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In previous papers in this series, we described the separation by thin-layer 
chromatography (TLC) on silica gel of square planar non-electrolytic geometric 
isomers of platinum(II)‘, octahedral non-electrolytic and electrolytic geometric isomers 
of various metalsz, square planar non-electroiytic and electrolytic geometric isomers 
of various metals?, ligand isomers of various coordination mumbers~, and structural, 
linkage, geometric, and conformational isomers of various coordination numbers5. 
In the present paper we extend our TLC separations to include isomers of non- 
meta’s. Inasmuch as we demonstrated in our first article’ tlhat TLC separations can 
be carried out on a semiquantitativz preparative scale (with ccz. 200 mg of total 
mixtures), all the separations reported here are strictly qualitative. In addition to 
using mixtures prepared from pure isomers, we also applied the method to materials 
that should theoretically exist in more than one isomeric form. 

EXPERIMENT_4L 

Isomer samples were kindly provided by the persons listed alphabetically 
under Acknowledgements (designated by initials in Table I). All solvents were C.P. 
or reagent grade. Generous samples of the adsorbents used, SilicARs’ TLC-7F and 
TLC-7G, were provided bq~ 1Mallinckrodt (St. Louis, MO., U.S.A.). Microscope slides 
(75 x 25 mm) were used for plates and were develo_ped by the ascending technique. 
Iodine vapor was used for visualizing all samples except for sample 11, which was 
detected by ultraviolet (UV) light. Samples 6-20 may also be detected by UV ii&t. 
Separated isomers were identZed by comparison with RF v&m obtained for the 
pure isomers when available or by mixed melting point measurements or other 
characterization techniques_ Further details are given in previous articIesl*‘. 

REXULTS AND DLS(X_J’SSON 

The results obtained are summarized in Table I. RF vaIueS were reproducible 
within + 0.03. Although many developing solvents and mixtures were evaluated, 
only the most successful combination, i.e., those resulting in maximum diEem.ices 
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TAJ3LE I 

TKM-LAYER CHROMATOGRAPXY OF NON-METAL ZSOMEJXS 

NO. 3sokr Source Devetoping solvent RF A& Type of 
separatih 

Bawn compoundr 

Trimeric ahtyhminoboranes or cydotriborazines 
1 (CHa-NH-BH& 

(a) cis (white) 
(b) frans (white) 

2 (CrHs-NH.BH& 
(a) cis (white) 
(b) rrcms (containing. CCI. 5 % 

CzHSNH,.BHs impurity) 
(white) 

Carboranes 
3 BloHloCzH2, Carborane 

(Dicarba-closu-dodecaborane (12)) 

(a) ocarborane**gJ2 
(1,2-diczrba-) (white) 

(b) mcvborane or neocubo- 
Idnel*-u 

(1,7-dicarba-) (white) 
4 Bl,,HsBrtCzH2,=*” 

B-Dibromocarborane 
(a) 9,1U-dib_romo-orfho (white) 
(b) 9,lO-dibromo-metn (white) 

Plrosphorus compotmdf 

Phosptiazene tetramers 

5 P&(GHs)~~N(CH&IZ, %Qbis- 
(din?ethyIamino)hexaphenyI- 
cycIophosphazene tetramer; 
presumed mixture of cis and 

6 
frans isomers (white) 
P~N~(~Hs),(OC,H~,C~~, 
dichlorodiphenylbis(phenoxy)- 
cyclophosphazne tetramer; 
two separate isomers (I) and (iI) 
(white), of the folIowing structure 

‘=6&i % R3 

inwhich2oftheRgroupsare 
GH& and tie other 2 are Cf, 
but the specific structures are 
tinown 

M.P.B.‘” 

H.A.S. and 
T L H s-‘z . . _ 

Dissolved in C,&. 
developed in CCl. 
Dissolved in C6H& 
developed in (CzH&O 

H.A.S. and Dissolved in GHs, 
T.L.H. devetopesl in (C,H,hO 

C. M.S.15 Dissolved in CHCI,. 
developed in CGHb 
Dissolved in CHCls, 
developed in (CH,),CO- 

CC& (I :4) 
L.W.B.16 

Dissolved in THF, 
developed in CH,Cl= 
Dissolved in THF, 
developed in CHCll 

0.53 l (2) 

0.78’ (b) 

0.65 * (a) 
0.80’ (6) 

0.60 (a) 
0.85 (b) 
0.65 (a) 
0.95 (b) 

0.83 (2) 

0.95 (b) 

0.00” 
0.38” 
0.0;)” 
OX” 

0.85 (II) 
0.95 Q 
0.70 @I) 
0.80 (l) 

0.25 Complete 

0.15 Complete 

0.25 Complete 

0.30 Complete 

0.12 Complete 

0.38 Complete? 

0.92 Compkte? 

0.10 Partial 

0.10 Par&I 

(Continued on p. 450) 



A-0. Isomer 

7 zw,~cd&cz, tetm%xoOteti- L_w_B.=” Dissolved in THF, 
phenykyclophosphazenc, tetramer devcfoped in CQ 
(str~ctuxe of sample 6 in which 
all 4 R groups are CI); presumably 
a mixtmz of several cis-irons 
isomers (white) 

P3NKdw2~oc6H5~2a, 
dicb!orodiphenylbik(pherioxy)- 
‘cyc:ophosphazene trimer; prc- 
sumably a mixture (white) of 
isomers of the structure 

GHS -5 
\ / 

‘P / 
NP ‘N 
! L-R ;Yp lN/ YR: 

‘ 

in~which 2 of the R-groups are 
GH,O and the other 2 are Cl, 
but the specitk structxres are 
UnlrrlOW 

Dissolved in THF, 
developed in CHC& 

9 

i0 

11 

~~~3~c6~,)2~,~~~3~21~, I.I.B.= 
dich!orodiphenylbis(methykmino)- 
cycIophospWe trimer; a mix- 
ture oi isomers each with the 
stxchxe of sample 8: for one, Rx 
and R3 are Cl, and Rz and R are 
N(CH& for the other, Rr aod 
RI are Cl, and R2 and R3 are 
N(CH&(white) 
PxNz(0C&5),CII, dichlorotetrakis- LI.B.= 
(phenoxy.Wclophosphazene 
trim=; presumabIy a mixture 
(colorlqs oii) of cis-trons isomers 
of ibe sintcc 

Tc6fi= 

=z%kT+ 

P,N,F,(CaEI5h, diphenylphos- T.M.=-= 
pbaxrte tluoride trimer 

(a) l,l- or genz-dipheoylSu 

Dissolved in T&IF, 
develop& in CCh 

Dissolved in THF, 
developed in CHC& 

Dissolved Ga THF, 
developed in CCG 

Dissolved in TED?, 
deve!oped in CC& 

cHc13 

CL 

0.36” 
0.80” 

0.73 - = 
(weak) 
0.80” 
092” 
0.24” 
0.68” 

OJX3" 
0.74” 
030” 
0.00” 
0.23” 
0.72’ 

0.24” 
0.31” 
0.73 = 

0.33 (a) 
0.27 W 

0.44 Complete 

- Complete 

0.44 Complete 

- Complete 

- Complete 

- Complete 

(white) 0.37 (a> 



No, Lrorner 

12 P~&kN~&& 
bis@iimetbykmino)phaspbazene 
bromide trimer 

(a) cis (yeilaw-white) 

(b) trms (white) 

Source 

CHcl~ 

n-c&rCHcl, (19) 

E.S.S Dissolved in (CH&CO, 
developed in (CH&CO 

Dissolved in (CH&CO, 0.74 (b) 0.16 Partial 
developed in CH,OH 0.90 (a) 

RF AR, r?F of 
sepomtion 

0.24 (c) 0.08 Far&I 
0.32 (2) 

0.14(b) - Farm 

0.18 (c) 
0.37 (a) 
0.74 (b) 0.20 Paltid 
0.94 (a) 

* Mirzor spots, probably due to impurities. were observed on *he chromatograms. 
** Since the sample provided was a mixture and s&e the pure isomers were not available for reference, it is not 

certain which spot is due to which isomer. 

between R, values and minimum tailing, are shmn. Of the separations shown in 
Table I, a11 are complete except for those of samples 6, 11, and 12. For sample 5, 

unless the spot at the origin was an isomer rather than an impurity, nc separation 
occurred. 

In addition to the isomers shown in Table I, separations were attempted with 
the following isomers but were unsuccessful for the reasons cited. Carboranes: 
BIOHrOC,(eoOH)~ (Carborane dicarboxylic acids), urtho (white) and inera (white) 
(H.A.S. and T.L..H.z‘$ similar RF values in all solvent systems used; phosphazene 
retramers : P4N&H5)&J( i ,3,5,7-t~traphe~yl-2,4,6,8-tetr;rchlo~~c~otetraphospha- 
zene), cis (white), #I-:ME.S (white) (B.G.~, RF values of both isomers very siiiiar in 
all solvents and solvent mixtures used; N-substituted cyclotrisilazanes and N-substi- 

tuted siloxazanes: [Si(CH&C,H,)- N&Hz)],-, cis- and trwzs-hexamethyl-2,4,6-tri- 
phenykyclotrisilazane; ~Si(~3(C,H,)OJ,Si(~H,)(csH3N(CH, (white powders), 
~~-~,2,4,Qteframethyl-2,4,6triphenyl-Z-~-3,5-dioxa-2,4,~~sitaohexane (white 
powder] and the isomeric mixture from which it was obtained (colorless oil); [Si(CH& 

(~sHs>Osi(CH3(C,H,)h’(cH,)I,, &-I ,2:4,5,6,8-hexamethyl-2,4,6,8_tetraphenyl- IS- 
d&a-3,7-dioxa-2,4,6,8-tetrasilacyclooc (white powder) and the isomeric mixture 
from which it was obtained (colorless oil) (L.W.13.r”*z’), gene_dly no movement in 
qy solve& occasionally slight streaks obtained. 
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CONCLUSIONS 

In this p2per we h2ve employed TLC to sepatite geometric iso&ersof classes 
of compounds that h2ve been the subject of much current research interest, the 
planar, three-membered cyclic borazines, icosahedral c2rboraneszjo, and planar 
three-membered and four-membered cyclic phosphaznes31*sz. Our attempts to sepa- 
Imte cyclic silazanes and si!ox2zanes, however, were unsuccessful. More than has 
been the case with isomers of metals, column chromatography33-jf and TLCU* have 
been applied to studies of isomers of non-meti -to follow the course of reactions, 
establish isomeric purity, and, in conjunction with other evidence, to es&tblish iso- 
merit cotigurationr3~. 

The advantages of TLC in the separation of inorganic isomers have been 
discussed in previous articles’~*. In column chromatography, with only a few excep- 
tions, the trans isomer is more mobile than the cis isomer and is therefore eluted 
first?. In TLC, on the other hand, while we and othe_&? have likewise fotind that 
generally the trcxs isomer is more mobile, i.e., & trans > RF cis, exceptions to this 
general rule appear to be more numerous. (In the present paper, samples 11 2nd 12 
exhibited *&is behavior; tiuse samples of the pure isomers were unavailable for 
samples 5-10, their TLC sequences could not be determined). Therefore, while TLC 
behavior may h2ve some v2lue in proof of cor&uration, it should be used with more 
caution than column chromatographic elution sequence and should always be 
supplemented by other data. 
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