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stacking interactions.'' In fact, it is plausible that one or more
of these factors may be active in achieving efficient and
selective replication. Full details will be published elsewhere.

Received: October 12, 2001
Revised: February 21, 2002 [Z18052]

[1] a) E. T. Kool, J. C. Morales, K. M. Guckian, Angew. Chem. 2000, 112,
1046; Angew. Chem. Int. Ed. 2000, 39, 990; b) K. M. Guckian, T. R.
Krugh, E. T. Kool, Nat. Struct. Biol. 1998, 5, 954; c) J. C. Morales, E. T.
Kool, Nat. Struct. Biol. 1998, 5, 950; d) K. M. Guckian, E. T. Kool,
Angew. Chem. 1997, 109, 2942 ; Angew. Chem. Int. Ed. 1997, 36, 2825;
e) S. Moran, R. X.-F. Ren, S. Rumney IV, E. T. Kool, J. Am. Chem.
Soc. 1997, 119,2056; f) B. A. Schweitzer, E. T. Kool, J. Am. Chem. Soc.
1995, 117,1863; see also: g) U. Diederichsen, Angew. Chem. 1998, 110,
1745; Angew. Chem. Int. Ed. 1998, 37, 1655.

[2] K.S. Schmidt, R. K. O. Sigel, D. V. Filippov, G. A. van der Marel, B.
Lippert, J. Reedijk, New J. Chem. 2000, 24, 195.

[3] a) T. A. Evans, K. R. Seddon, Chem. Commun. 1997, 2023; b) X.
Wang, K. N. Houk, Chem. Commun. 1999, 2631; c) D. Barsky, E. T.
Kool, M. E. Colvin, J. Biomol. Struct. Dyn. 1999, 16, 1119; d) B. D.
Silverman, M. C. Pitman, D. E. Platt, J. Biomol. Struct. Dyn. 1999, 16,
1169; e) F. Ryjacek, M. Kratochvil, P. Hobza, Chem. Phys. Lett. 1999,
313,393, f) C. Santhosh, P. C. Mishra, Int. J. Quantum Chem. 1998, 68,
351; g) M. Meyer, J. Sithnel, J. Biomol. Struct. Dyn. 1997, 15, 619.

[4] L. Stryer, Biochemistry, W. H. Freeman and Company, New York,
1988.

[5] a) C. Fonseca Guerra, F. M. Bickelhaupt, Angew. Chem. 1999, 111,
3120; Angew. Chem. Int. Ed. 1999, 38, 2942; b) C. Fonseca Guerra,
F. M. Bickelhaupt, J. G. Snijders, E. J. Baerends, Chem. Eur. J. 1999, 5,
3581; c) C. Fonseca Guerra, F. M. Bickelhaupt, J. G. Snijders, E. J.
Baerends, J. Am. Chem. Soc. 2000, 122, 4117.

[6] a) G. te Velde, F. M. Bickelhaupt, S.J. A. van Gisbergen, C. Fonse-
ca Guerra, E. J. Baerends, J. G. Snijders, T. Ziegler, J. Comput. Chem.
2001, 22, 931; b) C. Fonseca Guerra, J. G. Snijders, G. te Velde, E. J.
Baerends, Theor. Chem. Acc. 1998, 99, 391.

[7] E. M. Bickelhaupt, E.J. Baerends in Reviews in Computational
Chemistry Vol. 15 (Eds.: K. B. Lipkowitz, D. B. Boyd), Wiley-VCH,
New York, 2000, pp. 1-86.

[8] a) G.R. Desiraju, T. Steiner, The Weak Hydrogen Bond, Oxford
University Press, Oxford, 1999; b) G. A. Jeffrey, An Introduction to
Hydrogen bonding, Oxford University Press, New York, Oxford, 1997;
¢) see also T. Steiner, Angew. Chem. 2002, 114, 50-80; Angew. Chem.
Int. Ed. 2002, 41, 48-76.

[9] The steric demands of the DNA-polymerase active site are less
stringent for the sugar moieties, as shown by D. Summerer, A. Marx,
Angew. Chem. 2001, 113, 3806; Angew. Chem. Int. Ed. 2001, 40, 3693.

[10] F. M. Bickelhaupt, N. J. R. van Eikema Hommes, C. Fonseca Guerra,
E. J. Baerends, Organometallics 1996, 15, 2923.

[11] Experiments suggest indeed that hydrophobicity, for example, may
also be a sufficient driving force for selective replication: a) D. L.
McMinn, A. K. Ogawa, Y. Wu, J. Liu, P. G. Schultz, F. E. Romesberg,
J. Am. Chem. Soc. 1999, 121, 11585; b) M. Berger, A. K. Ogawa, D. L.
McMinn, Y. Wu, P. G. Schultz, F. E. Romesberg, Angew. Chem. 2000,
112,3069; Angew. Chem. Int. Ed. 2000, 39, 2940.

Angew. Chem. Int. Ed. 2002, 41, No. 12

© WILEY-VCH Verlag GmbH, 69451 Weinheim, Germany, 2002

[{Li(thf);},Ga,{As(SiiPr;)},] —A Compound
with Gallium—Arsenic Double Bonds**

Carsten von Hénisch* and Oliver Hampe

The synthesis of molecular compounds with multiple bonds
between the heavier main-group elements is still a preparative
challenge for the inorganic chemist. While various symmetric
compounds with multiple bonds between two heavier atoms
of Group 13 or 15 were synthesized in the last years,!'*l most
of the asymmetric compounds with multiple bonds between
Group 13 and 15 elements contain one atom of the 2nd period
of the periodic table.’] Power and co-workers recently
published compounds with aluminum- or gallium—nitrogen
multiple bonds,™ and compounds with boron-phosphorus
and boron —arsenic double bonds [Mes,B=ER{Li(thf),}] (1a:
E =P, R=SiMe;; 1b: E = As, R=Ph; Mes =mesityl) have
also been described.! Partial multiple-bond character be-
tween the heavier elements of Group 13 and 15, however, can
be observed in the ternary phases CsgM,E, (M = Al, Ga; E=
P, As) or in the molecular compounds [fBu,GaPMes*(SiPh;)]
and [MesP{Ga(Trip),},] (Trip =2.4,6-iP1;C;H,; Mes* =2.4,6-
Bu;CgH,).» 71 In contrast, multiple bonding between the
heavier Group 13 and 15 elements can be excluded in the
cyclic compounds [RMER’], M =Al, Ga; E=P, As; R,R' =
alkyl, aryl; n=2, 3), because of the ring folding and the
pyramidal coordination of the phosphorus and arsenic
atoms.l®l Molecular compounds with double bonds between
gallium and arsenic are unknown to date.

We could synthesize the compound [{Li(thf);},Ga,{As-
(SiiPr3)}4] (2) containing two As—Ga double bonds from the
reaction of GaCl; with Li,AsSiiPr; [Eq. (1)].

THF /heptane
_

[{Li(thf)5},Ga,{As(SiiPr3)},] (2) + 6LiCl

2GaCl, +4Li,AsSiiPr, )

Compound 2 crystallizes in the monoclinic space group P2,/n
with two formula units per unit cell (Figure 1).) The central
structural motive of 2 is a planar Ga,As, four-membered ring
with two further exocyclic As atoms bound to the Ga atoms.
Each As atom is bonded to a tri(isopropyl)silyl group and
each of the exocyclic As atoms is additionally bound to one
Li(thf), fragment.

The angular sum at the Ga atoms comes to 359.8(1)° thus,
the coordination of these atoms is essentially trigonally
planar. However, the As-Ga-As angles differ, the endocyclic
As(1)-Ga-As(1") angle is 98.36(3)°, and the As(1)-Ga-As(2)
and As(1')-Ga-As(2) angles are 121.51(4) and 139.90(4)°,
respectively. The considerable difference between the exocy-
clic angles can be explained by the mutual repulsion of the
neighboring iPr;Si groups on As(1’) and As(2). The Li—As
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Figure 1. Molecular structure of 2, selected bond lengths [pm] and bond
angles [°]: Ga-As(1) 247.3(1), Ga-As(1’) 243.6(1), Ga-As(2): 231.8(1),
As(1)-Si(1) 235.1(2), As(2)-Si(2) 2313(2), As(2)-Li 260.6(2), Li-O

192.3(13)-200.6(15);  As(1)-Ga-As(1)  9836(3),  As(1)-Ga-As(2)
121.51(4), As(1)-Ga-As(2) 139.90(4), Si(1)-As(1)-Ga 103.34(6), Si(1)-
As(1)-Ga' 110.45(6), Ga-As(1)-Ga' 81.64(3), Si(2)-As(2)-Ga 107.99(6),
Si(2)-As(2)-Li 121.4(3), Ga-As(2)-Li 113.8(3).

bond length (260.6(2) pm) which is slightly shorter than in 1b
(267.0(9) pm) and similar to the Li—As distance in [{(dme)-
LiAs(SiMe;),},] (259(2) pm; dme = 1,2-dimethoxyethane). In
the latter compound the As atoms have a coordination
number of four and the Li atoms are in bridging positions.['"]

Because of the electron deficiency at the Ga atoms and the
lone pair at the arsenic centers the resonance structures A and
B appear plausible for 2 (Figure 2). Whereas dative (p-p)
7t bonds in the Ga,As, ring appear impossible because of the

SiiPrs Li(th
y 3 i(thf)3
iPr3Si A< /
As G/ Ca—AY
(thf) L/ \As/ SiiPr;
M PnsiT A
/AS/SlzPr3 Li(th)s

iPI‘}S\ \ /
As—G/ Ga As'\

/! \ SiiPr

(thf); L1 iPr3Si/A/ B ’

Figure 2. Resonance structures of 2.

pyramidal coordination at As(1) and As(1’) (the angular sum
at these atoms is 295.4(2)°). This situation is further reflected
in the As(1)—Ga bond length of 245.5 pm (mean) which is at
the lower end of the range for Ga—As single bonds (243 -
260 pm).["! In contrast the As(2)—Ga bond is only 231.8 pm
long. The angular sum at As(2) is with 343.2(1)° remarkably
large and the As(1')-Ga-As(2)-Si(2) torsion angle is only
14.6°. These values are in good agreement with the assump-
tion of a dative (p—p) & overlap (resonance formula B). In 1a
the torsion angle for example is 23.15°, in 1b the angular sum
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at the As atom is 341.4°.51 The As—Li vector in 2 as well as in
1b points out of the molecule plane; however, it has to be
considered that the Li— As interaction is mainly of electro-
static nature. This ionic nature of the bond between the
arsenic and the lithium atom is further confirmed by
theoretical investigations of the similar boron-phosphors
compound H,B=PHL.i.['Z

Ionic interactions between the negatively polarized As
atom and the positively polarized gallium center have to be
considered, too (resonance formula A). However, the ob-
served drastic bond shortening can not be explained by these
interactions alone. Overall the bonding description of 2 is
closer to resonance form B than to form A. The sterically
demanding and electropositive Si and Li substituents on As(2)
facilitate this Ga—As & bonding by reducing the inversion
barrier at the exocyclic As atoms.

Compound 2 can be formally separated into a
[Ga,(AsSiiPr;),]*>~ ion and two [Li(thf);]* ions. To support
this ionic picture we performed electrospray mass spectrom-
etryl® and obtained the mass spectrum shown in Figure 3
upon adding a small amount of [12]crown-4 (probably acting
as an Li*-ion scavenger) to a THF solution of 2. All the peaks
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Figure 3. Negative-ion electrospray FT-mass spectrum of 2
(Insets: Comparison of experimentally observed and simulated isotope
patterns).

observed in the mass spectrum were assigned as in Table 1. All
the ion peaks are consistent with the picture that the ion
[Ga,(AsSiiPr;),]* is unstable and undergoes rapid intermo-
lecular reactions as well as partial hydrolysis with traces of
water (possibly from the extremely hygroscopic crown ether).
The most prominent ion peak corresponds to the singly
charged [Ga,(AsSiiPr;)sH;]™ ion (peak II) around m/z 1303.
Interestingly, the presence of peaks III and IIla suggests the

Table 1. Assignment of negative ion mass peaks.

Peak m/z found m/z calcd Ton

1 1111.14 1111.15 [Ga,Li(AsSiiPr;),H,0,]~
I 1303.18 1303.18 [Ga,(AsSiiPr;)sH;]~

11 1605.21 1605.16 [Gas(AsSiiPr;)¢H,]

ITa 1623.19 1623.17 [Gas(AsSiiPr;)¢H,0) |~
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formation of a higher aggregate possibly with a spiro-like
Ga;Asg unit with two four-membered rings connected by one
central Ga atom.

The [Ga,(AsSiiPr;),]?>~ ion shows a structural relationship
with the Zintl ion [Ga,As,]°", which is contained in the ternary
phase Cs,Ga,As,.l?l This anion also has the shape of a Ga,As,
four-membered ring with two further exocyclic As atoms
bonded to the Ga atoms. The exocyclic As—Ga bonds of the
[Ga,As,]® ions are 234.3 pm long, which is much shorter than
usual for As—Ga single bonds, and suggests multiple-bond
character. Because of the particular coordination numbers
and conditions in this solid-state Zintl phase a comparison
with the bonding situation in 2 is impossible. However, the
[Ga,(AsSiiPr;),]*>~ ion in 2 can be seen as a silyl derivative of
the [Ga,As,]*~ ion. Thus, 2 can be regarded as the first
example of a silylated binary Zintl anion. So far only silylated
Zintl anions of phosphorus and [As,;(SiMes);] have been
reported.['

Experimental Section

2: A butyllithium solution (1.6M; 3.55 mL, 5.68 mmol) was added to a
solution of H,AsSiiPr; (0.66 g, 2.84 mmol)!**! in THF (5 mL) of at 0°C.
After stirring for 1 h, this solution was added to a — 50 °C solution of GaCl,
(0.25 g, 1.42 mmol; 99.99 %) in heptane (20 mL). The reaction mixture was
allowed to warm to room temperature and then stirred for additional 24 h.
The resulting red solution was filtered to remove the precipitated LiCl.
Subsequently this solution was reduced to about 10 mL in vacuo. After two
days large orange crystals of 2 formed. Yield: 0.37 g (34 %); elemental
analysis (%) caled for CyqHi3,As,Ga,Li,O4Si, (1515.0): C 47.57, H 8.78;
found: C 45.77, H 8.24; 'H NMR ([D¢]benzene): 6 =3.720 (m, 12H,
(CH,CH,),0), 1.593 (m, 21H, iPr) 1.540 (m, 12H, (CH,CH,),0), 1.449 pm
(m, 21H, iPr); BC{'H} NMR ([Dg4]benzene): d = 68.7 (s, (CH,CH,),0), 25.7
(s, (CH,CH,),0), 21.3 (s, CHj3), 20.5 (s, CH3), 16.5 (s, CH), 15.6 pm (s, CH);
¥Si{'H} NMR ([D¢]benzene): 6 =26.7 pm (br); UV/Vis (suspension in
mineral oil): A,,,, =410 nm (sh), 270 nm.

ESI-FTMS: Mass spectra were taken in a Fourier-Transform Ion Cyclotron
Resonance Mass Spectrometer (Bruker Daltonics, APEX II) equipped
with an electrospray source (Analytica of Branford).

Received: November 30, 2001 [Z18304]

[1] Review articles: a) A. H. Cowley, Acc. Chem. Res. 1984, 17,386 -392;
b) G. Trinquier, J. Am. Chem. Soc.1990, 112,2130-2137; c¢) M. Driess,
H. Griitzmacher, Angew. Chem. 1996, 108, 900-929; Angew. Chem.
Int. Ed. Engl. 1996, 35, 828 —857.

[2] a)J. Su, X.-W. Li, R. C. Robinson, J. Am. Chem. Soc. 1997, 119, 5471 -
5472; b) R.J. Wehmschulte, P. P. Power, Angew. Chem. 1998, 110,
3344 -3346; Angew. Chem. Int. Ed. 1998, 37,3152-3154;¢) S. Loss, C.
Widauer, H. Griitzmacher, Angew. Chem. 1999, 111, 3546-3548;
Angew. Chem. Int. Ed. 1999, 38, 3329-3331; d) B. Twamley, P. P.
Power, Angew. Chem. 2000, 112, 3643 -3646; Angew. Chem. Int. Ed.
2000, 39, 3500 -3503.

[3] P.P. Power, Chem. Rev. 1999, 99, 3463 —3503.

[4] N.J. Hardman, C. Cui, H. W. Roesky, W. H. Fink, P. P. Power, Angew.
Chem. 2001, 113, 2230-2232; Angew. Chem. Int. Ed. 2001, 40, 2172 -
2174.

[5] a) R. A. Bartlett, H. V. R. Dias, X. Feng, P. P. Power, J. Am. Chem.
Soc. 1989, 111, 1306-1311; b) M. A. Petrie, S. C. Shoner, H. V.R.
Dias, P. P. Power, Angew. Chem. 1990, 102, 1061 —1062; Angew. Chem.
Int. Ed. Engl. 1990, 29, 1033 -1034.

[6] M. Somer, D. Thiery, K. Peters, L. Walz, M. Hartweg, T. Popp, H. G.
von Schnering, Z. Naturforsch. B 1991, 46, 789 —794.

[7] a) M. A. Petrie, K. Ruhlandt-Senge, P. P. Power, Inorg. Chem. 1992,
31, 4038-4039; b) M. A. Petrie, P. P. Power, Inorg. Chem. 1993, 32,
1309-1312.

Angew. Chem. Int. Ed. 2002, 41, No. 12

© WILEY-VCH Verlag GmbH, 69451 Weinheim, Germany, 2002

[8] a) D. A. Atwood, A. H. Cowley, R. A. Jones, M. A. Mardones, J. Am.
Chem. Soc, 1991, 113, 7050-7052; b) H. Hope, D. C. Pestana, P. P.
Power, Angew. Chem. 1991, 103, 726-727; Angew. Chem. Int. Ed.
Engl. 1991, 30, 691-692; c) R.J. Wehmschulte, P. P. Power, J. Am.
Chem. Soc. 1996, 118, 791-797.

STOE-IPDS, Schneider-rotating anode, graphite monochromator,

Moy, radiation, 2=0.71073 A; 2: a=1124.8(2), b=2430.4(5), c=

1487.1(3) pm, 5=99.99(3)°, V=4003.8(14) x 10° pm?; monoclinic,

P2/n, Z=2, Peyea=1.146 gem=>, u(Moy,) =2.408 mm~!, T=200K,

20, =46°; 19418 reflections measured, 5525 independenr reflec-

tions, (R, =0.0414), 4787 independent reflections with F, > 40(F,).

The structure was solved by direct methods and refined by full-matrix

least-squares techniques against F2, 290 parameters (As, Ga, Si, O, Li

atoms refined aniosotropically, C atoms refined isotropically with split

positions, the positions of H atoms where not determind), R1 = 0.0620,

wR2 = 0.1942 (all data), residual electron density: 0.575 ¢ A-3. CCDC-

174606 (2) contains the supplementary crystallographic data for this

paper. These data can be obtained free of charge via www.ccdc.

cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallo-
graphic Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK fax:

(+44)1223-336-033; or deposit@ccdc.cam.ac.uk).

[10] G. Becker, C. Witthauer, Z. Anorg. Allg. Chem. 1982, 492, 28 -36.

[11] a) R. L. Wells, Coord. Chem. Rev. 1992, 112, 273-291; b) J. F. Janik,
R. L. Wells, V. G. Young, A. L. Rheingold, I. A. Guzei, J. Am. Chem.
Soc. 1998, 120, 532-537; c) A. Dashti-Mommertz, B. Neumiiller, Z.
Anorg. Allg. Chem. 1999, 625, 954-960; d) E. E. Foos, R.J. Jouet,
R.L. Wells, A.L. Rheingold, L. M. Liable-Sands, J. Organomet.
Chem. 1999, 582, 45-52; e) C. von Hinisch, Z. Anorg. Allg. Chem.
2001, 627, 68-72.

[12] T.L. Allen, A. C. Scheiner, H. F. Schaefer 111, Inorg. Chem. 1990, 29,
1930-1936.

[13] D. Fenske, T. Langetepe, M. M. Kappes, O. Hampe, P. Weis, Angew.
Chem. 2000, 112, 1925-1928; Angew. Chem. Int. Ed. 2000, 39, 1857 -
1860.

[14] H. G. von Schnering, D. Fenske, W. Honle, M. Binnewies, K. Peters,
Angew. Chem. 1979, 91, 755-756; Angew. Chem. Int. Ed. Engl. 1979,
18,679-680; b) G. Fritz, P. Scheer, Chem. Rev. 2000, 100, 3341 —3401.

[15] M. Westerhausen, M. Wieneke, W. Schwarz, J. Organomet. Chem.
1999, 572, 249 -257.

[9

—

Total Synthesis of Woodrosin I’***

Alois Fiirstner,* Fabien Jeanjean, and Patrick Razon

Plants belonging to the Convovulacaeae family are rich
sources of alkaloids and resin glycosides. Although intrigu-
ingly complex in detail, the latter invariably contain (115)-
hydroxyhexadecanoic acid (jalapinolic acid) as a common
aglycon, which is usually tied back to form a characteristic
macrolide ring that spans two or more sugar units of their
oligosaccharide backbones.!!l The biological functions and
physiological properties of resin glycosides are far from fully
understood; however, diverse and promising effects have
been described for some of these compounds, for example,
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