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The syntheses of sterically stabilized cyclopropenonophanes as well as an electronically stabilized cyclopropenethionophane are reported,

and their molecular structures in the solid state are elucidated. The sulfur of the CS moiety in cyclopropenethiones was shown to react as

a nucleophile. Temperatures of more than 240  °C favor the extrusion of CO in the cyclopropenonophane to afford an a,0'-tetramethyl-
substituted cyclodiyne.

One major goal of recent cyclophane chemistiy the attentiort than its larger counterparts such as metal-stabilized
incorporation of less commam systems or unusual tethers cyclobutadienes4),f the five-membereds6-heterocyclescd
between them. The tethers can inplement rigidystems and benzene and larger benzenoid and nonbenzenoid aro-
such as alkyne moieties @19r even benzene rings and matic systems$.One reason for the rare appearance of
various kinds of heteroatoms that can influence the electronic cyclophanes with cyclopropenylium or cyclopropenone rings
properties of adjacent conjugated systems or serve as donomay be their intrinsic instability due to the high strain energy,
atoms for host—guest interactions (But the stability and ~ which opens many possibilities to side reactions and
reactivity of such systems is not only effected by heteroat- degradation reactioriddowever, the cyclopropenone acetals
oms, bulky groups are also able to induce a similar effect. are remarkably stable and used for synthésis.

Among the varioust systems implemented in cyclo-
phanes, the three-membered ring has attracted much less (s) (a) Gleiter, R.; Merger, MTetrahedron Lett1992,33, 3473—3476.
(b) Gleiter, R.; Merger, M.; Oeser, T.; Irngartinger, Hetrahedron Lett.

(1) (a) Gleiter, R., Hopf, H., Ed$4odern Cyclophane Chemistiyiley- 1995, 36, 6425—6428. (c) Gleiter, R.; Merger, M. Altreuther, A.; Irn-
VCH: Weinheim, 2004. (b) Vogtle, FCyclophane Chemistry: Synthesis, gartinger, H.J. Org. Chem.1996, 61, 1946—1953. (d) Schuster, A.;
Structures and Reaction®Viley: Chichester, 1993. (c) Diederich, Ey- Rominger, F.; Gleiter, RTetrahedron Lett1999,40, 7769—7772.

clophanes; The Royal Society of Chemistry: London, 1991. (d) Keehn, P.  (6) (a) Gleiter, R.; Karcher, M.; Ziegler, M. L.; Nuber, Betrahedron
M., Rosenfeld, S. M., Ed€yclophanesAcademic Press: New York, 1983. Lett.1987,28, 195—198. (b) Gleiter, FAngew. Cheml 992,104, 29-46;

(2) Kawase, T.; Ueda, N.; Darabi, H. R.; Oda, Mhgew. Chem1996, Angew. Chem., Int. Ed. Endl992,31, 27-44.
108, 1658—1660Angew. Chem., Int. Ed. Engl996,35, 1556—1558. (7) (a) Greenberg, A.; Tomkins, R. P. T.; Dobrovolny, M.; Liebman, J.

(3) Brettreich, M.; Bendikov, M.; Chaffins, S.; Perepichka, D. F.; Dautel, F.J. Am. Chem. S0d.983,105, 6855—6858. (b) Dahn, H.; Ung-Truong,
O.; Duong, H.; Helgeson, R.; Wudl, Angew. Chem2002,114, 3840— M.-N. Helv. Chim. Actal987,70, 2130—2136. (c) Gleiter, R.; Merger, M.
3843; Angew. Chem., Int. E®2002,41, 3688—3691. Synthesis1995, 969—-972.

(4) Kunze, A.; Bethke, S.; Gleiter, R.; Rominger,®rg. Lett.2000,2, (8) Nakamura, M.; Isobe, H.; Nakamura, Ehem. Re»2003, 103,
609—-612. 1295—-1326.
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Herein, we report synthetic strategies for the assembly of 12413 (n =0-1)
sterically stabilized cyclopropenonopharieand6 as well
as the electronically stabilized cyclopropenethionophane
The latter compound bears a cyclopropenethione unit that is
the C=S analogue of cyclopropenone.
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The starting points of the syntheses ®&nd 6 are the dioxane ( h CHzCla, rt.
well-known tetramethyl-substituted dicarboxylic acitfss reflux
and9, respectively, which can be converted using standard
methods into the corresponding diacyl chloridésand 11 16_17?n=0_1)
(Scheme 1}! The yields obtained in this reaction were in o
the range between 85 and 95%. The following in situ-
generation of the bis-ketend® and 13, respectively, and 2
their subsequent two-component ring-closure yielding iso- KOtBu ( )
meric mixtures of ketene dimerization products proved to THF, -40°C "
be the crucial steps of the whole synthesis. Without further Vi
purification, 14 and 15, respectively, were subjected to a g

base-induced decarbonylation that was carried out for several 1819 (n = 0-1) 56 (n=01)
days with KOH in dioxane under reflux. The yields obtained
in this three-step sequence were only about 5%. For the
synthesis of the final products, first, a tetrabromination of = The starting point of the cyclopropenethionophane syn-
16 and17, respectively, was conducted to yield compounds thesis was the recently synthesized cyclopropenonophane
18and19. Hereby, it proved to be essential that the reaction 20,'® a stable compound that can be stored for months
was carried out at room temperature under an air atmosphere(Scheme 2). The reaction 20 with a large excess of oxalyl

It is noteworthy that in the case df9, only one of five chloride in DME at 4C°C yielded the intermediatl bearing
possible stereocisomers was formed, as NMR studies havetwo dichlorocyclopropene moieties. The driving force to
shown. An X-ray analysis revealed the structure 16 afford this highly energetic compound lacking any aromatic
showing an anti orientation of the keto groups with four stabilization is the formation and release of gt of the
equatorial bromine atoms. For the final step, KOtBu, a reaction mixture. The thiocarbonyl groups were generated
voluminous base and a hindered nucleophile, was used in aafterward by the addition of thioacetic acid affording the
Favorskii-type reaction to induce the formation of the three- tetrathiacyclopropenethionophaiién 31% yield (Scheme
membered rings. Similar reactions have been used before in2). This synthesis starting from tetrathiacyclopropenonopghane
acyclic system$? The best results, with yields of 27%)( proved to be superior over the direct synthesis starting from
and 51% (6), were obtained in THF at40 °C. Both tetrathiacyclodiyné? which results in many side products
compounds proved to be extremely stable when heated. that are difficult to separate.

(9) Walker, J.; Wood, J. KJ. Chem. Socl906, 598—604. (12) Ciabattoni, J.; Nathan, E. C.; Feiring, A. E.; Kocienski, ®i@anic
(10) Blomquist, A. T.; Miller, G. A.J. Am. Chem. S0d.961,83, 243— Syntheses; Wiley: New York, 1988; Collect. Vol. VI, p 991.

246. (13) Werz, D. B.; Rominger, F.; Hyla-Kryspin, I.; Gleiter, R. Org.
(11) Borgen, G.; Dale, JActa Chem. Scand.972,26, 952—960. Chem.2001,66, 3416—3422.
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In contrast to the cyclopropenonophate$, and20, the
cyclopropenethionopharieis much less stable and decom-
poses at about 110C. The cyclopropenethione unit is

Figure 1. ORTEP plot (50% ellipsoid probability) of the molecular
structure of6 (modification o). Hydrogen atoms are omitted for

strongly UV-active, much more than the cyclopropenone unit. the sake of clarity.

Compared to the latter, the absorption is shifted into the range

of visible light, which gives the compouritia yellow color.
For the compound§ and7, we were able to grow single
crystald® to elucidate their molecular structures. For both
compounds, two different modificationst (and ) were
found. In the case d, the two modifications do not differ
significantly. Both reveal aynorientation of the cyclopro-

structure-determining electronic effects. Also in tife
modification of 7, the planar feature of the cyclopropene-
thione moiety with the adjacent SGigroups is maintained.
Similar effects have been observed in cyclopropenones
substituted with other electron-donating moietig¥.

In Table 1, we show for comparison also data of the dithia-

penone units, which are almost parallel to each other (Figuresypstituted cyclopropenethio@.’% This model compound
1). Relevant geometrical data are given in Table 1. It is was reacted with an excess of methyl iodide in dichloro-

interesting to note that in [3.3]cyclopropenonoparead
in [5.5]biscyclopropenyliumpharké the twosr systems also
face each other.

In contrast td6, the molecular stucture @f(modification
o) shows ananti orientation (Figure 2) of the three-
membered rings. Comparing the transannular distanees|

methane to yield the trithia-substituted cyclopropenylium
cation. This cationic species was prepared before by substitu-
tion of fully chlorinated cyclopropen&® but not structurally
characterized. The triiodid®4 was formed out of a solution

of the iodide23 that was left for several days in contact
with air. Presumably, oxygen from the air converted the

t, between the twar systems demonstrates that they are very jodide into triiodide.

similar, although the latter7¢.) is tethered by seven atoms,
whereas6 is connected only by five atoms. As Table 1
shows, the torsional angles(C—X—C=C, X = CMe; (6),

X =S (7)) vary strongly: in7a, the 3p orbitals of the sulfur

The molecular structures @3 (two modificationso. and
B) and24 do not show &3 axis as anticipated. Two methyl

atoms adjacent to the electron-poor cyclopropenethionerapie 1. Comparison between Most Relevant Structural Data

moiety overlap with ther system. This overlap is optimal
for a planar conformation, resulting in anglesf about 0

Determined by X-ray Analyses @, 7, and22

a = — 2)—
and 180°. In contrastp does not show such favoring f1lpml* C=X X =0,5) ClspH=8 v
to [pm]* [pm] C=C [pm] [pml] [deg]®

(14) Benisch, C.; Bethke, S.; Gleiter, R.; Oeser, T.; Pritzkow, H.; 6a¢ 520.5(4) 121.8(3) 135.8(3) 66(4)¢
Rominger, F.Eur. J. Org. Chem2000, 2479—2488. 116(3)¢

(15) (a) Crystal Structure Determination of 6o CygHzeO2; MW = 63 520.7(4) 121.5(3) 135.8(4) 65(4)4
356.53; colorless; polyhedron; O.4§0.42 x 0.30 mf; orthorhomb(ici 116(3)¢
space groufPna2; a = 15.0286(3) A;b = 7.4850(2) A,c = 39.3182(8
A; V: 442287(17) A Z — 8, T: 200(2) K;dcalcd: 1071 g/CI’ﬁ, F(OOO) 22 1652(2) 1360(3) 1698(2) 1800
= 1568;1 = 0.066 mnTL; 23 546 reflections collected; 7583 independent 0.0
reflections; 6695 reflections observe(F) = 0.034;Ry(F?) = 0.083;S 70 510.8(4) 165.0(2) 135.8(3)  169.4(2) 172(1)¢
(GOF) onF? = 1.04. Ap)max = 0.14 e/R; (Ap)min = —0.18 e/R. (b) 7B e 164.6(2) 136.03)  169.9(2) 6(5)
Crystal Structure Determination of 7o Ci1gH20Ss; MW = 404.72; yellow; 176(2)¢

polyhedron; 0.3% 0.30 x 0.05 mn¥; monoclinic; space group2,/n; a =
9.0844(3) A:b = 11.8406(3) A.c = 9.8502(3) A;5 = 113.063(1)°V =
974.85(5) &, Z = 2; T = 200(2) K; dcaica= 1.379 g/cni; F(000) = 424;

u = 0.695 mnT?; 4668 reflections collected; 2093 independent reflections;
1654 reflections observe®(F) = 0.031;Ry(F?) = 0.074;S (GOF) onF?2

= 1.07; (Aphax = 0.27 elB; (Ap)min = —0.24 elR.

Org. Lett, Vol. 7, No. 5, 2005

aTransannular distances between corresponding carbon atoms of the
C=C bond.? Dihedral angle of C—X—C=C (X =CMe,, X = S).¢Two
crystallographically independent molecules, the given numbers are mean
values.d Mean values of equivalent unitsz systems do not face each other.
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groups face each other. As an example, we show the

molecular stucture o24 in Figure 317 An analysis of the

Figure 2. ORTEP plot (50% ellipsoid probability) of the molecular
structure of7 (modificationa).

Figure 3. ORTEP plot (50% ellipsoid probability) of the molecular
structure of24.

In summary, we report the syntheses of sterically stabilized
cyclopropenonophanes bearing methyl substituents in the
o,0'-position. The key steps are ketene dimerizations to build
up the large cycles, base-induced decarbonylations, and a
Favorskii-type reaction of tetrabromides that closes the three-
membered rings. An electronically stabilized cyclopropene-
thionophane bearing sulfur atoms in thgt'-position was
synthesized from the corresponding CO analogue. Structural
investigations by means of X-ray crystallography have shown

bond lengths within the three-membered rings reveals valuesthat cyclopropenone moieties thare situatedsynto each

of 135.8 to 138.5 pm; these distances are abotd Pm

other, whereas the cyclopropenethione unit§ iadopt an

longer than for non-donor-substituted cyclopropenylium anti position. The CH-S—C=C unit in7 proved to be

cations®® This result indicates a significant overlap of
antibondingr* orbitals of the three-membered ring with the

nearly planar, indicating conjugation between the 3p lone
pair of the sulfur and the electron-poor cyclopropenethione

lone pairs of the sulfur atoms. This view is supported by the moiety. The thiocarbonyl group in cyclopropenethiones is

C(sp)—S bond lengths, which are-B pm shorter than in
the cyclopropenethione®?, 7a, and7p.

The sterically hindered cyclopropenonophdheas py-
rolyzed to afford, via a [1+ 2]-cycloreversion, a cyclodiyne
with methyl substituents in the,a’-positions next to the

triple bonds. Hitherto, all other methods such as four-

component cyclizations involving either lithium acetylide or
propargylic halides to afford such a compound fafled.
Therefore,6 was heated without solvent to 24C for 30

readily attacked by electrophiles such as Mel, yielding the
trithia-substituted cyclopropenylium cation.

Scheme 3

min (Scheme 3). Much soot was formed; still unreacted
starting material could be recovered, and the desired product
25 could be separated by column chromatography and was

obtained in a yield of 13%. The structure 5 could be
assigned unequivocally by NMR studies.

(16) (a) Eggerding, D.; West, R.. Am. Chem. S0d.976,98, 3641—
3644. (b) Yoshida, Z.; Konishi, H.; Tawara, Y.; Nishikawa, K.; Ogoshi, H.
Tetrahedron Lett1973 14, 2619-2622. (c) Wilcox, C.; Breslow, R.
Tetrahedron Lett1980,21, 3241—3242(d) Dehmlow, E. V.Chem. Ber.
1968 101, 410-426. (e) Weiss, R.; Schlierf, C.; Schloter, K.Am. Chem.
S0c.1976,98, 4668—4669. (f) Werz, D. B.; Gleiter, R.; Rominger Hur.
J. Org. Chem2003, 151—-154.

(17) Crystal Structure Determination of 24: CgHgSsls; MW = 558.01;
dark red; polyhedron; 0.46 0.18 x 0.15 mn?%; monoclinic; space group
P2i/n; a= 9.6693(5) Ajo = 14.1562(3) Ac = 10.6917(5) A3 = 104.057-
(2)°; V = 1419.66(10) & Z = 4; T = 200(2) K; dealca = 2.611 glcrg;
F(000) = 1008; u = 7.005 mnt!; 4332 reflections collected; 2868
independent reflections; 2105 reflections obsenR() = 0.033;R,(F?)
=£.081;S(GOF) onF? = 1.13; (Apkax = 1.35 e/B&; (Ap)min = —1.01
elAs.

(18) Schuster, A. Dissertation, Universitdt Heidelberg, Heidelberg,

Germany, 1999.
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