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stant was determined as 0.978 k 0.002 for 0.470 and 0.990 M 
lithium nitrate in liquid ammonia at -33”. The constant was 
calculated from the standard values given by Gmelin.11 

The cell was placed in 850 ml of a liquid ammonia 
suspension of dilithium acetylidelz a t  -33“ in a 1-1. flask. 
Acetylene was admitted to  the suspension by means of a 
fritted-glass disperser a t  a rate of 146 ml/min. Aliquots of 
5 ml each were withdrawn a t  8.8-min intervals by means of a 
pipet whose only entrance was a medium-fritted-glass filter, 80 
that  only dissolved material was withdrawn. At the same time, 
the resistance of the solution was determined. Each aliquot 
was hydrolyzed a t  once in water and the pipet thoroughly 
washed with water. The solution was boiled until evolution 
of ammonia ceased, cooled, and titrated with 0.1071 N HC1 
to the phenolphthalein end point. The results are plotted in 
Figure 1. This is the standard curve used in the rate studies. 
The concentration of the saturated solution was determined as 
1.04 M. 

Rate of Solution of Dilithium Acetylide.-A slight excess of 
dilithium acetylide was suspended in 850 ml of liquid ammonia 
at -33” and acetylene was admitted a t  a rate of 146 ml/min. 
The resistance of the solution was determined a t  periods vary- 
ing from 10 sec at the beginning to  120 sec at the end of the 
experiment. The concentration of the solution at each reading 
was determined from the standard curve (Figure 1) and the 
data were plotted as concentration us. time (Figure 2). 

Example of a Saturated Ethynylation Reaction (3-Methyl-l- 
penten-4-yn-3-ol).-To a 240-ml, nitrogen-swept flask, equipped 
with a magnetic stirrer, Dry Ice condenser, dropping funnel, 
and inlet tube, was added 3.8 g (0.10 mole) of dilithium acetyl- 
ide, and 100 ml of ammonia was condensed over it. Acetylene 
was bubbled through the suspension at  a rate of 146 ml/min 
until a nearly clear solution was obtained (12-15 min). The 
solution was then cooled to -55’ by means of a Dry Ice- 
acetone bath, and neat methyl vinyl ketone (6.3 g, 0.90 mole) 
was added dropwise over a 10-min period. The reaction mix- 
ture was held at -55” with continuous acetylene passage for 
2 hr and then gradually allowed to warm to -5’ over a 1-hr 
period while 100 ml of ether was added dropwise. Then the 
reaction mixture was hydrolyzed over a mixture of ice and 
excess glacial acetic acid. Solid sodium chloride was added, 

(11) Gmelina Handbuch der Anorgischen Chemie, System No. 20 (Lith- 

(12) Available from Lithium Corp. of America, Bessemer City N. C. 
ium), p 105. 

and the mixture was neutralized with a saturated sodium 
bicarbonate solution. The mixture was extracted twice with 
ether; the combined extracts were dried over anhydrous sodium 
sulfate and weighed. An aliquot (0.5-0.7 g) was taken and 
titrated with AgNO8. The yield was calculated by the method 
of Siggia.Ia The average yield obtained (three runs) was 6.7 g 
(77.5%) of 3-methyl-1-penten-4-yn-3-01. 

Example of a “Crowding” Reaction (3-Methyl-I-penten-4- 
yn-3-ol).-To a 250-ml, nitrogen-swept flask, equipped with a 
magnetic stirrer, Dry Ice condenser, dropping funnel, and inlet 
tube, was added 7.9 g (0.208 mole) of dilithium acetylide, and 
100 ml of ammonia was condensed over it. Acetylene was 
bubbled through the suspension at a rate of 146 ml/min until 
a 50% excess had been added (about 15 min). The reaction 
mixture still appeared to be a gray suspension. The reaction 
mixture was cooled to -55’ and, with acetylene passage 
continuing, neat methyl vinyl ketone (12.8 g, 1.82 mole) was 
added dropwise over a 25-min period. At the end of this 
period a slightly hazy yellow solution formed, indicating that 
all of the dilithium acetylide had been consumed. The reaction 
mixture was held a t  -55’ for 2 hr with continuous acetylene 
passage, then gradually allowed to warm to -5’ over a 1-hr 
period while 100 ml of ether was added dropwise. The mixture 
was then hydrolyzed, extracted, and analyzed as in the previous 
example. 

Registxy No.-Delithium acetylide, 1070-75-3; benz- 
alacetone, 122-57-6; @-ionone, 79-77-6; diisopropyl 
ketone, 123-19-3; ethyl 8-chlorovinyl ketone, 105-32-8; 
methyl vinyl ketone, 78-94-4; mesityl oxide, 141-79-7; 
cyclopentanone, 120-92-3; 2 (R,R’ = -(CH&-), 
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The yield of alkynol was 72%. 

5325-62-2. 

(13) 8. Siggia. “Quantitative Organic Analysis v i 0  Functional Groups,” 
3rd ed, John Wiley and Sons, Inc., New York. N. Y.. 1963, p 381. 
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Trimethylsilyl-substituted organometallic compounds, (CH8)8SiCHMR, have been demonstrated to be 
effective intermediates in the conversion of carbonyl compounds to the corresponding olefins, >C=CHR. 
These conversions, which involve the formation and decomposition of + SiCHRC(OM)< compounds, appear 
to be closely related to the classical methods of preparing olefins from reactions of phosphorus-substituted 
carbanions with aldehydes and ketones. 

During the past few years, several methods have 
been developed for the conversion of carbonyl com- 
pounds to the corresponding methylene derivatives. 
The most frequently used methods for this conversion 
have the common feature of employing phosphorus- 
substituted carbanions, ie., the well-known “Wittig” 
reagents,’ which are phosphorus ylides (l), as the 
reactive intermediates. The phosphinylalkyl metal 
compounds (2) resulting principally from the work of 
Horner and coworkers2 and the phosphonate carb- 
anions (3) of Wadsworth and Emmonsa have been 

(1) For 8 review of the Wittig reagent, nee A. W. Johnmn. “Mid Chem- 
istry,” Academic Press Inc., New York, N. Y.. 1966. 
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similarly employed. Corey and Kwiatkowski have 
extended this series of phosphorus-substituted carb- 

(2) L. Homer, H. Hoffmann, H. 0. Wippel, and G. Khhre. Chem. Em., 

(3) W. 5. Wsdsworth, Jr., and W. D. Emmons, J .  Am. Chsm. Soe., 01, 
9% 2499 (1959). 

1733 (1981). 
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anions to include a-lithiophosphonic acid bisamides' 
(4a) and 0,O'-dialkyl a-lithiophosphonothioate estersK 
(4b). These latter reagents appear to offer some 
advantage over the classical synthetic intermediates. 
However, olefination reactions of this type are not 
unique to organophosphorus compounds. This has 
been exemplified by two recent reports which describe 
the use of boron-s and sulfur-substituted' carbanions 
as olefin-forming reagents. 

Although the details of the mechanisms for these 
reactions are too complex for discussion herein, it is 
reasonable to consider the phosphorus olefination reac- 
tions, at  least, in terms of the generalized eq 1. 

+ I  
~ $ C H Z  + >C=O + +PCHzC-+ 

I 

Thus, the essential features of the reaction involve 
formation of the alkoxide (S), attack of this alkoxide 
on the phosphorus atom to form a pentacovalent 
intermediate (6a) or, possibly, an intermediate in 
which the a-carbon atom bears some negative charge 
(6b), and, finally, extrusion of the phosphoryl moiety 
with concommitant formation of the olefin. The 
major driving force for reaction is provided by phos- 
phoryl bond formation. 

Upon consideration of this information it was felt 
that similar over-all conversions of carbonyl com- 
pounds to olefins could be effected using silicon- 
substituted carbanions since silicon, like phosphorus, 
(a) is readily attacked by alkoxides, (b) forms strong 
bonds with oxygen, and (c) has d orbitals which can 
conceivably enter into pentacovalent bond formation.8 
Also, interrelated with (b) is the fact that the silano- 
late moiety, like the phosphoryl moiety, is a good 
leaving group (eq 2). 

3 SiCRzM + >C=O + 
> SiCRl-+ > SiOM + RzC=C- (2) 4 I 

MO-- - 
I 

Additional information in support of the feasibility 
of effecting 8-silyl-substituted alkoxide to olefin con- 
version reactions was provided by the reportg of Gil- 
man and Tomasi in 1962 describing the formation of 
tetraphenylallene from the reaction of (CsH5)S- 

&HSi(CH3) with benzophenone. To rationalize 
the formation of the allene, these workers proposed a 
reaction scheme involving the elimination process 
given in eq 3. However, a similar reaction attempt 

(4) E. J. Corey and G. 'I'. Kwiatkowaki, J .  Am. Chem. Soc.. 88, 5652 

(5) E. J. Corey and G. T. Kwiatkowski, ibid., 88, 5654 (1966). 
(6) G. Cainelli, G. Dal Bello, and G. Zubiani, Tctrohedron Letters, 4315 

(7) E. J. Corey and T. Durst. J .  Am. Chem. Soc., 88,5656 (1966). 
(8) Bee, for example, A .  G. Brook, G .  E. LeGrow, and D. M. MacRw, 

(9) H. Gilman and R. A. Tomasi, J .  Org. Chem., 17, 3647 (1962). 

(1966). 

(1966). 

Con. J .  Chcm.. 46, 239 (19671, and references cited therein. 

with 4,4'-bis(dimethy1amino)benzophenone was un- 
successful. Furthermore, no effort was made to 
extend the olefin-forming reaction to include silanes 
other than the atypical phosphorus-substituted silicon 
compound. 

(CsH5)*&HSi(CH*)* + (CoHs)tC=O + 
(CsHs)$CHSi(CH*)l ----t 

(CdWz A -0- 
(C,H,)~~CH=C(COH~)Z + (CH8)rSiO- (3) 

We now report the results of a study which clearly 
demonstrate that carbonyl olefination reactions can 
be effected by utilizing common silyl-substituted 
carbanions. 

A series of four p-silylcarbinols (7-10) was prepared 
by reactions of trimethylsilylmethylmagnesium chlo- 
ride with the appropriate carbonyl compound. In 
accordance with the literature,1° each of the carbinols 
was obtained in fair yield and, consequently, it is 
apparent that the magnesium alkoxides are not prone 
to undergo the desired elimination process (eq 4). 

OMgCl 

OH 
(CH,)aSiCHJ"gCl + RR'C=O ----f (CH8)SiCH2 b RR' + H +  

(CHa)sSiCH16RR1 (4) 
7, R,R' = CsHs 
8, R 
9, R = H; R' 

H; R' = CijH5 
n-C,His 

10, R R' = CHI 

To test the relative stability of the corresponding 
sodium and potassium alkoxides, 7 was treated with 
both sodium and potassium hydrides in tetrahydro- 
furan (eq 5 ) .  In contrast to the magnesium alkoxide, 

7 + MH + HI + [(CoHs)zCCHzSi(CHa),] + 
THF 

bM 
(CsHdzC=CHz (5 )  

M = Na, K 

the sodium and potassium salts underwent the desired 
decompositions to give 1,l-diphenylethylene in yields 
of 67 and 86%, respectively (see Table I, expt 1 and 2). 

TABLE I 
8-SILYLCARBINOL TO OLEFIN CONVERSIONS 

Expt Yield, 
no. Carbinol Base Olefin % 

1 (C6H,)rC(OH)CH,Si(CH:), KH ( C s H , ) & x H :  86 
2 (C~H~)~C(OH)CHYS~(CHI)~  NaH (CaHdrCXHz 67a.b 
3 CsHK!(OH)HCHd3i(CH*): KH Polystyrene 91 
4 ~-CIHIIC(OH)HCH:S~(CH:): KH n-CrHisCH%Hr 70 
5 (CHa)G(OH)CHdi(CHa)a t-CdHsOK (CHZ)ZC=CHY 3 5 4  

a Reaction incomplete after 20 hr at ca. 50" in tetrahydro- 
furan. * Pure compound not isolated; yield determined by H1 
nmr and glpc analyses. 0 Yield based on isolated 1,a-dibromo- 
2-methylpropane; therefore the yield from the original reac- 
tion was probably significantly higher; no starting material 
recovered. d Room-temperature reaction in tetrahydrofuran. 

The potassium alkoxide elimination reaction was 
essentially complete within 6 hr a t  room temperature, 
while the sodium alkoxide elimination had not gone 
to completion within 20 hr at 50". This order of 
reactivity of the alkoxides, Le . ,  K g Na >> Mg, is 

(10) C. R. Hauser and C. R .  Hance, J .  Am. Chem. Soc., 74, 5091 (1952). 
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reasonable from the standpoint of effective electron 
density on oxygen. 

The 8-silylcarbinol to olefin conversion reaction was 
also effected using potassium t-butoxide (Table I,  
expt 5 )  as the base. 

The trimethylsilyl group from reactions of 7-10 
with base was isolated as trimethylsilanol, hexa- 
methyldisiloxane, or mixtures of the two. 

Although potassium hydride proved to be satis- 
factory as the base for the conversion process, with 
the possible exception of the elimination reaction of 
8 in which the resulting styrene polymerized, it should 
be noted that it is also possible to effect the olefin 
formation reaction by using acid catalysis. Thus, 
Whitmore and coworkers have demonstrated that 
propylene formation occurred readily when &hydroxy- 
propyltrimethylsilane was treated with dilute acid." 
Since these workers did not report the yield of pro- 
pylene from their reaction, a tetrahydrofuran solution 
of 9 was treated with a few drops of concentrated 
sulfuric acid. It was found that 1-nonene was formed 
slowly at room temperature, but rapidly at 65". 
From this single run, 1-nonene was isolated in 73% 
yield. 

A similar reaction of 8, but with 10% sulfuric acid, 
afforded styrene (which polymerized on work-up) in 
apparent quantitative yield during 3 hr at  60". 

There is the remote possibility that the olefination 
reaction did not proceed by the scheme outlined in 
eq 2 but occurred by an alternate pathway involving 
nucleophilic attack of hydrides (eq 6, where N- = H-) 
on the silicon atom. Elimination reactions bearing 

HO(!XHZEi f + N- + * SiN + HzC=C- + HO- 
I I 

* S i N + 6 H + H N + + S i O -  (6) 
some similarity to this proposed scheme are known.li,l2 
Accordingly, in an effort to rule out this direct silicon 
attack mechanism, 9 was treated with triphenylmeth- 
ylpotassium. The products of the reaction were 
1-nonene, triphenylmet,hane, and trimethylsilanol. 
There was no evidence for triphenylmethyltrimethyl- 
silane which would result from direct attack on silicon. 
Therefore, since it appears reasonable to extrapolate 
the results of this experiment to those reactions in 
which N- is a weak nucleophile but a strong base (eq 
6>, it is unlikely that direct nucleophilic attack on 
silicon is operational in reactions of MH or 1-BuOK 
with the 6-silylcarbinols. 

The usefulness of the methylene extension reaction 
using silylalkyl-Grignard reagents is limited by the 
availability of the precursory chloroalkylsilanes. 
However, the recent findingia that trimethylsilyl- 
methyllithium and n-butyldimethylsilylmethyllithium 
could be obtained from metalations of the parent 
silanes using the highly reactive n-C4H9Li.TMEDA 
(N,N,N',N'-tetramethylethylenediamine) c o m p l e ~ ~ 4 - ~ ~  
suggested that perhaps the silicon olefination method 
could be made more general by employing this metala- 
(11) F. C. Whitmore, L. H. Sommer, J. Gold, and R. E. Van Strien, 

(12) F. C. Whitmore and L. H. Sommer, ibid., 0, 481 (1946). 
(13) D. J. Peterson, J .  Oruonomelol. Chcm., 9, 373 (1967). 
(14) G. G. Eberhardt and W. A. Butte, J. Oru. Chcm., 99, 2928 (1964). 
(15) A. W. Langer, Jr., Trona. N. Y. A c d .  Sei., [I11 97, 741 (1965). 
(16) D. J. Peterson, J .  Orgonometal. Chcm.. I ,  199 (1967). 

J .  Am. Chem. Soc., 69, 1,551 (1947). 

tion technique to prepare the required precursory 
silyl-substituted carbanions. 

For this purpose, the three silanes, 11-13, were 
chosen as model compounds for study. As predicted 
from earlier studies of the metalations of silanes,'* 
sulfides," and phosphinesliB 11 and 12 underwent 
rapid, quantitative reactions with n-butyllithium to 
give (CHa) &3iCHLiR2 (eq 7). Beneyltrimethylsilane, 

(7) (CHa)aSiCHzR' + n-C4HoLi + (CH8)rSiCHLiR' 
11, R' (C6Hs)zP 
12, R' = CHaS 
13, R' = CsHs 

although relatively unreactive toward n-butyllithium, 
was readily metalated by the n-BuLi. TMEDA 
complex. 

Additions of the metalated 11-13 to benzophenone 
and benzaldehyde resulted in immediate formation 
of the expected olefins in moderate to high yields 
(see Table 11). 

(CH8)aSiCHLiR' + >C=O + 

>C=CHRZ (8) 

TABLE I1 
REACTIONS OF (CHa),S1CHLiRz WITH CARBONYL COMPOUNDS 

no. Rt group Carbonyl Olefin % 
1 CsHr (CaHr)iCO (CsHr)nC%HCaHs 77 

Expt Yield,a 

2 CsHr CsHrCHO CaH&H%HCrHs 72b 
3 CsHi CHd(0)CH:  CsHrCH%(CHa)r 50 
4 CsHs C-CiHioCO C-C~HIOC=CHCBHSC 52 
5 (CsHr)rP CsHrCHO (CsHs)rPCH%HCsHd 53b 
6 (CsHr)zP (CaHdrCO (CsHr)rPCH=C(CaHs)z 65 
7 (CsH6)rP(S) (CsHs),CO (CsHa)rPfS)CH%(CsHr)t 80 
8 CHaS CaHsCHO CH:SCH%HCsHra 84b 
9 CHaS (CsHr) rCO CHiSC H=C (CsHs) r 56 

0 Yields based on isolated, pure compounds with exceptions 
of expt 3 and 4; the yields of the latter were determined by 
spectroscopic and glpc analyses of mixtures of starting silane 
and product. *The  ratios of the ci8 to trans isomers were 
found to be, within the limits of experimental error, 1:l. 
c S .  Trippett and D. M. Walker, J .  Chem. SOC., 1266 (1961). 
d Isolated as the corresponding phosphine sulfides. e M. C. 
Caserio, R. E. Pratt, and R. J. Holland, J. Am. Chem. Soc., 88, 
5747 (1966). 

The formation of #,B-dimethylstyrene and beneyl- 
idenecyclohexane in moderate yields (Table 11, expt 3 
and 4) from reactions of a-lithiobenzyltrimethylsilane 
with acetone and cyclohexanone, respectively, demon- 
strates the feasibility of converting carbonyl com- 
pounds having enolizable hydrogens into olefins by 
the silane method. 

It is of interest to note that, from the reactions 
(Table I1 above, expt 2, 5,  and 8) in which geomet- 
rical isomerism was possible, little, if any, stereo- 
selectivity was realized. With the data presently 
available it is not possible to determine which of 
several factors are responsible for this lack of stereo- 
selectivity. 

The reaction of the trimethylsilyl-substituted phos- 
phorus ylide with benzophenone to give a (diphenyl- 
ethylidene) triphenylphosphonium salt, as proposed by 
Gilman and Tomasis (reaction 3), is of interest since 
the intermediate betaine is potentially capable of 
undergoing two modes of decomposition, L e . ,  alkoxide 

(17) D. J. Peteraon, J. O w ,  Chcm., 89, 1717 (1967). 
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attack on phosphorus to give a vinylsilane (a normal 
Wittig reaction), or alkoxide attack on silicon to give 
the vinylphosphonium salt (eq 9). 

Although the isolation of tetraphenylallene by these 
workers was indeed consistent with alkoxide attack 
on silicon, as proposed, the results of their study do 
not afford information concerning possible competitive 
attack on phosphorus. In  an effort to shed some light 
on this question, and with the intent of obtaining sup- 
porting evidence for the Gilman-Tomasi proposal, (a- 
lithiotrimethylsilylmethyl)diphenyl sulfide was treated 
with benzophenone to give an alkoxide which, like the 
silylbetaine, has two possible pathways for decomposi- 
tion (eq 10). The isolation of (diphenylethy1idene)- 

S 
(C&,)Z J CHLiSi(CHI)a + (CsH&C=O + 

II 

A 80 % (C6H6)2 OLi 

(C6H6)Z i CHSi(CHda ---t (CsHd2PCH=C(CsH6h (10) 

diphenylphosphine sulfide in 80% yield and the fail- 
ure to obtain evidence for the formation of the cor- 
responding vinylsilane clearly demonstrates highly 
selective, if not exclusive, attack on silicon. This 
finding then, in conjunction with the Gilman-Tomasi 
results, provides some insight into the ease with which 
0-silyl-substituted alkoxides undergo the olefination 
reaction. 

Experimental Section 
All reactions and manipulations involving organometallic 

compounds and phosphines were performed under an atmos- 
phere of oxygen-free argon. Nmr spectra were obtained on 
Varian Associates HR-60 (phosphorus) and HA-100 (proton) 
spectrometers. 

The trimethylsilylmethylmagnesium chloride was prepared 
by a reported procedure,'O but with tetrahydrofuran substituted 
for diethyl ether as solvent. Compounds 8,1° 1O, lo  and 1217 
were prepared by reported procedures. Alcohols 7 and 9 were 
obtained from reactions of trimethylsilylmethylmagnesium 
chloride with the appropriate carbonyl compound. The phys- 
ical properties and analyses of these compounds are described 
below. 

Reactions of alcohols 7-10 with alkali metal hydrides are 
typified by the experiments described for 7 and 9. For yield 
data on the reactions not described in the Experimental Section, 
see Tables I and 11. 
2-Hydroxy-2,2-diphenylethyltrimethylsilane.-The crude al- 

cohol was purified by crystallizations from hexane, mp 76-78'. 
The nmr spectrum of the compound in CDCla showed a com- 
plex multiplet centered (relative to H2S04 capillary reference) 
at T 2.6 and singlets at 7.9, 8.1, and 10.05 corresponding to  
aromatic protons (lo), hydroxylic proton ( l ) ,  methylene pro- 
tons (2), and silylmethyl protons (9), respectively. 

Anal. Calcd for C17H2~0Si: C, 75.6; H, 8.15. Found: C, 
76.3; H, 8.3. 
2-Hydroxyn,onyltrimethylsilane.-The alcohol distilled at 

82-83' ( 1  mm), 71% 1.4400. A proton nmr spectrum of the 
compound exhibited signals centered (relative to H z S O ~  capil- 
lary reference) at T 6.27 (HCO), 8.42 (HO), 8.72 [(CHZ)~], 
9.13 (CCH1), 9.22 (SiCHz), and 9.97 [Si(CHI)s] in the correct 
area ratios. A mass spectrum of the alcohol was also consistent 
with the structure assignment with intense peaks at m/e 198 

(M - H,O), 183 (base peak, M - CHI - HzO), and 143 
[ M  - (CHs)tSi]. 

Anal. Calcd for C12H280Si: C, 66.6; H, 13.0. Found: C, 
66.5; H, 13.1. 

Preparation of Diphenylethylidene Methyl Sulfide.-A solu- 
tion of 5.36 g (0.04 mole) of methylthiomethyltrimethylsilane~~ 
in 6 ml of tetrahydrofuran was treated with 27 ml of 1.5 M 
n-butyllithium (in hexane). Subsequent to  stirring for 2 hr, 
the metalation mixture was added slowly to 7.3 g (0.04 mole) 
of benzophenone dissolved in 10 ml of T H F  (exothermic 
reaction). After stirring for 3 hr, the reaction mixture was 
hydrolyzed with aqueous ammonium chloride. The ether 
extracts were combined and concentrated to give an oil that  
was chromatographed on alumina (Baker's neutral). Hexane 
eluted 5.2 g of compound melting over the range of 5@56O. 
Crystallizations from hexane gave 4.8 g (56%) of diphenyl- 
ethylidene methyl sulfide, mp 72-73'. A proton nmr spectrum 
of the compound in CDC13 confirmed the structure assignment 
with signals (relative to TMS) centered a t  T 2.65 and 2.77 for 
nonequivalent phenyl groups, 3.47 for the vinylic proton 
(singlet), and 7.7 for the methyl group protons (singlet) in the 
correct area ratios. 

Anal. Calcd for C16HlaS: C, 79.6; H, 6.2; S, 14.2. Found: 
C, 79.8; H, 6.13; S, 14.3. 

Preparation of (Trimethylsilylmethy1)diphenylphosphine Sul- 
fide.-(~imethylsilylmethyl)diphenylphosphine, bp 139-143' 
(0.6 mm) and Pal nmr chemical shift (relative to 85% HIPO4) 
of $22.5 ppm, prepared by reaction of the silyl-Grignard with 
chlorodiphenylphosphine, was converted quantitatively into 
the phosphine sulfide by treatment with sulfur dispersed in 
benzene at room temperature. The resulting phosphine sulfide, 
melting over the range 75-83', was purified by crystallizations 
from hexane to give the analytical sample, mp 87-89'. The 
compound exhibited a P31 nmr chemical shift (relative to 85% 
HsP04) of -38.8 ppm in CHC13 and proton nmr signals 
(CDClI) centered (relative to HzSOd capillary reference) at 
T 2.42 (aromatic), 7.95 (doublet, J = 16 cps, methylene), and 
9.90 (singlet, silylmethyl) in the correct area ratios. 

Anal. Calcd for C16H21PSSi: c, 63.1; H, 6.9; P, 10.2; S, 
10.5. Found: C, 62.5; H, 7.3; P, 10.2; S, 10.3. 

Reaction of (a-Lithiotrimethylsilylmethy1)diphenylphosphine 
Sulfide with Benzophenone.-To a solution of 6.08 g (0.02 mole) 
of (trimethylsilylmethy1)diphenylphosphine sulfide in 30 ml 
of tetrahydrofuran (cooled to  0') there was added dropwise 
14 ml of 1.5 M n-butyllithium in hexane. Subsequent to  the 
addition the reaction mixture was stirred a t  0' for 1.5 hr and 
was then added to 3.64 g (0.02 mole) of benzophenone dissolved 
in 10 ml of tetrahydrofuran. After 0.5 hr, the reaction mixture 
was hydrolyzed by pouring into aqueous ammonium chloride. 
The ether extracts on concentration afforded 7.6 g of compound 
melting over the range of 110-125'. A Pal nmr spectrum 
of the crude material in CHCl, gave rise to a single signal a t  
-31 ppm (relative to 85% HsPOa). 

Chromatography of the material on alumina (Baker's neu- 
tral) using benzene as eluent gave 4.2 g of (diphenylethy1idene)- 
diphenylphosphine sulfide, mp 128-130°, and 1.3 g of less pure 
compound, mp 115-131°, which corresponds to  an 80% yield. 

A proton nmr of the phosphine sulfide in CDCls confirmed 
the structure assignment with signals centered (relative to  
TMS) at  7 2.2 (07th protons of C&P), 2.9 (remaining aromatic 
protons), and 3.2 (doublet, J = 18 cps, vinyl proton). Also, 
the compound was identical in all respects with the phosphine 
sulfide prepared by reaction of (diphenylethy1idene)diphenyl- 
phosphine with sulfur. 

Anal. Calcd for C ~ ~ H Z X P S :  C, 78.8; H, 5.3; S, 8.1. Found: 
C, 78.5; H, 5.3; S, 8.2. 

Reaction of (a-Lithiotrimethylsilylmethy1)diphenplphosphine 
with Benzophenone.-To a solution of 8.1 g (0.03 mole) of 
(trimethylsilylmethy1)diphenylphosphine in 10 ml of tetrahy- 
drofuran there was added 20 ml of 1.5 M n-butyllithium in 
hexane. The reaction was complete within 2 hr as evidenced 
by PI1 nmr spectral analysis of the reaction mixture; Le., 
the signal a t  +22.5 ppm for the starting phosphine had com- 
pletely disappeared and a single signal for the desired lithium 
compound was apparent at +3.8 ppm (relative to 85% HaPo,). 

The metalation mixture was then added to 5.46 g (0.03 mole) 
of benzophenone dissolved in 8 ml of tetrahydrofuran. Subse- 
quent to stirring for 1 hr, the reaction mixture was hydrolyzed 
with aqueous ammonium chloride. The ether extract gave a 
yellow solid that was crystallized from an ethanol-benzene 
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solvent mixture to afford 6.5 g (60%) of (diphenylethy1idene)- 
diphenylphosphine, mp 114-1 16" (sealed capillary). The phos- 
phine gave rise to a Pal nmr signal (CHCla) at $24.2 ppm 
(relative to 85% HsPOp) and proton nmr signals (CDClr) 
centered (relative to  TMS) a t  T 2.6 (aromatic) and 3.1 (doublet, 
J = 3 cps, vinyl) in the correct area ratios. 

AnaE. Calcd for C ~ ~ H ~ I P :  C, 85.7; H, 5.7. Found: C, 
85.4; H, 5.9. 

The mother liquor from the above crystallization was chro- 
matographed on alumina (Baker's neutral) under argon atmos- 
phere. Benzene eluted an additional 1.5 g of semisolid material 
that  was triturated with hexane and subsequently filtered to 
give 0.7 g of crude phosphine, mp 112-115". 

Reactions of 2-Hydroxynonyltrimethylsilane. A. With Po- 
tassium Hydride.-To a slurry of 5 g of 40% potassium hydride 
(freed of its protective coating by hexane washings) dispersed in 
50 ml of tetrahydrofuran there was added 10.9 g (0.05 mole) 
of 9. Within a few minutes the hydrogen evolution was 
complete (1.22 1.). Subsequent to  stirring for 6 hr a t  room 
temperature, the reaction mixture was carefully hydrolyzed by 
pouring into chilled aqueous ammonium chloride. The ether 
extracts were concentrated and distilled to give 0.55 g of 
impure 1-nonene, bp 126-143", and 4.03 g of pure product, bp 
143-145'. 

B. With Triphenylmethy1potassium.-To a red solution of 
triphenylmethylpotassium in 25 ml of l,a-dimethoxyethane, 
prepared from 6.37 g (0.027 mole) of triphenylmethane, 3.4 g 
(0.05 mole) of isoprene, and 1 g (0.025 g-atom) of potassium 
by the method of House,lS there was added 5.4 g (0.025 mole) 
of 9 which resulted in a decolorization of the solution. Sub- 
sequent to stirring for 1 hr, the reaction mixture was carefully 
hydrolyzed with aqueous ammonium chloride. Concentration 
of the ether extracts afforded a semisolid that was shown not to 
contain triphenylmethyltrimethylsilane by glpc analysis. A 

(18) H. 0. House and 7'. Kramar, J .  0 ~ g .  Chm., ST, 4146 (1962). 

The yield, based on 4.4 g, was 70%. 

proton nmr spectrum of the mixture (in CDCla) revealed it 
to be composed of triphenylmethane, 1-nonene, an isoprene 
dimer,la and a small amount of hexamethyldisiloxane. No 
attempt was made to resolve the mixture. 

With Sulfuric Acid.-To a solution of 8.68 g (0.04 mole) 
of 9 in 40 ml of T H F  there was added 3 drops of concentrated 
sulfuric acid. The formation of 1-nonene was slow a t  room 
temperature (reaction mixture analyzed by glpc), but became 
quite rapid upon heating to 65". After 2 hr a t  the higher 
temperature, the reaction mixture was water washed and 
worked up in the usual manner to give 3.68 g (73%) of 1-nonene, 
bp 143-145", and 0.9 g of a distillation residue which was 
composed of starting alcohol and small amounts of three 
unidentified compounds. 

Reaction of (2-Hydroxy-2,2-diphenylethyl)trimethylsilane 
with Sodium Hydride.-A mixture of 2.7 g (0.01 mole) of the 
alcohol, 0.6 g (0.012 mole) of 50% sodium hydride, and 20 ml of 
tetrahydrofuran was heated at ca. 50" for 3 hr and then stirred 
overnight at room temperature. The reaction mixture was then 
carefully hydrolyzed with aqueous ammonium chloride and 
concentrated to give an oil that  consisted of ea. 67% 1,l-di- 
phenylethylene and 33% starting alcohol (infrared and proton 
nmr spectroscopy and gas phase chromatographic analyses). 

C. 

Registry No.-7, 15096-08-9; 9, 15096-09-0; di- 
phenylethylidene methyl sulfide, 15096-10-3 ; (trimethyl- 
silylmethy1)diphenylphosphine sulfide, 4451-97-2; (di- 
phenylethylidene) diphenylphosphine sulfide, 15096-1 2- 
5 ; (diphenylethylidene) diphenylphosphine, 15096-1 3-6; 
1-nonene, 124-11-8; 11,4451-96-1. 
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Conformational Analysis. LIX. The Relative Stabilities 
of the cis- and trans-Dimethylcyclohexanes1*2 
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The equilibration of the cis and trans isomers of the 1,2-, 1,3-, and 1,4dimethylcyclohexanes has been 
carried out using palladium catalyst at elevated temperatures. The thermodynamic quantities for the 
isomerization of the diequatorial to the equatorial-axial conformations are as follows: for the 1,2 isomer, 
AH' = +1.72 kcal/mole, AS" = +0.79 eu; for the 1,3 isomer AH" = f1.81 kcal/mole, AS" = +1.16; and 
for the 1,4 isomer, AH" = +1.78 kcal/mole, AS" = +1.14 eu. The experimental values for the 1,3 and 1,4 
isomers are in agreement with both theoretical and thermochemical values. The values for the 1,2 isomer 
are somewhat anomalous with reference to the theoretical quantities but in agreement with the thermo- 
chemical data. 

The conformational energies of the simple alkyl 
groups are of considerable importance in quantitative 
conformational analysis, and that of the methyl group 
is really the cornerstone of the whole s u b j e ~ t . ~  From 
calorimetric studies on the isomers of the 1,3- and 1,4- 
dimethylcyclohexanes, the conformational enthalpy 
of the methyl group was determined to be 1.94 5 0.2 
kcal/mole in the gas phase,6 and 1.66 If: 0.2 kcal/mole 
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in the liquid phase.6 By direct equilibration methods 
the value in the liquid phase was determined from 
these same compounds as 1.97 L- 0.3 kcal/mole.' 

Results and Discussion 

Since we have obtained considerable experience in 
the equilibrium method during the last few years, it 
seemed that it would now be desirable to redetermine 
the value in this way with a higher accuracy. In  the 
present work, the type of experiment and the measure- 
ments were the same in principle as previously, but 
great attention was paid to achieving accuracy. The 
equilibrations were carried out in sealed tubes with a 
small amount of palladium catalyst at elevated tem- 

(6) (a) E. J. Proasen, W. H. Johnson, and F. D. Roasini, Bur. Sld. J .  Rea., 
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