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Abstract 

The transmetallation of fluorenyllithium with RbO’Bu in THF yields fluorenylrubidium, which in the presence of PMDTA 

(N,N,N’,N”,N’‘-pentamethyldiethylenetriamine) gives cube-shaped crystals of [C,,H,Rb PMDTA], (1). An X-ray diffraction 

studv has shown that 1 adopts a “square-wave-like” polymeric chain structure, in which each rubidium cation is coordinated to two 

fluorenyl anions and one thiamine hgand. 

1. Introduction 

The detailed nature of the interaction of alkali 
metal cations with rr-delocalized carbanions depends 
on the size of both partner ions [l] and on the addi- 
tional donor ligands, if these are present. As the bond- 
ing to highly delocalized carbanions is almost exclu- 
sively ionic [2], simple electrostatic point charge models 
[3] are often successful in predicting the locations of 
alkali metal gegenions. While small ions such as Li+ 
are usually charge-localizing, larger ions (K+-Cs+) of- 
ten prefer multihapto interactions [4]. We have re- 

cently demonstrated this for Ph,CM . L, (M = K, Rb, 
Cs and L, = polar ligands) [51. 

The fluorenyl “anion” also exemplifies the diversity 
of structures with alkali and alkaline earth metal 
cations. In solution, both contact ion pairs (CIPs) 
and/or solvent separated ion pairs (SSIPs) are known 
to exist [6]. The X-ray structures of several fluorenyl- 
lithium [7,8] and fluorenylsodium complexes [9], and 
those of fluorenylpotassium [lo] and fluorenylbarium 
[ll] reveal various coordination modes in the solid 
state. We have now investigated this system with the 
heavier alkali metals Rb and Cs. Do these alkali metal 
ions prefer an 76 to an T5-coordination? 
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2. Results and discussion 

The transmetallation of C,,H,Li with RbO’Bu in 
THF yielded C,,H,Rb. Dark orange, cube-shaped 
crystals of [C,sH,Rb . PMDTA], Cl), suitable for X-ray 
structural analysis, were obtained after adding toluene 
and an excess of PMDTA. The molecular geometry of 
1 is shown in Fig. 1. The compound crystallizes as a 
“square wave-like” polymeric chain (Fig. 2) with two 
C,,H,Rb . PMDTA units per asymmetric unit. Se- 
lected geometrical information is given in Table 1, and 
fractional coordinates and anisotropic displacement 
parameters are listed in Table 2. 

While there are two crystallographically distinct 
Rb+-cations, these have similar environments. Both 
Rb(1) and Rb(2) are coordinated q5 and 73 (Figs. 3a 
and 3b) to two fluorenyl anions and also to one 
PMDTA-ligand. The Rb-C distances involved in the 
slightly asymmetrical v5-coordinations range between 
321.9(14) and 341.1(15) pm for Rb(1) and between 
321.3(13) and 341.0(13) pm for Rb(2). The Rb(1) dis- 
tance to the centre of the C(9)-C(13) ring is 309.6 pm; 
the Rb(2) to ring centre distance [C(22)-C(26)] is 308.1 
pm. Hence, the $-coordination of the two Rb+-ca- 
tions is very similar (cf. Table 1). The difference be- 
tween the cations arises from their v3-interactions. 
While Rb(1) coordinates in a benzylic fashion to C(21a), 
C(22a) and C(26a) [Rb-C: 315.6(13)-350.8(16) pm], 
Rb(2) is located approximately above C(9) and inter- 
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Fig. 1. Molecular geometry of 1 

acts in a more symmetric allylic fashion with C(9), 

C(10) and C(13) [Rb-C: 315.9(14)-352.4(15) pm] (cf. 
Fig. 3). The two cations interact in the same way with 
the triamine ligand. As expected, the longest Rb-N 

Fig. 2. Square-wave like polymeric array of 1 in the solid state. 

Bottom: schematic representation of a square wave. 

TABLE, 1. Selected hod length? (pm) and angles (‘7 

Aond lrrtgths 
Rh( I )-CC’)) 333.1115) 
RM I J-U IO) .111.9(13! 

Rb(l)-CC1 I) 326.X(13) 

Rh( I )-- C( 13) 337.M 15) 

Rb(l)-(‘(13) 34i.liI5) 

Rb(l)-Wla) .iSO.X( 16) 

Rb( I )m C(26a) .332.7(14) 

RbC I )k(‘(27a) 3 15 .(A 1.7 ) 

Rb(l)-N(l) 363 11) 

Rb( I )-NC?) 314.31:) 

Rb( I )-N(3) 3)‘. Ii, 13) 

UY-(‘( IO) lJZ.OC5) 
C‘iY)--(‘(13, 150.0(‘:~ 

(‘ilO)-<‘(I I ) 1-I.: 712.5) 

crll,-cfl~, i.12.37hl 

(‘Cl’)-(X13! 14lt,;l(‘.?r 

(‘(1)-U’) 1.V) !(7S) 

Cfl)-(‘110) I.37.!(‘10 

C‘C-(‘(3) 1.30.~~7F) 

(‘(3)-C(4) l.U.1(;17) 

(‘(4)-M? 11) lto.6(2) 
c(s)m-c’(6) 137.6(27) 

m-(‘(12) l-ll.P(?5) 

(‘(6)-C(7) 137.X.U) 

C(7)-c‘(X) I i7.3(28) 

(‘(X)--O 1.3) iii 11’7) 

L&ml ~Illgle.~ 

N(I)-Rh(l)-N(2) 57,5(J) 
N(2)& Rb( 1 )-NC.? 1 %.X(4) 

cc IO)-C(Y)-C(13) 108.6(15) 

(‘(Y-(‘(lo~-~c‘(l 1) 107.0(15i 

c(lo)--c(II)-c(12) l(J7..3(15) 

(‘(1 t)-(:(12)-U 1.3) IOx.J-( loi 

cc9~-c-(li,--c(t2, lOh.h(l6) 

U8)M‘(13)--C(l~) ll’..l~ll: 

C‘(7)-C(X)-C‘( 13) I IS..% 17) 
C‘(O)-<‘(7)--(‘(K) lLi.l(lX) 

cc,-C(6)-(‘(7) . lLl.lilfi) 

C(h)-<‘(5)--C(12) I I-.t;!lh) 

(r5)--C(II)--C(13) 131.T 17) 
(‘( I )-(‘( IO-cx I I J 117.7(lh) 

c(2)-c1~l)--c‘(Io) 1X.1)( 171 

C~I)-Ci?)-C~3) I l’1.6(171 

C(2)-(‘i.i)--C’(4) 1 l~).h(l~) 
C(.1)L(‘C4)k<‘(1 Ii lX.fKlh) 

C(4)-(‘(11)~(‘(IO) I IS ?(lh! 

Rh(2)LC(22) 321.3(13) 

Rh(2)-C‘c!3) 331..5(14) 

RI&?)- (‘U-1) i41.otl.i~ 

RI%‘)-(‘(‘5 i 335.3(13) 

RbC-(‘(2h) ?26.3(13) 

Rh(2)KxY) 315.9(143 
Rh(2~L(‘~lO) 337.‘)(14) 

Rt$2ILC‘(11) 352.3(15) 

lib(?)- X-l I 303.‘(13) 

Rb(7I--N(i! .wY.‘)( I?) 

Rh(2lLN(6) .102.3( 17) 

CC---(‘(23, l4O.SC4) 

C‘c-~~‘(‘h) 139.X(22) 

C‘(X) (‘(74) lJf.O(X) 
<Y’4)mc‘i’5) 14.3.3C3.3~ 
c‘(‘T)-(‘(3) 146.1(19) 

Ul1)-(‘(1i~ 137.4W) 

(‘(I-l)~(I_lZ~ IlO.4(2h~ 
(‘il.5)-(‘jlO) 1-10.1(26~ 

c ‘( 16)-U 171 136.3(27) 

C‘(17i -C‘(24) 14&X(73) 
c‘(lX)--c‘( 19) 1.78.7(73) 
C‘( 18)- r(L?.!! 14’.6(71r 

C‘iIY-C‘(3)) 141.4(24) 

( ‘(301m C‘i71 I I34.X(‘3) 
(‘(2i~-(‘~.31 I .%.?C5) 

N(3)kRb(7)-N(5) 57.6(_3! 
N(i)-Rb(Z)--N(h) 5X.7(4) 
C(‘.I)-C(22)--Cm) lOY.l(l.?) 

m’)--t’(23)-c(24) 11O.M 1.3) 

C(33)-1‘(24)--cm) 105.1(13~ 

~‘(74!-<~(25)-C(26) 109.0~13) 

(‘(32)--C(2h)-C(?5) lOf?.7( 14) 

(‘(iJ)~c’(‘i)~~(r31) Ilh.X(l5) 

C’(l5i CCI4-C(23) l?Z.l(lh) 

<‘(13)-(‘Cl5~--C(ltT) lXH(18~ 

irIsi--C(16)-(‘(171 130.7(18) 

C‘(lh)-C(i7)-C(14) llO.4(l3) 

C‘( 17l-~c’(14--(‘(23) I l’i.X( 11) 
(‘(71)--(Y?-h)-(‘(25) 11’).1(14) 
(‘(N-(‘(71 )-Cc%) 11’).9(15) 
CtlYi-CiX-~CCl) 17i.R(17) 

(‘I18)~-C‘(I~)~~c‘(20) 1 IS,3(14J 
(‘(lcr)--(‘(lsJ--C‘t?i;) 119.7(13) 
(‘(ISJ (Y’?)-(‘i’hl llY.O(l1) 

distance is that to the central nitrogen [Rb(l)-N: 
296.5(14)-314.X12) pm and Rb(2)-N: X)2.4(12)- 
309.9( 121 pm]. 

The fluorenyl moieties (Fig. 1) arc perpendicular 
(X9.Y’ angle) to one another. The carbon skeletons are 
planar within experimental error and show the usual 
distortions [7-- 101. The longer C--C‘ distances (Table 1) 
in the five-membered ring compared to those in the 
six-membered rings may bc considered in light of the 
computational results, which indicate that most of the 
negative charge is Inc;ated in the central five-membered 
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ring. One of the annulated six-membered rings of each 
fluorenyl fragment exhibits an angle contraction at 
C(10) and C(23) [C(14)C(23)C(24) = 116.8(15Y’ and 

TABLE 2. Atomic coordinates (X 104) and equivalent isotropic 
displacement parameters (pm’ X 10-l) for [C,,H,Rb.PMDTAl, (1) 

x Y z lJ a eo 

Ml) 
cm 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(lO) 
cc10 
C(12) 
C(l3) 
Rb(2) 
CC141 
C(l5) 
C(16) 
C(l7) 
C(l8) 
C09) 
C(20) 
C(21) 
CC221 
Cc231 
C(24) 
Cc251 
C(26) 
N(1) 
N(2) 
N(3) 
C(30) 
C(31) 
C(32) 
C(33) 
CC341 
CC351 
C(36) 
C(37) 
C(38) 
N(4) 
N(5) 
N(6) 
CC391 
C(40) 
C(41) 
Cc421 
C(43) 
CC441 
C(45) 
C(46) 
CC471 

8465(l) 
10801(9) 
10887(10) 
10757(9) 
10545(g) 
9928(g) 
9721(10) 
973801) 
9929(9) 

10371(9) 
10537(9) 
10424(g) 
10170(9) 
10137(9) 
12347(l) 
12542(12) 
13286(14) 
14070(12) 
14085(10) 
13574(8) 
13172(10) 
1226OUl) 
11756(10) 
11804(9) 
12496(11) 
13303(9) 
13068(9) 
12128(9) 
7243(g) 
6820(8) 
8382(8) 
7755(g) 
7202(10) 
6382(10) 
6342(9) 
6377(9) 
6913(10) 
7534(11) 
8841(9) 
8900(9) 

13440(8) 
14092(7) 
12624(g) 
13340(9) 
13057(8) 
14342(g) 
14506(9) 
14508(8) 
14089(9) 
13536(10) 
12162(10) 
12181(8) 

1313(l) 
1174(12) 
1967(15) 
278302) 
2794(11) 
2406(10) 
2026(14) 
111805) 
536(12) 
486(11) 

1163(11) 
2008(12) 
182400) 
895(12) 
419(l) 

- 1512(10) 
- 1466(11) 
- 1451(10) 
- 1506(9) 
- 1682(9) 
- 1802(10) 
- 1829(11) 
- 1780(10) 
- 1627(9) 
- 1582(9) 
- 1582(S) 
- 1642(g) 
- 1683(9) 

487(9) 
25 l(9) 

270(9) 
- 314(10) 
1038(9) 
26101) 

- 219(10) 
1068(10) 

- 36002) 
1301) 

798(10) 
- 505(10) 
1447(9) 
1290(9) 
1234(9) 
1038(9) 
232700) 
1459(11) 
1807(11) 
42200) 

1781(12) 
1387(13) 
724(11) 

2078(10) 

1864(l) 
1472(11) 
1118(8) 
1431(10) 
2062(9) 
3585(9) 
417600) 
4280(9) 
3780(10) 
2576(10) 
2106(9) 
2429(9) 
3079(10) 
316200) 
32200) 
1815(10) 
1578(10) 
2033(10) 
2728(9) 
4336(g) 
491 l(8) 
4814(9) 
4191(9) 
2896(g) 
2523(g) 
2990(g) 
3665(g) 
3601(9) 
2688(6) 
1183(7) 
536(6) 

2893(7) 
3295(g) 
2330(g) 
1669(9) 
929(8) 
628(8) 
158(g) 

56(7) 
804(7) 

2344(6) 
3836(g) 
4649(6) 
1646(7) 
2282(g) 
2646(g) 
3366(9) 
4002(7) 
4478(9) 
4956(g) 
5104(g) 
4469(7) 

40(l) 
70(9) 
72(9) 
66(8) 
51(7) 
47(7) 
81(9) 
8400) 

65(8) 
60(7) 
47(7) 
39(6) 
43(7) 
46(7) 
440) 
72(9) 
82(9) 
70(9) 
58(7) 
50(7) 
58(7) 
67(8) 
57(7) 
53(7) 
42(6) 
36(6) 
38(6) 
44(6) 
56(6) 
49(6) 
55(6) 
61(7) 
89(9) 
73(9) 
64(8) 
83(9) 
77(8) 
75(8) 
78(8) 
74(8) 
54(6) 
57(6) 
57(6) 
78(8) 
80(8) 
72(8) 
73(8) 
72(7) 
86(9) 
95(9) 

llO(10) 

71(8) 

a Equivalent isotropic lJ defined as one third of the trace of the 

orthogonalized Ulj tensor 

Rbla 

RbI21 

Fig. 3. The locations of Rb(1) and Rb(2) with respect to the two 
fluorenyl fragments. 

C(l)C(lO)C(ll) = 117.7(16)“]. However, this quinonoid 
ring deformation is less pronounced than in the benzyl 
anion and related systems [121. 

In monomeric C,,H,Na . PMDTA [91 and in poly- 
meric C,,H,K* TMEDA [lo], the alkali metal cations 
also are located above the five-membered rings. In the 
latter, the TMEDA acts as a bridging rather than a 
chelating ligand. This was attributed to the larger size 
of the K+ cation, which for chelation of TMEDA was 
suggested to lead to an unfavourable, hypothetical N- 
K-N angle of 58” [lo]. However, in 1, PMDTA does 
act as a tridentate ligand and the N-Rb-N angles are 
57.5(3)-58.7(4)“. 

Structures of organorubidium compounds are scarce. 
The Rb-C distances in 1 are in the range observed 
with other r-delocalized carbanions. These systems 
include Rb,cot . diglyme (Rb-C: 310-343 pm> [13], N- 
rubidiocarbazole . PMDTA (Rb-C: 342-368 pm) [14l, 
and [Ph,CRb . PMDTA], (Rb-C: 335-364 pm) [5]. Ab 
initio calculations on unsolvated bridged ally1 rubid- 
ium, as expected, predict somewhat shorter Rb-C dis- 
tances (302.5-305.2 pm) [15]. 

Crystals of fluorenylcaesium were obtained as 
[C,,H,Cs * THF], and as [C,,H,Cs . PMDTAI,. In 
both cases, disorder in the carbanion moiety and in the 
triamine ligand, respectively, precluded refinement of 
the X-ray data. However, different coordination modes 
for the Cs+ cation could be distinguished. In the 



THF-complex, the Cs + is located above the six-mem- 
bered ring, in the PMDTA-complex above the fivc- 
membered ring. 

The potential energy surfaces in highly delocalized 
carbanions arc shallow enough [2] to allow various 
coordination modes. That these depend strongly on the 
nature of the ligand [9] is also shown by MNDO studies 
on fluorenyllithium with various donor ligands, which 
predict cncrgy differences of less than 6 kJ mol ’ for 
the 7.‘. r]’ and vh bonding modes [ 1 h]. Thus, even for 
Li’ (which usually coordinates to the ccntres of high- 
est charge). multihapto interactions (77’) dominate in 
the solid state, if polar ligands are absent or arc 
“weak” (Et ,O) [7c,d]. Monomeric. tetrumeric and 
polymeric arrays with quite different cation locations 
were found for fluorcnylsodium when PMDTA, 
TMPDA or TMEDA were used as polar ligands [9]. 
Hence, in 1, the cation might change its preferred 
location from the five-mcmbcred to the six-membered 
ring if weaker, non-chelating, ligands such as Et ,O or 

THF were present. 
Despite the availability of polar ligands (THF. 

PMDTA), the Rb’ cation prefers to interact with ;I 

second tluorenyl fragment. That 1 crystallizes as ;I 

polymer rather than as a finite aggregate may be ex- 
plained in terms of simple electrostatic models: the 
attractive Coulomb energy for an infinite chain of 
alternating unit charges is higher than for a finite 
cluster [ 171. 

3. Experimental section 

All manipulations were carried out under argon by 
use of Schlcnk and needle septum techniques. Solvents 
were freshly distilled from Na/K alloy under argon. 
PMDTA w-as distilled from CaHz. RbO’ Bu was pre- 
pared by reacting Rb metal with ‘BuOH in THF for 
one week. Removal of the THF in LUCIIO gives ;I white 
powder, which can be stored indefinitely under argon. 

3. I. Prepam tion qf 1 

To a solution of fluorene (781 mg. 4.7 mmol) in 8 ml 
of THF at -20°C were added 2.8 ml (4.5 mmol) of 
“BuLi (1.6 M solution in hexanc). The dark orange 
solution was allowed to warm to room temperature and 
a solution of 752 mg (4.X mmol) of RbO’Bu in 8 ml of 
THF was added, followed by 6.5 ml of toluene and X.5 
ml (39.7 mmol) of PMDTA. The solution was filtered 
and the filtrate stored at room temperature for two 
days. This afforded dark orange cube-shaped crystals 
of X-ray quality. Total yield 1.58 g (83%). Anal. Calcd. 
for C22H32N3Rb: C, 62.32; H. 7.61; iv, 9.91. Found: C’, 
62.39; H, 7.68; N, 9.94%. ‘H NMR (400 MHz, (I,-THF, 
+26”C): Ei 7.90 (2H. d, _I = 7.7 Hz, H-451, 7.33 (2H. d, 

J = X.3 Hz. H-1$), 6.86 i’H, t. J = 7.15 Hz, H-2,7). 6.49 
(2H, t, J z= 7.15 H,:, H-3,6). 5.99 (1H. s. H-9): 
PMDTA-signals at ci 1.37 and 7.27 (4H. t. J = 6.5 Hz. 
N-CH,). 3.Oh (I.i;H. s, N-CII;). “C‘ NMR (IOU.6 
MHz. (I,-THF. -1 160(‘): (5 136.87 CC-10,13). 121.83 
(C-1 1,12). 120..11 (C-3.7), 119.48 (C-3,5), 1 IO.97 (C-1,8), 
109.54 (C-3.6). X3.43 (C-9); PMDTA signals at 6 5X.40 
and 57.02 (N -(‘t-l,). 45.78 (N--(‘HI terminal); 43.57 
(N--CH i central). 

Crystal structure determination (1‘ = 200 rt 1 K; 
Siemens K3m,1 V-diffractometer. crystals mounted in 
capillaries) for 1: M = 314.0. monoclinic, space gro!p 
P2 ,/c. a = i5.692(3). h = )3.955(6), <’ == lO.h09~7! A, 
/j = 99.1 l(3)“, (: := 3534(2) A’, lIL = 1.130 g cm . % = 
8. FXOOO) == 1776, ,\ -z 0.71073 A (graphite monochro- 
mated MO Ktx radiation). Data wcrc collected on a 
specimen of 0.3 X 0.3 X 0.4 mm1 using the w-scan 
method (3” < 2(_, < 52”). Three standard reflections 
were measured ever! IO0 reflections. From X994 unique 
reflections 32.38 with I > h.Otr( I) were used in the 
structure solution (direct mL’thods) and subsequent 
structure rcfinemcnt (511t 1 x.1 I -1’1 ~.sl. ii -= 0.0936 and 
u,R = 0.0497. GUF _m ?.‘(I. 

Tables of atomic coordinates. bond lengths and an- 
gles. and thermal paramctcrs have been deposited at 
the Cambridge (‘rystallographic Data C’entre. 
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