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Abstract: The X-ray crystal structure of [EiC=C—SiMe,—CgHs—OMe]s (14)s features nearly symmetric
m-interactions between the lithium ions and the acetylide anions-@j = 2.353(9) A, Li—Cy = 2.292(9) A).
Theser-contacts are facilitated by the chelatioginisyl methoxy groups (Li-Cy—Cg = 77.6(4, Li;—O, = 2.169(9)
A). The Li—C, distances in the (Lig)s core of (L4)s differ significantly (Lii,—Co = 2.132(9) A, Lipy—Cy =
2.205(11) A). This Li-C, distance differentiation is unique in organolithium hexamers, and is due teSG(€R)
“side-onst” and “end-one” contacts, as is shown computationally inr-l@=C—Li(LiH) » (20). A second X-ray
crystal structure, [Li+O—CMe,—C=C—H]g (22), reveals electrostatig-interactions between the lithiums in the
(LiO)s core and the nonmetalated acetylene groups{Ch = 2.443(5) A, Li—Cz = 2.749(6) A). These LiC
mr-contacts shorten upon acetylene lithiation, as is shown computationally-@-+CH,—C=C—(H/Li) (24-HI/Li).
Additional computations reveal that theinteractions in (H&C)M,H (26-Li-Cs) complexes (modelling oligo- and
polymeric M—C=C—R) are weak (only 0.7 kcal/mol for Li), but substantial in"fi—C=C—H) (27-Li-Cs) species
(20.2 kcal/mol for Li). In 26-Li-Cs, thez-contacts increase the=&C bond lengths slightly (0.005 A for Li) and
lower the G=C stretching frequencies (33 cifor Li), they polarize charge density from,@ward G and hence
result in counterion-induced charge delocalizations. The degreesrtéractions both in36-Li-Cs) and in @7-
Li-Cs) decrease with increasing size of the alkali cations.

Introduction

In 1976, Apeloig, Schleyer, Binkley, Pople, and Jorgensen
discovered computationally that the dilithioacetylene monomer

(LioCy,) prefers a doubler-bridged over a linear structuté:

A

C=C Li—C=C—7Li
\Y
1

Electrostatic interactions are mainly responsitiie. This paper
is concerned with similarr-interactions both in polar alkali
metal acetylidesA-M [M —C=C—R]) and in nonmetalated
acetylenesit-M [H—C=C—R)]). Suchz-interactions are clearly
evident in the structures of alkali metacetylides when the
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Scheme 1. Polymer Sheet Structure of the Alkali Metal
Acetylides1-Na-Rb and2-Na-Cs
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2 The increasing penetration of MC=C—R layers with increasing
size of M is shown.

M—C, and M—C; distances are simildrge.g., in the polymer
sheet arrangements of MC=C—H (1-Na-Rb)* and of
M—C=C—Me (2-Na-Cg9*% (Scheme 1, Table 1).

However, such metat-contacts are not always significant;
e.g., note the large MC; separationsX 3 A) in the oligomeric
lithium acetylides: [(t-Bu-C=C—Li)4(THF)4] (3),” [(t-Bu—

(3) For a discussion af-interactions in alkaline earth metal acetylides
see: Chang, C.-C.; Srinivas, B.; Wu, M.-L.; Chiang, W.-H.; Chiang, M.
Y.; Hsiung, C.-S.Organometallics1995 14, 5150.

(4) Weiss, E.; Plass, HChem Ber. 1968 101, 2947.

(5) Pulham, R. J.; Weston, D. B. Chem Res (S) 1995 406.

(6) Pulham, R. J.; Weston, D. P.; Salvesen, T. A.; ThatcherJJChem
Res (S) 1995 254.
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C=C—Li) 15(THF)4],” [[Ph—C=C—Li)tmpdal, (4),8 and [(Ph- Li-Cs decrease with increasing size of the alkali metal cations
C=C—Li)4(tmhda),7] (5)° (Table 1). In contrast, the short Be (Table 2)}> Negative charge delocalization from, @ Cg is

C; distances indicate-interactions in [(Me-C=C),BeNMe;], indicated both by the increased metal cation/acetylide interac-
(6) (Table 1)1 tions upon increased MC=C—R layer penetration (see Scheme
1)* and by the lowerv-C=C frequencie3® However, an
L C/R increase in ion size also gives rise to lowe€=C frequencies
\u L & R (see below}®> How can the effect ofz-coordination be
Reee S| L7 } o differentiated?
i,‘iu\ /c/g Alkali metal 7-bonding to benzene ligands has been inves-
R C/ L L *M\C/M —L tigated extensively owing to its important role in biological ion
e i, ﬂ channels® As “lithium-bonded*’ cyclopropanes emphasize
\ / the analogy to hydrogen-bonded cyclopropdrié&s-“lithium-
R _ R bonded” acetylenes stress the analogyrthydrogen-bonded
SR l‘;,ﬁ”L'j/ZTt';]Fh i oM = B R = Mot L~ oo ey (NMeg) acetylened81° The Li*20and LiH2! z-association energies of

acetylene are appreciable and are even larger when the
Moreover, the alkali cations in the heterometallic magnesiates acetylenes are metalatéd Notwithstanding, LT z-bonding has
LiJ[(Ph—C=C)sMg(tmeda)} (7),:* Nap[(t-Bu—C=C)s;Mg(tmeda)} not been observed experimentally in X-ray crystal structures
(8),12 and Na[(t-Bu—CEC)s"\/lg(lmmlta)]Z (9)12 connect the ~ ©f homogeneous lithium acetylides or in compounds with
acetylene moieties of the [MgeC—R)s]~ fragments through ~ NoNMetalated acetylene groups. ,
7-contacts (Table 1). Analogous structures a3 o 9 result _ For an assessment of electrostatic metal acetyteinerac-
from replacement of M by EtMg" in (Et)(Ph—-C=C)(Mg). tions23 we now report the X-ray crystal structures of lithiated
(tmeda)}(CeHs) (10).1* Similarly, the lithiums in [MeSiC (L —C=C—SiMe,;~CgH,—OMe) and of nonlithiated (L:+O—
(C=C—t-Bu)oLi]» (11)20 as well as the magnesium ion in CM&—C=C—H) acetylene moieties. Both exhibitbonded
[(CsHMey),Ti(C=C—SiMe3),][Mg(THF)CI] (12)% are located Li ions. High level computations reveal the structural, the

between the arms of “tweezers” formed by the acetylene groupsengrgetic_, and the)-C_EC vibrational consequences of alkali
(Table 1). cation zr-interactions in related metal acetylene models and

assess the electronic effectssotoordination.

R R
b My Results and Discussion
¢ \ﬁ Syntheses and X-Ray Crystal Structures of Homo-Lithium
‘ | Acetylenes Featuring Electrostaticz-Interactions. Why is
L= My — ML z-coordination not apparent in the structures of the oligomeric

lithium acetylides3, 4, and 5? This may be due to (a)
insufficient energy gain upon-bridging (see below), (b) the

N

§ Mg lower tendency of the smaller alkali metals to undergo multi-
R R hapto coordinatiod?<f and (c) the competition between the
substituents on the acetylene moieties and the lithium coordinat-
My= M2 = R= L= ing solvent (Scheme 2a).
7 Mg Li Ph tmeda (15) Nast, R.; Gremm, Z. Anorg Allgem Chem 1963 325, 62.
8 Mg Na t-Bu tmeda (16) (a) Mecozzi, S.; West, A. P., Jr.; Dougherty, D.JAAm Chem
9 Mg Na t-Bu pmdta Soc 1996 118 2307. (b) Dougherty, D. ASciencel996 271, 163. (c)
10 Mg Mg (—Et) Ph tmeda Caldwell, J. W.; Kollman, P. AJ. Am Chem Soc 1995 117, 4177. (d)
Kumpf, R. A.; Dougherty, D. ASciencel993 261, 1708.
SiMe; (17) (a) Sannigrahi, A. B.; Kar, T.; Niyogi, B. G.; Hobza, P.; Schleyer,
| P.v. R.ChemRev. 199Q 90, 1061. (b) Scheiner, S. Inthium Chemistry
Mexcicﬁc/c\c§c —CMe; SiMe; Sapse, A.-M., Schleyer, P. v. R., Eds.; Wiley: New York, 1995; p 67. (c)
) \/ \ / ’ A Kollman, P. A.; Liebman, J. F.; Allen, L. Cl. Am Chem Soc 197Q 92,
/“ Li /C o 1142. (d) Goldfuss, B.; Schleyer, P. v. R.; HampelJFAm Chem Soc
Me;C— o). C/Zc—cMe; (CsHMey,Til__»MeCITHD) 1996 118 12183.
e C\é’ (18) (a) Schleyer, P. v. R.; Trifan, D. S.; Bacskai,JRAm Chem Soc
SiMe, “SSiMe, 1958 80, 6691. (b) Joris, L.; Schleyer, P. v. R.; Gleiter, RAm Chem
’ Soc 1968 90, 327. (c) Andrews, A. M.; Hillig, K. W., II; Kuczkowski, R.
1 12 L. J. Am Chem Soc 1992 114, 6765. (d) Buxton, L. W.; Aldrich, P. D.;

L . ) Shea, J. A.; Legon, A. C.; Flygare, W. Bl. Chem Phys 1981, 75, 2681.
How do electrostaticz-interactions affect the electronic  (e) Legon, A. C.; Aldrich, P. D.; Flygare, W. H. Am Chem Soc 1982
structures in metal acetylides? The penetration of the alkali 104 1486. (f) Kukalich, S. GJ. Chem Phys 1983 78, 4832.

; ; ; e Nla. Na. (19) (a) Steiner, T.; Tamm, M.; Lutz, B.; Mass, J. v@hem Commun
cations into the acetylide layers ib-Na-Rb and 2-Na-Cs 1996 1127. (b) Allen, F. H.; Howard, J. A. K.. Hoy, V. J.. Desiraju, G.

increases as the counterions become larger (Scheféerhg R.; Reddy, D. S.; Wilson, C. C1. Am Chem Soc 1996 118 4081.

IR v-C=C stretching frequencies @fNa-Cs 2-Li-Cs, and13- (20) (a) Bene, J. E. D.; Frisch, M. J.; Raghavachari, K.; Pople, J. A.;
Schleyer, P. v. R]. Phys Chem 1983 87, 73. (b) Dykstra, C. E.; Schaefer,
(7) Geissler, M.; Kopf, J.; Schubert, B.; Weiss, E.; Neugebauer, W.; H. F., Illl J. Am Chem Soc 1978 100, 1378.

Schleyer, P. v. RAngew Chem 1987, 99, 569; Angew Chem, Int. Ed. (21) (a) Houk, K. N.; Rondan, N. G.; Schleyer, P. v. R.; Kaufmann, E.;

Engl. 1987, 26, 587. Clark, T.J. Am Chem Soc 1985 107, 2821. (b) Plattner, D. A;; Li, Y ;

(8) Schubert, B.; Weiss, EChem Ber. 1983 116, 3212. Houk, K. N. In Modern Acetylene Chemistr$tang, P. J., Diederich, F.,
(9) Schubert, B.; Weiss, Bngew Chem 1983 95, 499; Angew Chem, Eds.; VCH: Weinheim, 1995; p 1.

Int. Ed. Engl. 1983 22, 496. (22) Klusener, P. A. A.; Hanekamp, J. C.; Brandsma, L.; Schleyer, P. v.
(20) Bell, N. A.; Nowell, I. W.; Shearer, H. M. Ml. Chem Soc, Chem R. J. Org. Chem 199Q 55, 1311.

Commun 1982 147. (23) More covalent contributions are apparent in transition metal
(11) Schubert, B.; Weiss, EZhem Ber. 1984 117, 366. m-acetylene complexes, e.g.: (a) Chi, K.-M.; Lin, C.-T.; Peng, S.-M.; Lee,
(12) Geissler, W.; Kopf, J.; Weiss, EChem Ber. 1989 122 1395. G.-H. Organometallics1996 15, 2660. (b) Mingos, D. M. P.; Yau, J.;
(13) Viebrock, H.; Abeln, D.; Weiss, EZ. Naturforsch 1994 B49, 89. Menzer, S.; Williams, D. JAngew Chem 1995 107, 2045;Angew Chem,

(14) Troyanov, S.; Varga, V.; Mach, KOrganometallicsl993 12, 2820. Int. Ed. Engl. 1995 34, 1894.
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Table 1. M—C,, M—C;g, and G—C; Distances (A) in Alkali and Alkaline Earth Metal Acetylenes

M—Cg? M—Cs Co—Cp

M—C=C—Hp

M = Na, 1-Na 2.49(5)/2.7 3.0 1.17(6)

M=K, 1-K 2.87/3.0 3.3 1.2

M = Rb, 1-Rb 2.98/3.2 34 1.2
M—C=C—Me"

M = Na,2-Na 2.37(15)/2.7 2.8 1.09(20)

M =K, 2-K 2.55(5)/3.0 31 1.19(6)
(t-Bu—C=C—Li)4(THF)4, 3° 2.19 >3.1 1.20
[(Ph—C=C-Li)tmpdal, 4° 2.13/2.16 3.08 1.24
[(Ph—C=C-Li) 4(tmhda}], 5° 2.20 >3.1 2.20
[(MeC=C),BeNMgj],, &f 1.763/2.042 2.538
Li,[(PhG=C);Mg(tmeda)}, 79 2.32 2.48 1.22
Nag[(t—Bu—C=C);Mg(tmeda)}, 8" 2.571(3) 2.974(3) 1.200(4)
Nap[(t—Bu—C=C);Mg(pmdta)}, 9 2.590(5) 2.900(5) 118.5(7)
[(Et)(PhG=C)3(Mg)2(tmeda)}(CsHe), 107 2.265(4) 2.678(4) 1.220(6)
[Me3sSiC(C=C—t—Bu)Li] 5, 11 2.11 2.34
[(CsHMey),Ti(C=C—Si]Me3),][Mg(THF)CI], 12 2.269(8) 2.456(9) 1.22(1)
[Li —C=C—SiMe;—CsH,OMels, (14)s™ 2.132(9)/2.205(11)/ 2.353(9) 1.217(6)

2.292(9)

3 The shortew-(M—C,) and the longerr—(M—C,) distances are givefi.Reference 4¢ Reference 7¢ Reference 8¢ Reference 9 Reference
10. 9 Reference 11" Reference 12.Selected bond distancéfReference 13¢Reference 2g.Reference 147 See Figure 1.

Table 2. Experimentalv—C=C Frequencies (cm) of Alkali
Metal Acetylides (see Scheme 1 for the Structures)

M—-C=C—-H21, M—C=C—Me?2, M—-C=C—-PH13,

M 1-Li-Cs 2-Li-Cs 13-Li-Cs 14

H 1974 2124 2111 2020
Li 2053 2036! 1980
Na 1867 2032 2018

K 1858 2023 2000

Rb 185¢ 2020 1990

Cs 1838 2012 1990

aReference 15° Neat.¢ Nujol mull. 9 KBr disk. ¢ Reference 46.

Scheme 2
— S S
R / R\/ \ OMe
& Li C— _
% /LI\C % —Li ] @( e Li
\Lifﬁ\c \111/\C\\ , si””
f \R \ (’\R Me,
S <« S 14

a: Steric competition
between the substituent
R and the solvent S

b: Lithium-acetylene
Tr-interactions,
facilitated by chelation

Recent computations show that solvation byOHnolecules
has sufficient energy to overcome theinteractions between
lithiums and the triple bonds inl¢Li),.2*

H,0 H,0
H«C L \[ 7/
_________ 1 A
\c/ \c 4 H,0 H—CEC/ Ne—c—H
N\, N\ N, ./
Li%----mo C, /L]\
H H,0 H,0
(-Liy, (1-Li)y 4H,0

The goal of this research, to realize a homogenous lithium

acetylide exhibiting Li-(C,=Cg) m-interactions, as inl-Li)s,

without competing external solvent interactions, led us to

examine lithium ¢-anisyl)dimethylsilylacetylide, +C=C—
SiMe,—CgHs—OMe (14). Theo-anisyl methoxy group chela-
tion in 14 should result in short +Cg contacts (Scheme 2b).
Indeed, the X-ray crystal structure of hexamerit(crystal-
lographicS symmetry) shows such nearly symmetriénterac-
tions; note the short L Cy distances in Figure 1 and Table 1.

(24) Gareyev, R.; Streitwieser, A. Org. Chem 1996 61, 1742.

Figure 1. X-ray crystal structure of [Li- C=C—SiMe,—CgHs—OMels

(14)s. Hydrogen atoms are omitted. Selected distances (A) and angles

(deg): G—Cp, 1.217(6); Li—Cy, 2.292(9); Li—Cy, 2.353(9); Li—
Oy, 2.169(9); Liz—Ca, 2.132(9); Li—Ce, 2.205(11); Li—Cy—Cy,
77.6(4); Li—Ca—Cyp, 152.0(5); Li—Co—Cy, 127.8(5).

The lithium ions (L) in (14)s are coordinated 5-fold by three
C, carbon atoms, by the oxygen atoms of thenisyl methoxy
groups (Li—Ox: 2.169(9) A), and by the £atoms of the
acetylene moieties (L+Cg: 2.353(9) A, Table 1). The &-
Cs—Siy arrangements (177.8(9)are nearly linear. As the
C,=Cs—R fragments tilt toward Li the Liz11a105Ca—Cp
angles differ strongly; Li—Cy,—Cgs (77.6(4}) is much smaller
than Lis—Cy—Cy (152.0(5)) and the Liy—C,—Cs angle is
intermediate (127.8(8). The G=C; distances (1.217(6) A)
in (14)s are increased relative to acetylehdexp, 1.20 A
calc, 1.199 A; see below). The methyl groups)(@n O, bend
15° out of the plane of the aryl rings (torsion angle—-€©O;—
Coe6—Cs2 = —165).

Comparisons of {4)s and the organolithum hexamers [(c-
{CaHll} LI) 6 (15)6'(06H6)2],26 [C-{ (MeZC)2CH} CHzLi] 6 (16)6,27
[MesSiCH,Li] 6 (17)6,28 (n-BulLi)s (18)6,2° and (i-PrLi) (19)6%°
are instructive. The (Lig)s cores in all these hexameric

(25) March, JAdvanced Organic ChemistryViley: New York, 1985
and references therein.

(26) Zerger, R.; Rhine, W.; Stucky, G.Am Chem Soc 1974 96, 6048.

(27) Maercker, A.; Basata, M.; Buchmeier, W.; EngelenCBem Ber.
1984 117, 2547.

(28) Tecle, B.; Rahman, A. F. M. M.; Oliver, J. B.OrganometChem
1986 317, 267.
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Table 3. Bond Distances (A) and Angles (deg) of the (L)eCores in Hexameric Organolithium Compounds (Scheme 3)

Li 1—Li 1a Li 1a—|_i 1b Li 1—Li 1b Li 1~ Li 1b—|_i 1a o9 Li 1—C(x Li 1a_ch Li 1b_C(x
[(c-{ CeHu1} Li) 6 (15)6*(CeHe)2]? 2.968 2.397 2.397 74.4 703 2184 2.184 2.300
[c-{ (Me,C),CH} CH,Li] 6, (16)e® 2.976 2.462 2.462 76.5 722 2159 2.123 2.297
[MesSiCHLil 6, (17)° 3.18 2.45 2.45 80.9 795 220 220 2.28
(n-BuLi)g, (18)¢ 2.939 2.429 2.429 745 703 2459 2.159 2.270
(i-PrLi)e, (19 2.959 2.395 2.395 76.3 725 2180 2.180 2.308
(14)¢ 3.700 2.794 2.794 82.9 805  2.292 2.132 2.205

2 Reference 26° Reference 27¢ Reference 28! Reference 29 Reference 30 See Figure 19 Back to seat angle. of the Lis chair, Scheme

3b. " Average values of similar distances, which do not differ in more

Me Me
}CHZU

Mg’ Me

[

15 16

organolithium compounds are formed by two stacked {)4C
rings (Scheme 3a). Foldedddhairs are apparent in the (LiJs
units (Scheme 3b). The Gtoms cap the kifaces, with one
long (Li;—Li1g and two short (Li—Liinand Lia—Lisp) distances
(Scheme 3c, Table 3).

Relative to (5)s, (16)s, (176, (18)s, and (L9)s, the lithium
acetylide (4)s exhibits a L triangle with unusual long L+Li
distances and a rather flatgléhair (large “back-to-seat” angle
o, Scheme 3b, Table 3). I19)s to (19)s, the distances of the
C, caps to Li and Li,are short (Scheme 3c, Table 3). Longer
Li;p—C, distances connect the two stacked (L& rings
(Scheme 3a, Table 3). 144, however, the Li—C, distances
are significantly longer than the 14—C, bonds between the
(LiCq)3 subunits (Table 3).

Our computational model fold)s, H—C=C—Li(LiH) 2 (20)
(Figure 2), reveals that energy gain upon bending of the
C«=Cs—H fragment is low (1.36 kcal/mol i20, Figure 2) but
that the m-coordination, which results from the tilt of the
C«=Cs—R units, gives rise to the unusual +C, distance
differentiations in {4)s: Shortero-Li—C, (2.027 A) and longer
7-Li—C, (2.083 A) distances are apparent?@-Cs relative to
20-C,, Li—C, (2.040 A, Figure 2). This is due to short “end-
on-¢” and long “side-onz” C, contacts of the Li ions, which
coordinate to thes- and thesz-regions of the acetylide ions
(Scheme 4, Figure 3§.P

Deprotonation or metalation increases the affinity of acetylene
groups toward metal iom-coordination (Figure 4% but the
Li* and LiH z-interaction energies of nonmetalated acetylene
are relatively large (22.2 kcal/mol far-Li *(H—C=C—H); see
below)?231 The short contacts between lithiums and the carbon
atoms in lithium pinacolone enolate fED—C(t-Buf=CH]s,
(21)¢ documentz-interactions with Li ions in the (LiQ)cluster
(Scheme 5%2 Are analogous electrostatiginteractiond® with

(nonmetalated) acetylene moieties possible? To provide an

answer, we synthesized and crystallized the lithium acetylene
alkoxide Li—O—CMeC=C—H (22). The X-ray crystal analy-
sis reveals a hexameric aggregate{0—CMe,—C=C—H]¢
(22)¢ with crystallographicss symmetry (Figure 5).

The lithium centers Liin (22)s exhibit short contacts to the
organic moieties (L—C; = 2.687(5) A, Li—C, = 2.443(5)

(29) Kottke, T.; Stalke, DAngew Chem 1993 105 619;Angew Chem,
Int. Ed. Engl. 1993 32, 580.

(30) Siemeling, U.; Redecker, T.; Neumann, B.; Stammler, Hl:@m
Chem Soc 1994 116, 5507.

(31) For electrostatic potential computations ef &=C—H and F—C=C—
H, see: Clark, D. T.; Adams, D. Bletrahedron1973 29, 1887.

(32) (a) Williard, P. G.; Carpenter, G. B. Am Chem Soc 1985 107,
3345. (b) Williard, P. G.; Carpenter, G. B.Am Chem Soc 1986 108
462.

(33) For a discussion of electrostatictC sz-interactions in lithium aryls
see: Ruhlandt-Senge, K.; Ellison, J. J.; Wehmschulte, R. J.; Pauer, F;
Power, P. PJ. Am Chem Soc 1993 115 11353

than 0.04 A; see reference.

Figure 2. (a) H—-C=C—Li(LiH) 5 (Cz,, 20-C»): B3LYP/6-31HG**
optimized geometry, total energyl00.613 35 au; B3LYP/6-31G* zero-
point energy 20.13 kcal/mol (NIMAG= 1). (b) H-C=C-Li(LiH) »
(Cs, 20-C): B3LYP/6-311G** optimized geometry, total energy
—100.61590 au; B3LYP/6-31G* zero-point energy 20.37 kcal/mol
(NIMAG = 0); m-coordination energy relative @0-C,, = 1.36 kcal/
mol.

Scheme 3

¢: Cg, capping
alLizface

a: (LiCq)g core

b: "Back-to-seat angle"
o of the Lig chair

A, and Li,—Cz; = 2.749(6) A (Scheme 5, Table 4). This
suggests similar electrostatic interactions a2)gand in [Li—
O—C(Me)—(c-CHCH,CHy)]s (23)s (Scheme 5}/¢ This in-
terpretation also is supported by the tilt of the-C; moieties
toward Li (Li;—0;—C; = 105.3(2), Li1g—0,—Cy = 130.8(27,
Li;a—O1—C; = 134.2(2); Table 4) and the coplanarity of the
O;—Li; and G—C; bonds (Li—0;—C;—C; dihedral angle=
10.#, Figure 5)3* The differences in the li1a,10y0; distances
are remarkable: LL—0; (1.955(5) A) are longer than Li—O;

(34) Probably due to steric hindrance, ideal syn-periplanar arrangements
(Li1-01-C1-C, = 0°) are avoided.
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Scheme 4. Differentiation of Li—C, and Lis—C, Bonds in
the X-ray Crystal Structure ofL#)¢?

R

1 sideon G end on
N R-C=C Tit M \\C

Li;

1

Liy "U“l b

a2The R-C=C tilt results in “side-onz” (Li 1) in addition to the “end-
to-0” (Li 19 coordination. See also Figure 3.

b

i L

\H/Li

H H
\Li/
"in plane" HOMO "in plane" HOMO
Figure 3. (a) MO contour plots (RHF/6-3tG*) of H—C=C—Li-
(LiH)2 (Cyz, 20-C,) reflectingo- (“in-plane” HOMO-1) andz- (“in-
plane” HOMO) components of the £iC bonds. (b) MO contour plots
(RHF/6-3H-G*) of H—C=C-Li(LiH) 2 (Cs, 20-C) reflectingo- (“in-
plane” HOMO-1) andt- (“in-plane” HOMO) components of the HC
bonds.

(1.877(5) A) or Lip—0; (1.923(5) A). Like the long Li—Cy
bonds in (4)s, the long Li—0O; distances inZ2)s are obviously
due to the “side on p”-coordinated;@ne pairs.

To assess the energetics ofit-bonding in the X-ray crystal
structure of 22)g, monomeric Li-O—CH,—C=C—H models
were computed without2é4-H, Figure 6a) and with 24-H-
coord, Figure 6b) Li (H-C=C) n-contacts (Scheme 6). Both
structures are minima. The Li (HC=C) z-interaction is rather
weak, and24-H-coord is only 0.64 kcal/mol more stable than
24-H-coord (Figure 6, a and b). As in the X-ray crystal
structure 22)s, the s-interactions in24-H-coord are clearly
apparent from the short Lié€€C) distances (2.241 and 2.478
A, Figure 6b). Lithiation of the acetylene moiety24-H-coord
increases the Li(&C) z-interaction in24-Li-coord (Figure 4)

Goldfuss et al.

and results in shorter Li€C) n-contacts (2.115 and 2.290 A,
Figure 6¢). Moreover, no minimum corresponding 2é-H
(with X = Li) could be optimized at B3LYP/6-31G*; onlg24-
Li-coord resulted.

Structural, Energetic, and Vibrational Effects of &-Inter-
actions in Alkali Metal Acetylides. Similar G;—M and G—M
distances (see above) and lowee=C stretching frequencies
are important indicators of-bonding in polar metal acetylides.
Are energetic, structural, and vibrationalinteraction criteria
related with the charge distributions in alkali metal acetylides
M—C=C—H (1-Li-Cs, Table 5)? The (H&C)M,H complexes
correspond to the X-ray crystal structuresiaind of6 without
(25-Li-Cs, Cy,) and with @6-Li-Cs, Cy) z-interactions (Table
6). Alkali metal cationsz-coordinations are apparent in the
cationic acetylene complex@3-Li-Cs (Table 7).

All C; structures26-Li-Cs with zz-interactions are slightly
more stable (0.73 kcal/mol (Li) to 0.07 kcal/mol (Cs)) than their
C,, counterparts withoutr-contacts25-Li-Cs (Table 6). The
Cs—C,, energy differencesAE, and hence the degree of
s-interaction, decrease with increasing ion sizes (increasing
distances between M and the G=C centers). This also is
apparent with ther-coordination energie&coorg Of 27-Li-Cs
(Table 7); these correlate withr#/(Figure 7)35 Although 25-

Li and26-Li have the largest energy differen@g-Li is the
only minimum among theC,, species25-Li-Cs (Table 6)3¢

T

B H
[ P
Ca Ca } Mt
/ N\ /" \i I
M\ /M Mia /M1
H N H—C—=C—H
= Cay Cs Cay
Li 25-Li 26-Li 27-Li
Na 25-Na 26-Na 27-Na
K 25-K 26-K 27-K
Rb 25-Rb 26-Rb 27-Rb
Cs 25-Cs 26-Cs 27-Cs

The CG=C distances elongate as the metal ions become larger
in 25-Li to 25-Cs e.g., from 1.225 A to 1.234 A, as well as
from 1.224 A in1-Li to 1.231 A ion1-Cs reflecting the
o-effects of the cations in thesebonding free structures (Tables
5 and 6, Figure 8). The-interactions ir27-Li to 27-Cs(C=C
= 1.205 and 1.201 A) result only in smal=&C lengthenings
relative to1 (1.199 A) (Table 7, Figure 8). Similarly, the
s-interactions in26-Li to 26-Cs(C=C = 1.230 and 1.234 A)
elongate the &C distances only slightly relative to the
correspondin@5-Li-Cs structures. The €C lengthenings due
to m-interactions 25-Li-Cs vs 26-Li-Cs) are the greatest the
smaller the cations (Figure 8). That thg=8C; distance is a
poor criterion forz-interactions has been notééf.

Theo-coordinated cations shift the harmowrieC=C stretch-
ing frequencies to lower values as the metals become larger:
from 25-Li (2007 cnm?) to 25-Cs(1941 cn1?) and from1-Li
(2014 cn1?) to 1-Cs (1955 cnt?l, Tables 5 and 6, Figure 9).
Thes-interactions ir27-Li to 27-Cs(w-C=C = 2034 and 2053
cmY) lower thew-C=C frequencies relative tth (w-C=C =

(35) Whereas in alkali metal cation cyclopropane edge complExgs
depends on 175 (ref 17d), for benzene arlV/(n < 2) correlation was found
(ref 16b).

(36) An earlier computational study using the CCSD/DZP level without
diffuse functions describes (HCC}H as aC,, transition structure: Bolton,

E. E.; Laidig, W. D.; Schleyer, P. v. R.; Schaefer, H. F.,JlIIAm Chem
Soc 1994 116, 9602.
(37) Tecle, B.; lisley, H.; Oliver, J. Anorg. Chem 1981 20, 2335.
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Figure 4. (a—c) Electrostatic potential maps (RHF/6-86*) of H—C=C—H (D, 1), H—-C=C~ (C..,, 1-anion), and Li-C=C—H (C.,, 1-Li).
The negative values (kcal/mol) reflect the cation coordination affinities of the systems.

Figure 5. X-ray crystal structure of [Li-O—CMe,—C=C—H]s (22)s.
The methyl groups €are disordered. Hydrogen atoms are omitted
except the acetylenic hydrogen atorg. HSelected distances (A) and
angles (deg): €-C,, 1.486(4); G—Cs, 1.172(5); Li—C,, 2.687(5);
Li;—C,, 2.443(5); Li—Cs, 2.749(6); Li—Oi, 1.955(5); Lia—Ox,
1878(5), LLb—Ol, 1932(5), L'L—Ol—Cl, 1053(2), Lia—Ol—Cl,
130.8(2); Lis—01—C1, 134.2(2).

Scheme 5. Electrostatic Interactions in Hexameric Lithium
Alkoxide Clusters

/R t-Bu
O (21)4 R= C—CH,
/‘ \L[lﬁl / 12
/[ 1O / Me
LiTTic] Ll
‘ / — / (@2)R= —C—C=C—H
O/Ll\O Me
Me
| 4
(23)6 R= _Cﬁ<]
] Y
c-Pr

2062 cntl; Table 7, Figure 9). Similarly, the-interactions in
26-Li (1974 cn?) to 26-Cs(1937 cnt?) result in lowerw-C=C
stretching frequencies than in the correspondiiLi-Cs
structures. The relative reduction@fC=C stretching frequen-
cies @5-Li-Cs vs 26-Li-Cs) is the stronger the smaller the

Table 4. Selected Bond Distances (&) and Angles (deg) for
[Li —O—C(t—Bu)=CHj]e, (21)6, [Li —O—CMe,—C=C—H)]s (22)¢®
and [Li-O—C(Me)—(c—CHCH,CH,),]s (23)¢° (Scheme 5)

(21)ex (22 (23)¢°
Li;—Oy 1.976(9) 1.955(5) 1.937(3)
Li1aO1 1.869(9) 1.877(5) 1.881(3)
Li1—Ox 1.954(9) 1.923(5) 1.926(3)
Li;—0:—Cy 88.0(9) 105.3(2) 105.6(1)
Li1a0:1—Cy 140.0(4) 130.8(2) 132.6(1)
Lit—01—C 132.9(4) 132.4(2) 135.1(1)
Li-—C 2.349(9) 2.687(5) 2.680(3)
Li1—C; 2.420(8), 2.53 2.443(5) 2.615(3)
Li;—Cs 2.749(5) 2.644(3)

2 Reference 32° Figure 5.¢ Reference 17! One of two similar
asymmetric units in the unit cell with approxima& symmetry.
¢ Average value of the two asymmetric units.

cations and appears as a useful indicator sfeinteractions,
especially for the smaller cations (Figure 9).

The o-effects of the cations give rise to increased {€C,)
charge polarizations with smaller cation sizeslihi-Cs and
in 25-Li-Cs relative tol (see the g, Cg charges in Tables 5
and 6 and in Figure 10). The-interactions in26-Li to 26-Cs
compensate for these counterion inducegd €; charge separa-
tions and hence give rise to,C~ Cg charge delocalizations
relative to the correspondirp-Li-Cs structures. These cation
induced charge delocalizations increase with decreasing cation
sizes and hence with increasing degrees ofstheteractions
(Table 6, Figure 10).

Conclusions

Intramolecular coordination of the-anisyl methoxy groups
in [Li —C=C—SiMe,—CgHs—OMe]s (14)s eliminates external
solvent effects and facilitates lithium-interactions with the
acetylide moieties (L—Cz = 2.353(9) A), as is evident in the
X-ray crystal structure analysis af4)s. The strong tilt of the
C=C-—R fragments in 14)s gives rise to clearly different &
C, bond lengths in the (Lig) core (Li—Cy = 2.292(9) A, Li—
Co = 2.132(9) A, Liiy—Cy = 2.205(11) A), due to “end-on”
and “side-onz” coordinated acetylide moieties. Such distinct
differences in Li-C, bond distances are unprecedented in the
X-ray crystal structures of hexameric organolithium compounds.
Similar zz-interactions are evident in the X-ray crystal structure
of [Li—O—CMe,—C=C—H]s (22)¢ from short distances be-
tween the lithium ions in the (LiQ)luster and the nonmetalated
acetylene moieties (k+C, = 2.443(5) A, Li—Cz = 2.749(6)
A). Although thes-contacts are clearly evident structurally,
the computational models for the X-ray crystal structufies(
as well as 22)g, H—C=C-—Li(LiH) > (20), and Li-O—CH,—
C=C—H (24-H), point to the weak nature of theseinteractions
(1.36 and 0.64 kcal/mol, respectively). Further computations
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Figure 6. (a) Li-O—CH,—C=C—H (Cs 24-H) without Li (C=C)
m-contacts: B3LYP/6-31+G** optimized geometry, total energy
—198.888 99 au; B3LYP/6-31G* zero-point energy 31.91 kcal/mol
(NIMAG = 0). (b) Li-O—CH,—C=C—H (Cs 24-H-coord) with Li
(C=C) m-contact; B3LYP/6-31+G** optimized geometry, total energy
—198.889 92 au; B3LYP/6-31G* zero-point energy 31.85 kcal/mol
(NIMAG = 0); m-coordination energy relative t4-H = 0.64 kcal/
mol. (c) Li—O—CH,—C=C-Li (Cs 24-Li-coord) with Li (C=C)
m-contact: B3LYP/6-311+G** optimized geometry, total energy
—205.829 44 au; B3LYP/6-31G* zero-point energy 26.40 kcal/mol
(NIMAG = 0).

Scheme 6. The Li (C=C) z-Interaction Model for the
X-Ray Crystal Structure2?2)s (Figure 6)

H H H H
~/ .
/(,\ coord /C\
C 0o C @)
4 \ A
/C Li /C»\_‘:. .
X X Li
X =H 24-H (Cg) X =H 24-H-coord (Cg)

X = Li 24-Li-coord (Cs)

Table 5. Bond Distances (A3},Harmonic Vibrational Frequencies
o (cm™b)» and Natural Charges (aqf of Alkali Metal Acetylides
M—-C=C-H

M—Cy Ce=Cs w-C=C qM

qccx qCﬁ q H

1 (Doh) 1.063 1.199 2062 —0.224 —0.224 +0.223
1-Li (Ceop) 1919 1.224 2014 +0.937 —0.746 —0.386 +0.195
1-Na(Coy) 2,222 1.225 2002 +0.909 —0.668 —0.436 +0.195
1-K (Cor) 2.666 1.229 1970 +0.950 —0.643 —0.493 +-0.185
1-Rb (Co) 2.848 1.230 1964 +0.948 —0.626 —0.506 +0.184
1-Cs(Cwy) 3.057 1.231 1955 +0.961 —0.621 —0.521 +0.182
1-anion (Coy) 1.243 1882 —0.461 —0.694 +0.155

aB3LYP/6-311G** (C, H), 6-31G (Li, Na), LanL2DZ, ECP (K,
Rb, Cs) optimized structuresUnscaled B3LYP frequencie$Natural
Population Analysis of the B3LYP electron densities, ref 45.
show thes-interactions in alkali metal (H&EC)M,H (26-Li-
Cs) complexes to be weakly stabilizing (0.73 kcal/mol for Li)

Goldfuss et al.

lengths (up to 0.005 A for Li), to lowereg-C=C frequencies
(up to 33 cm! for Li) and to cation-induced charge delocal-
ization, which increase with decreasing cation size (Cs to Li).

Experimental Section

The experiments were carried out under an argon atmosphere by
using standard Schlenk as well as needle/septum techniques. The
solvents were freshly distilled from sodium/benzophenone. Anisole
and 2-methyl-3-butyn-1-ol (Aldrich) were distilled prior to use. Sodium
acetylide as a toluene/mineral oil suspension and n-BuLi were purchased
from Acros. A hexane solution éti-enriched n-B6Li was prepared
as described by Seebach et@lThe NMR spectra were measured on
a JEOL GX spectrometer and referenced to TMS or THH; 400
MHz; 13C, 100.6 MHz;?°Si, 79.4 MHz;5Li, 58.9 MHz. IR spectra
were determined neat or as Nujol mulls between NaCl discs on a Perkin-
Elmer 1420 spectrometer. Mass spectral data were obtained on a Varian
MAT 311A spectrometer and the elemental analyses (C, H) on Heraeus
micro automaton. The X-ray crystal data were collected with an Enraf
Nonius CAD4-Mach3 diffractometer using the-scan method (30
< 20 < 54.0°). The structures were solved by direct methods using
SHELXS 86. The parameters were refined with all data by full-matrix
least-squares of? using SHELXL93 (G. M. Sheldrick, Gtingen,
1993). All nonhydrogen atoms were refined anisotropically; the
hydrogen atoms were fixed in idealized positions using a riding model.
R1= Y|F, — F/SF, andwR2 = Yw|(Fo2 — Fc2)2|/y (W(Fo2)?)°°.
Further details are available on request from the Director of the
Cambridge Crystallographic Data Center, Lensfield Rd, GB-Cambridge
CB2 1 EW, by quoting the journal citation.

Li —C=C-SiMe,—C¢H,—OMe (14). A solution of ca. 6.8 g (0.06
mol) o-lithioanisole in THF, TMEDA, and hexane was prepared from
37.5 mL (0.06 mol) of BuLi (1.6 M) in hexane, 7.0 g (0.06 mol) of
TMEDA, 6.5 g (0.06 mol) of anisole and subsequent solvation of the
precipitate with ca. 10 mL of THE2 This solution was added dropwise
at 0°C to 7.7 g (0.06 mol) of dichlorodimethylsilane in 150 mL of
diethyl ether. The resulting mixture was stirred at room temperature
for 6 h and filtered; the volatile components were removed by
distillation. The residue was taken up in 150 mL of diethyl ether and
cooled to 0°C; a suspension of 2.9 g (0.06 mol) of sodium acetylide
in 20 mL of diethyl ether was added. The mixture was stirred for 6 h
at room temperature. Hydrolysis with,&/NH,CI, extraction with
diethyl ether, drying over N&Qy, and distillation yielded (9.8 g, 52
mmol, 87%)o-anisyldimethylsilylacetyleneddC=C—SiMe,—CgHs—

OMe: bp 60°C/1.6 mbariH NMR (CDCl) 6 7.69 (d, GHa), 7.35 (t,
CsHa), 6.97 (t, GH4), 6.79 (t, GH4), 3.76 (s, OGl3), 2.49 (s, CEl),
0.44 (s, Si(®l3)); 3C {*H} NMR (CDCl) ¢ 165.14, 136.88, 132.40,
124.62, 121.53, 110.4&¢H.,), 95.30 (G), 89.80 (G), 55.92 (G-CHy),
0.84 (SiCH3)2); 2°Si {*H} NMR (CDCly) 6 —21.02; IR (neat, crrf)
3280 (# C=C—H); 3070, 3002 ¥ C—H arene), 2960, 2900, 284® (
C—H aliphatic), 2020 ¥ C=C).

Lithiation of 0.28 g (1.5 mmol) oHC=C—-SiMe,—CsHs—OMe
with 0.9 mL (1.5 mmol) of n-BuLi (1.6 M) in THF or hexane solution
(=20 °C, then 5 min. RT) afforded.i —C=C—-SiMe,—C¢H,—OMe
(14)(0.27 g, 1.4 mmol, 93% vyield in hexane): NNFf6LIi—146 H
(THF-dg, +25 °C) 8.13 (d, GHa), 7.24 (t, GHJ), 6.88 (t, GH4), 6.77
(d, GeHa), 3.74 (s, OCi3), 0.31 (s, Si(Els)2); 6 13C{*H} (THF-ds, —90
°C) 171.62 (pentuplet, §, 164.91 CsH,-OMe), 138.65 CsHa), 131.27
(CeHa), 127.04 CeHa-SiMey), 120.25 CoHa), 114.23 (s, §), 109.11
(CsHa4), 55.00 (ACH3), 0.97 (SiCH3),); o 8Li (THF-ds, —95°C) —0.26
(s); 0 2°Si {*H} (THF-ds, 31 °C) —30.55; IR (Nujol, cnt) 3050 ¢
C—H arene), 1980y C=C); MS (El, 70 eV, 120°C) m/e 354 [Me—
O—CgHs—SiMe,—C=C—SiMe,—CgHs—OMe]", 339 [Me—O—CgHs—
SiMe,—C=C-SiMe—C¢Hs—OMe]", 324 [Me—O—CeHs—SiMe—
C=C-SiMe—CgH,—OMe]*, 309 [Me—0O—CgH,—Si—C=C—SiMe—
CeHs—OMel*, 294 [Me—O—CgH,—Si—C=C—Si—C¢H,—OMe]", 279

(38) Seebach, D.; Haig, R.; Gabriel, JHely. Chim Acta 1983 66,
308.

(39) Brandsma, L.; Verkruijsse, Hereparative Polar Organometallic
Chemistry Springer: Berlin 1987.

(40) For NMR ELi 13C] coupling studies on lithium acetylides see: (a)

and to decrease with increasing cation sizes (0.07 kcal/mol for praenkel. G.: Pramanik, B. Chem Soc, Chem Commun1983 1527. (b)

Cs). Then-contacts give rise to slightly increasee=C bond

Hassig, R.; Seebach, Hev. Chim Acta 1983 66, 2269.
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Table 6. Energiest Bond Distances (A3,Harmonic Vibrational Frequencies (cm1),* and Natural Chargeg (auyf of (HC=C)M,H
Complexes without@,) and with Cs) z-Interactions

E, ZPE (NIMAGY AE® M;—C, Mi—C, M-C; Co=C; »-C=C gM' qC, qCp qH
25-Li (C) —92.445 65, 15.79 (0) 2.091 2091 3.183 1.225  2007+0.873 —0.775 —0.337 +0.204
26-Li (C)  —92.446 81, 15.79 (0) 0.73 2126  2.051 2446 1.230  1974-0.874 —0.652 —0.478 +0.213
25-Na(C) —401.966 01, 14.03 (1;79) 2.415 2415 3484 1227 1983 +0.878 —0.703 —0.409 -+0.199
26-Na(C) —401.967 15, 14.10 (0) 0.65 2428 2.389 2929 1.230  1968-0.879 —0.642 —0.477 +0.202
25-K (Ca)  —133.658 25, 12.95 (1;44) 2.834 2834 3860 1231 1956 +0.923 —0.658 —0.487 -+0.192
26-K (C)  —133.658 69, 13.02 (0) 021 2.838 2836 3416 1.233  1958-0.923 —0.621 —0.523 -+0.193
25Rb (Cz) —125.102 71, 12.60 (1;45) 3.025 3.005 4.035 1232 1948 +0.924 —0.637 —0.508 +0.190
26-Rb(C) —125.103 08, 12.67 (0) 0.16 3.031 3.033 3595 1.232  1942-0.923 —0.607 —0.537 -+0.191
25-Cs(Cp) —117.12551, 12.35 (1;41) 3.220 3229 4217 1234 1941 +0.937 —0.626 —0.529 +0.188
26-Cs(C)  —117.125 74, 12.42 (0) 0.07 3.232 3243 3835 1.234  19370.936 —0.605 —0.549 +0.188

aB3LYP/6-31H-G** (C, H), 6-31G (Li, Na), LanL2DZ, ECP (K, Rb, Cs) optimized structuresinscaled B3LYP frequencie$Natural Population
Analysis of the B3LYP electron densities, ref 45l otal energie€ (au), unscaled zero-point energies ZPE (kcal/mol), numbers and valuey (cm
of imaginary frequencies in parentheseRelative Cs—C,, energiesAE (kcal/mol). Average value for Mand M

Table 7. The z- Coordination EnergieEcoorq (kcal/mol)@ Bond Distances (A3,Harmonic Vibrational Frequencies (cm™2),” and Natural
Chargegy (auf of the Alkali Cation Acetylene Complexes YH—C=C—H)

Ecoord M+ 7—(C=C) Co=C;y w—C=C qM qcC qH
1 (D) 1.199 2062 -0.223 +0.223
27-Li (Cz) 20.22 2.254 1.205 2034 +0.978 -0.261 +0.272
27-Na(Cz) 13.29 2.633 1.204 2039 +0.986 —0.252 +0.259
27-K (Ca,) 7.50 3.152 1.202 2048 +0.997 —0.245 +0.246
27-Rb(Cy,) 5.73 3.454 1.201 2051 +0.998 -0.241 +0.242
27-Cs(C,) 453 3.739 1.201 2053 +0.999 —0.238 +0.239

aB3LYP/6-31H-G** (C, H), 6-31G (Li, Na), LanL2DZ, ECP (K, Rb, Cs) optimized structurésinscaled B3LYP frequencie$Natural Population
Analysis of the B3LYP electron densities, ref 4Distance between the metal and the center of teeCGond.
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1/1‘3 (A3) Figure 9. The harmonicw-C=C frequencies of the alkali metal
acetylene compounds.
Figure 7. The 1 dependence of the coordination eneigyorg in
M* (H—C=C—H) complexes 27-Li-Cs). Natural Charges (au)
—0.30
Cc=C Distances(/o\) ~0.35 25
1235 ~0.40-] M
,— —0.45+
1.230 26) " 26)
12253 (25) A b—\“\\c
o) —0.55 B
1.2204 ~0.60
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1.205 2 -0.80
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1.200 T | | Figure 10. The natural charges on,Gand G in the alkali metal

T i
Li Na K Rb Cs

acetylides.
Figure 8. The G=C distances of the alkali metal acetylene compounds. 0.71073 A)T = 293 (2) K: crystal dimensions: 0.30 0.20 x 0.20
[Me—0O—CgHs—Si—C=C—Si—CsH,—O]". Anal. (CGH1301LiiSh). mm; total reflections 2137; unique 19663 20(l), 1009; parameters,
Calcd: C, 67.3; H, 6.6. Found: C, 66.8; H, 6.8. Single crystalsdof 128. FinalR values: R1 = 0.0917 ( > 20(l)) andwR2 = 0.1759 (all
were obtained from cooled hexane solutions. data). GOF= 1.148; largest peak (0.171 e A and hole £0.150 e
X-ray crystal data for {4)s: M, = 196.24; rhombohedric; space  A-3).
group R-3;a=b = 22.577(3) A,c = 12.774(2) A,V = 5638.8(14) Li—O—CMe,—C=C—H (22). A solution of 0.223 g (2.66 mmol)

A3, Deae = 1.040 Mgmt3; Z = 18; F(000) = 1872; MoKa (1 = of 2-methyl-3-butyn-2-ol (HHC=C—CMe,—OH) in 10 mL of hexane
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was cooled to 0C and 1.66 mL (2.66 mmol) of 1.6 M BuLi in hexane

Goldfuss et al.

electron effective core potentials and the LanL2DZ basis 8gtSp1/

were added. The white suspension (isolated: 0.23 g, 2.56 mmol, 96%311); Rb, (341/321); Cs, (341/321)] were employ&dThe character

yield), stirred at room temperature for 5 min, dissolved on warming.

of the stationary points, the zero-point energy correction, and the

Slowly cooling to room temperature afforded colorless crystals. NMR harmonic vibration frequencies were obtained from analytical and, for

of 222 & H (CDCl;, +25 °C) 2.35 (s,H—C=C), 1.44 (s, Cl3); 0
BC{H} (CDCl, +25 °C) 94.57 (G), 67.67 (G), 64.51 (G), 35.06
(CH3); IR (Nujol, cm1) 3270 ¢ C—H); MS (El, 70 eV, 80°C) m/e
457 [Ms—Li*], 399 [457" — COMey], 341 [399° — COMey). Anal.
(CsHsLi104). Calcd: C, 66.7;H, 7.8. Found: C, 66.4; H, 7.9. Single
crystals of22 were obtained from cooled hexane solutions.

X-ray crystal data forZ2)s: M, = 90.05; rhombohedral, obv.; space
group R-3;a=b =10.767(2) Ac = 26.933(3) AV =2704.0(9) &;
Dcaic = 0.995 Mgnt3; Z = 18; F(000) = 864; Mo Ko (A = 0.71073
A); T=293 (2) K; crystal dimensions: 0.30 0.30 x 0.20 mm,; total
reflections 1438; unique 1234; > 20(l), 700. H was refined

pseudo-potential computations of the K, Rb, and Cs systems, from
numerical frequency calculations. All partial charges are based on
Natural Population Analysis (NPA) of the Becke3LYP electron
density. The electrostatic potentials were evaluated with RHF631
wave functions on optimized B3LYP geometries.
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Theoretical Section
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