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Abstract: The reaction. h the presence of soluble lithium salts, of non-stabllfzed ylides at low temperature with 
altphatic derbatbes of acyManes g&s moderate to goad 137-82%) yields of Z-1.Pclisubstituted vin&~s trt 
exdlent I >96% 1 tmnerlc pwtttes for normal alkyl derbatbes. Impllcatfons of these results on the mechantstfc 
aspects of the Wittfg ol.t$natron are dfxussed 

Since Its dtscovery over thirty years ago, the Wltttg ole8natton2 has engendered conttnuous synthettc and 
mechanistic intereA3 Non-stabtltsed ylides react with aliphattc aldehydes to give matnly cts alkenes. w&h thfs 
selectivity being enhanced by “salt-free” or “ltthlum ton-sequestering conditions as well as wtth increasing bulk 
on the aldehyde or phosphorus portton of the combtntng partners.3e** Recently. it has been demonstrated that 
acylsflanes can function as stertcally-modified aldehydes tn certain reactions4 It occurred to us that the stereo- 
chemical consequence of substttuttng an acylsilane for an aldehyde in thts process should be to gtve Zallcenylst- 
lanes selecttvely. In such products. the alkyl groups would have the opposite (trans) stereochemical relationship. 
as that which would be obtained from the corresponding aldehyde. Moreover, these compounds would also contatn the 
additional synthetic versatthty of the vlnylstlane functtonality as compared to normal alkene products.5 
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Early studies by Brooks clearly established that altphatic acylstlanes underwent the normal olefination with 
methylenetrtphenylphosphorane, but wtth thts ylide the stereochemistry of the process could not be determined. 
Thus, we chose to examtne representattve ylide/altphattc acylsllane combtnattons. first with respect to yield 
opttmisatlon (Table 1) and second, to determine the scope and stereoselecttvky of the process (Table 2). This data 
reveals that the best condttions for the preparation of 2 are obtatned when 1 is added to the ylide at low 
temperature in the presence of soluble ltthium salts. As expected, no Brook rearrangement products were observed 
for these altphattc acylstlanes. To ascertain the product con8gurattons. 2 was phototsomerlscd to a mixture 
employing Zweifel’s procedure which enabled us to quantitatively analyze the product composition by capillary GC.’ 

Corroborative NMR data reveals the following generalizations: (1) lH NMR The stltcon methyls absorb at 
slightly higher field for the E us the 2 isomer (eg. 2a: 0.06 vs 0.10 1. (2) 2gSt NMRI The Z isomer absorbs at higher 
field than the corresponding E isomer (eg. !& -7.8 vs -4.9 ) wtth the exception of 2e (R’ = OMe) where the opposite is 
true (k. 2~: -4.8 us -6.7 ). (3) 13C NMR: The allyhc carbon atoms in the the E isomer are consistently found at higher 
field than the corresponding carbon atoms in the Zisomer (eg. 2a: 30.6: 29.6 us 34.2: 38.3 for C-3,6).* 

Formation of the enolate of the acylsllane was found to be a major competing process. While the monodeute- 
ration of the enolate was consistently Incomplete (cf: Table 21.’ the silylation process was more conclusive in 
that no unreacted acylsilane was found and 2a and 9 were formed as the only signtflcant volatile products. Skmlar- 
ly, under “salt-free” conditions (c$. Table 1. Entry 9). silylation gives 3 exclusively. 
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TABLE 1. QUANTITATIVE DATA FORTHE REACI‘ION OF 1 WITH Ph,PCH(n-Pr).a 

Entry R Baseb Solvent system Temperature 1 kecovered) 2 Total 

1 II-Bu n-BuLi -78 47 

; 
n-Bu n-B&t zi: -110 ::: 
rtBu n-B&t EE 

ii 
-110 

4 n-Bu n-BuLi THF/LiF -110 

i 
n-Bu n-B&i ‘fHF/TMEDAd 

$42, 
z 

-110 
:;(36) :; 

n-Bu n-BuLt THF/BFs-Et20e -78 ;: 21 ii 

i 
n-Bu KH THF -78 103 103 
n-Bu KH PhMe -78 98 : 98 

9 n-Bu n-BuLi PhMe -78 100 

:: K 
n-BuLt 
n-B&i z; -:8 

;? :1 
;; 

:: iii 
n-BuLi 

zi: 
-110 10 98: 98 

iii: 
-78 103 

:: :x 
THF/TMEDAd -110 i!iJ 35: 

n-BuLi ‘fliF/TMEDAd -78 
:A 

:i 
16 Me n-BuLi THF/TMEDAd -110 14 80 

a. Yields were determined by CC analysts of the mixtures with added akane internal standards and are f 3%. For R - Me (be. 
entries 10-16) the comblnatlon of the greater solubulty of 1 In the aqueous portton of the quenched rcactlon mixtures and the 
comparable retention times to that of solvents introduces more unmtalnty In the numerical value of recovered 1 than for the 
pentanoyI case. b. Base used for the preparation of the ylide. c. Lii (2 es) was added to the ylide at 00 prlor to cooling to - 
1 loo and, subsequently, the addition of 1. The yields in parentheses were obtalned when 1 eq of Lll was added to 1. and the 
admlxturc added to the yllde at - 110’. d. 2 eq of N.N.W,N-tetramethylethylenediamine were added to the yllde at 0’ prior to 
cooling to the cited reaction temperature and the additlon of 1. e. 15 m01 % of BF3 etherate was added to the ylide prior to the 
addition of 1. 

TABLE 2. ZVINYLSLANES (2) FROM ACYLSILANE/YLIDE COMBINATIONS. 

Entry R R YIELDa OF 2 S~J bpttorr) 

1 n-Bu t-t-Pr a 41155) 98:2 

: 
Me 

f-pr iii? z 3”3149;1 z; 
98:2 

145[760) 
4 

i? 
ii!:cH2)4 n-Pr 

:i?= 
: i:&i,’ 78122 

6&70(0.3) 
119- 130(760) 

t-Bu fad 

i ii: 
n-B 
L-R %O tracee 

9 n-Bu L-pr 10 

a Isolated (GC). AU products exhibited both analytIcal and spectroscopic data whtch wee wholly consistent wtth the asslgnal 
structures. Several of the reaction mixtures were quenched with D20 and the starting acylsllane was subjected to GC/MS analysis. 
After correction for the normal M+l ions In 1. the extent of monodeuteration was determined in each case: Entry 1.5896; 3.56%; 8. 
3396; 9,49%. b.Forl~b,dtheELsomer~cedestheZ~mer~thecapillaryOCanalyslswitha30mx0.25mm20%SE-30column. 
However, 2c and 2s show the opposite elutton ordering. c. t-BuLl was used to generate the ylide In this case whereas n-BuLi was 
used for aI1 other enties. d. No reactlon with the yllde was observed at room temperature. With heating, the acylsllane decom- 
posed without detectable formatlon of 2f. e. A trace amount of 2h was indkatcd by CC/MS. 

We examined the influence of 1 eq of added anhydrous LII on the 13C NMR spectrum of la alone in C,D, with the 
ilnding that it dlssotis completely and shifts the carbonyl carbon CCL. 10 ppm downlleld to 284 ppm while having 
little influence on the chemical shift of the a carbon. Thus. the presence of lithium salts is apparently neces- 
sary to activate the carbony moiety of the acylsIlane toward nucleophilic attack by the ylide.lO However, with 
more hindered acyIsilanes such as isobutyryl- or pivaloyl- trimethylsilane. no significant amount of vinyIsilane 
product (2f or 2n) could be observed with buiylidenetriphenylphosphorane. Starting material was recovered in 
essentially quantitatfve yields with partial deuteratlon observed in the former case and in the latter. heating led 
to ketone decomposition giving a mixture of many products with no detectable amount of 2 being formed by W/MS 

analysis. Only the parent methylene yllde was found to undergo oleflnation with this pivaloy1 system (le. 4h @ rtl. 
By contrast, the ethylidene ylide did give alkenylsflane product, 21% in moderate yield. with the isobutyrylsflane. 
Thus, the reaction is remarkably sensitive to the substitution pattern in that an isopropyl group on the acylsflane 
and a methyl group on the ylide gives the vtnylsikne product whereas the opposite arrangement does not. The Z/E 

ratios reflect the fact that the smaller group combinations (le. OMe/Me) give significantly lower 2 selectMly 
than do n-Pr/Me or CR/Me (d Table 2). 1 1 

The remarkable ZseIectMty of this process under “soluble salt” conditions is unprecedented in the synthesis 
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of tr&ub&tuted alkenes.3B12 The low temperature tie. -90’) 31P NMFI (36.4 MHz) demonstrated that 28 was formed 

fmm a axaphosphetane intermediate which is seen at 6 -65.7 ppm& and which is found to smoothly decompose at co 

-so0 to give 2a and Ph.$OJJX (6 26 ppm). Moreover. the irmvemibility of the process was indicated by the 
complete absence of reaction with added benzaldehyde after the formauOn of this tntumedtatc from la and the 
butylidene ylide [I +12 ppml t4h at -95 I. o I3 That sfgn&xmt quantities of betaine-lithium halide complexes are 
not formed in SU& processes was demonstrated with the addition of an excess oflM!JCl to the mixture used to 
prepare 2b (c$ Table 1. Entry 12) with no detectable affect on the vinyl&lane formation. l4 

A number of models have been advanced to explain the Zselectivity in the Wittig ole2nation.3*1s The recent dis- 
covery by Maryano@ that lithium ion catalysfs only modestly diminishes the Zselectivity for imwersible alde- 
hyde/ylide reactions suggests that the factors which govern the kinetic selectivity of both this and the “salt-free” 
reaction could be quite sixnlk. Fortunately. our systems not only form oxaphosphetanes k$ 4) Irreversibly. but 
also, these intermediates smoothly decompose to give Zvmylsilane products of high stereochemical purlties. Under 
“salt-free” conditions, the ylides function only as bases. Thus. these sensitive systems provide a complementary 
wlndow of information to that which is currently available for the WitUg process. As we view it. the major problem in 
the mechanistic interpretatton of’ the Wittig process is how to deal with the fact that E oxaphosphetanes are ap- 
parently more stable than their Zcounterparts and yet. they are formed more slowly. No structural evidence is 
available for the isomeric oxaphosphetaneswhich are observed by 31P NMR. However, Ram&es’s isolable system16 does 
provide a basis for the structural features which we have used for 4. Our data suggests that, if involved. open betaine- 
LiX complexes I7 can only be transient intermediates. possibly in equilibrium with the starting materials, but not with 
the oxaphosphetane. 4. We propose that. at low tempemtures, the lithium ion activated acylsilanels reacts irreversibly 
and, necessarily, exothermically with ylides to form 4. with the illustrated nonplanar ring geometry.16 This bent 
geometry suggests a favored distcnted anttchcd approach to this intermediate with mutual repulsions between the 
largest groups (ok TMS and PPh3) being responsible for this distortion. ls Moreover, the greater the difference in 
size between the TMS us R t or, R us H in the case of aldehydes 1, the more deflected the large phosphonto group will 
be. These intermediates decompose at highertemperatures. perhaps through pseudorotamers3h(ie. 4’). to produce 2 and 
Ph,PO.LiX. Focusing on the R’ group in such an intermediate, it must interact either with the TMS group and an equa- 
tonal phenyl(4Zl or with the R group and an apical phenyl group (49. Thus, in our crowded system. we note that oniy 
small R’ groups can be accommodated in 4. and our experimental data supports this conclusion. Moreover, as R 
becomes larger, the oxaphosphetane would be expected to be flatter. Even less bulk in R’ can be tolerated due to 
unavoidable steric replusions from either the TMS or R groups. Vedejs l5 has recently shown that one small group on 
phosphorus is sufilcient to give a trans-selective oleilnatton. Thus, it would follow directly ii-am our model for 4 
that replacement of the apical phenyl group with a smaller allsyl or alkoxy group would result in a lowering of the 
severe 90” interaction between the pseudoaxtal R’ group and the apical phosphorus &and. resulting. in this case, 
in 4E with its pseudoequatorkl R’ group. being more stable than 42. consistent with the structural1s and expert- 
mentall data. For the trlphenyl substitution. our arguments clearly imply that 4Z is both formed faster and is 
more stable than 4E. The opposite relative stabiltttes would be expected for the pseudorotamers. 4’E and 4’2. where 
R’ interacts with phosphorus ligands at 90” in both cases but less with the TMS in the former case. This crossover 
fn the relatloe stc&Utifes and to the extent that this ls felt in the transition state energies leading from the 
observed oxaphosphetanes to alkene products could be the reason that tmns oxaphosphetanes decompose slower than 
their cts counterparts. In this way, both kinetic aspects of the Wittig process are modeled. Further studies ana 
underway to evaluate the apphcabfltty of these arguments to other systems. 

4E 
SiMe, 
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R’ 
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13. While isomerization studies indicate that simple tmns-l-stlylalkenes are more stable than their cfs counterparts, the rela- 
Uve stabflltles of the 1,ZsubsUtuted vinylsilanes are less clear.7 Also, our MM2 calculaUons suggest that while the tmns 
compounds are more stable In the former case. in tbe latter case, the 2 tsomer IS either equal in enegy to (Ed. 2b) or more 
stable than (eg. 2a.c ) the E Isomer. It ts thus, unlikely, that our product dlstributtons represent equtllbrtum mixtures. 

14. While HCl or HBr are normal@ employed to comwt either betaine-Uthium halide complexes or oxaphosphetanes to bhydroxy- 
phosphonium salts. lMSC1 would be expected to trap the former (d ref. Sa-e). The present study demonstrates that the latter does 
not react with this reagent to any slgntflcant extent. 

15. Note o&fed in proqJ During the reviewtng process. Professor VedeJs was kind enough to send us a preprint of hb manuscript 
in which he considers the role played by the phosphorus ligands on the sekctlvlty of oxaphosphetane fonnatlon. His arguments 
are based upon an sp3 phosphorus in the transition state, demonstrating the lnnuence played by a smaller hgand in strategical- 
ly deslgned ylides. We thank Pmfessor VedeJs for helpful discusstons regarding this work. (cf: Vedejs. E.; Fleck. T.: Hara. S. 
J. Chg. Chem 1987. 52.4637 and Vedejs. E.: Marth. C. F. J. Am Chem Sot.. in press.) 

16. For an example of a co 15’ distortion from planarity, see: Ul-Iiaque. M.: Caughan. C. N.: Ramirez. F.; PIIot. J. F.: Smith. C. 
P. J. Am Chem Sot. 1971.93. 5229. For unsubstltuted systems, a cakulated planar ring is preferred.* 

17. Such species could well account for the lithium ion promoted Brook reanmgement of hilanes and Its homo-Book counter- 
part (c$ nzf. 5k). However, both the senslth+ty of the substltutlon pattern and tack of e ect wtth TMSCl at& the formatlon of “;r 
4. support our tnterpretatlon. For the consequence of this on the st-hemistry of the oversll reaction see Curttn. D. Y. Rec. 
Chem~. 1954. 15. 111. 

18. The presence of coordinated Uthium lonwouktbe expected to sem tonot onlytoincrease the electrophtllelty of the 
carbonyl carbon atom through an increase of the component of the LUMO at that carbon allowlng the T.S. to be reached earuer.3P 
but slso to increase the bond angles of the groups attached to that carbony at the expense of the angles between the enyl and 
those groups.10 thus lowerIng the 2 selectivity In standard systems compared to “salt-fm” condiUons. Recent studies by 
~sryanofPo have indicated that lithium ionrr can alter the initial er@m/uueO s&ctMty of the adducts formed from dphatlc 
aldehyde/yUde comblnatlons but the reacUons mnaln lnever8lble ss under “s&-free” condttlons. 

19. The approach3e.16 may not be strictly perpendicular (cj Lodge. E. P.: Heathcock, C. H. J. Am C&m Sot. 1087. 109.2819.) 
The simlku bond lengths for P-C and SI-C (d Weast, R C.: AsUe. M. J. (Eds.1 “CRC Handbook of Chemistry and Physics” 82nd Ed.. 
CRC Press, Inc.: Boca &ton. Fkxlda. 1981) would be expected to result in large sterk reptdstons between these groups. 
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