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dride; a vigorous evolution of gas accompanied the addition. The so-
lution went from clear to cloudy upon further refluxing. The reaction
was refluxed for an additional hour, cooled, and filtered: yield (M™*)
1.2 g (91.0%); mp 285-287 °C; mass spectrum, m/e 318 (M™*). The
infrared and NMR spectra were also identical with 10a.
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Synthetic procedures to derivatives of A%4-bithiopyran
(BTP, la), a ring system of interest to use in connection with
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la, X=Y=8;R=H
b,X=Y=8;R=CO,C,H,
¢, X=0;Y=8;R=C0O,C,H,
d, X=Y=0;R=CO,C,H,
e, X=Y=0;R=H
f,X=Y=0;,R=C.H,
g, X=Y=8;R=C.H,

our work on organic conductors,! and its benzannelated ana-
logues typically involve a thiopyran derivative which is either
reductively coupled! -5 or induced to eliminate a chalcogen by
either thermal?® or photochemical” means. We now report the
first procedure which yields a derivative of BTP from an
acyclic precursor which does not contain sulfur.

When an ethanol solution of the readily available ace-
tonedioxalic ester® (2) is treated with a mixture of hydrogen
chloride and an excess of hydrogen sulfide in a Paar autoclave
(Scheme I), the dark green 2,2',6,6’-tetracarboethoxybi-
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thiopyran (1b) is obtained in 60% yield after column chro-
matography. If the same reaction is carried out in conventional
glassware at atmospheric pressure, a mixture of 1b and the
thiabipyran tetraester le, a previously unknown ring system,
is obtained. The known?® bipyran tetraester 1d could not be
detected in these reaction mixtures by thin-layer chroma-
tography (TLC). Further, 1d is recovered unchanged from
reaction mixtures which yield 1b and 1le and thus is not an
intermediate in their formation. Moreover, diethyl chelidonate
(3) reacts with HsS and HCl to give a complex mixture from
which l¢ may be isolated in ~10% yield. Thus, while 3 may be
used to prepare lg¢, it is not useful for the preparation of 1b
and is not an intermediate in its synthesis.

Table I lists the electrochemical and electronic spectral data
for 1b, l¢, and 1d, along with the data for the unsubstituted
compounds, la and le, and for the isoelectronic tetrathia-
fulvalene (T'TF, 4) and 2-(thiopyran-4-ylidene)-1,3-dithiole!?
(TPDT, 5) derivatives.

The oxidation potentials (E;/9°%) of 1a and le are signifi-
cantly increased by the introduction of four electron-at-
tracting ester groups, as expected. This effect is somewhat
bigger than that observed for the TTF derivatives 4a and 4b.
The tetraester of BTP (1b) is more easily oxidized than the
corresponding TTF tetraester 4b, a trend found in the parent
compounds.

The major result of tetraester substitution on the absorp-
tion spectra of 1a and le is the shift of the major absorption
band to longer wavelength. The effect is reminiscent of the
behavior of phenyl substituents* in the same positions (1f,g).
As with the electrochemical data, the absorption properties
of lc¢ are intermediate to those of 1b and 1d. While the major

4a, R=H 5a, R=H
b, R = CO,CH, b, R = CO,CH,
E
[
(C,H.0.CCCH,),C==C(CH,CCO,C,H;), S S
6
E
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Table 1. Electrochemical and Electronic Spectra Datall

compound K, E, Amax, nm (log )
lal# +0.20 +0.46 386 (4.81), 367 (4.63), 346 sh
(4.25)1
1b +0.75 +0.92 475 (4.70), 445 sh (4.45), 217
(4.46)
le +0.80  +1.022 545 sh (3.27), 443 (4.66), 415 sh

(4.57), 270 (4.52)

Id +0.84  +1.14% 535 sh (3.10), 500 sh (3.50), 470
(3.73), 409 (4.74), 388 (4.58),
365 sh (4.24), 214 (4.32)

let +0.21  +0.50 332 (4.71), 316 (4.60)

4a +0.33%  +0.70b 446 (2.44), 355 sh (3.30), 315
(4.11), 306 (4.10)

4b +0.80¢  +1.07 445 (3.29), 315 (4.12), 284
(4.16)¢

5al0 +0.28  +0.64 359 (4.5), 348 sh (4.4)

5b10 +0.47  +0.80 482 (3.01), 376 sh (3.91), 352

(4.58), 337 (4.44), 323 (4.21)

@ This number represents the peak position (Ep) of an irreversible
anodic wave. ® E. M. Engler, F. B. Kaufman, D. C. Green, C. E.
Klots, and R. N. Compton, J. Am. Chem. Soc., 97, 2921 (1975).
 This value was also observed by B. A. Scott, F. B. Kaufman, and
E. M. Engler, J. Am. Chem. Soc., 98, 4342 (1976). ¢ Measured in
ethanol solution: H. D. Hartzler, J. Am. Chem. Soc., 95, 4379
(1973).

effect of tetraester substitution in TTF (4b) is the intensifi-
cation of a weak band, diester substitution in TPDT (5b) and
tetraester substitution of bipyran introduce medium intensity
low energy absorption not observed in the parent compounds.
This medium intensity absorption is also present in le but
could not be detected in 1b.

While we have not made a mechanistic study of the reac-
tions described above, an intermediate such at 6, or its enolic
forms, obtainable by reductive coupling of 2, could lead to 1b
and le. However, this suggestion does not preclude the pos-
sible intermediacy of the thiopyran-4-thione 7 in the forma-
tion of 1b.

In summary, we have described the first procedure which
yields a derivative of the BTP ring system from ‘an acyclic
precursor. Also, the thiabipyran ring system has been syn-
thesized for the first time. The electrochemical and spectral
properties of the new compounds have been compared to re-
lated systems.

Experimental Section!!

2,2',6,6'-Tetracarboethoxybithiopyran (1b). An ethanol (550
mL) solution of acetonedioxalic ester (2; 20 g, 0.088 mol) was stirred
in a Paar autoclave which was evacuated using an aspirator. A mixture
of hydrogen suifide (30.6 g, 0.9 mol) and hydrogen chioride (3.6 g, 0.1
mol) which had been condensed with liquid nitrogen was simulta-
neously added to the above solution. The temperature of the reaction
mixture did not rise above 30 °C, and stirring continued for 15 h, The
autoclave was vented in the hood to remove excess gases. The crude
reaction product in chloroform which contained 1b by TLC was
chromatographed on silica gel (200 g) with chloroform eluant. After
evaporation of the chloroform, the product was recrystallized from
carbon tetrachloride to give 1b: 12.6 g (60%); mp 260-263 °C dec,
softening at 245 °C. An analytical sample was obtained from this
material by recrystallization from benzene. The NMR spectrum ex-
hibited resonances at 6 1.25-1.52 (triplet, J = 7.5 Hz, 12 H, -CH.CHa),
4.25-4.5 (quartet, JJ = 7.5 Hz, 8 H -CH,CH3), and 7.85 (singlet, 4 H).
The main features of the IR spectrum were at 1710, 1695, 1615, 1270,
1255, 1040, 795, 745, and 735 cm~L. The mass spectrum exhibited a
parent peak at m/e 480.

Anal. Caled for CaeHoy05S9: C, 54.99; H, 5.03; O, 26.63; S, 13. 30
Found: C, 54.99; H, 4.96; S, 13.49.

2,2',6,6'-Tetracarboethoxythiabipyran (lc). To an ethanol so-
lution of acetonedioxalic ester (2; 20 g, 0.088 mol) stlrred magnetically
at room temperature continuously saturated with hydrogen sulfide
was added hydrogen chloride gas. The reaction became mildly eko-
thermic; continuous feeding of both gases proceeded for an hour, when
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TLC analysis (on silica gel with CHCl; elution) indicated the con-
sumption of 2 and the presence of 1b and le. A dark precipitate was
washed with ammonium sulfide, followed by water and ethanol, and
the crude product (10 g) was chromatographed on silica gel in chlo-
roform. Compound 1b was eluted first, followed by fractions rich in
1c. The impure 1¢ was fractionally recrystallized from carbon tetra-
chloride, and a 1.5-g sample was then chromatographed on silica gel
in benzene and eluted with a 50:50 v/v benzene—chloroform mixture
to give 1¢: 1.3 g (6.4%); mp 234 °C dec. The mass spectrum of l¢ ex-
hibited a parent peak at m/e 464. The NMR spectrum exhibited
resonances at 6 1.20-1.50 (two overlapping triplets,J = 7 Hz, 12 H,
~CH,CHjy), 4.21-4.55 (two overlapping quartets, J =7 Hz 8H,
~CHyCHygy), 7.16 (singlet, 2 H, vinylic protons in pyran ring}, and 7.61
(singlet, 2 H, vinylic protons in thiopyran ring). The main features
of the IR spectrum were at 1735, 1715, 1705, 1575, 1535, 1370, 1305,
1275, 1225, 1130, 1110, 1045, 1020, 945, 885, 870, 765, 755, 750, 735,
and 725 cm™L

Anal. Caled for CooHoyOgS: C, 56.89; H, 5.21: S, 6.90. Found: C,
56.82; H, 5.04; S, 6.70.

Reaction of Diethyl Chelidonate (3) with Hydrogen Sulfide
and Hydrogen Chloride. To an ethanol (10 mL) solution of 3 (1 g,
4.2 mmol), prepared from 2 according to Willstatter and Pummerer,!2
continuously saturated with hydrogen sulfide was added hydrogen
chloride gas. The reaction became mildly exothermic, as above. TLC
analysis indicated a complex mixture which included 3 and lc. After
being cooled in a refrigerator overnight, crude le was isolated in ~10%
vield; the product may be purified as described ahove to give identical
material.

2,2',6,6'-Tetracarboethoxybipyran (1d). This compound was
prepared as previously described® using 2 on a 10-g (44 mmol) scale.
The crude product {7.6 g, 77%), mp 195-196 °C, was chromatographed
on silica gel in chloroform with elution by ethyl acetate. The product
was recrystalhzed from ethanol to give 4, mp 201-203 °C (lit.° mp
203-204 °C). 'The NMR spectrum exhibited resonances at 6 1.25-1.50
(triplet, J = 7 Hz, 12 H, -CHyCH3y), 4.20-4.50 (quartet, J = 7 Hz, 8
H, -CHyCHj3), and 7.01 (singlet, 4 H). The main features of the IR
spectrum were at 1720, 1590, 1345, 1325, 1290, 1220, 1150. 1110, 1025,
1005, 935, 880, 870, 765, 740, and 725 cm ™1,

Anal. Caled for CooHo4O10: C, 58.93; H, 5.39; 0. 35.68. Found: C,
58.70; H, 5.47.

2,3,6,7-Tetrakis(carbomethoxy)tetrathiafulvalene (4b).!13 To
a benzene (25 mL) solution of dimethyl 1,3-dithiole-2-thione-4,5-
dicarboxylate (10 g, 40 mmol) heated at reflex under nitrogen was
added trimethyl phosphite (5.2 g, 44 mmol) via syringe. After reflux
for 16 h, the mixture was cooled to room temperature and crude 4b
(8.3 g, 93% yield) was isolated by suction filtration. Slow crystallization
of this material from benzene gave black prisms, mp 169-171 °C
(lit.1314 mp 169-170 °C).

Acknowledgments. The authors wish to thank Professor
H. K. Hall, University of Arizona, for useful discussions during
the course of this work, Dr. R. J. Gruber for the use of his au-
toclave, A, P. Fisher, III, for technical assistance, and R.
Crandall and F. Elder for the mass spectral data.

Reglstry No.—1b, 68854-14-8; 1¢, 68854-15-9; 1d, 68854-16-0; 2,
68854-18- 2; 3, 725-92-8; 4a, 31366-25-3; 4b, 68854-17-1; dimethyl
1,3-dithiole-2-thione-4,5-dicarboxylate, 7396-41-0.

References and Notes

(1) D.J. Sandman, A. J. Epstein, T. J. Holmes, and A. P, Fisher, Hi, J. Chem.
Soc., Chem. Commun., 177 (1877).

(2) A. Schonberg and W. Asker, Chem. Rev., 37, 1(1945).

(3) M. A.-F. Elkascheff and M. H. Nosseir, J. Chem. Soc., 4643 (1963).

(4) 8. Hlnig, B. J. Garner, G. Ruider, and W. Schenk, Justus Liebigs Ann. Chem.,
1036 (1973).

(5) Z. Yoshida, S. Yoneda, T. Sugimoto, and O. Kikukawa, Tetrahedron Lett.,
39989 (1971).

(6) G. Traverso, Ann. Chim. (Rome), 47, 1244 (1957).

(7) N. Ishibe,-M. Sunami, and M. QOdani, Tetrahedron, 29, 2005 (1973).

(8) E.R. Riegel and F. Zwilgmeyer, “Organic Syntheses'" Collect. Vol. 2, Wiley,
New York, N.Y., 1943, pp 126-128.

(9) F. Arndt and-P. Nachtwey, Chem. Ber., 56, 2406 (1923).

(10} D. J. Sapidman, A. P. Fisher, HIl, T. J. Holmes, and A. J. Epstein, J. Chem.

Soc., Chem. Commun., 687 (1977).

(11) Melting points are uncorrected. Elemental analyses were performed by
Schwarzkopf Microanalytical Laboratory, Woodside, N.Y. Uitraviolet-visible
spectra were recorded on a Cary 15 spectrophotometer in acetonitrile
solution i in 1-cm cells. Infrared spectra were recorded as Nujol mulls on
a Perkin-| [Elmer 283 instriiment. Cyclic voltammetry measurements were
carried out on a Prlnceton Applied Research PAR 170 instrument in ace-
tor)nrlle Solution using a platinum electrode with 0.1 M tetraethylammonium
perchlérate as support electrolyte; potentials reported are vs. a saturated



882 J. Org. Chem., Vol. 44, No. 5, 1979

calomel electrode. Proton nuclear magnetic resonance spectra were re-
corded on a Bruker WP-80 Iinstrument in deuteriochloroform solution.
Chemical shifts are reported in parts per million downfield from internal
tetramethyisilane.

(12) R. Willstatter and R. Pummerer, Chem. Ber., 37, 3734 (1904).

(13) C. U. Pittman, Jr., M. Narita, and Y. F. Liang, J. Org. Chem., 41, 2855
(1976).

(14) Tabie I, footnote d.

Stereochemical Control of the Ynamine-Claisen
Rearrangement

Paul A. Bartlett* and William F. Hahne

Department of Chemistry, University of California,
Berkeley California 94720

Received July 31, 1978

The Claisen rearrangement of carboxylic acid derivatives,
proceeding via the ketene acetal tautomers 1, has gained
prominence as a means of introducing adjacent chiral centers
in acyclic compounds in a stereoselective manner.! For ex-
ample, the condensation of crotyl alcohol with 1-(diethyl-
amino)-1-ethoxypropene? in refluxing xylene affords pre-
dominantly the erythro rearrangement product 2a via the
(Z)-ketene N,0-acetal 1a in a reaction first developed by

a,R' =H,R?=CH,, X = NEt,;b, R' = CH,, R = H, X =
NEt,; ¢, R' = H, R* = CH,, X = OSiR;;d, R' = CH,, R*=H,
X = OSiR,

Eschenmoser.3 In a more general procedure, Ireland has shown
that either the E (1¢) or Z (1d) enol trialkylsilyl ethers of al-
lylic esters can be generated selectively as desired, giving the
erythro (2¢) or threo (2d) rearrangement products, respec-
tively.* The condensation of crotyl alcohol with 1-(diethyl-
amino)propyne also leads to a ketene N,O-acetal, and to a
rearranged product;® however, a study of the stereochemistry
of this reaction has not been reported.

A reasonable step in the ynamine-Claisen rearrangement
is the addition of the alcohol (or alkoxide) to the keteniminium
intermediate 3. Because the alcohol must approach this in-
termediate in the plane of the carbon-carbon double bond,
we reasoned that steric interference by the methyl group
would favor formation of the (E)-ketene N,O-acetal 1b, as

Notes

ROH —A,

3 kv/ .
H&\f/c. ﬂ?\/ — 1b
H 2
ROH

depicted. Rearrangement of this kinetically formed E isomer
to the threo product 2b would be a useful complement to the
Eschenmoser procedure.

The reaction of crotyl alcohol with 1-(diethylamino)pro-
pyne at room temperature in benzene with catalysis by boron
trifluoride etherate gives a better than 20:1 ratio of stere-
oisomeric products, favoring the same isomer (2a) as does the
Eschenmoser reaction. Apparently, in the presence of a Lewis
acid, equilibration of the initially formed adduct to the ther-
modynamically favored Z stereoisomer (1a) takes place before
rearrangement. Similar high stereoselectivity is observed with
a variety of allylic alcohols, as shown in Table 1.6

On the other hand, equilibration of the ketene N,0-acetals
can be avoided, and rearranged products arising from the E
isomer (e.g., 1b) can be obtained by adding the alcohol slowly
to a refluxing solution of the ynamine in xylene. Under these
conditions, in the absence of acid and with a low concentration
of alcohol at all times, equilibration is slowed and rearrange-
ment occurs predominantly via the kinetically formed (E)-
ketene N,0-acetal. This reversal of stereoselectivity with
choice of rearrangement conditions is observed for all of the
acyclic allylic alcohols examined (see Table I). Moreover, in
some instances the stereoselectivity of the uncatalyzed,
thermal rearrangement is quite good. Poorer stereoselectivity
is observed if the alcohol is added to the ynamine all at once,
suggesting that isomerization may be proceeding via the amide
acetal (by addition, then elimination, of a second molecule of
alcohol).

2-Cyclohexenol reacts with the ynamine in refluxing xylene
to give a 10:1 ratio of rearranged products 7 and 8 in 64% yield.
The BF3-catalyzed reaction results in dehydration only;?
however, the condensation of this alcohol with 1-ethoxy-1-
(diethylamino)propene affords a 50:50 mixture of 7 and 8. The
fact that the (Z)-ketene N,0-acetal, formed in the latter re-
action, leads to a mixture of products while the intermediate
in the neutral ynamine reaction gives essentially a single iso-
mer is further confirmation that this intermediate has the £
geometry. The major isomer formed in the ynamine-Claisen
rearrangement is 7, and it must arise via a boat-like transition
state. The rearrangement of the (E)-ketene N,0-acetal may

Table I. Stereocontrol of the Ynamine-Claisen Rearrangement

RA

0
R! R¢ CH,
7 CH,C=CNEt,
———
R OH xylene
4 R? R
5
ratio® of 5/6 (yield,® %)
entry R! R® R? R4 catalyzed by BF;-Et.0, 25 °C slow addition of alcohol, 140 °C
a CH; H H H 1:20 (44) 2:1(62)
b H CHj H H 1:5(37) 2.5:1 (74)
c CH, H CH; H 1:10 (50) 10:1 (56)
d CH, H H CHj 1:3(19) 4:1 (38)
e Ph H H H 1:10 (60) 2:1(61)
@ Lower limit, determined by 13C NMR. ¢ Isolated yield of distilled material.
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