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(b) Statement of Research Objectives.

Preliminary studies have demonstrated that 2,2',5,5'-tetra-

methylbistibole (1) shows a solid phase stacking which is associated

with the intense blue color of its crystalline state (see Figure 1).12

On melting or dissolution the color changes to pale yellow. This

property suggests that distibines may form a new class of one-di-

mensional materials, which may lend themselves to future technologi-

cal uses. Accession For
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Fig. 1. Crystal packing diagram of 2,2',5,5'-
Tetramethylbistibolyl. Distances along the I
Sb-Sb.--SISb chain are indicated.

Our research plan has been to investigate the long known thermo-

chromic tetramethyldistibine 2 in order to test the generality of the

effect. In addition, we have attempted to prepare a series of novel

distibines with structures which might allow solid phase stacking.

These series contain compounds of varying steric and electronic de-

mand. Thus we hoped to be able to define the requirements for thermo-

chromic behavior.

This thermochromic effect may be a common property of diatomic-

like compounds of the polarizable elements of the lower right-hand

corner o-I#IVR1' .T M't hypothesis we have

:T Dtr '':, "
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also prepared a number of diarsines, dibismuthines, dichalodrins

and some mixed compounds.

(c) Status of Research.

i) Tetramethyldistibine (2). We have obtained a crystal struc-
3

ture of tetramethyldistibine. As we had previously hypothesized,

the compound stacks very similarly to 1 (see Figure 2). The mole-

cule adopts a staggered trans conformation about the Sb-Sb single

" bond. The Sb atoms are aligned in linear chains with alternating

intramolecular Sb-Sb bonds and short "intermolecular" Sb.--Sb separa-

tions. Independent work by Becker and coworkers has shown that the

thermochromic tetrakis(trimethylsilyl)distibine 3 adopts a similar

solid phase arrangement. 4 Thus it is highly probable that all

thermochromic distibines show a similar type of association.

Fig. 2. Crystal packing drawing of the solid-
state structure of tetramethyldistibine. Six
molecules are illustrated in two chains. The
bond distances arx: Sb-Sb, 2.862(2), 3.628(1)A;
mean SbC, 2.15(2)A. The bond angles are mean
SbSbC, 93.6(6)0, mean CSbC, 93.5(15)*.

(ii) The Synthesis of New Distibines. We have explored a

variety of literature methods for the preparation of distibines.

In our hands the following procedure consistently gives yields of

>80%:

•d

". . . . . . . . . • . "°" o "O . , . " , •• ', •, . .. ' " O. .o. " . °% o S °*" * ""* *" ° S " °o *
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R Sb -p RSbM C2H4C12  2M R3 NH R2SbSbR2

The new vinyl distibines (4-9) have been prepared:5

CH CH
Sb2  R = CH =CH, CH =C~ CH=CH,

\ CH 3
4 5 6 7

CH CH3

CH3

8 9

We were somewhat disappointed that only compounds 4 and 5

showed thermochromic properties. Although we had expected that inter-

molecular stacking might be sensitive to steric congestion, com-

pounds 7 and 9 do not seem to be unduly congested. The structural

. requirements of thermochromic behavior seem very subtle.

We have also prepared a second series of distibines which are

'." related to compound 1. The following five-membered ring compounds

-. have been prepared:

(7\) CH b\ CH 3  C2 H5"'>( 2 H \ 5 4 ,CH

Sb) Sb Sb: I I I I
CHI,(b\ .CH 3  C2 H5,, b < 2 H5 C6 H 5,'S\b/<C 6 H 5

10 1 11 12

0 0
"Sb= I

14
13

-' *********** % *******'.* ** -*.*-* * ** .. * **2-- - -
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Distibines 10, 1 and 14 were thermochromic while 11, 12 and

13 were not. Obviously this series emphasized the need for

sterically undemanding substituents on the five-membered ring.

(iii) Diarsines. 2,2',5,5'-Tetramethylbiarsole 15 was pre-

pared by the indicated route:

{~~> C6HSAsCl2  s A

2C 6H5  15

The diarsine is not thermochromic. A crystal structure of 15

indicates that it is not isostructural with 1, thus limiting the

comparison of solid phase structures. 6  However, it is worth noting

that no other diarsines have been shown to have thermochromic pro-

"* perties. For these reasons we have not further explored diarsines.

(iv) Dibismuthines. Prior to our work no well characterized

dibismuthines had been reported in the literature. We find these

materials are easily prepared even though they are very labile com-

pounds: 7,8,9

N C 2 H4 C12
R3Bi NH C l R2BiBiR2

3

The following dibismuthines have been prepared:

Me4 Bi 2  4Qi 2  IiBh -BiI

16- 17 18
i" -- -- 19

(C6 H5 ) 4 Bi 2  ( B
;20 4i2

21

4 * * ~ P*S~v* ~ ~ : ~.. * ~ . ..
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All dibismuthines have yellow-red liquid phases. Compounds 16-19

freeze to blue to blue-black solids, while 20 and 21 freeze to

red liquids. Thus there is complete match of thermochromic proper-

ties of the dibismuthines with the corresponding distibines. The

close analogy of the optical properties of solid dibismuthines

with solid distibines strongly suggests similar solid-phase struc-

tures. We expect that the bismuth atoms of the thermochromic di-

bismuthines are aligned in linear chains with close intermolecular

contacts. To date we have been unable to obtain a crystal struc-

ture in order to verify this prediction.

The colors of the solid dibismuthines 16-19 are red shifted

relative to the corresponding distibines. This implies that dibis-

* muthines have a relatively smaller band group.

Since no chemical data are available on dibismuthines, we have

undertaken a detailed study of the chemistry of tetramethyldibis-

muthine. The compound is sensitive to electrophilic, nucleophilic

and free radical reagents. The products invariably result from

cleavage of the metal-metal bond.

(v) Mixed Dipnictogens and Dichalcogen Compounds. We have

found that mixed dipnictogens and dichalcogen compounds can be

easily prepared:
10

R EER + REER2REI
2 2 R2E'E'R2  2 R2EE'R 2

E,E' = Sb,As,P,Bi

R = CH 3

and

.............
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R2EER2 + RE'E'R -  2 R2EE'R

E = P,As,Sb,Bi E' = S,Se,Te

R = CH3

A large number of novel compounds have been prepared. Un-

fortunately the equilibria are very mobile, which has prevented us

from isolating pure compounds in many cases. Thus it has been

difficult to explore their thermochromic properties. On the other

hand, these mobile exchange reactions appear to be a fruitful area

for further research.

(vi) Synthesis of Pyrrole Analogs. The work outlined in sec-

tion (ii) has demonstrated the great sensitivity of the thermo-

chromic properties to steric bulk of the distibines. For this

reason we felt it desirable to prepare the parent bistibole 14.

We have developed a novel synthesis of this compound as
11

follows:

NaNH22 N2H2
CICH 2-CC-CH2 -> 2 I-C C-C C-I

I BuLi C6H5SbC12  Na C2 H2C121

C6H5

I22
'As'

CH 5

23
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. this synthesis is important in that it constitutes the first gen-

eral synthesis of C-unsubstituted heteroles. We have demonstrated

the generality of the synthesis by also preparing arsenic compound

23. Pyrrole analogs 22 and 23 are potentially very important in

tertiary concepts of aromaticity. This area seems worth further

investigation.
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