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For the first time a solid-state structure with protonated 1,8- 
diazobicyclo[5.4.0]undec-7-ene (DBU-H+) as the gegenion of 
an  "organic" anion, namely tert-butyl a-cyanoacetate (2-)# is 
determined. The DBU-H+ N-H bond forms a hydrogen 
bridge to the enolate oxygen atom of 2-, the first N-H bridge 
to an enolate oxygen atom ever characterized. The structure 
of 2- DBU-H+ is compared with that of the corresponding 

lithium compound [2- Lit . TMEDAI2 in which the cations 
are bound to the N atoms of the cyano groups and the enolate 
0 atoms forming a twelve-membered ring. Literature reports 
on the rather different chemistry of anions like 2- having al- 
kali metal ions or DBU-H', respectively, as the gegenions 
can be understood by means of the two new solid-state struc- 
tures disclosed in this publication. 

X-ray crystal structures especially of alkali metal enolates 
have extensively been studied by Seebach et al.['l and Willi- 
ard et a1.I21. Since these compounds are prepared in most 
cases from the corresponding carbonyl species by depro- 
tonation with an alkali metal amide, it was interesting to 
find crystals of a lithium enolate in which not only the oxy- 
gen atoms of the enolate but also the nitrogen atoms of the 
amine formed from the amide are bound to lithium: the 
pinacolone lithium enolate 1 crystallizes together with 
";N'-trimethylethylenediamine (TriMEDA) as the [l . 
TriMEDAJ2 complex['c]. A section of [l . TriMEDAJ2 is 
given in Figure 1. 

1 H2C=C(OLi)-C(CH3)2-CH3 

10 

11 

Such an N-H hydrogen bridge is strengthened by the pola- 
rization of the Nl-H1 bond resulting from the coordi- 
nation of N1 to Lil. The orientation of the N1 -H1 bridge 
towards C1 is due to the particular geometrical constraints 
in [l . TriMEDAI2. The crystal structure of [l . TriMEDAI2 
is thus in agreement with observations according to which 
deuteration (alkylation) of amin-containing lithium enol- 
ates often leads to high yields (up to 94%) of the protonated 
carbonyl Although the details of this reac- 
tion are not fully understood (as this is the case with 
protonations of carbanions in generalL4]) the N-H proton 
in the crystals of [l . TriMEDAI2 indicates to be "ready to 
jump" on the enolate carbon atom. 

We have been interested in the question whether it is 
possible to crystallize an enolate with a hydrogen bridge to 
the enolate oxygen atom. Since enolates in general are 0- 
protonated to give enol~[~] ,  which normally rearrange very 
quickly to the carbonyl isomer, such a structure would 
correspond to a point on the reaction of the 
protonation of enolates. In the following we report on the 
crystal structure of the enolate of tert-butyl cyanoacetate 
2- with protonated 1,8-diazabicyclo[5.4.0]undec-7-ene 
DBU-H+, 2- DBU-H+ (Figure 2), compare it with the 
structure of the lithiated enolate [2- Li+ . TMEDAJ2 
(Figure 5), and discuss the consequences for the chemistry 
of such species. 

0' H 
0: H / 

7 

C=C' - @D [,.)=C *LiC*TMEDA 
'CN 

/ \  
BUO CN 

Figure 1. Section of the crystal structure of [I . TriMEDA],[lc] 

Most significantly, H 1, whose position had to be calcu- 
lated, forms a hydrogen bridge to the enolate C1 atom. 2- DBU-HC 

L 

[ 2- Lif TMEDA l2 
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Figure 2. X-ray crystal structure of 2- DBU-H+. Selected bond lengths 
[pm] and angles ["I: C1-01 124.1(2), C1-02 136.8(2), Cl-C2 
138.7(3). C2-C3 140.0(3). C3-N1 115.8(3): 01-C1-02 120.6(2). 
0 2 - c i ~ c 2  ii2.4(2), O , i ~ c i - c 2  127.0(2j; C ~ - C ~ - N I  179.i@jl 
C10-N3 146.1(3). N3-Cll 131.0(3), Cll-N2 132.2(2), N3-01 

\ 

269.6(2); N3-HiL01 150(2) 

1. tevt-Butyl Cyanoacetate- DBU-H+ (2- DBU-H+) 

Although "the number of synthetic applications of 1,8- 
diazabicyclo[5.4.0]undec-7-ene (DBU) is hardly to sur- 
vey"['], an X-ray crystal structure investigation of an "or- 
ganic" anion with the protonated base DBU-H+ as the ge- 
genion has not been reported yetL81. Despite the similarity 
of the acidities in acetonitrile of DBU-H+ (pKBH+ = 24.32) 
and cyanoacetates (pKA = 24)r71, we were able to isolate the 
crystalline 2- DBU-H+ when we deprotonated tert-butyl 
cyanoacetate 2 with DBU in tetrahydrofuran. As shown in 
Figure 2, the enolate 2- is bound to DBU-H+ via the hy- 
drogen bridge N3-H2...01 . The distances within the hy- 
drogen bridge are as follows: N3-H2 87(2), H2...01 
190.3(19), and N3-01 269.6(2) pm. The angle 
N3-H2...01 amounts to 150(2)". As always if the bridging 
H atom is localized by X-ray crystallography, bonds like 
N3-H2 are too short (=I0 pm) and H2...01 too long 
(=lo pm)L91. The mean values for N-H hydrogen bridges 
to carbonyl oxygen atoms are calculated to H...O 195.9 

pm for >N-H and 188.8 pm for >N-H, N - 0  (inter- 
molecular H bridge) 289.2(3) pm, and N-H...O 162.1(4)' 

(>N-H) and 159.9" (>N-H). In the case of four am- 
monium picrates the mean value of the N - 0  distance 
(289.1 pm)[8al agrees with the aforementioned N - 0  dis- 
tance. A comparison of these mean values with the data of 
2- DBU-H+ reveals that the H2...01 bond in 2- DBU-H+ 
is significantly shorter than the H...O bond in the case of 

the >N-H- (16 pm) and ZN-H-bridged (9 pm) carbonyl 

+ 

+ 

+ 

compounds. Similarly, the N3-01 distance in 2- DBU-H+ 
is much shorter (19 pm) and the N3-H2...01 angle much 
smaller than in N-H-bridged carbonyl species [12" (>N- 

H) and 10" ('N-H)]. The N - 0  distance in 2- DBU-H+ is 
also much shorter than the same distance in ammonium 
picrates [269.6(2) versus 289.1 pm, see above]. This is un- 
doubtedly due to the electrostatic attraction between the 
cationic N-H donor DBU-H' and the anionic hydrogen 
bridge acceptor 2-. Finally, it should be mentioned that the 
N3-H2...01 hydrogen bridge in 2- DBU-H+ is the first 
example of an ("ammonium") N-H or an 0 - H  hydrogen 
bridge to an oxygen atom of an enolate anion[lO]. In agree- 
ment with the correlation principleL61, in the crystals of 2- 
DBU-H+ everything is ready for the 0-protonation of the 
enolate 2- to give the corresponding enol. A systematic 
study of the related u-cyano-a-phenylacetic acid keto-enol 
system in solution has recently been published["]. In the 
crystal structure of the tetrabutylammonium salt of the en- 
olate of ethyl cyanoacetate C-H hydrogen bridges to the 
anionic moiety are observed[12]. 

The bond lengths and angles of 2-, which are similar to 
those of 2- in the lithium enolate [2- Li+ . TMEDAI2, will 
be discussed in Section 2. 

+ 

2. [tert-Butyl Cyanoacetate- Li+ * N,N,N',N'-Tetra- 
meth~lethylenediamine]~ (2- Li+ * TMEDAJt 

Before the crystal structure of [2- Li' . TMEDAI2 is out- 
lined in more detail we will briefly discuss the crystal struc- 
ture of a metallated P-dicarbonyl compound (3) as well as 
of a metallated malononitrile (4). Since [2- Li+ . TMEDAb 
contains both a carbonyl and a cyano group the question 
arises about the effects of these groups on the structure of 
[2- Li+ . TMEDAJ2. 

CO,CH, CN 
/ / 

CZHS-CH \ H2C, 
C02CH, CN 

3 4 

A section of the crystal structure of [(sodium dimethyl 2- 
ethylmal~nate)~ . (DMS0)6] [(3- Na+)4 . (DMSO)6]['3a1 is 
given in Figure 3. 

Most importantly, the two enolate oxygen atoms 0101 
and 0102 are in a cisoid conformation. Furthermore, C101, 
C102, and C103 are planarly coordinated and form essen- 
tially one plane, which allows ideally a six-membered ring 
chelation with Nal.  The C-C and C-0  bond lengths in 
the malonate anion are as follows: ClOl-C102 139 pm, 
C102-CI03 141 pm, C101-0101 125 pm, C103-0102 
124 pm. The following bond angles have been determined: 

C102-C103-0102 130". In contrast, with a larger non- 
chelating cation as, e.g., the hexamethylguanidinium cation, 
dimethyl 2-ethylmalonate (3-) prefers the transoid confor- 
mation with the more favorable dipole-dipole interactions. 
The bond lengths in the transoid malonate anion are essen- 
tially the same as in the above-mentioned cisoid sodium 

0101-C101-C102 130°, ClOl-Cl02-ClO3 119', 
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Figure 3. Section of the crystal structure of [(sodium dimethyl 2-ethyl- 
malonate), . (DMSO),] [(3- Nat)4 ' (DMS0)6]r13a1 

A completely different situation arises in the 
case of metallated malononitriles as shown by the crystal 
structure of [Li3(12-crown-4)2(HC(CN)2)3], [(4- . Li+)2( 12- 
cr0wn-4)~], in Figure 4[14a1. The essentially linear C-C-N 
structural elements (178.6- 179.3") of the anionic carbon 
atom and the cyano groups do not allow an intramolecular 

chelation of the metal ion. Rather, polymeric structures are 
favored with the lithium ions being coordinated to the cy- 
ano N atoms. The C-C bond lengths in the C-C-N units 
are between 137.2 and 140.9 pm, while the C-N distances 
amount to 114.0-116.8 pm. The C-C-C bond angles at 
the anionic carbon atoms are close to 120" (119.2-121.4"). 

As one can see from Figure 5 the crystal structure of the 
lithiated tert-butyl cyanoacetate [2- Lit . TMEDA]:! is a 

11A 
12R 

6 

6R 

12 
11 

9 8  

Figure 5. X-ray crystal structure of [Z- Lii . TMEDAI2. Selected bond 
lengths [pm] and angles ["I: 01-Lil 186.9(4), N1A-Lil 200.4(4), 
01-C1 124.9(3), C1-C2 138.8(3), C2-C3 138.6(3), C3-Nl 
116.1(3), C1-02 137.1(3); Ol-Cl-C2 126.9(2), Cl-C2-C3 

120.6(2), C2-C3-N1 178.8(2) 

23 

ci L i I  L i  
18 1R 

Figure 4. Section of the crystal structure of [Li3(12-crown-4)2(HC(CN)2)3]m [(4- Li+)2(12-crown-4)2],[14d~ 
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compromise between the structures of metallated P-dicar- 
bonyl compounds and metallated malononitriles. 

Again, each lithium (e.g. Lil) is coordinated to an enolate 
oxygen (01) and to a cyano N atom (NlA). An intramol- 
ecular chelation, as in the case of metallated P-dicarbonyl 
compounds (see Figure 3), is excluded because of the essen- 
tially linear structure of the C-C-N units [178.8(2)"]. On 
the other hand, instead of the polymeric motif, which is the 
preferred one of lithiated malononitriles (see Figure 4), a 
twelve-membered ring dimer is the favorable structure here. 
In addition to the cyanide N and enolate 0 coordination 
each lithium atom is bound to a TMEDA molecule. The 
bond lengths and angles in the anionic units 2- of [2- Li+ 
. TMEDAI2 and 2- DBU-H+ are almost identical: 01-C1 
124.9(3) versus 124.1(2) pm, Cl-C2 138.8(3) versus 
138.7(3) pm, C2-C3 138.6(3) versus 140.0(2) pm, C3-N1 
116.1(3) versus 115.8(3) pm, 01 -C1 -C2 126.9(2) versus 
127.0(2)", C1 -C2-C3 120.7(2) versus 120.6(2)", 
C2-C3-N1 178.8(2) versus 179.1(2)". The different be- 
havior towards electrophiles of anions as, e.g., 2- having 
different gegenions like alkali metal ions on the one hand 
and DBU-H+ on the other hand, thus should not be related 
to the structures of the anions in such compounds. Rather, 
it must be the different cations which are responsible for 
the often very different chemistry (see also Section 3). 

The bond length in the cyano groups of [Z- Li+ . 
TMEDAI2 [C3-N1 116.1(3) pm] is typical of lithiated cy- 
anides; it is only slightly longer (2-3 pm) than in non-met- 
allated cyanides[15]. C2-C3 [138.6(3) pm] is 2-3 pm longer 
than the corresponding bonds in lithiated In 
lithiated malononitriles like [(4- Li+)2(12-crown-4)2], (see 
Figure 4) this bond amounts to 138-140 pm[141. The 
C1-01 bond [124.9(3) pm] in [2- Li+ . TMEDAI2 is much 
shorter than comparable C - 0  bonds in lithium enolates 
(136 pm[1,21), however =4 pm longer than C-0  bonds in 
lithiated P-dicarbonyl  compound^['^^. C1-C2 in [2- Li+ . 
TMEDAI2 (138.8 pm) is longer than the corresponding 
C-C bonds in enolates (134 pm[1%2]). 

3. Significance of Hydrogen Bridges to Enolate Oxygen 
Atoms in Synthetic Applications 

We have already mentioned the importance of N-H hy- 
drogen bridges to enolate carbon atoms, which are formed 
with the amine if enolates are prepared by reaction of car- 
bonyl compounds with lithium amides: consecutive reac- 
tions with electrophiles are very often hampered by compet- 
ing protonation Protonation can be avoided 
by transformation of the amine into the amide by means of 
an alkyllithium compound"]. 

Likewise, N-H hydrogen bridges to enolate oxygen 
atoms of the type found in the crystal structure of 2- DBU- 
H+ may be significant in alkylation reactions of compounds 
of the type H2CX2 (X = CN, C02R) in the presence of a 
base. Thus, e.g., alkylation of ethyl cyanoacetate (5) with 
ethyl iodide in THF leads to different amounts of mono- 
and dialkylated products 6 and 7 depending on the nature 
of the base, which was used, see Table 1[161. 

5 6 7 

5- Na+ 5- DBU-H+ 

6- Na+ 6- DBU-H+ 

Table 1. Alkylation of 5 with ethyl iodide and NaH or DBU in THF 
or DMF"~] 

Product ratio 1%1 . _  
Base Solvent 5 6 1 
DBU THT 18 12 10 
NaH THF 26 29 45 
DBU DMF 8 64 28 
NaH DMF 9 58 33 

While the reaction with sodium hydride in THF results 
in the formation of large amounts (45%) of dialkylated 
product 7 this is not so with the base DBU[l61 (10% 7). 
Apparently, the monoalkylated species 6 is deprotonated 
much faster by the sodium enolate 5- Na+ to give 6- Na+ 
than by the DBU-H+ enolate 5- DBU-H+ to give 6- DBU- 
H+. The formation of 6- Na+ and 6- DBU-H+, respec- 
tively, is a prerequisite for the formation of the dialkylated 
7. 

If the structures of [2- Li+ . TMEDAI2 (Figure 5) and 
2- DBU-H+ (Figure 2) indeed are models for those of 5- 
Na+ and 5- DBU-H+, one can envisage that in the case of 
5- DBU-H+ an intramolecular proton transfer from DBU- 
H+ to 5- is preferred to the intermolecular deprotonation 
of monoalkylated 6 by 5- DBU-H+ to give 6- DBU-H+ 
followed by the formation of the dialkylated 7. Such a situ- 
ation corresponds to the favorable intramolecular C-pro- 
tonation of the enolate carbon atom by the Li-coordinated 
amine molecule as outlined in the introductory remarks. A 
comparable intramolecular protonation reaction, however, 
does not exist in the case of the sodium species 5- Na+. 
Consequently, its deprotonation reaction of 6 to give 6- 
Na+, followed by the formation of dialkylated 7, is much 
more favored. In strongly polar solvents like DMF (instead 
of THF) the preference for the formation of the monoalkyl- 
ated 6 is also reduced (Table 1). Now the intramolecular 
hydrogen bridge from DBU-H+ to the enolate oxygen atom 
of 5- has to compete with a hydrogen bridge from DBU- 
H+ to the oxygen atom of the solvent DMF. This raises 
the probability of 5- to deprotonate 6 giving 6- and thus 
more 7. 

Chem. Ber. 1994, 127, 2059-2064 
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A further example of an N -H bridge to an enolate oxy- fractometer: Enraf-Nonius CAD4, Cu-K, radiation, graphite 
monochromator, T =  193(5) K, w scans. 2368 reflections measured 
(@ma, = 55'1, 21 11 independent (Rint = 0.03441. The structure was 
solved by direct methods['9] and refined[I9] on F with 1860 reflec- 
tions with F > ~ G ( F ) ,  all non hydrogen atoms anisotropically, the 
hydrogen atoms were located and refined isotropically. Final R va- 

scheme: w-l = oz(~. The extinction parameter x was 0.0146(6)[i91. 
All calculations were performed with a MicroVax I1 and a DEC 
AXP 3000-300[2n-221. 

gen atom is discussed in the case of an ammonium cation 
and a gold(I)-complexed a-isocanoacetate enolate. The 
N-H bridged ion pair is involved in the first catalytic en- 
antioselective aldol reaction 1' ', "1. 

tures of the a-cyanoacetate enolates 2- DBU-H+ and [z- 
Lit ' TMEDA12. Although the structures ofthe enolates 2- 
are very similar in both cases, the structures as a whole are 
completely different: [2- Li+ . TMEDAI2 forms a twelve- 
membered ring dimer with Li+ being attached to the nitrile 
N and enolate 0 atoms (as well as to TMEDA). On the 
other hand, an N-H hydrogen bridge to the enolate 0 ['I [la] Review: D. Seebach, Angew. Chem. 1988, 100, 1685-1715; 
atom is observed in 2- DBU-H+, the first N-H bridge to Angew. Chem. znt. Ed. Engl. 1988, 27, 1624-1654. - [Ib1 D. 

Seebach, R.  Amstutz, T. Laube, W. B. Schweizer, J. D. Dunitz, 
an enolate 0 atom so far Structurally characterized. The J AM. Chem. SOC. 1985, 107, 5403-5409. - [I,] T. Laube, D. 
structure corresponds to a point on the reaction coordinate Seebach, J. D. Dunitz, Helv. Chim. Acta 1985, 68, 1373-1393. 

L2] [2a] I? G. Williard, Q. Y. Liu, J Am. Chem. Soc. 1993, 115, 
of the protonation of enolates, which normally leads first 3380-3381. - 12bl p. G, Williard, Q, 

to the corresponding enols. The structure of 2- DBU-HI Am. Chem. Soc. 1992, 114, 348-350. - IZc] Y. J. Kim, M. P. 
is also in agreement with results in alkylation reactions of Bernstein, A. S. G. Roth, F. E. Romesberg, P. G. Williard, D. J. 

Fuller, A. T. Harrison, D. B. Collum, J Org. Chem. 1991, 56, 
enolates of a-cyanoacetates with DBU-H+ and Na+, re- 4435-4439. - Lzdl P. W. Williard in Comprehensive Organic Syn- 
spectively, as the gegenions, and THF and DMF, respec- thesis, Pergamon Press, Oxford, 1991, vol. 1, p. 1. 
tively, as the solvents: 5- in 5- DBU-"+ (which corre- P. Strazewski, C. Tamm, Helv. Chim. Acts 1986, 69, 

sponds to 2- DBU-H+) is less significant in intermolecular L41 Recent publication: E. Vedejs, N. Lee, S. T. Sakata, J Am. 

Reviews: The Chemistry ofEnoZs (Ed.: Z. Rappoport), Wiley, 
to the N-H hydrogen bridge to the endate oxygen atom in New Yo&, 1990. - [5bl H. Hart, Chem. Rev. 1979, 79,515-518. 
5- DBU-H'.. - [5c1 Z. Rapport, S. E. Biali, Ace. Chem. Res. 1988, 21, 

442-449. - See also: [5d1 K. H. Meyer, Liebigs Ann. Chetn. 
1911, 212-242. - Pel R. C. Fuson, D. H. Chadwick, M. L. 
Ward, J Am. Chem. Soc. 1946, 68, 389-393. 

r6] [6a] Structure Correlation (Eds.: H.-B. Burgi, J. D. Dunitz), VCH, 
Weinheim, New York, 1994, vol. 1 and 2. - [6b] H. B. Burgi, J. 

L71 [7a1 R. Schwesinger, Nachr. Chem. Tech. Lah. 1990, 38, 
1214- 1226, - [7b] Review on DBU: H, Oedinger, F, Moller, K ,  
Eiter, Synthesis 1972, 591-598. 

Cambridge Structural Database Update. - [''I M. Motevalli, 
M. B. Hursthouse, P. F. Kelly, J. D. Woollins, Polyhedron 1989, 
8, 893-896, reported on the structure of PtBr, (PPh,)-DBU- 
H', however without localization of the N-H proton. 

191 [9a1 R. Taylor, 0. Kennard, Ace. Chem. Res. 1984, 17, 320-326. 
- R. Taylor, 0. Kennard, W. Versichel, Acta Crystallogr:, 
sect, B, 1984, 280-288, 

[ I n ]  Other crystal structures with N-H and 0 - H  hydrogen bridges 
to "carbanions": [lea] [N,N-Dimethylpropionamide Li-enolate 
TriMEDAL ref.['"]. - [l"'] [2-Nitrobenzyllithium . ethanol],, G. 
Klebe, K. H.  Bohn, M. Marsch, G. Boche, Angew C%m. 1987, 
99, 62-64; Angew. Chem. Int. Ed. Engl. 1987, 26, 78-79. - 
[lnC] [Fluorenyllithium . 2 ethylenediamine],, S. Buchholz, K. 
Harms, M. Marsch, W. Massa, G. Boche, Angew. Chem. 1989, 
101, 57-58; Angew. Chem. Znt. Ed. Engl. 1989, 28, 72-73. - 
[lodl Ammonium 1,2,4-tricyanocyclopentadienide],, S. Buch- 
holz, K. Harms, W. Massa, G. Boche, Angeu: Chetn. 1989, 101, 
58-60; Angew. Chem. Znt. Ed. Engl. 1989,28, 73-75. - [lo'] 2- 
Mercaptobenzoxazolyllithium . TMEDA-H20, D. Barr, P. R. 

Soc., Chem. Commun. 1990, 643-645. - [2-Mercaptoben- 
zoxazolyllithium . HMPA . H20l2 D. R. Armstrong, D. Barr, P. 
R. Raithby, P. von R. Schleyer, R. Snaith, D. S. Wright, Znorg. 
Chim. Acta 1991,185, 163- 167. - [log] (2-Mercaptobenzoxazo- 
lyl)2barium . 3 H 2 0  and (2-Mercaptobenzoxazolyl),calcium . 2 
HMPA . 2 H20, P. Mukulcik, P. R. Raithby, R. Snaith, D. S. 
Wright, Angew. Chem. 1991, 103, 452-454; Angeu: Chem. Int. 
Ed. End. 1991. 30, 428-430. - "oh] [Mercaptobenzoxazolylli- 
thium . HMPA . CH,OH],, M. Davidson, C. P. G. S. Thesis, 
Cambridge, 1991. - ['"'I [LiCH(CN), . TMEDA.H20],, C. 
Lambert, P. von R. Schleyer, U. Pieper, D. Stalke, Angew Chem. 
1992,104,78-79; Angew. Chem. Znt. Ed. Engl. 1992,31,77-78. 
- [l0Jl Lithiumcarbazolide . 2 THF . tBuOH, C. Lambert, F. 
Hampel, P. von R. Schleyer, Angew. Chem. 1992, 104, 
1242-1243; Angew. Chem. Int. Ed. Engl. 1992,31, 1209-1210. 

In summary, we have the X-ray crysta1 strut- lues: R = 0.0366, w,R = 0.0375 for 272 parameters, weighting 

Liu, L, 

1041-1051. 

Chem. SOC. 1994, 116, 2175-2176, and references cited. &protonation reactions than 5- in 5- Na+, apparently due 

Experimental 
Preparation of Crystalline 2- DBU-H+: 140 mg (1.00 mmol) of 

tert-butyl a-cyanoacetate was allowed to react with 140 mg (1.00 D. Dunitz, Chern. 1983, 153-161. 
mmol) of DBU in 2 ml of THF at -78°C. The colorless precipitate 
dissolved on warming to 20°C. After 4 d at 4°C crystals of 2- 
DBU-H+ appropriate for X-ray crystallography had formed. Yield: 
0.09 g (32%). 

1'1 

Preparation of Crystalline [2- Lif . TMEDAJ2: 140 mg (1.00 
mmol) of tert-butyl a-cyanoacetate was deprotonated with 0.65 ml 
(1.04 mmol) of a 1.6 M solution of nBuLi in hexane at -78°C in 
the Presence of 228 mg (2.00 mmol) of TMEDA in 1.2 ml of 
The immediately crystallized [2- Li+ . TMEDAI2 was warmed to 
20°C, dissolved, and recrystallized at 4°C. After 2 d monocrystal- 
line [2- Li+ . TMEDAI2 had formed (1 12 mg, 43%). 

crystal structure Determjnarion of [2- ~ i +  . TMEDAI2: 
C26H52Li2N604r kf = 526.6. Monoclinic space group Pz1/c, a = 
905.8(1), b = 2257.0(2), C = 839.2(1) Pm, P = 101.22(1)", V =  
1686.8(3) pm3 . lo6, Z = 2, D, = 1.037 g . ~ m - ~ ,  p(Cu-K,) = 5.22 
cm-I. Diffractometer: Enraf-Nonius CAD4, Cu-K, radiation, 

measured (@ma, = 55"), 2112 independent (Rint = 0.0539). The 
structure was solved by direct methods['9] and refined["] on F with 
1805 reflections with F > 40(F),  all non-hydrogen atoms anise- 
tropic, the hydrogen atoms were located and refined isotropically. 
Final R values: R = 0.0404, MIR = 0.0412 for 277 parameters, 
weighting scheme: w-' = oz(I;). The extinction parameter x was 
0.0094(7)['91. All calculations were performed with a MicroVax 11 
and a DEC AXP 3000-300[20-22]. 

Crystal Structure Determination of 2- DBU-H+: CI6H2,N3O2, 
M = 293.4. Monoclinic space group P2,/n, a = 1168.7(2), b = 
1246.2(1), c = 1285.3(2) pm, p = 116.23(1)", V =  1680.0(4) pm3 . 
lo6, Z = 4, D, = 1.160 g . ~ m - ~ ,  p(Cu-K,) = 5.83 cm-I. Dif- 

graphite monochromator, = 193(5) K, scans. 2358 reflections Raithby, p, R. Schleyer, R, Snaith, D, S, Wright, J ('hem, 
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Marburg, 1993. 
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