COMMUNICATIONS

[2] a) Y. Inouye, Y. Take, S. Nakamura, J. Antibiot. 1987, 40, 100; b) Y.
Take, Y. Inouye, S. Nakamura, H. S. Allaudeen, A. Kubo, J. Antibiot.
1989, 44, 107.

[3] R.B. Lingham, A.H.M. Hsu, J. A. O’Brien, J. M. Sigmund, M.
Sanchez, M. M. Gagliardi, B. K. Heimbuch, O. Genilloud, I. Martin,
M. T. Diez, C.F. Firsch, D. L. Zink, J. M. Liesch, G. E. Koch, S. E.
Gartner, G. M. Garrity, N. N. Tsou, G. M. Salituro, J. Antibiot. 1996,
49, 253.

[4] M. A. Ciufolini, N. Xi, Chem. Soc. Rev. 1998, 437.

[5] D.L.Boger, M. W. Lederboer, M. Kume, J. Am. Chem. Soc. 1999, 121,
1098.

[6] D.L.Boger, M. W. Lederboer, M. Kume, Q. Jin, Angew. Chem. 1999,
111,2533; Angew. Chem. Int. Ed. 1999, 38, 2424.

[7] D.L. Boger, M. W. Lederboer, M. Kume, M. Searcey, Q. Jin, J. Am.

Chem. Soc. 1999, 121, 11375. Boger’s landmark achievement followed

an earlier disclosure of the synthesis of sandramycin, a congener of the

peptins that contains pipecolinic acid and valine in place of piperazic

acid and N-methyl-3-hydroxyvaline: D. L. Boger, J. H. Chen, K. W.

Saionz, J. Am. Chem. Soc. 1996, 118, 1629. The Scripps team has also

explored in further detail the bioactivity of peptins and related

substances: D. L. Boger, J. H. Chen, K. W. Saionz, Q. Jin, Bioorg.

Med. Chem. 1998, 6, 85; D. L. Boger, K. W. Saionz, Bioorg. Med.

Chem. 1999, 7, 315.

See ref. [4] and [12] as well as: a) M. A. Ciufolini, N. Xi, J. Chem. Soc.

Chem. Commun. 1994, 1867; b) N. Xi, M. A. Ciufolini, Tetrahedron

Lett. 1995, 36, 6595; ¢) M. A. Ciufolini, N. Xi, J. Org. Chem. 1997, 62,

2320; d) M. A. Ciufolini, T. Shimizu, S. Swaminathan, N. Xi, Tetrahe-

dron Lett. 1997, 38, 4947; e) M. A. Ciufolini, D. Valognes, N. Xi,

Tetrahedron Lett. 1999, 40, 3693.

[9] H. M. Urbanus (Bristol-Myers Co.) NL-T 84 00 237, 1984 [Chem.
Abstr. 1985, 102, 22795q].

[10] Molecular mechanics calculations suggested that the strain energy
present in the peptin macrocycle per monomeric unit is less than half
of the strain energy present in the cyclic form of each monomeric
segment. If the transition state for acylative cyclization reactions were
sufficiently late along the reaction coordinate, it seemed plausible that
the relative energy content of products might influence product
distribution. Details will be provided in forthcoming full papers.

[11] T. Ishizuka, T. Kunieda, Tetrahedron Lett. 1987, 28, 4185.

[12] N.Xi, L. B. Alemany, M. A. Ciufolini, J. Am. Chem. Soc. 1998, 120, 80.

[13] a) For a valuable review of allyl-type blocking groups see: H. Kunz,
Angew. Chem. 1987, 99,297, Angew. Chem. Int. Ed. Engl. 1987, 26,294,
and references therein; b) a 3,4-dimethallyl ester was also competent
in later steps, but while the crotyl unit was rapidly released with
dimedone/[Pd(PPh;),], the dimethallyl group resisted cleavage.

[14] Compounds 11 and 12 obtained in this way were contaminated with
Ph;P=0. These substances were extremely polar and difficult to
purify; accordingly, they were not fully characterized. By contrast,
macrocyclic materials were easily purified by chromatography. It
appears that Ph;P=0O does not interfere with subsequent coupling
operations, and indeed, it might even assist them; cf.: V. A. Efimov,
O. G. Chakhmakhcheva, Y. A. Ovchinnikov, Nucl. Acids Res. 1985, 13,
3651.

[15] D. W. Bayne, A. J. Nicol, G. Tennant, J. Chem. Soc. Chem. Commun.
1975, 782.

[16] L. A. Carpino, J. Am. Chem. Soc. 1993, 115, 4397.

[17] The spectra of 1 are given in ref. [9].

=

Angew. Chem. Int. Ed. 2000, 39, No. 14

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

A Third-Generation Bicyclopropylidene:
Straightforward Preparation of 15,15-Bis-
(hexaspiro[2.0.2.0.0.0.2.0.2.0.1.0]penta-
decylidene) and a C,,-Symmetric Branched
[15]Triangulane™**

Malte von Seebach, Sergei I. Kozhushkov,
Roland Boese, Jordi Benet-Buchholz, Dmitrii S. Yufit,
Judith A. K. Howard, and Armin de Meijere*

Dedicated to Professor Paul von Ragué Schleyer
on the occasion of his 70th birthday

Bicyclopropylidene (1), an interesting laboratory curiosity
when first prepared in milligram quantities in 1970,/ has since
become easily available,l and due to its unique reactivity,
developed into a versatile C4 building block for organic
synthesis.®l Among other applications, it serves as the best
starting material for various branched [n]triangulanes—
hydrocarbons consisting exclusively of spiroannelated cyclo-
propane units.l The perspirocyclopropanated analogue of 1, a
second-generation bicyclopropylidene 2, had previously been
prepared along a tedious 14-step sequence,”! and 2 had been
further transformed into the perspirocyclopropanated [3]ro-
tane 3 which, with its 10 spiroannelated cyclopropane rings, at
that time was the largest achievable [n]triangulane.[®]

1 =L

1 2 3

The classical approach to substituted bicyclopropylidenes
by dimerization of 1-halo-1-lithiocyclopropanes generated by
treatment of 1,1-dihalocyclopropanes with alkyllithium re-
agents,[”) has recently been significantly improved by Neu-
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enschwander et al. who observed that copper (1) salts assist the
coupling of 1-bromo-1-lithiocyclopropanes generated from
1,1-dibromocyclopropanes to give a variety of substituted
bicyclopropylidenes in well reproducible yields.’l As we now
found, this method can also be applied to 7,7-dibromodispiro-
[2.0.2.1]heptane (4),” the dibromocarbene adduct of bicyclo-
propylidene (1), to yield the perspirocyclopropanated bicy-
clopropylidene 2 (80 % isolated), making this exotic hydro-
carbon easily available in preparatively useful quantities
(Scheme 1). It is really spectacular that the dibromide 5, the
dibromocarbene adduct of 2,/ can be reductively “dimerized”
again to give the third-generation bicyclopropylidene 6
(Scheme 1).01

b
80% 93%

j>
s

Scheme 1. Synthesis of the thlrd—generation bicyclopropylidene 6.
a) CuCl,, THF, —95°C, addition of BuLi over 1h, then —95°C, 1h;
b) CHBr;, KOH (powder), TEBACI, CH,Cl,, 0—30°C, 5h. TEBA =
benzyltriethylammonium.

Although its total strain energy exceeds 517 kcalmol 11!
the new cyclopropyl-overcrowded bicyclopropylidene 6 is vir-
tually as stable thermally (up to ca. 230°C according to
differential scanning calorimetry (DSC) measurements) as
the perspirocyclopropanated bicyclopropylidene 2. The oxi-
dation potentials of these alkenes decrease on going from
bicyclopropylidene (1) (1.58 V) to 2 (1.12 V, AE =480 mV)
and further to 6 (0.98 V, AE =140 mV). It is remarkable that
the outer sphere cyclopropyl groups in 6 still exert a significant
influence, albeit a smaller one than the outer sphere groups in
2, as indicated by the smaller difference between the values
for 6 and 2 compared to that between 2 and 1.

As expected, the steric congestion arising from the in-
creased number of spiroannelated three-membered rings in 6
prevents certain cycloadditions. Thus, dibromocarbene did
not add onto the double bond in 6,'” neither under phase-
transfer catalysis nor under classical conditions as developed
by Doering et al.l®l and Seyferth et al.'¥l The addition of
bromochlorocarbene also failed under all of these conditions,
while 7-bromo-7-chlorodispiro[2.0.2.1]heptane was obtained
from 1 in 77 % yield using Doering’s procedure. Also, 6 did
neither react with diazocyclopropane, generated in situ from
N-nitroso-N-cyclopropylurea,’ nor with diazomethane in
the presence of Pd(OAc),.'®! However, with less sterically
demanding carbenes such as dichloro- and bromofluorocar-
bene the corresponding dihalo[15]triangulanes 7 and 8 were
obtained in excellent yields (Scheme 2).[77]

For quite a while it appeared, as if the perspirocyclopropa-
nated [3]rotane 3 would be the ultimate size achievable
branched triangulane. But the current success in preparing the

2496 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000
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13 5
7 X=Y =Cl(99%) 9
8 X=F,Y =Br(94%)
Scheme 2. Preparation of the branched [15]triangulanes 7-9. a) CHCl;,
50% aq. NaOH, TEBACI, room temperature, 3 d; b) CHB1,F, 50% aq.
NaOH, TEBACI, CH,Cl,, room temperature, 3 d; ¢) Li, lBuOH, THF, 15—
20°C, 3d.

dihalocarbene adducts 7 and 8 (Scheme 2) from the spirocy-
clopropyl-overcrowded bicyclopropylidene 6, fuels new hope
that the limits for generating even higher aggregates of
spiroannelated cyclopropane rings can be pushed forward still
further. Reductive dechlorination of 7 led to the hydrocarbon
9 (Scheme 2) which, with its 15 spirofused cyclopropane
rings,'*! already sets a new record.

The structures of compounds 6 -9 were confirmed by X-ray
crystal structure analysis.'”) The lengths of the central double
bond turned out to be essentially the same in bicyclopropyl-
idene (1) (1.304(2) AP, perspirocyclopropanated bicyclo-
propylidene 2 (1.305(4) A%#) as well as the third-generation
bicyclopropylidene 6 (1.305(3) A), and the typical difference
between proximal and distal bond lengths observed for the
outer spirocyclopropane rings in [3]rotanel?” and perspirocy-
clopropanated [3]rotane 31 for 6 is observed one sphere
further out (Figure 1). The structures of [15]triangulane 9 and
its dihalo derivatives 7 and 8 all display a unique feature. The

1.478(2)
1.483(2)

Figure 1. Crystal structures of the third-generation bicyclopropylidene 6
(top) and [15]triangulane 9 (bottom). The bond lengths [A] are mean
values based on assumed D,, symmetry for 6 and C,, symmetry for 9.1]
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two spiropentane moieties making up the central dispiro-
[2.0.2.1]heptane units in all of them have lost their usual C,
symmetry. In 9, the deformation of these spiropentane units is
both by twisting (i. e. rotation of the plane of one cyclo-
propane ring against that of the other one) by —4.3° and
+5.8° (¥=85.7° and 95.8°, respectively, for the left and right
spiropentane unit; Figure 1) and bending (i. e. buckling the C,
axis which usually bisects the two cyclopropane rings; Fig-
ure 1) by 11.7° (®=168.3° for both moieties).?!! This
deformation must arise from the mutual repulsion of the
two bulky branched [7]triangulane fragments spiroannelated
to the central cyclopropane moiety of 9, and it apparently goes
along with a significant change in hybridization of the two
central spiro carbon atoms leading to a remarkable shortening
of the proximal C—C bond (1.470(2) A) in the central ring.?
Such a deformation was also observed in dichloro[15]triangu-
lane 7, but with slightly less bending (@ =169.9°) and
significantly less twisting (¥'=89.0°).

The structure of bromofluoro[15]triangulane 8 is one of the
very few known structures of compounds containing a
geminally bromofluoro-substituted carbon atom. The steri-
cally congested [15]triangulane skeleton apparently accom-
modates the larger bromine and the smaller fluorine sub-
stituents at C24 best with different orientations of the C—F
and C—Br bonds. The angle between the C—Br bond axis and
the C9-C8-C24 plane is only 49.1°, while that between the
C—F axis and the same plane is 58.2°. The crystal packing of
the molecules 8 is also noteworthy. The outer-sphere three-
membered rings at C4, C11, C18, and C26 form a large enough
cavity which accommodates the Br substituent of the adjacent
molecule quite nicely: the shortest intermolecular contact
Brl---H28B 2.97(1) A is the same as the shortest intra-
molecular ones Brl---H312 2.96(1) and Brl---H152
2.98(1) A, while the sum of van der Waals radii of hydrogen
(1.20 A) and bromine (1.85 A)! atoms is 3.05 A (Figure 2).

Figure 2. A section showing the crystal packing of 24-bromo-24-fluoro-
[15]triangulane 8.1*%)

The central dispiro[2.0.2.1]heptane fragment in 8 is also
twisted and bent, but the big bromine atom apparently causes
the twisting for the two sides to be in the same direction (¥'=
96.6 and 93.3°) as opposed to compound 9 (¥=285.7 and
95.8°), while the degree of bending (@ =169.9 and 170.5°) is
approximately the same as in 9.
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Thus, the “dimerization” of readily generated bromocup-
rocyclopropylidenoids has been shown to open a promising
route to reasonably large aggregates of spirocyclopropane
rings. It remains to be seen, whether the cuprofluorocarbe-
noids generated from 8 under appropriate conditions can be
added to bicyclopropylidene (1) or even “dimerized” without
rearrangement.
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Interest in metal-containing dendrimers as catalysts[!l is
increasing because in principle they combine the advantages
of homogeneous and heterogeneous catalysis in one system.[']
Nevertheless, recyclization and reuse of such catalysts is not
always demonstrated, which raises the question of whether in
such cases the synthetic effort necessary in their preparation is
actually meaningful.l' Here we report on scandium-contain-
ing dendrimers, which have useful catalytic properties as
Lewis acids and which can also be easily recycled and reused
without any appreciable loss in activity. In contrast to soluble
dendritic catalysts previously described, our materials are
heterogeneous catalysts that are insoluble due to a Sc-
promoted cross-linking of individual dendrimer units.>*
Application in catalysis is based on previous reports by
Kobayashi according to which scandium salts having electron-
withdrawing ligands as in Sc(OTf); (Tf = triflate = F;CSO,),
ScCl;, Sc(NTH,);, Sc(PF)s, or polyallyl scandium trifylamido
ditriflate (PA-Sc-TAD) are effective catalysts in Mukaiyama
aldol additions to aldehydes and aldimines, Diels— Alder and
Michael additions as well as Friedel — Crafts acylations.”!

The commercially available dendrimer DAB-dendr-(NH,)s,
109 with 32 outer primary amino groups was first subjected to
sulfonylation using Tf,O/Et;N. The reaction afforded a solid
compound 2 which turned out to be only slightly soluble in
conventional solvents. The IR spectrum does not show any
bands near 3359 cm™! typical of primary amino groups; rather,
absorption at 3489 cm™! characteristic of (R)HNSO,CF;
functions is clearly visible. Thus, most of the outer amino
groups appear to have been sulfonylated. We then envisioned
that these functional groups can bind to scandium with
concomitant cross-linking of the dendritic units 2. For this
purpose a suspension 2 in THF was treated with different
amounts of the cross-linking agent Sc(OTf); in the presence of
KH as base. As a typical result the completely insoluble solid
material 3 was formed, which according to elemental analysis
has a Sc/N ratio of 0.2 corresponding to about 40 % Sc-loading
(see Experimental Section). Although a large proportion of
the outer amino groups are likely to exist as N(Tf)[Sc(OTf),]
units, some of them serve as cross-linking points with two (or
three) sulfonamido ligands at scandium (symbolized by 3).
The X-ray powder diffractogram points to a completely
amorphous solid. Thus, the possible presence of nonreacted
Sc(OTf); trapped in the solid matrix can be excluded.

In order to obtain some information concerning the surface
morphology and the actual cross-linking, a scanning electron
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