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Fluoro-Containing Complexes of Chromium(II1). 9. Resolution and Some Anation 
Reactions of the cis-Fluoroaquobis(ethylenediamine)chromium(III) Cation' 
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The racemic cation cis-fluoroaquobis(ethylenediamine)chromium(III) was resolved into its chiral forms by the use of the 
(+)58,-bromocamphor-s-sulfonate anion. The absolute configurations of the chiral forms were established by use of optical 
rotatory dispersion spectral studies. For the least soluble product, anation of the optical isomers with thiocyanate or fluoride 
ion in the solvent methyl alcohol takes place with retention of absolute configuration. 

Introduction 
The cis-fluoroaquobis(ethylenediamine)chromium(III) 

cation was first isolated as a solid salt in 1976.2 The ar- 
rangement of the fluoro and aquo ligands in this complex was 
deduced from the method of synthesis and from electronic 
spectral studies. The purpose of this investigation was to 
provide unequivocal evidence for the cis geometry by resolving 
the complex into its optical forms. In addition, some anation 
reactions of the optical isomers were to be studied to determine 
if such reactions took place with retention of absolute con- 
figuration, isomerization, or racemization. 
Experimental Section 
ci~-[Cr(en)~F(0H~)]I~.H~0. This complex was prepared as de- 

scribed.2 The entire sample, 8.5 g (17.5 mmol), was dissolved in 7 
mL of water at room temperature. The resulting solution was filtered 
to remove a small amount of insoluble material, and the filtrate was 
cooled in an ice bath for 1 h. The cooled filtrate was stirred frequently 
during this time. At the end of 1 h the orange solid was collected, 
washed with acetone, and air-dried; yield 2.7 g, 32%. Anal. Calcd 
for ci~-[Cr(en)~F(0H~)]I~.H~0: C, 9.99; H, 4.20; N, 11.65; Cr, 10.8. 
Found: C, 9.94; H, 4.22; N, 11.45; Cr, 11.2. The electronic absorption 
spectrum was in good agreement with the literature values.2 

A rapidly stirred solution of 1.1 1 g (2.3 mmol) of recrystallized 
~is-[Cr(en)~F(OH~)]1~.H~0 in 10 mL of water was diluted in a 
dropwise fashion with a filtered solution of 1.62 g (4.75 mmol) of 
sodium tetraphenylborate in 5 mL of water. A pink precipitate formed 
at  once when the tetraphenylborate solution was added. Another 20 
mL of water was added to the reaction mixture, and the stirring was 
continued for an additional 10 min. The product was collected, washed 
with 10 mL of ice water, and air-dried for 2 h; yield 1.59 g, 79%. Anal. 
Calcd for ~is-[Cr(en)~F(OH,)] [(C6H5)4B]2-1.5H20: C ,  71.2; H, 6.95; 
N ,  6.40; Cr, 5.95; F, 2.16. Found: C, 72.0; H,  7.20; N ,  6.48; Cr, 
5.85; F, 2.21. This synthesis has produced some erratic results in that 
the amount of hydrated water varies greatly depending on the drying 
conditions. 

Resolution of ci~-[Cr(en)~F(0H~)]I~.H~0. A 4.85 g (10 mmol) 
sample of recrystallized (*)-cis- [ C ~ ( ~ ~ I ) ~ F ( O H ~ ) ] I ~ . H , O  in 5-6 mL 
of water was added with constant stirring to a filtered solution of 6.57 
g (20 mmol) of ammonium d-a-bromocamphor-s-sulfonate in 30 mL 
of water. The reaction mixture was allowed to stand overnight at  
room temperature; the pink precipitate was collected, washed with 
acetone, and air-dried; yield 3.0 g, 71%. The entire sample of crude 
material was recrystallized from 35 mL of water at  60 'C; yield 1.08 
g, 36%. Anal. Calcd for [ C ~ ( ~ ~ I ) ~ F ( O H , ) ]  [(+)-CloH1404BrS12~HzO: 
C, 34.00; H,  5.67; N, 6.61; Cr, 6.13; F, 2.24. Found: C, 33.87; H,  
5.60; N ,  6.47; Cr, 6.20; F, 2.29. The optical rotatory dispersion 
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spectrum of the complex was determined by using the following 
conditions: 0.2% aqueous solution of the complex, 0.100-dm cell, room 
temperature. The optical rotatory dispersion spectrum was char- 
acterized by ax (a = specific rotation, x = wavelength in nm): a589 
57'; a553 0"; a 5 4 6  -38.0'; a520 -93'; a495 0'. The entire sample was 
recrystallized from 9 mL of water at  60 'C. The optical rotations 
and elemental analysis did not change upon recrystallization. The 
electronic absorption spectrum of an aqueous solution of the complex 
was characterized by A,, 503 nm (c 72.5 M-I cm-'), A,, 428 (c  16.8), 
and A,,, 373 (c  33.2). 

A sample of recrystallized (-)5461-cis-[Cr(en)2F(OH2)] [(+)- 
CIOHi404BrS]2~H20  lost no weight when dried over anhydrous 
magnesium perchlorate at room temperature and 0.05 torr for 18 h. 
In addition, the electronic spectra, molar absorptivities, and optical 
rotatory dispersion spectra of the undried and dried samples were 
identical within experimental error. However, the complex did lose 
2 mol of water/formula weight of the complex when the material was 
dried at  120 O C  for 18 h. Anal. Calcd for [Cr(en)2F- 
(CIOHII04BrS)](CIOHi404BrS): C, 35.4; H, 5.45; N, 6.90; HzO, 4.25. 
Found: C, 35.50; H, 5.50; N ,  6.74; H20,  4.30. The optical rotatory 
dispersion spectrum of an aqueous solution of the heated material 
was nearly identical with that of an aqueous solution of pure am- 
monium d-a-bromocamphor-r-sulfonate of comparable concentration. 
The electronic spectrum of an aqueous solution of the dehydrated 
complex was characterized by A,,, 505 nm ( e  74.9,  A,,, 430 (c 20.7). 
and A,,, 373 ( e  38.6). 

A 0.71-g (0.83-mmol) sample of recrystallized (-)5461-cis-[Cr- 
( ~ ~ I ) ~ F ( O H , ) ]  [(+)-CloH1404BrS]2~H20 was dissolved in 25 mL of 
water at room temperature. The solution was filtered, and the filtrate 
was treated with a filtered solution of 1.32 g (3.85 mmol) of sodium 
tetraphenylborate as described previously; yield 0.40 g, 55%. Anal. 
Calcd for (-)546i-~i~-[Cr(en)2F(OH2)] [(C&5)4B]2.1 .5H@: c ,  71 2 ;  
H, 6.95; N, 6.40; Cr, 5.95; F, 2.16. Found: C, 72.0; H, 7.29; N, 6.22; 
Cr, 6.07; F, 1.75. The optical rotatory dispersion spectrum of a 0.3% 
solution of the complex in acetone was determined as described 
previously: 0 1 ~ ~ ~  0'; -186'; 01520 -162'; a5w 0'; aSjs -200'; a460 
172'. 

The resolution was repeated by using 1.0 g (2.06 mmol) of 
(f)-ci~-[Cr(en)~F(OH~)]I~.H~0 and 1.41 g (4.3 mmol) of the 
ammonium salt of I-a-bromocamphor-rr-sulfonic acid as the resolving 
agent. The method was a scaled-down version of that described 
previously; yield 0.372 g, 43%. Anal. Calcd for (+)546,-cis-[Cr- 
(en)2F(OH2)][(-)-C,oH1404BrS]Z~H20~ C, 34.00; H,  5.67; N ,  6.61; 
F, 2.24. Found: C, 34.10; H, 5.80; N, 7.08; F, 2.22. The entire sample 
was recrystallized from 3.5 mL of water at 60 ' C ;  yield 0.103 g, 28%. 
The optical rotatory dispersion spectrum of 0.3% aqueous solution 
of the compound was characterized by aSg9 -49', aSs6 O', a5& 39.0°, 
a520 97', and 0 1 ~ ~ ~  0'. 
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Table I. Optical Rotatory Dispersion Data for Some Chromium(II1) Amine Complexes 

Joe W. Vaughn and Gary J. Seiler 

(-),,,-[Cr(en),F(OH,)] [Ph,B],~1.5H20C 589, 0 546,-1625 535,-1748 520,-1415 500,O 460, 1503 

(-),,,-[Cr(en),F(NCS)] SCNd 589,80 546, -859 520, -1396 486,O 448,1228 
(-),,6-[Cr(en)2 F(NCS)]SCNe 589,80 546,-905 520,-1412 487,O 450,1135 

- [Cr (en), F, 1 I f  589, -64 546, -1449 530, -1641 495,O 455,1364 
(+ ),,,-[Cr(en),F, lIg 589,93 546,1482 

Wavelength in nm. bMolar rotation, M =  (mol wt) (specific rotation/100). 

J. W. Vaughn and B. J. Krainc,Znorg. Chem., 4, 1077 (1965). 

(+I 5 4 6 -  [Cr(en), F(NCS)IClO, 589, -47 546,845 520,1435 485,O 449, -11 30 

A-(+),,,-[Cr(en),C1, I + 589,600 550, 2100 505,O 470, -800 440, -500 395, -1600 
Solvent was acetone. Prepared from (-)546,-[Cr(en)2- 

UOH,)] [C,, H,,O,BrS] 2.Hz 0. e Prepared from (-),,,, -[Cr(en), F(OH, ) ]  [Ph,B] , ,1.5H20. 
H,,O,BrS],~H,O. 
37, 1359 (1975). 

Prepared from (-),,,, -[Cr(en),.F(OH, )]  [C,,- 
I. J. Kindred and D. A. House, J. Znorg. Nucl. Chem., 

Anation of (-) 546 -cis-[Cr (en) ,F( OHz) I[ ( f ) -Cl OH1404BrS]z-H20. 
A solution of 0.68 g (8.9 mmol) of ammonium thiocyanate in 7 mL 
of dry methyl alcohol was treated with 0.30 g (0.35 mmol) of solid 
(-)5461-~i~-[Cr(en)zF(OH2)] [(+)-CloH1404BrS]z~Hz0. The reaction 
mixture was stirred for 5-10 min at room temperature and filtered. 
The filtrate was allowed to stand in the dark for 3 h after which the 
orange precipitate was collected, washed with acetone, and air-dried; 
yield 0.052 g, 48%. A sample of the compound was dried at 125 "C 
prior to analysis. Anal. Calcd for [Cr(en)zF(NCS)]SCN: C, 23.4; 
H,  5.35; N, 27.4. Found: C, 23.45; H, 5.30; N, 26.10. The electronic 
spectrum of an aqueous solution of the complex was characterized 
by A,,, 499 nm (6 101.0) and A,,, 374 ( t  49.1) ( l k Z  X,,, 500 nm 
(e  104), A,,, 373 (t 50.0)). The optical rotatory dispersion spectrum 
of a 0.15% aqueous solution of the complex was characterized by cysay 

A solution of 0.031 g (0.84 mmol) of anhydrous ammonium fluoride 
in 7.5 mL of dry methyl alcohol was treated with 0.32 g (0.38 mmol) 
of solid (-)5461-~is-[Cr(en)zF(OHz)] [(+)-CloH1404BrS]2~H20. The 
solution was stirred for 5-10 min and then filtered, and the filtrate 
was allowed to stand for 2 h at  room temperature. The red-purple 
solution was diluted with a solution of 0.10 g (0.69 mmol) of am- 
monium iodide in 1-2 mL of methyl alcohol. The precipitate was 
collected, washed three times with 5-10-mL portions of methyl alcohol, 
washed with acetone, and air-dried; yield 83 mg, 29%. Anal. Calcd 
for cis-[Cr(en),F,]I: C, 14.2; H,  4.75; N, 16.6; F, 11.2. Found: C, 
14.2; H ,  4.64; N ,  16.3; F, 10.9. The electronic spectrum was in good 
agreement with that reported previ~us ly .~  The optical rotatory 
dispersion spectrum of 0.2% aqueous solution of the complex was 
characterized by 01591 o", aSa9 -19.0", 01546 -445", 01530 -487", 
O", and 405". 

A weighed sample of (-)s46l-cis-[Cr(en),F(OH,)] [(C6H5),B],. 
1 .5H20 (1.0 g, 1.14 mmol) was dissolved in 7 mL of dry methyl alcohol 
and treated with 4 times the theoretical amount of ammonium 
thiocyanate dissolved in 3 mL of dry methyl alcohol. The mixture 
was stirred for 2-3 min before the insoluble ammonium tetra- 
phenylborate was removed by filtration and discarded. The filtrate 
was kept at  room temperature for 18 h and the product which had 
been collected was washed with acetone and air-dried; yield 0.10 g, 
28%. Anal. Calcd for C ~ ~ - [ C ~ ( ~ ~ ) ~ F ( N C S ) ] S C N :  C, 23.4; H, 5.35; 
N ,  27.4. Found: C, 23.0; H ,  5.38; N ,  27.1. The optical rotatory 
dispersion spectrum of a 0.1% aqueous solution of the complex was 
characterized by aSay 27", cy57a O " ,  cy546 -295", cyzso -460", cy4a7 O " ,  
and cy450 370". 

A second crop of crystals was collected from the original filtrate 
after 2 weeks. The product was washed and dried as described 
previously; yield 62 mg, 17.5%. Anal. Calcd for [Cr(en)zF- 
(NCS)]SCN: C, 23.4; H ,  5.35; N,  27.4. Found: C, 23.2; H ,  5.51; 
N ,  27.6. The aqueous solution electronic absorption spectrum was 
characterized by A,,, 500 nm (6 92), Ami, 423 ( e  2l.1), A,,, 373 (e 
47.5). The optical rotatory dispersion spectrum for a 0.2% aqueous 
solution of the complex was characterized by cysE9 10.0", cys7a O o ,  
-88", cyszo -135", cy487 O" ,  and a 4 5 0  114". 

Resolution of (j=)-~is-[Cr(en)~F( NCS)]'. This cation was resolved 
by the published method.z Anal. Calcd for (+)5461-[Cr(en)2F- 
(NCS)][(+)-CloH1404BrS]-H20: C, 31.1; H,  5.55; N,  12.1. Found: 
C, 31.25; H ,  5.64; N,  12.29. A 0.17% aqueous solution of the di- 
astereomer was characterized by cysa9 53", cy546 198", cyszo 301°, 
O" ,  01456 -67", and 01428 0". 

The complex was converted to the corresponding perchlorate, and 
the perchlorate salt was recrystallized three times to produce a sample 
of constant rotation. Anal. Calcd for (+)5461-cis-[Cr(en)2F- 

26", cy580 o", 01546 -276", 01520 -455", Cy486 o", and cy448 400". 

(NCS)]C104: C, 17.22; H, 4.58; N, 20.06. Found: C, 17.09; H,  4.58; 
N, 19.90. A 0.1 5% aqueous solution of the complex was characterized 
by cysay -13.4", aSg5 O",  cy546 242", as,, 412", O" ,  and 01450 -326". 
The circular dichroism spectrum was characterized by Atssz (M-' cm-I) 

Separation of cis- and tr~ns-[Cr(en)~F~]'.  A weighed sample, 100 
mg, of trans-[Cr(en),F2]14 in 50 mL of water was charged onto a 
column of Dowex 50W-X8 (50-100 mesh, H', column 15 cm X 1 
cm) at 4 "C and eluted with 0.1 M sulfuric acid. The column was 
eluted at a rate of 0.7-0.8 mL/min and.the eluate was collected in 
7-mL fractions. The fractions were analyzed for chromium content, 
and an elution profile was established for this ion. The experiment 
was repeated under the same conditions using cis-[Cr(en),Fz]I. A 
lo?? trans-90% cis mixture was prepared and qualitatively separated 
in this fashion. 

A 100-mg sample of [Cr(en),F,]I, prepared by the anation of 
ci~-[Cr(en)~F(OH~)]1~~H~0 with ammonium fluoride in dry methyl 
alcohol, was dissolved in 30 mL of water and charged onto the column 
described above. Elution of the column with 0.1 M sulfuric acid and 
subsequent determination of the elution profile indicated less than 
2% of the total chromium could be attributed to the presence of the 
trans isomer. 

Analytical Methods and Instrumentation. The analytical methods 
and instrumentation were the same as those described p r e v i o ~ s l y . ~ ~ ~  
Results and Discussion 

Resolu t ion  of t h e  (f)-cis-fluoroaquobis(ethy1enedi- 
amine)chromium(II I )  ion into its optical  isomers absolutely 
confirms the cis a r rangement  of t h e  monodenta te  l igands in 
t h e  complex. Thus t h e  earlier assignment of a cis geometry 
t o  this complex on  the  basis of electronic spectral  data is 
correct.  The least soluble diastereoisomer, (-)5461-~is-[Cr- 
( e n ) z F ( O H z ) ]  [ ( + ) - C l o H 1 4 0 4 B r S ] z ~ H 2 0 ,  f o r m e d  when  
(+)ss90-NH4CloH1404BrS was used as the resolving agent .  

T h e  (+)5461 isomer of the complex was  isolated by  using 
(-)5890-NH4C10H1404BrS as the  resolving agent.  T h e  optical 
rotatory dispersion spectra and  t h e  specific rotations of t h e  
two isomers were  reverse in shape and opposite in sign as 
expected. The absolute values of t h e  specific rotations were 
in good agreement .  

T h e r m a l  dehydra t ion  of (-)5461-~i~-[Cr(en)zF(OHz)]- 
[ ( + ) - C , o H 1 4 0 4 B r S ] 2 ~ H 2 0  resulted in the  loss of 2 mol of 
water / formula  weight of the complex. T h e  analytical  a n d  
weight loss d a t a  for the dehydra ted  product support the 
suggestion tha t  t he  loss of the  a q u o  ligand f rom the  complex 
was accompanied by coordination of t h e  b romocamphor - r -  
sulfonate anion. In addition, dehydration of t h e  complex 
resulted in the  complete loss of optical activity in t h e  chiral  
cation. 

T h e  aqueous solution electronic spectrum of the dehydrated 
product matched the  spectrum of pure cis- [Cr(en)zF(OHz)]2+ 
very well in terms of the wavelengths of the  absorption maxima 
and minimum, and  the molar absorptivities a t  these points were 
in reasonable agreement  with the  values expected for  cis- 
[Cr(en)zF(OHz)]2+. The presence of a large amount  of trans 
isomer in the  dehydration product would be expected to 
produce a general lowering of the molar absorptivities found 
for the  heated material, and  this did not occur. Thus  the loss 

-0.14, Ac530 0, and A6480 0.63. 
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of optical activity from the chiral cation would appear to be 
largely, if not entirely, due to racemization which took place 
during the dehydration step. 

The argument for the loss of optical activity via racemization 
rather than via isomerization is further supported by the 
observation that thermal dehydrations of trans isomers of the 
type [Cr(en),F(OH,)]X, (X- = C1-, Br-, SCN-) produce cis 
FX isomers4 whereas cis isomers of the type [Cr(en),Y- 
(OH,)]Z, (Y = C1, Br, NH,; Z = C1, Br, I) appear to react 
with little or no is~merization.~-” However, the steric course 
of many of these reactions would appear to depend on the 
temperature as well as on the nature of the entering anion. 

Removal of the optically active anion from (-)5461-cis- 
[Cr(en),F(OH,)] [(+)-C10H1404BrS]2~H20 with sodium 
tetraphenylborate produced a compound whose optical rotatory 
dispersion spectrum was opposite in shape to that found for 
A(+)5890-[Cr(en)2C1(OH2)]2+.12 Thus the absolute config- 
uration of (-)5461-[Cr(en),F(oH,)12+ would appear to be A. 
A previous study2 assigned the A absolute configuration to 
( + ) 5 4 6 1 - ~ i ~ -  [Cr(en),F(NCS)]+. 

Additional support for the previous assignment of the A 
configuration to (+)5461-~i~-[Cr(en)2F(NCS)]+ comes from 
the observation that the -, +, - sequence in the molar rotations 
at long wavelength is exactly the order found for (+)5890- 
cis-[Cr(en),C12]+, an ion that has been assigned the A con- 
figuration by several  investigator^.'^-^^ In addition, the signs 
and magnitudes of the A6 values at long wavelengths for 
(+)5461-~i~-[Cr(en)2F(NCS)]+ are consistent with an ion of 
A absolute configuration. 

Anation of (-)5461-cis-[Cr(en)2F(OH2)][(+)- 
CloH1404BrS]2-H20 in dry methyl alcohol with potassium 
thiocyanate produces insoluble (-)5461-cis-[Cr(en)2F- 
(NCS)]SCN. Thus the anation of A(-)5461-Cis-[Cr(en),F- 
(OH2)I2+ proceeds with retention of configuration as far the 
the optically active product is concerned to produce A- 

In a similar fashion anation of (-)5461-cis-[Cr(en),F- 
(OH,)] [(+)-CloH1404BrS]2.H20 with fluoride ion in dry 
methyl alcohol proceeds with retention of configuration as far 
as the optically active product is concerned. Isomerization of 
the cation would appear to be negligible. 

The results of the ion-exchange experiments using 
(-)5461-cis-[Cr(en)2F2] I obtained via anation of (-)5461-cis- 
[Cr(en),F(OH,)] [C10H1404BrS] ,.H20 indicate that less than 
2% of the chromium was present as the corresponding trans 
isomer. Thus 2% isomerization would appear to be an upper 
limit to the extent of the isomerization which accompanied 
the anation. 

I t  was possible to isolate two fractions from the anation of 

(-)5461-cis-[Cr(en)2F(Ncs)]+. 

(-)5461-~i~-[Cr(en)2F(OH2)][(C6H5)4B]2’1.5H20 with am- 
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monium thiocyanate in dry methyl alcohol. The first fraction 
was (-)54614is- [ Cr(en),F(NCS)] SCN . The second fraction 
(isolated after 2 weeks) exhibited lower molar absorptivities 
and greatly reduced specific rotations. It is not possible at this 
time to say if the loss of optical activity in the second fraction 
is due to racemization, isomerization, or the formation of a 
dithiocyanate complex. 

The absolute values of the molar rotations of (+)5461- 
cis- [Cr(en),F(NCS)]C104, obtained by direct resolution of 
the racemic cation, agree within 8% with values obtained for 
(-)5461-[Cr(en)2F(NCs)]sCN, prepared by anation of 
(-)5461-cis- [Cr(en),F(OH,)] [(+)-CloH1404BrS]2~2H20 with 
ammonium thiocyanate, except for the value at 589 nm. The 
appreciable difference at 589 nm is probably due to the 
difficulty of measuring small angles of rotation (Table I). 

Similar behavior was noted when the absolute values of the 
molar rotations of the complex (+)5461-~is-[Cr(en)2F- 
(NCS)]ClO, were compared to the molar rotations of 
(-)5461-~i~-[Cr(en)2F(NCS)]SCN prepared from (-)5461- 
cis-[Cr(en),F(OH,)] [Ph4B],.1 .5H20. In this case the molar 
rotations differed by about 7%. These results would appear 
to support the conclusion that the anation of (-)5461-cis- 
[Cr(en)2F(OH2)]2+ with NCS- or F- in dry methyl alcohol 
proceeds with essentially 100% retention of absolute con- 
figuration as far as the least soluble product is concerned. 

Registry No. A-(-)-cis- [Cr(en),F(OH,)] [ (C6H5),BlZ, 69880-7 1-3; 
A-(+)-cis-[Cr(en),F(NCS)]C104, 59796-03-1; A-(-)-cis-[Cr- 
(en),F(NCS)](SCN), 69880-73-5; A-(-)-cis-[Cr(en),F,]I, 69926-04-1; 
A- (-) -cis- [ Cr ( en),F( OH2)] [ (+)-C loH ,04BrS] 2, 698 80-90-6; cis- 
[Cr(en),F(CloH1404BrS)] [CIOH,404BrS]r 69880-74-6; A-(+)-cis- 
[Cr(en)2F(OHz)] [(-)-CIOH1404BrS]Z, 69880-76-8; A-(+)-cis-[Cr- 
(en)2F(NCS)][(+)-CloH1404BrS], 59796-02-0; cis-[Cr(en),F- 
(OH2)]12, 59765-91-2; ~is-[Cr(en)~F(OH,)] [ (C6HS),BI2, 69847-10-5. 
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