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2-Fluorodeoxyinosine (1) was used for preparation of the
guanine N? adduct because the fluorine is more easily displaced
than chlorine or bromine.! Tt could be converted to the adducted
deoxynucleoside (Scheme 1) by treatment with p-(~)-phenyl-
glycinol (3 equiv, DMSQ, 5.5 days, 65 °C, 39%). For incorpo-
ration into oligonucleotides (Scheme IT), nucleoside 1 was con-
verted to 5’-O-(dimethoxytrityl) 3’-O-phosphoramidite derivative
2.12 The target oligonucleotide 5-CAG-(1)-T-3’ was synthesized
on a 1.3-umol scale by the normal automated solid-phase protocol
except that 2 was used in twice the normal excess (i.e., 20 equiv)
and the reaction time for addition of this nucleoside was extended
to 10 min from the usual 1.5. The matrix beads were treated with
D-(-)-phenylglycinol (50 mg, 0.050 mL of MeOH, 3 days, 50 °C).
The mixture was washed with Et,O to remove excess phenyl-
glycinol and treated with concentrated NH,OH (13 h, 60 °C)
to remove protective groups. The modified oligomer, 5'-d-
(CAG-G**»:-T)-3’, was purified by SAX ion-exchange chro-
matography (NHOAc/20% EtOH) followed by passage through
Sephadex G-15. The structure was confirmed by '"H NMR; the
spectrum was similar to that of unmodified 5-d(CAGGT)-3’
except for the presence of the phenylglycinol moiety (aromatic
protons at § 7.3~7.4, a-H triplet at 6 5.2). The yield has not yet
been fully optimized and is approximately one-third that obtained
for unadducted oligomer after similar purification. The synthetic
method represents an attractive strategy for preparation of oli-
godeoxynucleotides bearing structurally defined adducts containing
reactive functional groups and readily yields the large quantities
required for structural studies.

We have extended the method to preparation of N6 adducts
on adenine. Chloro nucleoside 4'* was employed as the halo-
nucleoside component. It reacts readily with p-(~)-phenylglycinol
to give the adenine N adduct (DMF, 32 °C, | day, 59%). 5'-
O-(Dimethoxytrityl) 3’-O-phosphoramidite derivative 5 was
prepared uneventfully from 4 and was employed in the synthesis
of 5-d(GAC-A5*'.AGC)-3’ as shown in Scheme III. The
reaction of p-(~)-phenylglycinol with oligomer containing the
chloro-substituted adenine precursor was somewhat faster than
with oligomer containing 2-fluorodeoxyinosine; the overall yields
of the two syntheses were comparable. The synthesis was carried
out on a 10-umol scale. In the NMR spectrum of the oligomer

(11) Compound 1 was prepared (75~82%) from OS-benzyldeoxyguanosine
(Kusmierek, J. T.; Folkman, W.; Singer, B. Chem. Res. Toxicol. 1989, 2,
230-233) by treatment with HF /pyridine and tert-butyl nitrite (=25 °C, 10
min) followed by catalytic hydrogenation (5% Pd/C, 3 atm, MeOH, 2 h). The
authors cited in ref 7e (which appeared after submission of this manuscript)
reported similar synthesis of the 0f-benzyl- and the O5-(p-nitrophenyl)ethyl
derivatives of 1 which they employed in reactions with 1-(aminomethyl)pyrene.
(a) Montgomery, J. A.; Hewson, K. J. Am. Chem. Soc. 1960, 82, 463-468.
(b) Gerster, J. F.; Robins, R. K. J. Am. Chem. Soc. 1968, 87, 3752-3759. (c)
Gerster, J. F.; Robins, R. K. J. Org. Chem. 1966, 31, 3258-3262. (d) Robins,
M. J.; Uznanski, B. Can. J. Chem. 1981, 59, 2608-2611.

(12) Jones, R. In Oligonucleotide Synthesis, A Practical Approach; Gait,
M. J, Ed.; IRL Press: Washington, DC, 1984, pp 22-34. Sinha, N. D.;
Blernat J; McManus J.; Koster, H. Nucleic Acids Res. 1984, 12, 45394556,

(13) Robms M. J; Basom G. L. Nucleic Acid Chem. 1978, 2, 601~606.

the aromatic protons of the phenylglycinol are at 6 7.3-7.1, and
the a-H is at 6 5.31. The structures of the modified oligomers
were supported by enzymatic degradation to give the component
nucleosides in the expected ratios.!*

The merits of the halonucleoside strategy for synthesis of styrene
oxide adducted oligomers are that it permits assembly with
complete regiospecificity of site of adduction in the DNA and with
equally complete stereospecificity at the a position of the styrene
moiety, since the site of reaction in the oligomer is determined
by the placement of the halonucleoside and the configuration of
the « position of the styrene moiety is determined by the choice
of phenylglycinol enantiomer. Moreover, delaying adduction until
after the oligomer has been assembled avoids the need to invoke
complex strategies for differential protection and deprotection of
the hydroxyl groups in the styrene and deoxyribose moieties during
oligomer assembly. We feel that this postoligomerization meth-
odology will be applicable to synthesis of oligomers adducted with
a wide variety of mutagens and carcinogens including polycyclic
aromatic hydrocarbons where strong economic advantage is
provided by late introduction of the costly carcinogen moiety.
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Fivefold symmetry, which is not allowed crystallographically,
has been found in quasicrystals.! The latter have long-range
orientational order but only quasiperiodic translational order.
Pentagonal or icosahedral packing (pip) is also quite common in
clusters? and fine particles® where the crystallographical constraints
are partially or completely lifted. Pip has also been implicated
in the early stages of cluster growth and for structure units in
amorphous materials.*

(1) (a) Schechtman, D.; Blech, I.; Gratias, D.; Cahn, J. W. Phys. Rev. Lett.
1984, 53, 1951. (b) Levine, D.; Steinhardt, P. J. Phys. Rev. Lett. 1984, 53,
2477. (c) Bagley, B. Nature 1965, 208, 674. (d) Smith, D. J.; Mark, L. D.
J. Cryst. Growth 1981, 54, 433,

(2) (a) Echt, O,; Sattler, K.; Recknagel, E. Phys. Rev. Lett, 1981, 47, 1121,
(b) Ozin, G. A.; Mitchell, S. A. Angew. Chem., Int. Ed. Engl. 1983, 22, 674.
(c) Dietz, T. G.; Duncan, M. A; Power, D. E.; Smalley, R. E. J. Chem. Phys.
1981, 74, 6511. (d) Rohlfing, E. A.; Cox, D. M,; Kaldor, A. Chem. Phys.
Lett. 1983, 99, 16]. (e) Kroto, H. W.; Heath, J. R.; O’Brien, S. C.; Cur], R.
F.; Smalley, R. E. Nature (London) 1988, 318, 162. (f) Washecheck, D. M.;
Wucherer, E. J.; Dahl, L. F,; Ceriotti, A.; Longoni, G.; Manassero, M.;
Sansoni, M.; Chini, P. J. Am. Chem. Soc. 1979, 101, 6110.

(3) (a) Renou, A.; Gillet, M. Surf. Sci. 1981, 106, 27 and references cited
therein. (b) Burton, J. J. Catal. Rev.—~Sci. Eng. 1974, 9, 209. (c) Hoare,
M. R,; Pal, P. 4dv. Phys. 1971, 20, 161,

(4) (a) Briant, C. L.; Burton, J. J. Phys. Status Solidi 1978, 85, 393 and
references cited therein. (b) Machizaud, F.; Kuhnast, F. A.; Flechon, J. Ann.
Chim. (Paris) 1978, 3, 177.
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Recently we reported the syntheses and structures of a new
series of high-nuclearity Au~Ag clusters*!9 whose structures are
based on vertex-sharing 13-atom centered icosahedra. We refer
to these supraclusters as “clusters of clusters”.!12  The first
member of the vertex-sharing icosahedral supraclusters is the
25-metal-atom cluster [(p-Tol;P),oAu;;Ag;;Brg]* (1),° whose
metal core can be considered as two Au-centered Au,Agg ico-
sahedra sharing one vertex (the nuclearity =2 X 13 ~ 1 = 25).

The cluster can also be viewed as having a metal arrangement
of 1(Ag):5(Au):1(Au):5(Ag):1(Au):5(Ag):1(Au):5(Au):1(Ag)"
of Ds; symmetry. The four adjacent metal pentagons in 1 are
staggered (hereafter designated as s) with respect to one another,
giving rise to the staggered-staggered—staggered (sss) configu-
ration. We now report the structure of a novel 25-metal-atom
cluster [(Ph;P);oAu,;Ag;,Brg]* (2). Here the two middle pen-
tagons are eclipsed (e), giving rise to a new staggered—eclipsed—
staggered (ses) configuration of an idealized Dsj, symmetry. The
observation of both sss and ses configurations for the metal core
of the 25-metal-atom clusters 17 and 2 (this work), respectively,
can be taken as strong evidence that the basic building block of
these clusters is the 13-atom Au-centered icosahedron, which
supports the cluster of clusters concept.!12

The title compound (2) was prepared by reducing a mixture
of Ph;PAuBr and (Ph,P),Ag,Br, (Au:Ag = 1:2) with NaBH, in
absolute ethanol and crystallized from CH,CN/EtOH /hexane.
Parts a and b of Figure | depict the Au;;Ag,, core and the
[PyoAu;3Ag;,Brg] framework of 2. Under P2,/m space group,'*
the molecule has a crystallographic C;-m mirror passing through
Aul3 and the six bridging ligands, Br1-Br6. The 10 tri-
phenylphosphine ligands coordinate to 10 peripheral (surface) Au
atoms in a radial fashion. Two terminal ligands, Brl1 and Brl1’,
coordinate to Agll and Agl!l’, respectively.

The arrangement of the six bridging bromide ligands, connecting
the two inner Ag5 pentagons, is rather interesting. Since pen-
tagonal symmetry is incommensurate with the hexagonal net, it
is obvious that arrangement of high symmetry is not to be ex-
pected. Indeed, as is evident in Figure lc, there are five doubly
bridging (Brl-Br5) and one semiquadruply bridging (Br6) ligands.
The latter has two Br6~Agl distances of 2.782 (8) A and two
Bré--Ag5 distances of 3.092 (8) A. Brl may also be considered
as quasi-quadruply bridging as judged by the Brl.-Ag2 distance

(5) Teo, B. K.; Keating, K. J. Am. Chem. Soc. 1984, 106, 2224.

(6) Teo, B. K.: Hong, M. C.; Zhang, H.; Huang, D. B. Angew. Chem., Int.
Ed. Engl. 1987, 26, 897.

(7) (a) Teo, B. K.; Hong, M.; Zhang, H.; Huang, D.; Shi, X. J. Chem.
Soc., Chem. Commun. 1988, 204, (b) Teo, B. K.; Zhang, H.; Shi, X. J. Am.
Chem. Soc. 1990, 112, 8552.

6 (8) Teo, B. K.; Shi, X.; Zhang, H., quoted in Chem. Eng. News 1989, 67,

(9) Teo, B. K.; Zhang, H.; Shi, X. Inorg. Chem. 1990, 29, 2083.

(10) Teo, B. K. Polyhedron 1988, 7, 2317.

(11) (a) Teo, B. K.; Zhang, H. Inorg. Chim. Acta 1988, 144, 173. (b) Teo,
B. K.; Zhang, H. Inorg. Chem. 1988, 27, 414,

(12) (a) Teo, B. K.; Zhang, H. J. Cluster Sci. 1990, 1, 223. (b) Teo, B.
K.; Zhang, H. J. Cluster Sci. 1990, 1, 155. (c) Teo, B. K.; Zhang, H.
Polyhedron 1990, 9, 1985,

(13) The infinite chain analogue is observed in the solid-state compounds
Ta,S (Franzen, H. F.; Smeggil, J. G. Acta Crystallogr. 1969, B25, 1736) and
TaeS (Franzen, H. F.; Smeggil, J. G. Acta Crystallogr. 1970, B26, 125). See
also ref 12b.

(14) Single-crystal X-ray diffraction data were collected by using an En-
raf-Nonius diffractometer (Mo radiation). [(Ph;P);pAu;3;Ag,,Brs](SbFg)-
20EtOH: monoclinic P2,/m, a = 16.586 (2) A, b= 24,121 (2) A, ¢ = 29.969
(3) A, 8=10322(4)° ¥ =11671.8 A3, and Z = 2, Anisotropic (heavy
atoms)~isotropic (carbon atoms) refinement gave R, = 6.3% for 6446 inde-
pendent reflections (28 < 46°) with I > 30.
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Figure 1. Molecular architecture of the 25-metal-atom cluster
[(Ph3P)y0Au 3Ag,,Brg]* as the (SbF¢)~ salt (2): (a) the metal core,
AuyAg,,; (b) the metal-ligand framework, P,Au,;Ag,,Brs; (c) projec-
tion of the two silver pentagons onto the crystallographic mirror (Cy-m)
plane passing through the six bridging bromide ligands (Br1~Br6) and
Aul3. The symmetry-related atoms are designated as primes. The metal
core has an idealized 5-fold rotation symmetry (passing through Agll,
Aull, Aul3, Aull’, and Agll’). All radial bonds (12 each) from Aull
and Aull” have been omitted for clarity. All molecular parameters are
normal. The important distances are as follows (A): Aull-Au(n), 2.718
(av); Aull-Ag(n), 2.826 (av); Aull~Agll, 2.758 (4); Aull-Aul3,
2.845 (2); Aul3~Ag(n), 2.892 (av) where n = 1-5; Au~P, 2.30 (av);
Agll-Brll, 2.50 (1); Agl-Bré6, 2.78 (1); Agl-Brl, 2.68 (1); Ag(2~
5)~Br(2~5), 2.58 (av); Ag5-Br6, 3.09 (1); Ag2-Brl, 3.49 (1). The six
bridging bromide ligands form a highly distorted hexagon with three sets
of nonbonding distances (A): (1) Br6-Brl, 3.96, and Br6-BrS5, 3.80,
which are very close to the sum of van der Waals radii (3.90 A); (2)
Brl.Br2, 4.28, and Br5.Brd4, 4.22; and (3) Br2..Br3, 5.09, and Br4..
Br3, 5.07.

of 3.487 (9) A. Other important distances can be found in the
figure caption.

The intraicosahedral metal-metal distances (Aul I-centered
icosahedra) are significantly shorter than intericosahedral distances
(Aul3-centered bicapped pentagonal prism), suggesting that in-
traicosahedral bonding is stronger than intericosahedral bonding,
which is consistent with the building-block concept.

Yet another important structural feature of clusters 1 and 2
is that there are three encapsulated metal atoms (Aull, Aull’,
and Aul3). In 1, all three are in icosahedral cages. In 2, Aull
and Aull’ are in icosahedral cages while Aul3 resides in a bi-
capped pentagonal prismatic (bpp) cage. The “centeredness™ of
such cages is a subject of current interests.’*2> In fact, non-

(15) Lipscomb, W. N.; Wunderlich, J. A. J. Am. Chem. Soc. 1960, 82,
4427

(16) (a) Lipscomb, W. N. Boron Hydrides; W. B. Benjamin: New York,
1963. (b) Muetterties, E. L., Ed. Boron Hydride Chemistry; Academic Press:
New York, 1975. (c) Muetterties, E. L.; Knoth, W. H. Polyhedral Boranes;
Marcel Dekker: New York, 1968.

(17) (a) Grimes, R. N, Carboranes; Academic Press: New York, 1970.
(b) Grimes, R. N., Ed. Metal Interactions with Boron Clusters; Plenum Press:
New York, 1982. (¢) O'Neill, M. E.; Wade, K. (Chapter 1); Onak, T.
(Chapter 5.4); Grimes, R. N. (Chapter 5.5) In Comprehensive Organometallic
Chemistry; Wilkinson, G., Stone, F. G. A., Abel, E. W, Eds.; Pergamon Press:
New York, 1982; Vol. 1.

(18) Briant, C. E.; Theobald, B. R. C.; White, J. W,; Bell, L. K.; Mingos,
D. M. P.; Welch, A. J. J. Chem. Soc., Chem. Commun. 1981, 201.
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centered icosahedral structure has long been observed in main-
group clusters such as [B,,H;,]>** or its analogues!® and a number
of carboranes and metallacarboranes.!” Transition-metal clusters,
on the other hand, can have centered icosahedral or bpp cages
as CXCmpliﬁed by [Au,3C12(PM62Ph)m]3+ 1 and [Ptlg(co)zzl
respectively. Mixed transition-metal/main-group clusters can
adopt either noncentered (as in [Nijo(AsMe),(CO),g]* 2 as well
as in metallacarboranes!’) or centered (as in [Ni;;(SnMe),-
(CO);5]* 3) structures. In this respect, clusters 1 and 2 may be
considered as the centered analogues of the vertex-sharing ron-
centered icosahedral metallacarborane clusters as exemplified by
[M(C;Bg¢H,,),]™* where M™ = Fe?*, Co®*, Nj*+.22

It occurs to us that the ses metal configuration observed in 2
signifies the genesis of a “polyicosahedral™ growth pathway via
vertex sharing to give bi-, tri-, and tetraicosahedral supraclusters
as exemplified by the 25-metal-atom (this work), 37-metal-atom
[(p-TOlgP)leulsAglgBrl1]2+6 or 38-metal-atom [(p-TOlgP)leuls'
Ag2°C114],7 and 46-metal-atom [(Phgp)leuZ4Ag22C11°]8 supra-
clusters. In all these known structures, the icosahedral units are
linked by (interpenetrating) bicapped pentagonal prisms (as in
the ses configuration), instead of (interpenetrating) icosahedra
(as in the sss configuration).
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(19) Washecheck, D. M.; Wucherer, E. J,; Dahl, L. F.; Ceriotti, A.;
Longoni, G.; Manassero, M.; Sansoni, M.; Chini, P. J. Am. Chem. Soc. 1979,
101, 6110.

(20) Rieck, D. F.; Montag, R. A.; McKechnie, T. S.; Dahl, L. F. J. Am.
Chem. Soc. 1986, 108, 1330.

(21) Zebrowski, J. P.; Hayashi, R, K.; Dahl, L. F., private communication.

(22) See review: Callahan, K. P.; Hawthorne, M. F. Adv. Organomet.
Chem. 1978, 14, 145,
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Although benzocyclopropene? and its derivatives® have become
readily available since the report by Anet and Anet* describing
the synthesis of the first member of this family, the only di-
cycloproparene that has been reported is the thermally sensitive
dicyclopropanaphthalene 1.5 We report here the utilization of
the cycloproparene synthon 1-bromo-2-chlorocyclopropene (2)$

(1) American Chemical Society, Division of Organic Chemistry Fellow,
1990-1991, sponsored by the Rohmand Haas Company.

(2) Vogel, E.; Grimme, W.; Korte, S. Tetrahedron Lett. 1965, 3625.

(3) Billups, W. E,; Rodin, W. A.; Haley, M. M. Tetrahedron 1988, 44,
1305. Halton, B. Chem. Rev. 1989, 89, 1161.

(4) Anet, R.; Anet, F. A, L. J. Am. Chem. Soc. 1964, 86, 525.

(5) Ippen, J.; Vogel, E. Angew. Chem. 1974, 86, 780; Angew. Chem., Int.
Ed. Engl. 1974, 13, 736.

(6) Billups, W. E.; Casserly, E. W.; Arney, B. E., Jr. J. Am. Chem. Soc.
1984, 106, 440. For other recent uses of 2 in syntheses, see: Billups, W. E.;
Rodin, W. A. J. Org. Chem. 1988, 53, 1312. Miller, P.; Schaller, J.-P. Helv.
Chim. Acta 1990, 73, 1228.
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in the preparation of the novel dicycloproparenes 3’ and 4 and
some of their derivatives.

The synthetic route to | H,5H-dicycloprop[b.i]anthracene (3)
is illustrated in Scheme I. Addition of an 8-fold excess of 2% to
tetraene 5° in THF at 20 °C for 7 days gave the adduct 6!%11
in 80% yield. Treatment of 6 with 2,3-dichloro-5,6-dicyano-
benzoquinone (DDQ) in benzene at 50-60 °C for 10 h followed
by chromatography afforded 7 in 93% yield. Conversion to 3 was
effected by treatment of 7 with potassium tert-butoxide in THF
at ~20 °C for 1 h, providing nearly pure 3 as a fine white solid,
mp 127-128 °C dec, in 38% yield after chromatography.

The 'H NMR spectrum of 3 displays the expected pattern with
singlets at 4 3.58 ppm (CHj,), 7.69 (H,, H,, Hg, Hg), and 8.45
(H,, H;). The }3C NMR spectrum (75.5 MHz) shows signals
at 6 18.8 (Cy, Cs), 111.5 (C,, Cy, Cg, Cg), 123.0 (C,,, Cyy, Cs,,
Csa), 126.8 (Cy, Cy), and 134.8 (C,,, Cy,, Cq,y Cq,). The UV
spectrum (pentane) exhibits a maximum at 256 nm (e 35 500)
with other absorptions at 332, 348, and 364 nm. The infrared

(7) For an interesting discussion on the anticipated properties of 3, see:
Davalian, D.; Garratt, P. J.; Koller, W.; Mansuri, M. M. J. Org. Chem. 1980,
45, 4183,

(8) Billups, W. E,; Lin, L.-J.; Arney, B. E., Jr.; Rodin, W. A ; Casserly,
E. W. Tetrahedron Lett. 1984, 25, 3935.

(9) Longone, D. T.; Boettcher, F.-P. J. Am. Chem. Soc. 1963, 85, 3436.
Longone, D. T.; Warren, C. L. J. Am. Chem. Soc. 1962, 84, 1507. See also:
Bailey, W. J.; Fetter, E. J.; Economy, J. E. J. Org. Chem. 1962, 27, 3479.
Surprisingly, our work represents the first use of § in synthesis.

(10) Spectral data and physical constants for new cycloproparenes are as
follows. 4: mp 85-86 °C; '"H NMR 6 8.64 (d, J = 1.6, 2 H), 7.84 (s, 2 H),
7.70 (d, J = 1.6, 2 H), 3.59 (s, 4 H); ”CNMR61350 134.0, 126.9, 124.8,
123.9, 113.9, 108.3, 19.4; IR 1670 cm™; UV A_,, 250 nm (¢ 14 500), 282
(8700), 294 (6050), 323 (600); HRMS caled for C,6Hg m/e 2020783, found
202.0782. Anal. Caled: C, 95.02; H, 4.98. Found: C, 94.97; H, 5.05. 12:
pale yellow oil; 'H NMR § 7.53 (s, 2 H), 5.55 (s, 2 H), 5.00 (s, 2 H), 3.26
(s, 2 H), 2.63 (s, 4 H); 3.C NMR § 144.5, 136.7, 126.2, 111.2, 108.6, 34.0,
19.2; IR 1655, 1620 em™; UV A, 246 nm (¢ 5350), 276 (4630), 313 (800);
HRMS for C,3H,; caled 168. 0939 found 168.0942. 13: mp 125 °C dec; 'H
NMR § 7.22 (s, 4 H), 4.00 (s, 4 H), 3.29 (s, 4 H); 3*C NMR § 138.9, 124.7,
114.3, 38.0, 20.6; IR 1670 cm™; UV (pentane) A, 259 nm (e 1690), 283
(4120), 288 (4010); HRMS caled for C¢H,; m/e 204.0939, found 204.0941.
Anal. Calcd: C, 94.08; H, 5.92. Found: C, 94.14; H, 5.94. 14: mp 53~54
°C;'HNMR 6771 (d,2H,J =1.5),7.20(d, 2 H,J = 1.5), 3.33 (s, 4 H),
292 (s,4 H); 3*C NMR 1399, 137.2,125.4,125.3,115.0, 111.5, 30.4, 19.9;
IR 1665 cm™!; UV A, 254 nm (¢ 1900), 285 (5400), 296 (4700); HRMS
calcd for C,¢H,; m/e 204.0939, found 204.0938. Anal. Calcd: C, 94.08; H,
5.92. Found: C, 94.05; H, 5.88.

(11) Although the cycloadditions employed to give 6, 10, and 16 yield
products of unknown stereochemistry, we have not found any evidence that
the subsequent reactions are affected by the stereochemistry of the starting
material.
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