl 
chloride, and herein we report our results. 

Results and Discussion 
Six readily available hindered ketones 1-6 (Scheme I) 

have been chosen for our study: 2-adamantanone ( l ) ,  
3-diamantanone (2) ,16 8-tricyclo [ 5.2.1 .02,6] decanone (31, 
2,2,4,4-tetramethyl-3-pentanone (4), 1,l'-diadamantanyl 
ketone (5)," and 1-adamantyl tert-butyl ketone (6). The 
hindered ketones were reacted in ethereal solution with 
alkyllithiums, forming in situ the corresponding lithium 
alkoxides, which then without separation were found to 
react with thionyl chloride in the ether solution to give the 
corresponding crowded olefins in high yields. 

To a well-stirred solution of 2-adamantanone (1) 
(Scheme I) in diethyl ether cooled to -78 "C was added 
isopropyllithium (in pentane) dropwise under dry nitrogen, 
and the corresponding lithium alkoxide was formed in situ. 
When thionyl chloride was added very slowly to this 
well-stirred reaction mixture a t  -78 "C and the reaction 
mixture gradually allowed to warm to room temperature, 
isopropylideneadamantane (7b) was obtained in 94% yield 
after the usual workup (see Experimental Section). When 
sec-butyllithium was used under identical reaction con- 
ditions, isobutylideneadamantane (7c )  was obtained in 
similar yields (Table I). 

The procedure allowed a variety of hindered olefins to 
be prepared in high yield when applied to other none- 
nolizable ketones (Table I) using appropriate alkyllithium 
reagents. 

The reaction of thionyl chloride with in situ generated 
lithium alkoxides is extremely exothermic (CAUTION: 
SOClz must be added very slowly at  -78 "C). Thionyl 
chloride reacts with the in situ generated lithium alkoxide 
to form the corresponding alkyl chlorosulfites, which upon 
warming of the reaction mixture cleave to give SO2 and 
the desired olefin. Formation of olefin, therefore, involves 
a concerted elimination mechanism similar to the one in- 
volved in the reaction of alcohols with thionyl chloride in 
the presence of pyridine. No tertiary alkyl chlorides were 
observed to be formed. The mechanism is depicted in 
Scheme 11. 

(14) Lee, C. C.; Finlayson, A. J. Can. J .  Chem. 1961, 39, 260. 
(15) Shoppee, C. W.; Lack, R. E.; Sharma, S. C.; Smith, L. R. J .  Chem. 

(16) Courtney, T.; Johnston, D. E.; McKervey, M. A.; Rooney, J. J. J. 

(17) Wieringa, J. H.; Wynberg, H.; Strating, J. Tetrahedron Lett. 1972, 

SOC. C 1967, 1155. 

Chem. SOC., Perkin Trans. 1 1972, 2691. 
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Table 11. Attemoted Wittig Reaction of Hindered Ketones 
product (% yield)" 

ketone via CH,=PPhq via (CH1),C=PPhq 
1 6  
2 
3 
4 
5 
6 

7a (80) + 13 (20) 
8a (62) + 14 (29) 
9a (60) + 15 (32) 
10a (0) + 16 (0) 
l l a  (0)  + 17 (0) 
12a (0) + 18 (0) 

7b (0)  + 13 (20) 
8b (0) + 14 (40) 
9b (0) + 15 (36) 
l l b  (0) + 16 (0)  
l l b  (0) + 17 (0)  
12b (0) + 18 (0)  

Isolated yield. Reference 9. 

Table 111. Reaction of Hindered Ketones with Grignard 
Reagents and Thionyl Chloride 

product (% yield)" 
via 

via CH3CHZ(CH3)- 
ketone via CHIMaI (CH&CHMeBr CHMeBr 

1 
2 
3 
4 
5 
6 

7a (10) + 13 (86) 
8e (IO) + 14 (69) 
9a (12) + 15 (88) 
10a (0)  + 16 (20) 
l la  (0) + 17 (16) 
12a (0) + 18 (16) 

7b (6) + 13 (70) 
8b (12) + 14 (77) 
9b (5) + 15 (87) 
10b (0) + 16 (IO) 
l l b  (0) + 17 (6) 
12b (0)  + 18 (12) 

7c (8) + 13 (76) 
8c (9) + 14 (72) 
9c (5) + 15 (88) 
1Oc (0) + 16 ( IO) 
l lc (0) + 17 (9) 
1212 (0) + 18 ( IO) 

Isolated yield. 

In the dehydration reaction of alcohols using SOCl2/ 
pyridine, initial reaction of alcohol with SOCl,/pyridine 
allows the formation of 20. However, the procedure ne- 
cessitates use of an isolated alcohol together with an excess 
of pyridine and thus involves an additional step. In the 
procedure presently developed, no pyridine assistance is 
required. 

None of the discussed crowded olefins could be satis- 
factorily prepared from their ketone precursors by the 
usual Wittig reaction. It was found that one-electron 
transfer dominates as a competing pathway in the at- 
tempted Wittig reaction of sterically hindered systems and 
reduction products are predominantly observed over olefin 
f~rmat ion .~  2-Adamantanoneg and 3-diamantanone'O react 
with hindered alkylidenephosphoranes to give 30-50% and 
60-90% reduction products (Table 11) 13 and 14, respec- 
tively, in hydrocarbon solvents. 

In ether solution, no reaction leading to olefin formation 
was observed. 

THF or hydrocarbon 
R1>=O + Ph3P=CRiR2 solvent  

R 

(minor)  
THF or hydrocarbon 

so lvent  
4 , 5 . 6  + Ph3P=CRiR2 no reac t ion  

The preparation of the discussed olefins can be accom- 
plished only with organolithium reagents. Attempted re- 
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actions with Grignard reagent gave mainly reduction 
products18 (Table  111). 
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cation of an external dry ice/acetone cold bath with stirring under 
nitrogen atmosphere during a period of 5 min. After the addition 
of alkyllithium had been completed, the reaction mixture was 
stirred a t  -78 "C for another 30 min and freshly distilled thionyl 
chloride (1.78 g, 15 mmol) was added dropwise with good stirring 
a t  -78 "C during a period of 5 min. After the addition of thionyl 
chloride had been completed, the reaction mixture was stirred 
at -78 "C for another 5 min, and then the dry ice/acetone cold 
bath was removed. The reaction mixture was slowly warmed to 
ambient temperature. The reaction mixture was maintained with 
stirring a t  ambient temperature for another 30 min and then 
poured onto a separatory funnel charged with ice (50 g). Ex- 
traction was carried out with ether (50 mL X 3). The combination 
of ethereal layers was dried over anhydrous magnesium sulfate, 
filtered, and evaporated. The residue was purified via column 
chromatography on silica gel (hexane eluent) to afford the cor- 
responding olefin. 

2-Methyleneadamantane (7a). From the reaction of 2- 
adamantanone (1; 1.50 g; 10 mmol) with methyllithium (1.4 M 
in diethyl ether; 8.0 mL; 11.2 mmol) and subsequent treatment 
with freshly distilled thionyl chloride (1.78 g; 15.0 mmol) was 
obtained 2-methyleneadamantane (7s; 1.39 g; 9.4 mmol; 94% from 
1). All spectral data were consistent with those given for 7a in 
the previous report.21 

2-Isopropylideneadamantane (7b). From the reaction of 
2-admantanone (1; 1.50 g; 10.0 mmol) with isopropyllithium (1.0 
M in pentane; 12 mL; 12.0 mmol) and subsequent treatment with 
freshly distilled thionyl chloride (1.78 g; 15.0 mmol) was obtained 
2-isopropylideneadamantane (7b 1.65 g; 9.4 m o l ;  94% yield from 
1) as colorless microcrystals, mp 120-121 "C. IR (KBr): 1610 
(m) cm-'. l3C NMR (50 MHz; CDC13): 139.58 (s), 116.07 (s), 39.13 
(t), 37.57 (d), 33.12 (t), 28.51 (d), 19.46 (9). GC/MS (70 eV): m/e 
176 (M+, 100.0), 161 (14.2), 133 (36.2), 119 (46.3), 91 (75.2). Anal. 
Calcd for C13Hm: C, 88.64; H, 11.36. Found: C, 88.89; H, 11.30. 

2-Isobutylideneadamantane (7c). From the reaction of 
2-adamanmone (1; 1.50 g; 10.0 mmol) with sec-butyllithium (1.3 
M in cyclohexane; 10.0 mL; 13.0 mmol) and subsequent treatment 
with freshly distilled thionyl chloride (1.78 g; 15.0 mmol) was 
obtained 2-isobutylideneadamantane (7c; 1.81 g; 9.5 mmol; 95% 
yield from 1) as a colorless liquid, bp 146-147 "C (1.0 mm). IR 
(neat): 1605 (m) cm-'. 13C NMR (50 MHz; CDC13): 139.33 (s), 
122.36 (s), 39.35 (t), 38.93 (t), 37.35 (t), 32.91 (d), 32.63 (d), 28.28 
(d), 26.71 (t), 17.00 (q), 13.61 (9). GC/MS (70 eV): m/e 190 (M+, 
80.4), 175 (59.9), 161 (29.4), 133 (30.8), 119 (38.5), 105 (57.1), 91 
(100.0). Anal. Calcd for C14H22: C, 88.42; H, 11.58. Found: C, 
88.16; H, 11.46. 

3-Methylenediamantane (8a). From the reaction of 3-di- 
amantanone (2; 2.02 g; 10.0 mmol) and methyllithium (1.4 M in 
diethyl ether; 8.0 mL; 11.2 mmol) and subsequent treatment with 
freshly distilled thionyl chloride (1.78 g; 15.0 mmol) was obtained 
3-methylenediamantane (8a; 1.84 g; 9.2 mmol; 92% yield from 
2) as colorless microcrystals, mp 120-121 "C. IR (KBr): 3010 
(w), 1610 (m) cm-'. 13C NMR (50 MHz; CDC1,): 158.72 (s), 100.87 
(t), 38.63 (t), 37.47 (t), 36.35 (d), 35.31 (d), 35.14 (d), 34.88 (t), 
33.34 (d), 29.87 (d), 25.63 (d). GC/MS (70 eV): m/e 200 (M+, 
100.0), 143 (24.5), 129 (17.6), 106 (26.8), 91 (55.7), 79 (32.0). Anal. 
Calcd for C15Hzo: C, 90.00; H, 10.00. Found: C, 90.21; H, 10.06. 
3-Isopropylidenediamantane (8b). From the reaction of 

3-dimantanone (2; 2.02 g; 10.0 mmol) with isopropyllithium (1.0 
M in pentane; 12 mL; 12.0 mmol) and subsequent treatment with 
freshly distilled thionyl chloride (1.78 g; 15.0 mmol) was obtained 
3-isopropylidenediamantane (8b; 2.07 g; 9.1 mmol; 91% yield from 
2) as colorless microcrystals, mp 96-97 "C. IR (KBr): 1605 (m) 
cm-'. 13C NMR (50 MHz; CDClS): 140.02 (s), 116.17 (s), 42.43 
(d), 39.17 (t), 38.63 (d), 38.22 (d), 38.01 (d), 37.52 (t), 37.18 (t), 
30.28 (d), 26.04 (d), 19.65 (q), 19.44 (q). GC/MS (70 eV): m/e 
228 (M+, 100.0), 213 (18.4), 143 (12.0), 105 (33.5), 91 (62.6). Anal. 
Calcd for C17H24: C, 89.47; H, 10.53. Found: C, 89.29; H, 10.66. 

3-Isobutylidenediamantane (8c). From the reaction of 3- 
diamantanone (2; 2.02 g; 10.0 mmol) with sec-butyllithium (1.3 
M in cyclohexane; 10.0 mL; 13.0 mmol) and subsequent treatment 
with freshly distilled thionyl chloride (1.78 g; 15.0 mmol) was 
obtained 34sobutylidenediamantane (8c mixture of 5050 E and 

(21) Schleyer, P. v. R.; Arkell, A.; Fukunaga, T. J. Am. Chem. SOC. 
1960,82, 2498. 

1 RIRZCHMgX. O ' C  - 
2 SOC12. 7S.C to room temperature 

(minor) 

Thus, with 8-tricyclo[5.2.1.02~6]decan~ne (3) only 5% of the 
desired olefin could be obtained with isopropylmagnesium 
bromide. Similarly, 1-3 reacted with alkylmagnesium 
halide to give considerable amounts  of reduction products 
(Table 111). No reaction is observed with 4-6 and Grignard 
reagents. 

The reported one-pot preparat ion of crowded olefins 
f rom their sterically hindered ketone precursors with al- 
kyllithium and thionyl chloride in  ether solution comple- 
ments the Wittig reaction and related methods, which with 
these hindered systems tend t o  give primarily reduction 
products  via electron-transfer processes. 

Experimental Section 
2-Adamantanone (l) ,  8-tricyclo[5.2.1.02~6]decan~ne (3), and 

2,2,4,4-tetramethyl-3-pentanone (4) were commercially available 
(Aldrich) and were used as such. 3-Diamantanone (2)16 and 
1,l'-diadamantanyl ketone (5)" were prepared according to the 
literature procedure. Methyllithium and sec-butyllithium are 
commercially available (Aldrich), and isopropyllithium was pre- 
pared according to the literature procedurel9 and standardized20 
prior to use. Thionyl chloride was commercially available (Aldrich) 
and distilled prior to  use. Diethyl ether was dried over metallic 
sodium under reflux conditions. 

Gas chromatographic analysis was carried out on a Varian 
(Model 3700) gas chromatograph using a quartz-silica capillary 
column coated with DB-1. Mass spectroscopic analysis was 
performed on a Finnigan Mat Model 700 GC/MS spectrometer. 
NMR spectra were recorded on a Varian 200-MHz (VXR-200) 
superconducting NMR spectrometer. 

Preparation of 1-Adamantyl tert -Butyl Ketone (6). To 
a solution of 1-adamantanecarboxylic acid (3.6 g; 20.0 mmol) and 
dry pentane (20 mL) was added tert-butyllithium (1.7 M in 
pentane; 25 mL; 42.5 mmol) via a syringe dropwise a t  -78 "C via 
application of an external dry ice/acetone cold bath with stirring 
under nitrogen atmosphere during a period of 10 min. After the 
addition of tert-butyllithium had been completed, the reaction 
mixture was stirred for another 30 min at -78 "C under nitrogen 
atmosphere, then the dry ice/acetone cold bath was removed, and 
the reaction mixture was warmed to ambient temperature. The 
reaction mixture was then maintained with stirring a t  ambient 
temperature for another 2 h and then quenched by water. The 
usual workup and extraction were carried out with ether, and the 
combination of organic layers was dried over anhydrous mag- 
nesium sulfate, filtered, and evaporated in vacuo to give the 
corresponding ketone, which can be recrystallized from ethanol, 
mp 42 "C as colorless microcrystals (4.1 g; 18.66 mmol; 93% yield 
from 1-adamantanecarboxylic acid). IR (KBr): 1720 (s) cm-'. 
13C NMR (50 MHz, CDCl,): 217.31 (s), 48.70 (s), 45.38 (s), 39.53 
(t), 36.66 (t), 29.83 (d), 28.29 (9). GC/MS (70 eV): m/e 220 (M+, 
l.O), 163 (10.2), 135 (100.0), 107 (14.5), 93 (28.4), 57 (12.2). Anal. 
Calcd for C15Hz4O: C, 81.82; H, 10.91; 0, 7.27. Found: C, 82.01; 
H, 10.99; 0, 7.34. 

General Procedure for Preparation of Olefins. To an 
ethereal solution of ketone (10 mmol) and dry ether (20 mL) was 
added dropwise alkyllithium (11-15 mmol) a t  -78 "C via appli- 

~ ~~~~ 

(18) (a) Hock, W.; Strating, J.; Wynberg, H. R e d .  Trau. Chim. Pays- 
Bas 1966,85, 1045. (b) Landa, S.; Vais, J.; Burkhard, J. Collect. Czech. 
Chem. Commun. 1967,32, 570. 

(19) Gilman, H.; Langham, W.; Moore, F. W. J. Am. Chem. SOC. 1940, 
62. 2327. 

(20) Lipton, M. F.; Sorensen, C. M.; Sadler, A. C. J. Organomet. Chem. 
1980,186, 155. 
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2 isomers; 2.32 g; 9.6 mmol; 96% yield from 2) as a colorless liquid, 
bp 102-103 "C (0.5 mm). IR (neat): 1610 (m) cm-'. 13C NMR 
(50 MHz; CDC13): 138.82 (s), 122.60 (s), 42.21 (d), 39.59 (t), 39.11 
(d), 38.65 (d), 38.21 (d), 37.55 (t), 37.18 (t), 30.01 (d), 26.73 (d), 
26.03 (t), 17.22 (q), 13.73 (q). GC/MS (70 eV): m/e 242 (M', 
100.0), 227 (67.9), 213 (38.2), 131 (33.9), 105 (47.8),91 (85.4). Anal. 
Calcd for C18H26: C, 89.26; H, 10.74. Found: C, 89.46; H, 10.96. 
8-Methylenetricyclo[5.2.1.02~]decane (sa). From the reaction 

of 8-tricyc10[5.2.1.0~~~]decanone (3; 1.50 g; 10.0 mmol) with me- 
thyllithium (1.4 M in diethyl ether; 8.0 mL; 11.2 mmol) and 
subsequent treatment with freshly distilled thionyl chloride (1.78 
g; 15.0 mmol) was obtained 8-methylenetricyclo[5.2.1.02~6]decane 
(9a; 1.38 g; 9.3 mmol; 93% yield from 3) as a colorless liquid, bp 
62-63 "C (2.0 mm). IR (neat): 3050 (w), 1600 (m) cm-'. 13C NMR 

(d), 41.40 (d), 37.54 (t), 32.82 (t), 32.47 (t), 31.79 (t), 27.63 (t). 
GC/MS (70 eV): m/e 148 (M', 26.4), 133 (15.2), 119 (12.5), 105 
(24.5), 91 (45.0), 79 (100.0). Anal. Calcd for C11Hl6: C, 89.19; 
H, 10.81. Found: C, 89.26; H, 10.93. 

8-Isopropylidenetricyclo[5.2.1.02~6]decane (9b). From the 
reaction of 8-tricyc10[5.2.1.0~~~]decanone (3; 1.50 g; 10.0 mmol) 
with isopropyllithium (1.0 M in pentane; 12.0 mL; 12.0 mmol) 
and subsequent treatment with freshly distilled thionyl chloride 
(1.78 g; 15.0 mmol) was obtained 8-isopropylidenetricyclo- 
[5.2.1.02t6]decane (9b; 1.58 g; 9.0 mmol; 90% yield from 3) as a 
colorless liquid, bp 91-92 "C (2.0 mm). IR (neat): 1615 (m) cm-'. 
13C NMR (50 MHz; CDC13): 139.62 (s), 125.30 (s), 47.83 (t), 44.99 
(d), 42.00 (d), 37.02 (d), 36.33 (d), 33.40 (t), 33.00 (t), 32.24 (t), 
28.00 (t), 19.85 (q), 19.66 (q). GC/MS (70 eV): m/e 176 (M', 
11.9), 107 (100.0), 91 (20.9), 79 (10.3). Anal. Calcd for C13H20: 
C, 88.64; H, 11.36. Found: C, 88.90; H, 11.62. 
8-Isobutylidenetricyclo[5.2.1.02~6]decane (9c). From the 

reaction of 8-tricyclo[5.2.1.02~6]decanone (3, 1.50 g; 10.0 mmol) 
with sec-butyllithium (1.3 M in cyclohexane; 10.0 mL; 13.0 mmol) 
and subsequent treatment with freshly distilled thionyl chloride 
(1.78 g; 15.0 mmol) was obtained 8-isobutylidenetricyclo- 
[5.2.1.02v6]decane (9c mixture of 5050 E and 2 isomers; 1.67 g; 
8.8 mmol; 88% yield from 3) as a colorless liquid, bp 98-99 "C 
(2.0 mm). IR (neat): 1605 (m) cm-'. 13C NMR (50 MHz; CDC13): 
137.53 (s), 123.82 (s), 47.73 (t), 44.85 (d), 41.29 (d), 36.63 (d), 35.92 
(d), 32.99 (t), 32.55 (t), 31.90 (t), 27.84 (t), 27.55 (t), 17.47 (q), 13.35 
(9). GC/MS (70 eV): m/e 190 (M', 21.5), 161 (9.41, 121 (100.0), 
105 (22.8), 91 (51.8), 79 (45.2). Anal. Calcd for CI4Hz2: C, 88.42; 
H, 11.58. Found: C, 88.78; H, 11.60. 
1,l-Di-tert-butylethylene (loa). From the reaction of 

2,2,4,4-tetramethyl-3-pentanone (4; 1.42 g; 10.0 mmol) with me- 
thyllithium (1.4 M in diethyl ether; 8.0 mL; 11.2 mmol) and 
subsequent treatment with freshly distilled thionyl chloride (1.78 
g; 15.0 mmol) was obtained 1,l-di-tert-butylethylene (loa; 1.14 
g; 8.2 mmol; 82% yield from 4) as a colorless liquid, bp 62-63 "C 
(18.0 mm) (lit.18 bp 146-150 "C). All spectral data were consistent 
with those given for 10a in the previous report.22 

3-tert -Butyl-2,4,4-trimethyl-2-pentene (lob). From the 
reaction of 2,2,4,4-tetramethyl-3-pentanone (4; 1.42 g; 10.0 mmol) 
with isopropyllithium (1.0 M 12.0 mL; 12.0 mmol) and subsequent 
treatment with freshly distilled thionyl chloride (1.78 g; 15.0 "01) 
was obtained 3-tert-butyl-2,4,4-trimethyl-2-pentene (lob; 1.38 g; 
8.2 mmol; 82% yield from 4) as a colorless liquid, bp 60-62 "C 
(12.0 mm). IR (neat): 1610 (m) cm-'. 13C NMR (50 MHz; CDC13): 
151.72 (s), 112.22 (s), 48.85 (s), 28.79 (q), 19.82 (q). GC/MS (70 
eV): m/e 168 (M', 0.5), 125 (3.54, 112 (40.4), 97 (97.6), 83 (26.6), 
69 (83.5), 57 (70.8), 55 (61.5), 41 (100.0). Anal. Calcd for Cl2HZ4: 
C, 85.71; H, 14.29. Found: C, 85.59; H, 14.42. 
4-tert -Butyl-3,5,5-trimethyl-3-hexene (1Oc). From the re- 

action of 2,2,4,4-tetramethyl-3-pentanone (4; 1.42 g; 10.0 mmol) 
with sec-butyllithium (1.3 M in cyclohexane; 10.0 mL; 13.0 "01) 
and subsequent treatment with freshly distilled thionyl chloride 
(1.78 g; 15.0 mmol) was obtained 4-tert-butyl-3,5,5-trimethyl-3- 
hexene (1Oc; 1.51 g; 8.3 mmol; 83% yield from 4) as a colorless 
liquid, bp 96-97 "C (12.0 mm). IR (neat): 1600 (m) cm-'. 13C 

(s), 29.51 (q), 28.82 (q), 25.60 (t), 21.85 (q), 15.52 (9). GC/MS 

(50 MHz; CDCl3): 155.14 (s), 101.88 (t), 49.91 (d), 47.85 (d), 47.57 

NMR (50 MHz; CDC13): 151.96 (s), 112.37 (s), 49.88 (s), 49.66 

Olah e t  al. 

(22) Newman, M. S.; Arkell, A.; Fukunaga, T. J. Am. Chen. SOC. 1960, 
82, 2498. 

(70 eV): m/e 182 (0.2), 126 (25.9), 111 (11.5), 97 (100.0), 69 (90.3), 
57 (62.7), 41 (99.2). Anal. Calcd for Cl3HZ6: C, 85.71; H, 14.29. 
Found: C, 85.59; H, 14.40. 

1,l-Di-1'-adamantylethylene (lla). From the reaction of 
1,l'-diadamantyl ketone (5; 2.98 g; 10.0 mmol) with methyllithium 
(1.4 M in diethyl ether; 8.0 mL; 11.2 mmol) and subsequent 
treatment with freshly distilled thionyl chloride (1.78 g; 15.0 mmol) 
was obtained 1,l-di-1'-adamantylethylene (1 la; 2.84 g; 9.6 mmol; 
96% yield from 5) as colorless microcrystals, mp 112-113 "C. IR 
(KBr): 3040 (w), 1600 (m) cm-'. 13C NMR (50 MHz; CDCl,): 
166.4 (s), 108.38 (t), 43.46 (t), 40.74 (s), 37.30 (t), 29.34 (d). GC/MS 
(70 eV): m/e 296 (M', 9.0), 135 (100.0), 93 (16.9), 79 (22.2). Anal. 
Calcd for C22H32: C, 89.19; H, 10.81. Found C, 89.02; H, 10.92. 

l,l-Di-l'-adamantyl-2-methylpropene (llb). From the re- 
action of 1,l'-diadamantyl ketone (5; 2.98 g; 10.0 mmol) with 
isopropyllithium (1.0 M; 12.0 mL; 12.0 mmol) and subsequent 
treatment with freshly distilled thionyl chloride (1.78 g; 15.0 "01) 
was obtained l,I-di-l'-adamantyl-2-methylpropene (1 lb; 3.08 g; 
9.5 mmol; 95% yield from 5) as colorless microcrystals, mp 136-131 
"C. IR (KBr): 1610 (m) cm-'. 13C NMR (50 MHz; CDCl,): 151.96 
(s), 126.76 (s), 49.45 (s), 40.42 (t), 37.01 (t), 29.70 (d), 25.11 (q). 
GC/MS (70 eV): m/e 324 (M', 0.2), 135 (100.0), 93 (12.0). Anal. 
Calcd for C2,H,: C, 88.89; H, 11.11. Found: C, 89.02; H, 11.01. 

l,l-Di-l'-adamantyl-2-methylbutene ( l lc) .  From the re- 
action of 1,l'-diadamantyl ketone (5; 2.98 g; 10.0 mmol) with 
sec-butyllithium (1.3 M in cyclohexane; 10.0 mL; 13.0 mmol) and 
subsequent treatment with freshly distilled thionyl chloride (1.78 
g; 15.0 mmol) was obtained l,l-di-l'-adamanty1-2-methylbutene 
(llc; 3.24 g; 9.6 mmol; 96% yield from 5) as colorless microcrystals, 
mp 126-127 "C. IR (KBr): 1610 (m) cm-'. 13C NMR (50 MHz; 

(t), 37.25 (t), 36.91 (t), 29.67 (d), 29.39 (d), 29.00 (t), 22.71 (q), 
14.10 (4). GC/MS (70 eV): m/e 338 (M', 0.2), 299 (8.2), 221 (10.3), 
135 (100.0), 93 (12.7). Anal. Calcd for C25H38: C, 88.76; H, 11.24. 
Found: C, 88.89; H, 11.21. 
2-l'-Adamantyl-3,3-dmethylbutene (12a). From the reaction 

of 1-adamantyl tert-butyl ketone (6; 2.20 g; 10.0 mmol) with 
methyllithium (1.4 M in diethyl ether; 8.0 mL; 11.2 mmol) and 
subsequent treatment with freshly distilled thionyl chloride (1.78 
g; 15.0 mmol) was obtained 2-l'-adamantyl-3,3-dimethylbutene 
(12a; 2.09 g; 9.6 mmol; 96% from 6) as colorless microcrystals, 
mp 40-41 "C. IR (KBr): 3040 (w), 1610 (m) cm-'. 13C NMR (50 

37.06 (t), 33.00 (d), 29.37 (9). GC/MS (70 eV): m/e 218 (M+, 
2.1), 203 (1.7), 147 (2.0), 135 (100.0), 107 (23.3), 93 (46.1). Anal. 
Calcd for C16H26: C, 88.07; H, 11.93. Found: C, 88.26; H, 11.81. 
3-1'-Adamantyl-2,4,4-trimethyl-2-pentene (12b). From the 

reaction of 1-adamantyl tert-butyl ketone (6; 2.20 g; 10.0 mmol) 
with isopropyllithium (1.0 M in pentane; 12.0 mL; 12.0 mmol) 
and subsequent treatment with freshly distilled thionyl chloride 
(1.78 g; 15.0 mmol) was obtained 3-1'-adamantyl-2,4,4-tri- 
methyl-2-pentene (12b; 2.29 g; 9.3 mmol; 93% yield from 6) as 
a colorless solid, mp 50-51 "C IR (KBr): 1630 (m) cm-'. 13C NMR 

(t), 37.03 (t), 30.31 (d), 28.66 (q), 28.40 (9). GC/MS (70 eV): m/e 
246 (M', 0.6), 189 (0.8), 135 (100.0), 107 (25.0), 93 (44.6), 57 (33.3). 
Anal. Calcd for C18H30: C, 87.80; H, 12.20. Found C, 88.02; H, 
12.00. 
3-1'-Adamantyl-2,2,4-trimethyl-3-hexene (12c). From the 

reaction of 1-adamantyl tert-butyl ketone (6; 2.20 g; 10.0 mmol) 
with sec-butyllithium (1.3 M in cyclohexane; 10.0 mL; 13.0 "01) 
and subsequent treatment with freshly distilled thionyl chloride 
(1.78 g; 15.0 mmol) was obtained 3-1'-adamantyl-2,2,4-tri- 
methyl-3-hexene (12c; mixture of 5050 E and 2 isomers; 2.34 g; 
9.0 mmol; 90% yield from 6) as a colorless liquid, bp 92-93 "C 
(1.5 mm). IR (neat): 1620 (m) cm-'. 13C NMR (50 MHz; CDCl,): 
151.13 (s), 115.53 (s), 48.62 (s), 45.32 (s), 40.31 (t), 36.98 (t), 30.49 
(d), 28.43 (t), 28.32 (q), 24.32 (q), 17.30 (4). GC/MS (70 eV): m/e 
260 (M', 0.8), 203 (1,3), 135 (100.0), 107 (16.1), 93 (30.1), 57 (9.6). 
Anal. Calcd for Cl9Hs2: C, 87.69; H, 12.31. Found: C, 87.44; H, 
12.44. 
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CDC13): 158.31 (s), 125.99 (s), 43.65 (s), 42.75 (e), 41.44 (t), 39.23 

MHz; CDC13): 165.34 (s), 108.43 (t), 43.31 (t), 40.36 (s), 37.35 (s), 

(50 MHz; CDC13): 151.02 (s), 116.21 (s), 47.33 (s), 42.03 (s), 40.44 


