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Summary 

The crystal structure of KIAII(CH,),SCN] has been determined from single- 
crystal X-ray diffraction data collected by counter methods. The compound 
crystallizes in the monoclinic space group C2/m with unit cell parameters a 
l&579(8), b 8.168(5), c 11.753(6) a, j3 i26.80(4)“, and pcalc 1.12 g cme3 
for 2 = 4. Least-squares refinement gave a final R value of 0.028 for 722 
independent observed reflections. The anion exhibits an &N-bridging thiocyan- 
ate. The SCN is linear, and the EN-Al angle is 173.4(4)“. The Al-N bond 
is normal, l-951(5) a, but the Al-S bond length, 2.489(2) R, implies a 
rather weak interaction. A distance of ca. 2.35 a would have been expected. 
The sulfur atom appears to be using p-orbit& in its bonding scheme, since 
the Al-S-C bond angle is 97.3(2)“. 

Introduction 

In our initial report [l] of the synthesis of K[Al,(CH,),SCN], the structure 
was postulated to exhibit an S&bridging thiocyanate group on the basis of 
steric considerations. Shortly thereafter Weller, Wilson, and Dehnicke commu- 
nicated [2] the preparation of a wide range of related compounds, and 

deduced that the thiocyanate bridges the trimethylaluminum units through 
only the sulfur atom [2,3]. Their arguments were based on the existence of 
compounds such as Cs[Al,(C,H,),Cl] [4] and the assignment of v,,(AlSAl) and 
v,(AlSAl) at 315 and 179 cm-‘. The steric considerations were further weakened 
by the results of the crystal structures of K[A12(CH3)6N3] [5] and Cs[Al?- 
(CH,),N,] [6], in which the azide ion bridges through a single nitrogen atom. 
Chemical evidence for the &N-bridging mode was, however, set forth in the 
report of the thermal decomposition of K[Al,(CH,),SCN] according to eq. i [7]. 

2 KIAII(CH&SCN] Izo”c [(CH3)2A1NC(CH3)Z], + 2 K[(CH,),AlS] (1) 
<I) (not isolated) 
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The mechanism of eq. 1 could easily he understood if the existence of II were 
accepted as the starting point for the following sequence: 

CH3 
CH3 

I _ PH3 
\ 

_.-c,H3 

- 

H3CAA’\5-~-;-&CH ) 
H3C 

,:q ‘\,, 6c 

33 +-;---_N--AI(CH3)3 

(II) 

i 

I 
C’-‘3 

\ 

Al 

v /\ s + H3C--CdJ--nlp3)3 
H=c~c~cH3 

H3C -CEN I I -A: (CH,), H3y, ;/“\ /=“’ 

I 

“:~-/i,~C~“-CH3 H c/A’\N/A’\CH3 
3 

3 3 II 

H CAcLCH 3 3 

(I) 

The last step of the mechanism involves the well-known thermal nitrile rear- 
rangement [8]. We now offer proof that II is in fact a proper description of the 
[AII(CH,),SCN]- ion. 

Experimental 

K[Al,(CH,),SCN] was prepared by the sealed tube reaction of a l/2 mole 
ratio of KSCN and Al(CH,)s in toluene. The liquid layering effect 193 was noted 
immediately hut the reaction was driven to completion by the elevation of the 
temperature to 60°C for 1 h. 
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TABLE 1 

CRYSTAL DATA 

Mol. formula 

Mol. weight 
Linear abs. coeff. (cm-*) 
Calc. density (g CXXI-~) 
Max. crystal dimensions (mm) 
Space group 
Moleculesfunit cell 
Cell constants c c (A) 

b (A) 
c (A) 

P e) 
Cell volume <_a3) 

KAIyZ7SNHIs 

241.3 
12.4 

1.12 
0.30 x 0.30 x 0.55 
C2/m 

4 
18.579(S) 

8.168(5) 
11.753(6) 

126.80<4) 
1428.2 

a hlo-KQ radiation. X 0.71069 A_ Ambient temperature of 23 i 1’C. 

Single crystals of the colorless, air-sensitive compound were sealed in thin- 
walled glass capiilaries. Final lattice parameters as determined from a least- 
squares refinement of the angular settings of 15 reflections accurately centered 
on an Enraf-Nonius CAD-4 diffractometer are given in Table 1. Data were 
collected on the diffractometer with graphite crystal monochromated molyb- 
denum radiation. The diffracted intensities were collected by the w--20 scan 
technique in the usual manner [lo]. 

One independent quadrant of data was measured out to 26 = 50”. A total of 
722 observed reflections [I> 30(I)] were obtained_ The intensities were 
corrected for Lorentz and polarization effects but not for absorption (p 12.4 
cm-‘). 

The full-matrix least-squares refinement was carried out using the Busing and 
Levy program ORFLS [ 111. The function w( @‘,I - IF, I)’ was minimized. No 
corrections were made for extinction. Neutral atom scattering factors were taken 
from the compilations of Cromer and Waber [12] for K, S, Al, N and C. The 
scattering for potassium was corrected for the real and imaginary components 
of anomalous dispersion with the table of Cramer and Liberman [13]. The hy- 
drogen atom scattering factors were from ref. 14. 

Solution and refinement of structure 

The structure was solved by the application of the direct methods program 
MULTAN 1151. Refinement showed that the correct choice of space group is 
the centric C2/m. Initial placement of the entire modei afforded a reliability 
index R, = [C( IF,,1 - lFcl)/~IF,l] = 0.086. Conversion to anisotropic tempera- 
ture parameters and further refinement led to final vaiues of R, = 0.028 and 
R, = [Zw( IF,1 - IF,l)*/ZZ iFo I’] “’ = 0.031. Hydrogen atoms were located on a 
difference Fourier map but were not refined. Unit weights were used at all 
stages and unobserved reflections were not included_ The largest p<arameter 
shifts in ihe final cycle of refinement were less than 0.01 of their estimated 
standard deviations. The final value of the esd of an observation of unit weight 
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was 1.25. The final values of the positional and thermal parameters are given in 
Table 2 *. 

Discussion 

The structure of the anion and the atom numbering scheme are presented in 
Fig. 1. The thiocyanate group, both aluminum atoms, and two of the methyl 
carbon atoms lie in a crystallographic mirror plane. 

The versatility of coordination of the thiocyanate ligand is well documented 
for transition metal complexes [lS] but the structure of K[A12(CH3),SCN] 
reveals the first instance of &N-bonding for a Main Group metal compound. The 
SCN group is strictly linear (the S-C-N angle is 179.4(5)“), and the S-C and 
N=C bond lengths, l-640(6) and 1.156(6) I$ respe;ctively, agree well with those 
found in related transition metal structures [17,18]. 

The structural parameters of the known X-CEN-Al(CH,), compounds are 
given in Table 4. Those associated with K[Al,(CH,),SCN] agree well with the 
ones from the l/l complex Cs[Al(CH,),NCS] 1191. It thus appears that the 
addition of the second trimethylaluminum molecule to the sulfur atom has 
little effect on the -SCN-AI(CH& bond l%qths and angles. (The only signif- 
icant change is a lengthening of the S-C bond by 0.03 _& .) The AI-N bond 
distance is near the mean for organoaluminum compounds, but shorter than the 
2,02(l) a in CH,CN * Al(CH,), [201 and 2.08(4) A in [(CH,),Tl] [AI(CH,),NCS] 

c211. 

Fig. 1. Structure and atom numbering scheme for [A12(CH3)&CN]-. 

* The table of structure factors has been deposited as NAPS Document No. 03423. Order from 
ASISINAPS. clo Microfiche Publications, P-0. BOX 3513. Grand Central Station. New York. N.Y. 
10017. -4 copy may be secured by citing the document number. remitting S 5.00 for pho&copies or 
S 3.00 for microfiche. Advance payment is required. Make checks payable to Microfiche Publications_ 
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TABLE3 

BONDLENGTHS(A)ANDANGLES(~)FORK[A~~(CH~)&CN] 

Bond lengths 

AI(l)_N 1.951(5) AI(g+C(3) 1.952(6) 

~(l)--c(1) 1.981(5) AI(2)-C(4) 1.971(4) 

AI(l)-C(2) , l-982(4) S-C(5) 1.640(6) 
A1(2)-S 2.489(2) N-C(5) l-156(6) 

Bond angles 

N-AI(l)-C(l) 103.1(2) C(3)-A1(2)--C(4) 117.6(l) 
N-Al(l)-C(Z) 105.7(l) C(4)-A1(2)<(4') 113.9(2) 

C(l)-_AI(l)--c(2) 114.3(l) A1(2)-S--C(5) 97.3(2) 
C(2)-_Al(ljC(2') 112.5(2) AI(l)_N-C(5) 173.5(4) 

S-A1(2bC(3) 99,6(2) S-C(5)-N 179.4(5) 
S-A1(2)_C(4) lO@[$t, .*' 

. 

.in‘ 

TABLE 4 
.I ‘. 

COMPARISONOFRELATEDPARA~IETERSFORbfOLECULESWITHTHEX--C~N-Al~CH~~~ 

GROUP 

Compound AI-N N=C X-C Al-N-C N-C-X Ref. 

(A) (A, (A) (") (", 

Cs[AI(CH&NCS: 
K[A12(CH&SCN: 

CH3CN - Al(_CH$3 
[(CH~)I'TIICAI(CH~)~NCSI 

1.944(10) 1.166(13) 1.606(11) 176(l) 179(l) 19 
1.951(5) 1.166(6) l-640(6) 173.5(4) 179.4(5) This 

study 

2.02(l) 1.18(2) 1.45(2) 179(l) 178(l) 20 
2.08(4) 1.11(4) l-54(4) 171(2) 175(2) 21 

Fig_ 2. Po~umionenvironmentinKCAI~<CH~)~SCNl. 
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It was surprising to find the sulfur atom coordinated to only one trimethyl- 
aluminum molecule, and even more so to note the apparent weakness of the 
Al-S linkage implied by the separation of 2.489(2) A. Two methods of evalua- 
tion of this bond may be used. Firstly, the only other reported Al-S distance in 
an organometallic compound ([CH&41(CH3)J._), 2.348(4) W [22], is much 
shorter. Secondly, Al-Cl bond lengths have been commonly found to occur in 
the range of 2.17(l) a [23] for terminal bonds to 2.260(4) W i24] for a bridg- 
ing situation. Since the covalent radius 1251 of sulfur is 0.05 A greater than that 
of chlorine, one might expect an Al-S bond length of ca. 2.30 a. It is also of 
interest to note that the sulfur atom appears to be usingp-orbitals in its bonding 
scheme, as the Al-S-C bond angle is 97.3(2)“. 

We had previously postulated that the Al-NCS linkage in [(CH,),Tl] [Al- 
(CH&NCS] was stabilized by a Tl+ interaction. It now appears that the reac- 
tion follows the expected hard acid-hard base formulation, and that the mode 
of coordination in l/l complexes of this type may be independent of the 
nature of the cation. In the present case, the shortest K-S contact is 3.637(2) .&, 
while there are five K-.-C distances less than 3.5 A: K---C(4)‘* = 3.151(4) A, 
K-*-C!(4)” = 3.151(4) a, K---C(l)“’ = 3.229(5) ‘4, K-**C(2)rV = 3.263(G) A, and 
K---C(2)V = 3.263(4) a. An illustration of the potassium ion environment is 
shown in Figure 2. 
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