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Communications

Dithiane Chemistry. 5.! Silyl and Lithio Derivatives
of a Propynal Dithioacetal

Summary: 2-Ethynyl-1,3-dithiane and its various silyl and
lithio derivatives are reported together with data on the
regiochemistry of alkylation and proton abstraction. The
a-lithio y-silyl derivative 4b is a particularly useful carbon
nucleophile giving clean a-alkylation without complications
due to allene formation.

Sir: Several years ago we prepared a variety of 2-al-
kynyl-1,3-dithiane derivatives as part of studies of the
acidifying effects of 2-substituents on this ring system.?
Recent applications® of ethynyldithianes in total synthesis
prompt us to report these studies.

Our initial attempts to prepare the parent 2-ethynyl-
1,3-dithiane (2a; Scheme I) from propynal, using Lewis
(BF4Et,0, TiCl,, SnCl,) or protic (TsOH) acid catalyzed
dithioacetalization procedures,* were uniformily unsuc-
cessful, the highest yield achieved being 7%. Dithiane 2a
can be prepared (35% yield) by the addition of ethynyl-
magnesium bromide® to in situ generated 2-chloro-1,3-
dithiane.! Dithiane 2a is a stable, readily sublimed solid
[mp 71-72 °C; NMR (CCl,) é 2.0 (2 H, m, H-5), 2.60 (1 H,
d, 4J = 2.4 Hz), 2.70 (2 H, H-4,6 equatorial, 3J = 3.4, 4.8
Hz), 3.28 (2 H, H-4,6 axial, 2J = 14, Y"%J = 13.1 Hz), 4.43
(H-2, 4J = 2.4 Hz)], which is isomerized, however, by basic
catalysts or upon chromatography (Woelm Basic Al,O;,
activity I) to the unstable allene 3a [IR » 1980 cm™; NMR
5 2.01 (2H, m), 2.78 (4 H, m), 4.85 (2 H, m)]. This isom-
erization is yet another example of the exocyclic preference
of olefinic bonds of this ring system, which has been noted
previously (eq 1). Although allene formation is a concern
for applications of dithiane 2a, we have made its three
distinct lithio species [2e, 4e, and 5 (X = H, Y = Li)] and
explored their reactions with electrophiles
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Keq (R, R): 1.0-2.0 (C,H,, H),2:72 >99 (CN, H),"P 3.1
(CN, Et),7b >100(H, H)2

In THF, dithiane 2a is a dibasic carbon acid toward
BuLi and many lithio amides (including i-Pr,NLi, Et,NLi,
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(4) D. Seebach and E. J. Corey, J. Org. Chem., 40, 231 (1975).

(5) The use of lithium acetylide results in carbene formation from
2-chloro-1,3-dithiane rather than addition. Other Grignards have been
reported® to be alkylated in an analogous manner.
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Table I

products,

molar proportions % yield

0.29 2a, 1.8 Mel, then 1.0 (Me,8i),NLi 5¢c (Y = Me), 90"
0.29 2a, 21 Mel, then 1.0 (Me,Si),NLi  5¢ (Y = Me), 53
2¢, 40

5a (Y = Me), <2
0.60 2a, 18 Mel, then 0.85 (Me,Si),NLi 2¢, 70
B¢ (Y = Me), 12

C¢H,;NHLi, (CH,),NLi, and CgH;CH,NHLj). With lim-
iting quantities of BuLi the ethynyl H is abstracted. The
solution resulting from treating 2a with 1.1 molar equiv
of BuLi affords only v products upon quenching: D;O*
gives a 1:1 ratio of 2d and 3d, Mel also give a 1:1 ratio of
alkyne (2¢) and allene (3¢), and Me;SiCl provides a 5:1
ratio (2b/3b). The v abstraction apprently corresponds
to the thermodynamic preference. Equilibration (1 h at
—70 °C) of the dideuterio derivative (5, X = Y = D), vide
infra, with lithio-n-butylanilide and n-butylaniline gives
exclusively the v-protio species (5a, X = H, Y = D) upon
quenching in acid-buffered H,0; a D,0 quench returns
nearly pure dideuterio compound. On this basis we esti-
mate the first ionization constant as pK, < 23.1.8 The
second ionization pK,, 2e — 4e, is estimated at 26 from
equilibration data with C;gH;NHLi and (Me;Si),NLi.
The dilithio species (4e) derived from alkyne 2a or 2d
is a practical reagent. For synthetic applications, it is
generated from 2a by addition of 2.5 equiv of BuLi/
THF-hexane (0.5 h at -70 °C). Quenching with excess
electrophile (H,0, D,0, Mel, MeySiCl) affords in each case
ethynyl product 5 (X = Y) to the virtual exclusion of allene
6. The disilyl derivative 5b (Y = SiMe;) undergoes se-
lective a-desilylation (— 2b) upon chromatography (basic
AlLQ,, activity I) or treatment with n-Bu,NF/THF.
When 5b is treated with 0.10 equiv of dry n-Bu,NF/
THEF in the presence of piperonal, two products are formed
in a ratio of 3:1. The major product by NMR is the allene
6 (X = Me;Si, Y = CHOTMSAr); the minor product is the
a-alkylated material 5. When 5b is treated with 0.10 equiv

(8) This “pK, scale” for the formation of alkyllithiums in THF solu-
tion is based on a value of 80.6'° for PhyCH — Ph;CLi. The “pK, values”
for other 2-substitued-1,3-dithianes, for comparison, are as follows: 2-Me
(~35), 2-phenyl (27.5), 2-cyano (19.7).2
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Table II. Reaction of
2-Lithio-2-[(trimethylsilyl }ethynyl]-1,3-dithiane
with Electrophiles (Y*)

Y* product 5b; Y % yield

H,0 H >90
D,0 D >90
CH,I CH, >90
Me,SiCl SiMe, 98
) e 67
TN ST /A

,\;\ / < N

MX/*C W 72

- > 78

- X <
Qc b:: - <:>{3ﬂ 53
= Pn =)
cis/trans cis/trans
1:1 1:1

of dry n-Bu,NF/THF in C¢Dg; with no electrophile, the
isomerization to 6 (X = Y = Me;Si) can be observed by
NMR (ratio of 5b/6 < 1:9). Unfortunately the lability of
the allenes (6) has precluded their isolation and complete
characterization to date.

The reactivity sequence of species 4e was probed by
partial alkylation. It would appear that initial reaction of
this “dianion” occurs at the a-carbon: treatment with 1
equiv of Mel followed by a water quench affords 5a (Y =
Me) in >85% yield (GC). v selective reaction without
allene formation can be achieved through the stoichio-
metric y-lithio derivative or by kinetic control, as illus-
trated by the product distributions given in Table . In
each case a THF solution of (Me;Si),NLi containing a
2-fold excess of (Me;Si),NH was added to a stirred mixture
of dithiane 2a and excess Mel in THF at —20 °C. After
30 min the product ratios were determined (by GC and/or
NMR) after an aqueous quench.

Although the use of dianion 4e alleviates the difficulties
with allene formation inherent with anion 2e, we have
found «-silyl derivative 2b the most effective synthetically
and the most readily available. Conversion of 3-(tri-
methylsilyl)propynal (1b)?° to the corresponding dithiane
(2b), mp 46-48 °C, occurs in acceptable yield (70-80%)
under typical thioacetalization procedures.* Dithiane 2b
undergoes rapid and stoichiometric transmetalation in the
presence of n-BuLi, i-Pr,NLi, (MezSi),NLi, or C;H;CH,-
NHLi in THF solution. The acidity of 2b is comparable
to aniline in THF solution when lithium is the counterion
(eq 2). This observation places dithiane 2b at ca. 23 on
our “pK,” scale.?

The lithio species 4b reacts with a variety of electrophiles
(H,0, D,0, Me,SiCl, Mel, allyl chlorides,® R,CO, and
RCHO; see Table II) to produce ethynyl (5b) rather than
allenyl (6b) products in fair to excellent isolated yields.
Aromatic and aliphatic aldehydes and aliphatic ketones

(9) Prepared by oxidation of 3-(trimethylsilyl)propyn-1-ol'! in 50-60%
yield. See also: A. N. V. Komarov, O. G. Yarosh, and L. N. Astaf’eva,
Zh. Obsch. Khim., 36, 907 (1966), from lithium (trimethylsilyl)acetylide
and DMF; V., Jaeger, Methoden Org. Chim. (Houben-Weyl), 329 (1977).

(10) W. S. Matthews et al., J. Am. Chem. Soc., 97, 7006 (1975).

(11) E. J. Corey, G. W. J. Fleet, and M. Kato, Tetrahedron Lett. 3963
(1973).

T CeHeNH, (2)

are equally acceptable as electrophiles. It is interesting
to note (Table I) the complete lack of regio- and stereo-
selectivity in reaction with 5-phenyl-2-cyclohexenone.
Amide-catalyzed desilylation is not a drawback in synthetic
applications; e.g., 2b shows no detectable desilylation in
the presence of CgH;CH,NLi/CgH;CH,NH,/THF after
43 h at -20 °C—and thus lithium or potassium amide
solutions can be used to generate anion 4b for synthetic
applications.

Although preliminary studies indicate that selective
a-alkylation can be expected when dianion 4e is reacted
with limited quantities of electrophiles, at present the
v-silyl derivative appears the superior reagent for this
sequence (2b — 4b — 5b). Ethynyldithiane derivatives
should prove useful in the synthesis of olefinic and allenic
natural products; such studies are in progress.
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A% 4-Telluropyranyl-4H -telluropyrans. 1.
Tellurosulfides and Tellurium-Sulfur Exchange

Summary: A**-2,2,6,6’-Tetraphenyl-4-telluropyranyl-
4H-telluropyran and A%*-7,7’-dimethoxy-2,2’-diphenyl-
4-(benzo[b]telluropyranyl)-4H-benzo[b]telluropyran were
prepared from the corresponding 4H-telluropyran-4-
thiones and copper powder in refluxing toluene and re-
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