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Summary 

The structure of (LiCH2CH,CH,NMe,), was determined by single-crystal X-ray 
difffraction at - 100°C. The crystal was monoclinic, space group P2/n, a 9.659(2), 
b 7.007(l), c 18.896(5) A, ,f3 97.61 (2)“. The structure consisted of a tetrahedron of 
lithium atoms with each face bridged by carbon. The conformation of the five-mem- 

bered lithium chelate ring was essentially the same as that found for a palladium 
chelate of the same ligand. 

Introduction 

The structures of organolithium reagents have been receiving increasing attention, 
from both experimental and theoretical directions [l]. This interest arises from the 
novel structures found (and predicted) for organolithium compounds and from the 
importance of organolithium reagents to organic synthesis. Many synthetic organic 
chemists can provide anecdotal evidence for changes in the reactivity of RLi 
molecules by small changes in reaction conditions, but the effects of the environment 
on structure (and reactivity) of organolithium reagents are not yet fully understood. 

One class of RLi molecules for which several structural studies have been 

reported is that of chelated organolithiums. A review of the synthetic applications of 
such molecules has appeared [2]. Among simple chelates with nitrogen or oxygen 
donors the molecules %(dimethylamino)-l-lithionaphthalene (1) [3], 3-lithio-l- 
methoxybutane (2) [4], l-lithio-2-dimethylaminomethylbenzene (3) [S] and (2,6-di- 
methoxyphenyllithium) lithium oxide (4) [6] have been the successful objects of 
X-ray crystallographic studies. We became interested in the structure of a related 
molecule, 3-dimethylamino-l-lithiopropane (5). This is the parent structure of five- 
membered ring lithium chelates with a nitrogen donor atom. Its synthesis has been 
described by Thiele and coworkers, who have gone on to prepare other metal 
chelates based on this ligand [7,8]. The lithium chelate was reported to exist as a 
tetramer in benzene and as a monomer in 1,gdioxane. Of particular interest to us 
was the conformation of the five-membered ring in 5, since we previously had 
synthesized the palladium chelate [Me,NCH,CH,CH,PdCl], (6) and determined its 
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cryxtal structure [9]. We wanted to see v.hat effect changing the nictal xpt‘cie5 had on 

the conformation of the five-membered ring by con~paring the .str‘ucturt’\ c>f 5 anti 6. 

Experimental 

Results and discussion 

Figure I is a plot of the results of the crystallographic xtructure determiwtlcw ~31 

5. The observed atomic coordinates, bond lengthb. bond angles. ;mis<)trr)pic tcmpc‘rn- 

ture factors and summary of intensity collection data arc given in Tablca 1 0. l‘he 
molecule is a tetramer. lvith a distorted tetrahedron of lithium atcrnls h;r\.inp carhc~n 

atoms bridging each tetrahedral face. Another ~ag to dcwribe the core IS ;I,\ LI 

distorted cube. with each face a puckered c‘,Li, ring. The t+l) hai\12- of the tc‘tranier 

are related by ;I two-fold axis. An ~~~alc~go~~x cox i\ wc11 f’i>r other icl raiticrlc 

alkyllithiums [lo]. The lithimwlithium distance!, of 7.47 dlld “3.54 .A ;.1rc’ i.lO\t’ ti-, !iil? 

values found for other alkyllith~um tetramzra. 
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C(3’1 

Cl4’1 

Fig. 1. A plot of the structure of (LiCH,CH,CH,NMe,), showing the atomic numbering 

the chief difference being the average C-Li distance of 2.31 A for 2, compared to 
2.26 i\ for 5. This is to be expected for bonds to secondary vs. primary carbons. 

Previously, we had prepared the palladium chelate 6 from (PhCN),PdCl, and 
n-Bu,SnCH,CH,CH2NMe, and solved its crystal structure [9]. We wanted to 
compare the conformations of the five-membered rings in the transition metal and 
alkali metal complex. Carbons bonded to lithium and to palladium exhibit different 
reactivities and we wanted to see if there were any corresponding differences in 

TABLE 1 

ATOM COORDINATES ( x 104) AND TEMPERATURE FACTORS (A2 X 101) 

Atom x J ; cl” 

Li(1) 

Li(2) 

N(1) 

N(2) 
C(1) 

C(2) 

C(3) 

C(4) 
C(5) 

C(6) 

C(7) 

C(8) 

C(9) 

C(10) 

1740(4) 

3584(4) 

5230(2) 

473(2) 

4055(3) 

5562(3) 

5606(3) 

4875(3) 

6400(3) 

1450(3) 

935(3) 

- 120(3) 

1297(3) 

- 657(3) 

8600(5) 

11022(5) 

11823( 2) 

7798(3) 

7866(3) 

8331(3) 

9938(3) 

13151(3) 

12628(4) 
11753(3) 

11290(3) 

9669(3) 

7020(4) 

6445(4) 

7999( 2) 

7956(2) 

8710(l) 

8744(l) 

8135(l) 
8486( 1) 

9027(l) 

9260( 1) 

8386(l) 
8218(l) 

8944(l) 

8896(l) 
9386( 1) 

8506(l) 

26(l) 
250) 
24(l) 

25(l) 

28(l) 
31(l) 

29(l) 

34(l) 

35(l) 

28(l) 

30(l) 

30(l) 

34(l) 

35(l) 

” Equivalent isotropic C/ defined as one third of the trace of the orthogonalised CY,, tensor. 
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TABLE 4 

ANISOTROPIC TEMPERATURE FACTORS (A’ x 103) (1 

Li(1) 

Li(2) 

N(1) 

N(2) 

C(1) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

C(7) 

C(8) 

C(9) 

C(l0) 

2W) 
27(2) 

27(l) 

26(l) 

31(l) 

31(2) 

29(l) 

37(2) 

31(2) 

28(l) 

38(2) 

32(l) 

37(2) 

31(l) 

24(2) 

23(2) 

20(I) 

22(l) 

27(l) 

25(l) 

28(l) 

32(l) 
34(l) 

27(l) 

25(l) 

30(l) 

37(l) 

33(l) 

2W) 
24(2) 

26(l) 

27(l) 

28(l) 

36(l) 

28(l) 

31(l) 

40(2) 

29(l) 

30(l) 

31(l) 

29(l) 

44(2) 

l(2) 
O(2) 

-20) 
l(1) 

-7(l) 

3(l) 

3(l) 

-6(l) 

l(1) 

7(l) 

-3(l) 

l(1) 

8(l) 

3(l) 

h(2) 
w 
50) 
31) 

1-w) 
60) 

-20) 
-l(l) 

4(l) 

-l(l) 

9(l) 

14(l) 

9(l) 

S(l) 

X-3 
-O(2) 
-l(l) 

O(1) 
-8(l) 

3(l) 

l(l) 

2(l) 

-6(l) 

-6(l) 

3(l) 

6(l) 

4(l) 

-3(l) 

” The anisotropic temperature factor exponent takes the form: -27i'(h'a'U,, + k'l?lJ,, 

+ +2hkabU,,). 

chelate ring conformation. Barriers to pseudorotation in heterocyclic five-membered 
rings which contain heavy atoms (and therefore a mix of long and short bonds) are 
high compared to barriers to pseudorotation in five-membered rings of first-row 

TABLE 5 

HYDROGEN COORDINATES (x 104) AND TEMPERATURE FACTORS (A* x 10’) 

Atom x L’ i u 

WW 3604( 24) 7240( 32) 8515(10) 42 

Wb) 4127( 26) 6725(27) 7839(11) 42 

H(h) 6104 8698 8118 45 

W2b) 5962 7208 8723 45 

HOa) 6537 10014 9277 45 

W3b) 4966 9639 9359 45 

W4a) 4669 14383 9051 44 

W4b) 5651 13253 9632 44 

H(4c) 4074 12682 9457 44 

H(5a) 6639 11785 8020 49 

H(5b) 7192 12779 8746 49 

H(5c) 6135 13849 8180 49 

H(6a) 2008(24) 12873(27) 8296(12) 42 

H(6b) 619(21) 12287(32) 7944(11) 41 

H(7a) 508 12412 9110 47 

H(7b) 1729 10939 9279 47 

H(Sa) - 863 9958 8522 42 

H(8b) - 487 9585 9343 42 

Wa) 2040 7888 9550 48 

H(9b) 1684 5811 9276 48 

H(9e) 707 6853 9752 48 

H(Oa) -1190 6910 8076 49 

H(Ob) - 1256 6316 8870 49 

H(Oc) - 263 5225 8417 49 
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CRYSTALLOGRAPHI( l>ATA 

0.25 Y 0.25 x 0.3’ 

elements [12]. so it is likely that the ring conformations found in the crx:stal for 5 and 
6 are close to the lowest energy conformation of the rings, 

Figure 2 gives the torsion angles and bond lengths for the five-memhr:reci rings in 

Fig. 2. Ring torsion angle and aelected bond distance in the chelate l.~i(‘H, ) :NLlc, and 

Pd(CH,),NMe,. 
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5 and 6. The values for 5 are for one of the two independent chelates, which, 
however, have virtually the same geometry. As can be seen, the two chelate rings in 5 

and 6 have nearly identical conformations. The major differences between the two 
five-membered rings are, first, the longer C-Li bond (2.27 A) compared to the C-Pd 

bond (2.00 A) and second, the larger Pd-C(3)-C(2) angle (108.9’) compared to the 
Li-C(6)-C(7) angle of 91.1”. These differences produce a more puckered ring in 5, 
since the sum of the absolute values of the ring torsion angles in 5 is 183” vs. 158” 
for 6. 

The similarity in conformation of the five-membered rings in 5 and 6 exists in 
spite of the different coordination geometries of the two metals. The palladium in 6 
is square planar, while the lithium in 5 is part of a distorted cube and has a 
coordination number of seven (including the Li-Li interactions). Also different is 
the coordination of the carbon atom bonded to the metal. In the palladium chelate 
this carbon is a normal tetrahedral carbon, while for the lithium chelate the 
corresponding carbon has a coordination number of six. The close correlation in 
conformation between the chelate rings in 5 and 6 implies there are no bonding 
interactions present in the transition metal ring (such as an interaction with a 
P-hydrogen [13]) that are absent in the alkali metal ring. What differences exist can 
be accounted for by the longer C-Li vs. C-Pd bond, which would tend to produce a 
more puckered ring. 
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