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Abstract-Two aspects of organosilicon and -tin chemistry will be dealt with in this paper: the reactivity of 
allylmetalloids and the potential of the C-MR, function as a protected carbanion which can be unmasked to 
provide synthetically useful carbon nucleophiles with the primary focus on the latter. 

Applications of organosilicon compounds, particularly 
allylsilanes, to organic synthesis gained prominence 
starting in the mid-1970’s, largely through the work of 
Hosomi and Sakurai, Fleming, and Calas. This area has 
been the subject of two excellent reviews and experi- 
mental details are available;’ thus an account here is 
unnecessary. It should be noted however that besides 
Wittig olefination procedures’ and a few Diels-Alder 
pathways, allylsilanes have been prepared either from 
more reactive allylmetal systems or via reductive silyl- 
ation, of which the pinene based chemistry of the Calas 
group is representative (Scheme l).’ 

It should also be noted that allylsilanes serving as carbon 
nucleophiles, eqn (1) (MRrSiMe3) is by no means a uni- 
versally applicable principle. Carbonyl compounds 
(and their acetals), whether conjugated or not, are 
generally excellent electrophilic partners in this reaction, 
but alkylations have only rarely been observed. Epoxides 

eqn (1) 

“Hosomi et 01.’ report that allyltrimethylstannane reacts in a 
comparable manner to the silane with aldehydes, ketones, 
enones, and acetals. Prenyl&methyl-2-butenyl)trimethyltin was 
the only unsymmetrical ally1 system examined; it did react with 
allylic transposition. As noted, increased n-bond nucleophilicity 
would be expected as a correlate with the lower ionization 
potential displayed by allylstannanes. 

have not figured in such alkylations. Finally, as noted by 
Magnus,’ if allylsilane chemistry is to find a useful place 
in organic synthesis, truly versatile methods for intro- 
ducing the Me&C unit into complex functionalized 
molecules must be found. 

Allylstannanes can, a priori, be viewed as a more 
nucleophilic version of the silicon compounds.” Only in 
the last couple of years has there been any significant 
application of allyltin chemistry in synthesis even though 
the addition reaction with carbonyl compounds surfaced 
in the organic literature long before those of the lighter 
metalloids. In 1967 Kiinig and Neuman reported’ both 
the thermal and ZnC12 catalyzed version of this reaction. 
These applications can be divided into two classes: those 
which are clearly radical in character6 [catalyzed by 
AIBN, thermal or light induced, and very likely those 
processes catalyzed by Rh (I), Pd (0), and Pd (I) com- 
plexes]; and those which are conceptualized as heteroly- 
tic or concerted [thermal reactions with carbonyls?, and 
reactions catalyzed by protic or Lewis acid and by 
nucleophiles]. Only the latter will be considered. 

A few scattered applications of allylstannanes ap- 
peared through the seventies,8 including notable cases of 
selective allylation of quinones.’ Recent studies of the 
chemo-“’ and stereo-selectivity” of allyltin addition ot 
carbonyls suggest a bright future in synthesis. However 
there is some evidence for l$-tin migration6a”a”2 and 
the allylic transposition regiochemistry of eqn (1) has not 
been universally observed even in Lewis acid catalyzed 
reactions. In one case the stereoselectivity is not altered 
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by the double bond configuration: Yarnamoto et al.‘lb Metalloids as sources of reactive carbanions. The use 
report: of vinyltin species for the generation of vinyllithiums is 

OH well known; Piers’ generation of a /?-acylvinyl anion 
RCHO 

Me~SnR3 v equivalent serves as a recent example.” The alkyllithium 
9F3.0E12 I .79 R 

+ 
\ induced 

92.92 x I l nd/orl 90.99% l rv(hro 

fC-SnAg + RLI - 

[ 1 :C-S;R4 

LI+ 

while y 5 l ~,,,.;cH.. 

SnBu3 - $63 LI+ 

In another case, in which the allyltin species are 
transmetallation (presumably via the “ate complex”, has 
also been used to generate allyl-lithiums,m” 1,3dithian-2- 

generated in situ, three-products are reported from the yllithiums,20b 
trans species:13 

and a-alkoxyllithiums20c as well. The 
fluoride-induced cleavage of C-Si bonds is the basis for 

while 

R’elO’ 
SF2 1 RCHO 

OYF 
R’-SnF+ - 

OH 

I 1. SnF2/DY F 

).RC)(O 
R 

R’ R’ 

The greater reactivity of allyltin species may also allow 
for allylation of epoxides” and other less reactive elec- 
trophiles. 

An additional potential advantage of allyltin species is 
the availability of other methods for the allylic intro- 
duction of SnR,. The Diels-Alder, Wittig,” and alkyl- 
ative (R,SnCI) methods suitable for SiR, apply here; but 
the superior nucleophilicity of R,SnLi* offers approaches 
not available for allylsilanes. Syntheses of allyltin (and 
-silicon) species are available via alkenylboronates”” but 
only the tin species can be prepared from a wide variety 
of allyl-X units: 

9UplH 

AIBN * R&SnBuS 
l M 

IWf. III 

selective removal of several new protecting grou~s;~’ 
however it had not figured in synthesis as the source of 
nucleophilic carbon until 1978.’ 

Our entry into the allylmetalloid area stems from an 
interest in the ene cyclization (intramolecular Prins 
reaction) of olefinic aldehydes.= 

u OH 

As anticipated the substitution of X=SiMe3 for X=H did 
facilitate the reaction2’ and produced the exocyclic 
olefin isomers as sole products even in cases that had 
previously (X=H) afforded significant quantities of 
endocyclic olefin products. The closure to S-membered 
rings was a general reaction only when X=SiMe,. 

*R,SnLi species react with a wide variety of alkylating and 
allylating agents,‘6 including tosylates’6b and epoxides’6c; with 
secondary halides with St.42 inversion’& is observed. W. C. Still 
has put this reactivity to use in a number of protection strategies 
not directly related to the present work. 

‘Fluoride induced C-Si cleavages have been used 10 generate 
reactive neutral species such as: cycloheptatrienylidene,22’ o- 
and p-quinodimethanes,“D and a xylylene intermediate for 
steroid synthesis.nc In the latter case KF/diglyme at ambient 
was employed, but it is unclear 10 what extent the reaction was 
governed by F- or electrophilic epoxide opening. 
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Eq. 2 
_ 

Aldehyde 5, for example, which unlike aldehyde 4 does 
not cyclize to completion with 0.1 equivalent of SnCL at 
-35”, cyclizes rapidly at -78” with a stoichiometric 
amount of SnCb in CH2C12.d The initial products are 
silyl ethers 7 and 9 (59:41) which undergo hydrolysis on 
quenching with saturated aqueous NH,CI.’ 

With BF,.Et20/CH2C12 (-78” or o”, IS min), aldehyde 5 
affords alcohols 6 and 8 (85:15 ratio) independent of the 
quench employed.’ To determine whether the increased 
stereo-selectivity reflected a change in mechanism to a 

6 x=kt k! 
I X=SIMOcJ 9_ 

/do- nBu,,N 
_I 8 =o or “I. 

==? > - \ 

nBu.,NF catalyzed reactions of allyltrimethylsilane and a 
variety of aldehydes. Aldehyde 5 reacts at a practical 
rate even at room temperature. Some degree of parti- 
cipation (eqn 2) may improve the intramolecular case. 

This result prompted us to explore other instances in 
which a C-SiMe, unit would serve as a source of a 
nucleophilic carbanion. We examined the generation of 
the 1,3dithian-2-yl anion since its conjugate acid is of 
comparable pK. to propene.’ Our initial results are col- 
lected below: 

nBu,N F s R 
E+. THF 

+ 
O-25. 

0 s ” 

10 

E+ = CH3I 

Et = CHE=CHCH$W 

E+ = CH30CH28r 

Et = BrCH$OEEt 

Et = C6H5CHO 

12 13 - - 

lo-301 (R=Ma) + 60-85% 12 

lo-30% (R-allyl) + 60-90% 12 

-10% (R=CHzOCH3) + 60% 12 

~5% substi t. + 85+x 2 
40-70% (R=CHC6H5)+ 5-50% 12 

OH 

fluoride promoted cyclization (eqn 2), we have examined 
the reaction of aldehyde 5 with B&NF in anhydrous 
THF. After a 1.5-h exposure to 3 equivalents of the 
fluoride at XP, only alcohols 6 and 8 could be detected. 
The equatorial isomer (8) constitutes 82% of the volatile 
product. The “push” and “pull” mechanisms display 
diametrically opposed stereoselectivities. Fluoride ion 
induced production of a nB&N@ allyl-carbanion ap- 
pears facile even relative to the intermolecular analogies 
that appeared at about the same time. Hosomi et al. 
reported= reaction times of w hr (at 66”) for the 

dAldehyde 4 does not react in the presence of S&L until a 
temperature of -40” is reached. 

‘In order to detect the silyl ether intermediates in the SnCL- 
catalyzed process, the reaction must be quenched by addition of 
Et,N prior to adding aq. NHJZI. Silyl ether hydrolysis occurs only 
when the ethers are present as the Lewis acid complexes on 
aqueous quenching. BF,.Et20/CH2CI, hydrolyzes silyl ethers 7aod 
9 independent of the quench employed. 

‘The acidity of the 2position hydrogens on 1,3dithiie has 
been measured as: pK. = 3Ll(Cs’ counterion, cyclohexyl- 
amine).% =35 (Li’. THF-HMPTA)? and estimated as 3; 38 (K’. 
DMS@.” In THFwithout added &‘TA 1,3dithian-2-yllithiurn 
is an aggregate, the resulting increase in conjugate base stability 
produces an apparent pK. = 3 I .” 

“The partitioning between protodesilylation and methylation 
was not shifted significant toward protodesilylation by the use of 
a I&fold excess of nB&NF reagent solutions. 

Independent of the electrophile employed, protodesilyl- 
ation (yielding 12) competed with the desired substitution 
reaction. In retrospect, it is clear that some portion of the 
protodesilylation was associated with adventitious water 
in our nBu.,NF reagent solutions, but this was not a full 
explanation for the results.” 

We were unable to obtain allylsilane-like behavior 
toward activated electrophiles with silane 10: additions 
to aldehydes, ace&, and enones could not be effected 
under Lewis acid (SnCb, TiCb, BBr,, BF,.OEtz, or 
MgBr?) catalysis. 

A selection of results obtained for silyldithiane 10 and 
a variety of electrophilic reagents using nBtbNF solu- 
tions of reproducible activity’ appear in Table I. A worst 
case analysis of the data allows less than 0.2 equiv p in 
our reagent solutions (aide itafro). When dithiane 10 
reacts in the absence of an electrophile, protodesilylation 
occurs rapidly (tu2 e I min at 22”, < I5 min at -100) with 
concomitant production of tri-n-butylamine indicating 
that fl-elimination is serving as a proton source. We view 
this as the result of collapse of an intermediate contact 
ion pair (11) which forms rapidly at temperatures of 
about -20”. 

When DzO is present as an electrophile, varying 
amounts of deuterium incorporation are observed in the 
product dithiane (entries 2-5). /3-elimination of tributyl- 
amine competes quite effectively as a quench for ion pair 
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Table 1. Tetrabutylammonium fluorideh induced reactions of 2-trimethylsilyl-l,3-dithiane 

electrophilea) reaction conditions 

1 none 

2 020 

: 
D20 

5 i’i 2 

6 allylbromide 
7 allylbromide 

: 
CH3I (15 eq.) 
CHsI 15 eq.) 

10a I CHsI 1.2 eq.) 
lob CHsI (1.2 eq.) 
11 piperonal 

1: piperonal CsHsCHO 

14 cinnamaldehyde 

15 nC7HIsCHO (2 eq.) 

16 CsHsCOCH3 
17 CsH5COCH3 
18 5-CsHs-cyclohexenone 
19 5-CsHs-cyclohexenone 

1.0 

K 
5:o 
1.0 

1:: 

i'lj) 
1:ok) 
10 

A.: 
l:o 

0.1 

1.0 

o".: 
0:1 
0.1 

22". 12 min 

-20'. 12 hr;22O,lhr 
-10+22". 6 hr 
-10". 45 min 
-100, 10 min9) 

-60°, 1 hr 
', 30 min 

22:. , 20 min 
-150. 60 min 
0'. 8 min 
O": a min 

::O" 
15 min 

, 15 min 
O". 30 min 

-10". 20 min 

0". 30 min 

-60+2P. 3 hr 
-60+20', 71 hr 
-10". 15 min 
-6O", 9 hr 

4 

s 
: 
:: 

n.d. 
n.d. 
n.d. 
n.d. 
trace 
trace 
n.d. 

trace 

trace 

trace 
trace 
trace 
trace 

& 

15b - 

16a 
& 
-__ 
16b - 

____ 
73:27e.f) 
63:37f 
43:5?f 
62:38f I 

33:67 
31:69 
26~74 
38:62 
13:87 
11:89 
>94:6 
>97:3 
--__ 

>96:4 

-20:8G 

<5:95 
=4:96 
<4:96 
Z4:96 

a) Five equivalents of electrophile unless otherwise indicated; b) molar equivalents (per 
mole l0) of nBu4NF employed; c) a check indicates 20+X n8u N observed by gc. trace implies <5%; 
d) amount of 12. determined by quantitative gc except in en i ries 2+5, product identity and ratio 
confirmed by NMR throughout; e) confimed by GC/M5; f) ratio from NMR integral and C-2 hydrogen 
peak shape and multiplicit agree t5X; g) reaction carried to 25% completion; h) isolated yield 
of pure silyl ether l4J; 3 I isolated yield alcohol &, presumably silyl ether hydrolysis is 
completed upon chromatography; j) nBu4NF was ad&d dropwise over the reaction period; 
k) identical results by direct or inverse addition. 

8: R=D: 

b: R= CHpl=CH2: 

c: R= CH3: 

L J 

11 E 

E+ 

Ar R 

OR OTMS OH 

I!! 15 16 - 

Ar= R=C6H6CH=CH: R= 0, R=Me: 

Arz ” ,R= TMS: R= C7H,6: R,R’= (-) : 

Ar- C6H6 ,R=H: 

11. The decrease in deuterium incorporation with in- Less reactive aliphatic aldehydes (e.g. entry 14) give only 
creasing temperature or increasing amount of ammonium modest adduct formation. Only traces of product could 
cation is in accord with this hypothesis. Our generous be detected with acetophenone. In all cases involving 
estimate of maximal water content is based on this enolizable carbonyl compounds, nBu3N is formed in 
increase assuming that Hz0 is the sole source of added reduced amounts. The nBuaN:12 ratio is less than one 
protium in the product.’ Reactive alkylating agents ap- quarter the value observed in entry 1 or during alkylation 
pear to be comparable to water as competitors against attempts, suggesting that a-proton abstraction competes 
ion pair collapse. with ,Selimination. 

Non-enolizable aromatic aldehydes give adducts (14, 
ISa) in excellent yields with little dithiane formation. 

In order to allow intermolecular reaction of the naked 
dithiane anion with electrophihc centers less reactive 
than aromatic aldehydes it will be necessary to have a 
counterion that has no extractable protons. Our efforts to 
achieve this using alkali fluorides [KF or NaF, 18-crown- 
6, THR, O-@; CsF in tetraglyme or (EtOCHXH&O at 
O-80”) have not been particularly successful. Alkylations 
(MeI, nBuf) could be effected only in low yields, O-7%. 
With our best electrophile, piperonal, stirring with excess 
KF (20 mole % 18-crownd) required 2 days at ambient to 

*Indicated as TBAF, at see lilustrafive Experitnen~ol Pro- 
cedures. 

‘That postquench exchange is not responsible for deuterium 
incorporation was demonstrated by stirring dithiane (1 equiv). 
40 (5 equiv) and nBurNF (I equiv) at 22” for 6 hr. No deuterium 

incorporation was observed (~5%). 
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achieve practical yields (>70%) and the product (Ma) 
was not as clean as that obtained using nBuJVF. 

Hosomi et al.= noted that KFcrown was ineffective 
for allylsilane aldebyde reactions. Lipshutz and Pegram 
have concluded that adventitious Hz0 is the source of 
the unique facility of nB&NF for cleavage of the /?- 
trimethylsilylethoxymethyl group2’b--Other R*NF and 
KF-crown are not effective. What will be required is a 
tetraalkylammonium ion lacking p-hydrogen but having 
solubilizing characteristics similar to nBu,N@. Efforts 
directed toward this goal are in progress. 

Cycfitation reactions based on 2-trimethyl-1,3-dithi- 
ane. Even though our efforts to effect fluoride induced 
intermolecular reactions of 2-silyldithiane were limited 
practically to aromatic aldehydes, our previous work 
with the ring closure using allylsilanes prompted us to 
examine an intramolecuhu version of the reaction of 
2-silyldithiane and carbonyl compounds. 

The use of dithianyllithium reagents for cycloalkyl- 
ation (eqn 3) is an established technique= and has also 
been explored using alkyllithium cleavage of a 2-stannyl 
group: 

However the corresponding cycloaddition (17-r 18) 
has not been realized by transmetallation. The fluoride 
C-Si cleavage alternative works surprisingly welLM in 
light of the poor yield observed for its intermolecular 
equivalent. The syntheses of the requisite aldehydes 
(Ma-e) are collected in Scheme 2. 

The lithio derivative of 10 could be alkylated in uni- 
formly high yield even with bromoacetaldyhyde acetal 
(+22a). Two other features warrant mention: (1) the 
successful PCC oxidation in the presence of a silyl- 
dithiane unit, and (2) the efficient acetal hydrolysis 
sequence involving the accelerated aqueous hydrolysis 
of the stoichiometrically formed SnCL complexes. This 
sequence, brief treatment with SnCL at Dry Ice tem- 
perature followed by an aqueous quench, has proven to 
be generally applicable to acetals. 

With the exception of aldehyde lh, all of these cycl- 
ization substrates underwent rapid formation of the 
spiroalcohols (18) upon treatment with nBuJ+IF at room 
temperature. The yield exceeds that of the inter- 
molecular octanai reaction in each case. Only in the case 
of 7-membered ring formation did protodesilylation 

S SnBu3 

CX S SnBuj 

OH 

58 : 42 
1.1. 2Ob 

eq. 4 

OH 

CHO - 

t, ii 
BrlCH21,C02H n - 4,s * BrlCH21nCH0 

iv 
H2C=CHCH0 n-2 * BrlCH21,,CHIOMe12 

THF 

BrlCH2140SiMe3 

21 - 

u, sioe cOl”mn 

I 

S 

CX 
SiMe3 

DC 19a-e 

S ICH21nCHIOMe12 
65% - 

22 23 

Reagents : i. 1.1-1.5 equiv. 8H3*THF. 2-4 hr. 25’; 
2-3 hr, 25’; iii, 

ii, pyridinium chlorochromate. CH2Ce2, 
(Me0)3CH. MeOH, Amberlyst-15$3-12 hr. 25”; iv. HBr, MeOH, CH2Ce2; 

II, 2-trimethylsilyl-1.3-dithian-2-yllithium in THF, -78-O’C over a 1 day period; 
vi. 1.1 equiv. of SnCtq or TiCe4, -78’. 1 hr. then aq. NH4Ce quench. 

S&me 2. Synthesis of 2_(w-oxo~yl)_2-~e~ylsilyl-lJ-dithianes. Throughout homologs are indicated by: a, 
n=l;b,n=2;c,n=3,d,n=4;e,n=5. 

TET Vol. 37. No. 23-N 
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“= 

T 

ring-size %-yield 

3 <5 

2 4 56-65 

3 5 60-76 

4 6 57-61 
2 II, 5 7 10-20 

Eq. 5 

S Cd- S 

compete with cyclization and an intermolecular com- did not improve the reaction: no evidence for the for- 
ponent. We have not yet assessed the extent to which the mation of 28 could be obtained. 
acidic methylene protons a to the carbonyl were res- Thus, even though the nBu4N@ counterion has 
ponsible for the competing protonation in this case, eqn obvious deficiencies which will presumably be overcome 
(5). The 2-protiodithianylaldehyde (17e) was isolated in when a new generation of tailored fluoride sources 
lO-15% yield. become available, TBAF does provide a means of 

The cyclization reaction can also be accomplished in a effecting cyclization reactions’ which would be im- 
catalytic cycle. Upon treatment with 0.1 equiv of possible under typical transmetallation conditions for 
nBu.+NF/THF, silylaldehyde l!M cyclizes in generating dithiane anions. 

S SIMe3 

CK S 

/- (lb + FSIMe3 

ICH2lqCHO F- 

1Qd \ - 

greater than 70% yield in 2 hr at 22“. The silylether (24) is Comparative studies of trimethyisilyl and trialkylstan- 
the major product under these conditions. nyl cleaoage reactions. The potential of fluoride induced 

Alkyl-substituted dithianylmetal derivatives usually do C-SiMel cleavage as a source of carbon nucleophiles has 
not serve for Michael additions to enones. However we been demonstrated in the previous sections. Low tem- 
have demonstrated this process in the intramolecular perature alkyllithium induced C-SnR9 cleavage has been 
system using the in siru generated tetrabutylammonium shown by others and it is clear that the C-SnR, cleavage 
derivatives. The silylaldehydes undergo the Emmons’ can be carried out in the presence of C-SiMel units 
condensation to enones (25, 26) under the standard without complications. We were therefore interested in 
conditions.” S-Membered examining stannanes under conditions designed to cleave 

1% 
S TMS H 

I- cx 

COR 

DYE )=/ - 
S ICH21, 

n=3, R= Me 

n=4, R= Me 

32 - 76% 
25~: - 

25d: - 

26d: - n=4, R= CH2CMe2C3H7 

CH&OR CH=CIOTMSIR 

27 28 - 

ring formation [25c-+Z7(n=3)] occurs readily (64% the C-Si bond to see if complete selectivity could be 
isolated yield) using 1. I equiv of nBu4NF at ambient. expected in polyfunctional cases. Also, since alkyl- 
6-Membered ring formation appears more difficult (yields lithiums, even at -llO--6O”, are not compatible with 
2040%) and the use of catalytic quantities of nBu*NF many functional groups in common synthetic use, we 

wished to explore milder methods for carbanion genera- 

‘The intramolecular nature of the reactions were established by tion from stannanes. It is known the allylstannanes 

the GC characteristic of the products (18b+e; 2k,d) and PCC undergo alkali and alkoxide induced demetallation at 
oxidation of 18b+e lo dithiaspiroalkanones (characteristic rates from two to three orders of magnitude greater than 
VC=o). those of the corresponding silicon systems.” We there- 
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29 <5% 20-40% - 

eqn. 6 -sr 
29 - - 

\ 
I 

X = Br, F 

fore examined silane 10 and the corresponding tin com- 
pound, (1,3-dithian-2-yl)trimethylstannane (29) with a 
variety of basic and nucleophilic catalysts including KF- 
crown and nBu4NF. Stannyldithiane 29 proved very 
sturdy in the presence of fluoride ion and on this basis 
one can anticipate selective reactive cleavage of silyl 
functions in the presence of C-Sn bonds. 

Even aromatic aldehydes gave at best a 5% yield of 
addition products after 6 days at ambient. Protodestan- 
nylation was also a slow reaction, typically the half life 
for stannyl dithiane disappearance was ca. 6 days at 22”. 
The only reaction which proceeded to any significant 
extent was allylation. The absence of a comparable 
reactivity toward methyliodide prompts us to suggest 
alternative mechanisms in this case eqn. (6). 

The [2,3]-sigmatropic rearrangement has previously 
been noted in the dithianylids.” After 3 days at 40“, 
2-allyl-1,3-dithiane was isolated in 45% yield together 
with a 30% yield of the protodestannylation product. 
Metalloid substituted dithianes may represent an access 
to dithianylids which avoids the use of highly basic 
media. 

In 0.1 M MeONa/MeOH dithianes 10 and 29 both 
undergo protodemetallation. The rates of reaction were 
however entirely contrary to expectations,’ rlj2 at 22”: 
6 hr for Silane 10, -48 hr for stannane 29. In the absence 
of a proton source LiOMe was ineffectual as a catalyst 
for condensation reactions between 10 (or 29) and a 
variety of esters (RCO&ie) or aromatic aldehydes. In the 
case of silane 10 alkoxide catalysis has been attempted in 
THF, tetraglyme, DMSO, and THF-HMPTA without 
notable reaction. In the absence of excess ROH no 
desilylation was observed even after 2 days at ambient. 

However the previously recorded nBu4NF catalyzed 
additions were shown to be mediated by fluoride 
throughout, not by alkoxide in the following way: 

In the case of MR,=SiMep, even though no reaction was 
observed over 2 hr at -lo”, a rapid conversion took place 
upon addition of a catalytic amount of fluoride to the 
cooled reaction mixture. 

We are currently examining a variety of nucleophiles 
as potentially selective activators of C-SnMej via “ate” 
complex formation. 

Metalloid and counterion control of regiochemisrry. 
The lithio derivatives (30) of ketene dithioacetal or al- 
kenyldithianes (31) are known to react with a-selectivity 
with most hard electrophiles.3s.36 Aromatic aldehydes and 
ketones however give nearly exclusive y-addition with 
derivative 30? and for the cyclohexenyl derived system 
we have been unable to direct alkylations or aliphatic 
aldehyde additions to the y-position. Although Ziegler’s 
cuprate method” may provide a partial solution for 
promoting y-regiochemistry in 3Oa, it appeared that allyl- 
metalloid chemistry would offer some attractive pos- 
sibilities. This impression was immediately strengthened 
when we carried out reactions of 3Oa and 3Ob with R,MCI. 
The cyclohexenyldithiane system afforded the a-metallo 
derivatives (32b, 33b), however 3Oa gave regiospecifically 
distince reactions: stannylation afforded only the y- 
product (35). 

The allylsilanes (32a, b, and c) gave the anticipated 
protodesilylation with transposition on acid treatment or 
chromatography on silicic acid: ketene dithioacetals (e.g. 
32a+34) were obtained. Careful chromatography on 
neutral silica or alumina however could be used to obtain 
the pure a-silyl derivatives. Stannane 35 was less stable, 
surviving a rapid chromatographic filtration which yields 
material suitable for further reactions, but undergoing 
destannylation with allylic transposition affording the 
thermodynamically disfavored 2-vinyl-1,3-dithiane (3Ia), 
to the virtual exclusion of its stable isomer (34). This 
however proved to be the last instance of typical allyl- 

‘The cleavage of the silane (10) was expected based on a metalloid behavior encountered in our studies. fn 

previous literature account;” however we had expected the numerous trials we were unable to effect Lewis acid 
stannane to be more reactive.” (SnCL, BF,*OEt,, BBr,, TiCI,, AIC13, Znl,, ZnCI,) 
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promoted reaction of 32a, 32b, 33b, or 35 and a variety of 
electrophiles: ClCH20CHs, ally1 bromide, anisaldehyde, 
BrCHX02Et, BrCHXHXH(OMe)2, ClCHKH(OEt)2, 
acrolein, piperonal,’ and CH&.ZHCH(-OCH2CH,0-).” It 
would appear that the thioether linkages produce a 
signitlcant alteration in the reactivity of allylmetalloids. 
In the course of these studies one unusual redox reaction 
was uncovered. Stannic chloride converts silane 32h to 
the known ” oxidation product (36), presumably with the 
formation of SnCl,. This transformation was observed in 

‘Piperonal in the presence of BFvOEI~ did produce the a- 
adduct (4Oc) in low yield from stannane 35. This may reflect a 
minor fluoride catalyzed component (wide infra) in this reaction. 

“We did not attempt all possible combinations listed, but each 
allylmetalloid was reacted with at least one alkylating agent and 
one carbonyl compound under a variety of conditions. 

several instances, particularly during attempted alkyl- 
ation with BrCH2C02Et. 

The studies with the cyclohexenyl systems were con- 
ducted in 1978, prior to our work on the definitive studies 
of 2-trimethylsilyl-1,3-dithiane and our only goal at that 
time was a process that would give -y-addition; numerous 
cases of modest success at introducing functionality at 
the a center were not pursued. Among these, two war- 
rant some mention. Ethylene oxide in the presence of 
SnCL gave the a adduct. In one case methoxymethyl- 
ation was observed in the presence of TIF. 

A more detailed examination of the fluoride induced 
reactions has been carried out only in the case of 32a and 
35. 

Silane 32a reacts rapidly with nBu+NF/THF producing 
the vinyldithiane in analogy to the a-protonation of 3&a. 
In the absence of added water or other electrophiles 
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minor amounts (5-3096) of ketene dithioacetal34 are also 
obtained, presumably the result of subsequent base 
catalyzed equilibration. In the presence of Hz0 (D20) or 
other electrophiles the proportion of 34 decreases. In the 
presence of IO equiv of CHJ, a 74:24 mixture of 31a and 
4Ob is obtained after ISmin at ambient. The stannyl 
system (35) is also cleaved under comparable conditions. 
Exact rate comparisons have not been performed to 
date, but it is clear that the allylstannane (35) is much 
more reactive than the stannyldithiane (29). This may be 
a reflection of more facile formation of the “ate” com- 
plex (38). Alternatively “ate” complex formation may 
occur with both 29 and 35 but only in the latter case does 
the reaction proceed: due to either the enhanced reac- 
tivity of the ally1 stannate or to facilitated collapse to the 
ammonium carbanion (37). 

Both vinyldithiane derived allylmetalloids react with 
piperonal at temperatures as low as -20” in the presence 
of stoichiometric TBAF in minutes. Only modest com- 
petitive protodemetallation &IO%) was observed. the a- 
(48c) and y-adducts (39) were isolated in a 3.5: 1 ratio 
upon chromatography of the product mixture. We have 

confirmed that piperonal (like other aromatic alde- 
hyde?“.‘) affords a co. 9:1 mixture of adducts favoring 
the y product when the reaction is carried out using the 
lithio derivative (3Oa). It is tempting to ascribe this 
regiochemical change to the intervention of a naked ally1 
anion (37) in both cases. The cr:y ratio was confirmed in 
an NMR experiment: a mixture of allylsilane 32a and 

piperonal in CDCI, is converted (ca. 20%) to the pre- 
viously observed products (a:? 23:l) during the first 
30 set at ambient. 

Preliminary trials with allylstannanes that do not bear 
thioether substituents demonstrate that TBAF catalyzed 
reactions with carbonyl compounds are a general feature 
of this class, not a peculiarity associated with the dithi- 
ane moiety. An exploration of the regiochemical control 
potential of allylmetalloids with these varying activation 
schemes is now in progress. 

ILLUSTRATlVE EXPERIMENTAL PROCELKRES 

All solvents were anhydrous, glass-distilled; THF was distilled 
continuously from Nalbenzophenone ketyl. All reactions were 
performed in serum stoppered flasks under an argon atmosphere. 
TBAF was prepared by titrating nBulNOH with aqueous HF. 
Water was removed by repeated benzene azeotroping on a rotary 
evaporator until crystalline TBAF was obtained. The resulting 
material was again benzene azeotroped, and the free flowing 
crystals were dried in a vacuum desiccator. A THF solution 
(0.08-l.OM) was prepared every few days. TBAF solutions in- 
dicated by TBAF’ are prepared by weighing TBAF into a dry flask 
charged with freshly activated 4A Molecular Sieves. The requisite 
volume of freshly distilled THF is added. The resulting solution is 
used during the period l-8 days after preparation. 

Synthesis and cvclization of silvlaldehvde 5. Photocitro123b 
(6.$mmole) was b&ilylated by adding a THF soln (7 ml) of the 
alcohol to a hexane soln (30 ml) containing 35 mmole BuLi and 
40 mmole TMEDA. After 5 hr the resulting soln was cooled to 0” 
and 5.6g (47.5 mmole) of MeiSiCl was added dropwise. After 
3Omin. 60mI of 10% NHAYaq was added: ethereal extraction 
afforded an oil which was reflixed in ISOml MeOH for 12 hr. 

Trans,syn-2-(3’-trimethylsilylisopropenyl~5-methyl-cyclopentyl 
carbinol (54% yield) was isolated after SiOl chromatography of 
the concentrate: bp 100” (bath, O.Ztorr); Y 1640, l2M), 85Ocm ’ 
(CHFCCHzSiMe!); 6 (CCL) 0.03 (9H. s. SiMe& 0.9 (3H, d, Me), 

“The axial silyloxy compound (7) is underestimated by GC due 
to minor decomposition on injection. 

I.51 (ZH, s, CHzSi), 3.52 (2H. d, 6 Hz; CHzOH). 4.52 and 
4.71 ppm (2H. s; C=CH& m/e found 226.1740 (CI3H260Si-I.0 
mmass). 

The alcohol was tosylated (I.2 equiv TosCl/pyr, l4hr, 22”. 
8%). and the resulting tosylate (2.26 mmole) subjected 10 NaCN 
(I.1 equiv) in IO ml of HMPTA at 24” for I6 hr.Chromatographic 
(SiO2,. Ct,Hh) purification and distillation (0.5 torr, 120” da(h) 
afforded the nitrile (63% yield): Y 2280, 1645, 870, 1270cm ‘; 8 
(CC4) 1.45 (2H, s.. CH#i), 2.18 (ZH, CH&N); m/e 235.1754 
(C~~H~~NSi+0.2 mmass). A 1.48 mmole portion of the nitrile in 
9 ml Et20 at 0” is converted to 5 by treatment with 2.6 mmole of 
iBu2AIH for 2 hr. The resulting reaction mixture was rapidly 
forced through a IS-g column of SiO2, which is subsequently 
washed with CoHs affording an aldehyde sample (80-90% yield) 
suitable for further reactions. 

Product ratios (6-9) for cyclization experiments were deter- 
mined bv CC (150”. 24’ Carbowax 20 M). Authentic samoles of 6 
and 8 were available from previous studies;2”‘.i” the correspond- 
ing silyl ethers (7.9) were prepared by Me,SiCl/pyr treatment. 
Lewis acid catalyzed cyclizations were performed by adding the 
stated amount of catalyst (as a 0. I M soln in CHQ or C6H6) 10 
a precooled soln of aldehyde (IO-30 mdml). After the specified 
time the reaction was quenched by addition of 4 equiv of EtjN 
followed by aq. NH&I. With I.0 equiv SnCl, at - 35” (IO min) the 
gc product ratio was: 47% 7.” 49.7% 9, 1.5% 6, and 1.7% 8. On a 
preparative scale: to 430 mg 5 in I5 ml CH#Il: at 0” there was 
added I IO mg SnCL in IO ml CHZCI~. After IO min the reaction 
was poured into IOOml sat aq NH&I. The crude product was 
chromatographed (2.5% EtOAc/C,,Ho on SiO2) affording (after 
rechromatography of a mixed fraction): I25 mg (42%) of 6, m.p. 
6666’. 230 and I I3 mg (38%) of alcohol 8-as an oil homo- 
geneous by GC’8-m/e~166.1364 (CIIHlsO + 0.6 mmass). 

The cvclization of I5 ma 5 in I ml THF at 50” was initiated bv 
the addition of 3 equiv TBAF (as a 0.88 M soln). GC revealeb 
complete reaction with a l8:82 ratio 6:8 after I.5 hr. GC indicated 
that protodesilylation (-4) accounted for ~4% of the material. 

General procedure, TBAF’ catalyzed or induced reaclion of 
dithianes 10. 29, and 3241. A IO ml flask equipped with a magnetic 
stir bar was flamed dry, cooled under argon, and charged with 
dithiane (I mmole), electrophile (5 mmoles), and dry THF (4 ml). 
The stirred soln was cooled to the desired temp. and treated 
dropwise with the desired amount of TBAF’ (as 1 M soln in 
THF). The reaction was monitored by withdrawing 25 or 50 ~1 
aliquots which are quenched with water. partitioned between 
water and hexane (400~1) and injected into the GC. When all 
starting material was consumed, the reaction was poured into 
I5 ml H20, extracted with CH2Cl2 (3 X 25 ml), washed with brine, 
dried over NarSOd. and rotovapped lo remove solvent. 

All starting materials and most of the products could be 
assayed quantitatively under a single GC condition-6’ x 0.125 
UCW 98 at l75”, NZ carrier, FID--the relative retention values 
observed were: piperonal, RR = 1.00: nBu,N, 0.54; aceto- 
phenone, 0.26; octanal, 0.17; dithianes IO, 1.08; 12, 0.39; 1%. 
O.%; 13~. 0.37 (unresolved from 12, DEGS column employed); 
29, 2.1 I; 31a, 0.67: 3211, 1.74; 34. 0.80; and 35, (not suitable for 
assay). The results in Table I, and elsewhere in the discussion 
are based on these GC assays with tic and NMR confirmation. 

Synthesis of silyl ether 14b (from dithiane IO). The procedure 
was followed using piperonal (5.0mmoles. 750mg) as electro- 
phile and TBAF (100~1 of I M soln). GC analysis indicated 
complete reaction within I5 min. The reaction was worked up as 
described to obtain a clear oil which was chromatographed on 
30gm of MN silica gel eluting with IO% EtOAc/hexane. A clear 
oil (282 mg, 84%) was obtained which crystallized on standing in 
a freezer: m.p. 67-70“; 6 (CDCI) 0.10 (9H. s; OTMS). 1.58-2.28 
(2H. m; H-5). 2.75-3.0 (4H, m; H-4, 6). 4.23 (IH, d, 71 H-2). 4.70 
(IH, d, 7 Hz; CHOTMS). 5.98 (2H. s: OKH,). 6.82 fIH. s: H-2’). 
and 6.90 ppm (ZH, AB; H-5’. 6’). 

-, , 

Synthesis of 2-(5’-oxopentyl)-2-trimethylsilyl-l,3-dithiane (IW) 
and ifs cyclizafion. Bromoacetal 2Od was prepared (74% yield) 

from the previously available” aldehyde (9.7 mmole in 25ml 
MeOH containing 0.28g Amberlyst-IS@ and 2.0 ml HC(OMe),; 
I2 hr, 22”]. Dithiane 10 (6.32 mmole) in 30 ml THF was lithiated 
with 6.4 mmole nBuLi/hexane initially at -78”, then at -20” for 
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3 hr. Bromoacetal 2&l (6.9 mmole) was added; after 2.5 d at 22”, 
aqueous work-up and chromatography (SiOdhexane) afforded 
1.65g (80%) of 22d: 6 0.20 (9H, s; SiMe,), 3.27 (5.4H. s; OMe). 
4.19ppm (0.85H, m; CH02). The general procedure for acetal 
hydrolysis (22-19) follows: 2 mmole 22 in 50ml CH~CII is 
cooled-to Dry Ice dath temperature with stirring and 2.2 mmole 
neat SnC14 (or TiCL, MgBrz.OEt2) is added by syringe. After I hr 
of stirring and cooling the mixture is dumped into 100 ml of sat’d 
NHdClaq with vigorous shaking. The resulting CH2Cl2 layer 
affords 19 in 88-%+0/o yield. In the case of 22d. there was 
obtained 19d (96%): RI = 0.35 (CH2Cl2/SiO& 6 0.15 (9H, s: 
SiMe& 1.1-1.8 (5.5H. m), 1X-2.4 (5.5H). 2.4-3.4 (5.3H; dithiane 
ring methylenes; H-4.6 ax downlield),” and 9.79ppm (0.9lH, 
narrow m., WI,:~ = 3 Hz; CHO). Upon standing, 196 trimerizes, 
m.p. 65-70”, 6 (CCL/CH2Ch) 4.82ppm (0.92H vs 9H SiMej. t 
with virtual coupling; trioxane methine). Desilylation of 51 mg of 
22d (0.15 mmole) in 5ml THF containine 0.18 mmole TBAF 
resuliing in an immediate ppt and formation of 2-(5’,5’- 
dimethoxypentyl)-1,3-dithiane (35 mg, 85% yield js (CH2C12) 
3.24 (5.6H. s; OMe), 3.97 (l.OOH, t, -7 Hz: dithiane-H-2), and 
4.29 ppm (I.OH, t, -5 Hz; -CH[OMe)+identical in all respects 
to material prepared from 1,3~dithi&-t-yllithium and bromide 
2&l. Acetal hydrolysis (HCI-HzO/THF) afforded the dithiane- 
aldehyde (lid): 6 (Ccl,) 2.84 (4H, m; H4.6). 3.99 (IH, -1; H-2), 
and 9.80 ppm (IH, -1. CHO). 

Aldehyde 19d (154 mg in I ml C6H6.0.56 mmole) was added to 
16 ml THF containing 0.62 mmole TBAF. After IO min at room 
temp., partitioning between water and CH2Cl2 afforded I21 mg 
(-MO%) of crude l&i as a yellow oil. Careful chromatography 
on I5g neutral silica (l-IO% EtOAc/hexanes) afforded 66mg 
(58% yield) of I&J: El-MS 204.2 (19, M’), 187.2 (100, M-OH), 
ll9amu (3%, C4H&); 6 1.2-3.3 (I5.6H integral), 3.99 ppm 
(LOOH, m, wh/2 = 9 Hz; CHOH). Silylation (BSTFA) afforded a 
single GC homogeneous material (24). 

Aldehyde 19d (50 mg/3 ml THF) was treated with 0.1 equiv of 
TBAf for IOmin at - lo”. An extra&e work-up and chroma- 
tographic filtration afforded 36 mg (ca. 70% yield) of a mixture of 
l&J and its silyl ether @+-identity confirmed by tic and NMR 
comparison with previous specimens. 

Synthesis and TBAF induced cyclizafions of silyldithiones lk 
and 2% Dithiane 10 (3.364g, 17.5 mmole) in 70ml THF was 
converted to its lithio derivative (1.05 equiv nBuLi. 5 hr at 0”) and 
to the resulting soln, cooled to -78”. was added 4.18g (18.6 
mmole) 4-trimethylsilyloxybutyl bromide;a after 2 hr of gradual 
warming to o’, partitioning between water and hexane and 
column chromatography (20% ether in hexane/SiOz) afforded 
4.07g (88%) of 5. ‘R&l I (CHXlz/SiO$; 6 0.15 (=9.OH, s, 
SiMe,), 3.62 (l.95H, -1; C&OH). 3.00 (1.9OH, dt, Jd - 4.5, JI - I2 
Hz; H4,6-axU), 1X-2.65 (-6H, m), and l.3-1.8ppm (-SH, m). 
A 1.014-g sample of 23 in 50ml CHXl2 was treatid with 1.262 g 
PCC” (1.46 mmole/mmole alcohol) for 3.5 hr. the resulting mix- 
ture diluted with 15Oml Et20, filtered and concentrated, was 
eluted through a I x IOcm column of SiO2 (IO% Et20/CClr) 
tiordintz 615 ma (62%) of 191~: Rr = 0.51 (CH0/Si02&suitable 
for cycization-dr Emmons’ condensation. Direct cyclization 
(I.12 equiv TBAF, IOmin) afforded a 76% yield of l&-R, = 0.26 
CH$X/SiOz) which was 95’% pure by GC: 6 (CCL) 1.4 (OH), 
and 4.14ppm (IH, ww2 = 7 Hz; CHOH). 

The Emmon’s condensation of 19e (16Omg. 0.61 mmole) 
employed 1.34 mmole NaH and 1.86 mmole CH$OCH2PO(OMeh 
in precisely the manner described for prostaglandin side-chain 
synthesis.” After 22 hr, the neutralized mixture afforded 140 mg 
(76%) of 25c upon column chromatography: R, =0.22 
(CH,CUSiO& Y 1680,1630cm- (C=C-C=O S (CCL) 2.13 (3H, s, 
-COCH,),2.96(2H,dt;H-4,6ax),5.99(lH,d, 16.0Hz;enone a-H), 
and 6.73 porn (IH. dt, 16.0, 6.4 Hz; B-H). 

Enone-& (120 mg, 0.41 mmole) ih 25 ml THF was treated with 
2.2 ml of 0.29 M TBAF/THF (0.64 mmole) to produce a deep 
burgundy colored soln. After I hr at 22”, partitioning between 
hexane and water afforded 81 mg of crude product, which dis- 
played no olefinic, Me&, or dithianyl-H-2 NMR resonances. 
Chromatography on SiO2 (5% EtOAc/hexane) afforded 60mg 
(64%) of 27~: R, = 0.28 (CH2Cl#iO2); Y 1717 cm ‘; S (CCL) 2.07 

(3H, s, -COCH& and 2.83 ppm (dithiane-4.6-H pattern, no bhax- 
equal.). 

2-Vinyl-l,3-difhian-2-yllirhium 3Oa und irs reactions with elec- 
trophiles. A flamed 25 ml flask was charged with 34 (534 mg, 3.0 
mmole of 82% pure material) and THF (2ml), cooled to -7o”, 
and treated with a soln of lithium diisopropylamide (IO mmole) in 
IO ml THF. After 4 hr, the reaction was quenched by addition of 
trimethylsilyl chloride (20 mmole. 2.54ml), stirred at -70”. al- 
lowed to warm to RT overnight, then worked up with water and 
CHXI2. The yellow oil was chromatographed on MN silica gel 
(2% EtOAc/hexane) to obtain 572 mg (87%) of 32~ MS 220.0560 
(7.7, C9Hls”S’4SSi - 1.6). 218.0604 (59, CPH&Si - 1.4). 145.0152 
(77, &H&Z +0.6), and 73.0458 amu (100%. ClHvSi - I.6 mmass); 
6 (CDCII) 0.18 (9H. s: SiMel). 2.00 (2H. m: H-5). 2.40 (2H. m: 
H-4.6 eqiatoriai), i.% (2H. -m; H -b.69x)” S.ji (2H.‘ Bi oi 
vinyl ABC 2Jac= 2.5 Hz), and 6.02ppm (IH, dd, 3J,,, =9.0; 

3J,,a,, = 17.5 Hz). 
Alternatively solns of 30s could be generated from: 34 by an 

equimolar amount of nBuLi-TMEDA complex; I2 hr at -20”. 
then I hr at t22”; or from 31~” with 1.05 equiv BuLi at -20” for 
I hr. Stannylation (2.7 equiv MeISnCl, IO hr -60 to -20”) 
afforded 35 (which was obtained in co 80% purity, 60% yield) 
after a quick chromatographic filtration [neutral Al201 (IV). 2% 
EtOAc/hexane]: 6 (CDCI) 0.18 (9H. s; SnMe,). 1.98 (?H, d, 9 
Hz; CI&SnMej), 1.83-2.16 (ZH, m; H-5). 2.2-3.0 (4H, m; H-4.6). 
and 6.26ppm (lH, t, 9 Hz; vinyl-H). Quenching of 3Oa solns 
with Mel affords only isomer 4Oh.” together with minor amounts 
of 3la and 34. Quenching 3Oa with 2 equiv of piperonal afforded 
a co 9:1 mixture of addition products. The major product was 
isolated for characterization, (39): S (CDCI,) 1.64-2.36 (4H. 
complex m; dithiane-H-5 + allyl-CHz), 2.36-3.03 (4H, m; H4.6). 
4.63 (IH, t, 7 Hz; CHOH), 5.95 (IH, t, 7 Hz; vinyl-H), 5.95 (2H. 
s; 02CH2). and 6.83 ppm (3H. m; aryl-H). 

TBAF’ induced addition reaclions of ollylmetaNoids (e.g., 32a. 
35). The allvl metalloid (I mmole). oioeronal (I mmole) and THF 
(4 ml) were-mixed in a flamed IO mi iask under argon.. The solns 
were treated at - 20” with TBAF’ (I ml of I M soln in THF). GC 
analyses indicated complete reaction within I5 min. Standard 
work-up afforded yellow-brown oils. TIC (silica. 25% 
EtOAc/hexane) showed two new products, R, = 0.32 and 0.26, 
with residual piperonal at R, = 0.42. NMR spectra of the crude 
products from 32a and 35 showed comparable mixtures. TLC 
comparison using authentic y-adduct (39) indicated that the 
minor product from 32a and 35 corresponded to 39. 

For 32a the crude oil (435 mg) was chromatographed twice on a 
Harrison Research chromatotron (25% EtOAc/hexane) to afford 
the less polar product (45 mg), and the more polar porduct 
(IO mg). These were identified respectively as the a-regiochemi- 
cal adduct and the y-adduct. The NMR characteristics of the 
a-adduct (4th~) isolated from the reaction of 32a, are- 6 (CDCI,) 
-1.9 (2H, m; H-S), 2.54-3.07 (4H, m; H-4,6), 4.80 (IH, s, whl2 = 3 
Hz; CHOH). 5.17-5.83 (3H, closed coupled ABC due to - 
CH=CH2), 5.96 (2H, s; 02CH2). 6.9ppm (3H; aryl-H). The y- 
adduct (39) displayed the NMR reported above. 
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