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SUBSTITUTION reactions of amine complexes of 
chromium (III)* have not been as extensively studied 
as those of cobalt(III) because of the greater 

difficulty in the synthesis of the former than the latter 
complexes. Gamer and House• reviewed the work 
done on amine complexes of chromium( III) published 
up to June, 1969, and they divided the syntheses into 
eight general methods. Tsuchiya2 also reviewed the 
syntheses of chromium(III) complexes with multiden­
tate ligands, published up to early 1970. During the 
past six years, many new amine complexes of chro­
mium (Ill) have been prepared ; and many of the 
methods used were new since 1969. In tbts review the 
work done during the past six years will be divided into 
twelve general methods. 

1. Reactions of anhydrous chromium(Ill) chlo­
ride. This insoluble salt is infrequently used as the 
starting material. The only preparations using CrCI 3 

in the past six years were by Michelsen8 who obtained 
ot-cis-[CrCl2 (pcn} 0 ]CI by reacting 2-aminomethylpyridine 
with a suspension of CrCI 3 in dmso and by Chang• 
who obtained cis-[CrCl2 (ophn} 2 ]CI and trans-[CrCI2 -

(ophn)4]CI by refiuxing different ratios of CrCI3 and 
1,2-diaminobenzene in 1-butanol. 

2. Reactions of hydrated chromium(lll) salts. 
Direct reaction of hydrated chromium(III) salts with 
amines is also infrequently used. JosepQ!;en and 
Scbil.ff.:r• prepared di-,u-hydroxobis [bis(2,2' -bipyridine )· 
chromium (III)] perchlorate and di-whydroxobis [bis(l, 
10-phenantbroline) chromium(Ill)] perchlorate by react­
ing CrtN03 )a.9H 20 with the amine in perchloric acid 
solution, addmg LiOH solution during the reaction. 
They also prepared cis-[CrCI 2(phen) 9]Cl by reacting 
1, 10-phenanthroline hydrochloride hydrate with 
"- rCia .6H9 0, adding LiOH during the reaction. 
Vaughn tt al. 6 prepared trans-[Cr(OAc) 2 (tmd) 2 ]Cl by 

reacting CrCI 8 .6H9 0 with glacial acetic acid and the 
amine, and Vaughn and MarzowskF prepared {CrF2· 
(pnh] [CrF.(pn)] by beating CrF3 .3.5H90 with 1,2-
propanediamine. Since the displacement of coordinated 
water molecules in these hydrated cbromium(lll) salts 
is difficult, methods have been developed whereby an 
indirect displacement is used (vide infra). 

3. Reactions of hexaacidochromium (Ill) com· 
plexe~ with amines. Again this method received little 
attentton. Kaizaki et a/. s obtained cis- and trans· 
[Cr(CN)s(en),]ClO._ by reacting [Cr(en)a]CI8 with 
NaCN and chro!!latographing the resulting solution on 
Dowex 50, eluting the desired complexes with lithium 
perchlorate, f->llowed by vacuum rotatory evaporation. 
Khan• prepared many mixed amioe-chloro-thiourea 
complexes of chromium(lll) by reacting [Cr(tu)0]Cl8 

with the amines in methanol. Botar et a/. 1 0 prepared 
cis-Cs[Cr(NCSe) 4 (en)] and cis-[Cr(NCSe)9 (en) 2]Cl by 
refiuxing K 8 [Cr(NCSe)6 ] with 1.2-ethanediamioo by 
a~etonitrile, followed by chromatography on alumina 
and precipitation with CsCL 

4. Reactions of [CrCl9(thf) 8 ] with amines. 
Although many complexes of the type [CrCI8 L9) (L= 
py, dmf, dmso, and thf) have been used as the starting 
materials 1 , this method has received scant attention in 
the last six years. Only Ferguson and Tobe11 prepared 
cis- and trans-[CrCI 2 (cyclam)}Cl by the reaction of 
[CrCI8(thf)3] with 1.4,8,11-tertraazacyclotetradecane io 
dmf. 

5. Preparations via dimethylsulfoxide or dimethyl· 
formamide complexes. This method has received a 
great deal of attention during the past several years. In 
this method, CrCI8 .6H0 0 is first heated with either 
dmso or dmf, in order to drive otr the water, before the 
amine is added ; therefore this method is the indirect 

• Abbreviations used in this review are as follows : OAe-acetate ; ala=alaninate; antb = 
anthranilate ; bipy = 2,2' -hi pyridine ; bn = 2,3-butanedi.tmine (butylenediamine) ; chn- trans­
l,:Z..cyl:lohexanedlamine; 3-Cipy=3-chloropyrldlne; 3-Cp~3-cyanopyrldine; cyclam=1,4,8,11-
tetraazacyclo tetradecane; dien=3-azapentane-l,S-dlamlne (dietbylenetriamioe), dma~N,N'­
dimetbylacetamide ; dmf = N,N'-dimethylformamide ; dmso= dimethylsnlfoxide; dpt= 4-azabep­
tane-1,7-diamine (dipropylenetriamine); en=l,l-etbanedlamlne (ethylenediamine); gly­
gl)cinate; ibn= 1.1-dimethyletbane-1,2-diamine (iso-butylenediamlne) ; mal= malonate ; male= 
maleate; ophn=l,:Z-diaminobenzene (o-phenylenediamine); ox=oxalate; pas=p-amino­
sallcylate ; pben = l.lO·phenaothroline ; pen = 2-aminometbylpyridlne (2-picolylamine) ; pic= 3-
methylpyridlne (3-picoline); pn=1,2-propanedlamine (propylenedlamine); py=pyrldlne; succ= 
succinate ; 2,3,2-tet"' 3,7-diazanonane-1,9-diamine (1,4,8,11-tetraazaundecane); 3,2,3-tet-4,7-
diazadeeane-1,1 0-diamine (1,5,8,12-tetraazaclodeeane) ; tetren- 3,6,9-trlazaundeeane-1.11-diamine 
(tetraetbylenepentamhre); tfac-trilluoroacetate; tbf=tetrabydrofuran; tmd.,1,3-propanedia­
mine (trimetbylenediamlne) ; tren-tris(2-aminoetbyl)amlne (trlamlnotrlethylamlne) ; trlen• 
3,6-diazaoctane-1,8-diamlne (trieth}'lenetetramine); ta=tblourea. 
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displacement of coordinated water molecules. 
Pedersen 1 • prepared the dmso complex by distilling 
water oft' a miXture of CrCl8 .6H1 0 and dimethylsulf­
oxide. After cooling to ca. ll0°C, a viscous violet 
liquid was obtained ; and this liquid was used in all the 
syntheses. The dmso complex was not definitely identi­
fied, but the crystalline mass obt'lined by slow cooling 
is probably cis-[CrC12 (dmso),]Cl.dmso. The following 
compounds were prepared by reacting different amines 
with the violet liquid: [Cr(en) 8]CI8 • [Cr(tmd)a]C1 8 , 

[Cr(chn)8 ] ct.,. cis- and trans-[CrCI 2(en) 2)CI, cis­
[CrCI1(tmd)1JCI, cis- [CrCI (dmso) (en)s]Cl.. cis­
[CrCI (dmso) (chn),] Cl9 , and cis-[CrCI1 (chn) 1 ,Cl. 
Housel • used a similar method, bur the mixture of 
CrCI8.6H 20 and dimethylsulfoxide was only boiled to 
expel most of the water before the amine was added. 
Using this method he prepared trans-[CrCl,(tmd) 1 } 

Clo,u, trans-[CrCl 1 (en) (trod)] CIO,u, [CrCI (en) 
(dien)] [ZnCl,], [CrCI (trod) (dien)] [ZnCI,], and 
[CrCI (pol {dien)] [ZnCI4]1•. McLean and Maes10 

prepared cts-[CrC12 (pn)s]CI by reacting 1, 2-propaoe­
diamioe with the cbloro-dmso complex, and Madan11 

used similar method to prepare [CrCI 1(treo)]Cl. 

The use of dimethylformamide is not as extensive as 
dimethylsulfoxide, but Madhusudhan and McLean18 

used a method similar to that of Pedersen111 to prepare 
cis-[CrC1 2 (ibnhJ CIO,, cis- [CrCI9 (meso·bo),] CIO,, 
and cis-[CrCI 1 (d/-bn)9 )CIO., by first heating CrCI 1 . 

6H1 0 with dimethylformamide, followed by the addi­
tion of the amines. 

6. Substitution of aqua or acido complexes of 
chromium(lll). This method seems to have received 
the widest applications. This type of reactions has been 
used not only for the displacement of water molecules or 
acido gro••ps by amines, it has also been used for 
displacement of one acido group by another in order to 
prepare the tetramine complexes which have not been 
prepared before. 

Fee et a/. 19 used this type or reactions extensively 
in the preparation of complexes of the type [CrXY­
(en)0]h (X and Y=CI-, Br-, 1-. ONo-, Ncs-, and 
H1 QI. trans-[CrBr(ONO)(en) 0]CI04 was prepared by 
reacting trans-[CrBr9 (en)1]Br, after aquation or the 
latter in the dark, with NaN0 8 and NaCI0 4• trans­
[CrCI(ONO){en)1] CI0 4 was similarly prepared, but 
chlorine was bubbled through the solution to displace 
bromide. cis-[CrCI(ONO)(en)1}CI04 was prepared by 
reacting cis-[CrCI(H1 0)(en)2rBr 1 with NaN00 and 
NaCI04 • trans-[CrBr(H9 0)(en)g]H and trans-[CrCI­
(H20Xen)1]s+ salts were prepared by reacting the 
nitrito complexes prepared above with HBr and HCI, 
respectively. trans-[CrBrCI(en) 1 ]+ salts were prepared 
by the anation of trans-[CrCl(H20)(en) 1]Br0 with HBr, 
and trans-[CrBr (NCS) (en) 0 ]Cl04 and trans-[CrCl· 
(NCS) (eo) 1]CIO, were prepared by the anation of 
trans-aquabromo and trans-aquachloro complexes, 
respectively, with NaSCN. 

There were many other preparations using this 
method. Nagase and Tanaka20 prepared trans-[CrCJ,. 
(NH8 ) 4 )Cl by reacting [CrC18 (NH1 ) 8 } with 28% 

NH,OH. Matts and Moore prepared trans-[Cr(ON0)1 • 

(NH8 ) 4)CIO& by reactmg trans--Cr(H8 0MNH8 ),]· 

(CI0,)8 with NaN0 11 21 , cis- and trans-[Cr(ONO)· 
(H 0 0)(NH8 l&]H salts by the aquation of the dmitrito 
saltsu, and cis-[Cr(NCS)(ONOJ(en) 1 )C104 and cis­
[Cr(NCS)(ONO)(NH8)4]CIO, by reacting the aqua 
fisothiocyanato) complexes with NaN09 u. Michelsen .. 
prepared trans-(CrBr1 (pcn) 0]Br and trans-[CrC1 9 • 

(pcn) 1]CI by reacting trans-[Cr(H 2 0h(pcn) 9](N08)8 

with concentrated HBr and HCI, respectively. Linck 
et a/.u. prepared trans·[CrBrF(en) 2]CIO, and trans­
[CrCIF(en)1]Cl04 by reacting t'rans-[CrF(H00)(en)2]· 

(CI04)1 with NH,Br and NH,CI, respectively. in 
methanol ; trans-(CrF,(NH8 ) 4)CIO, by reacting trans­
[CrCI(H10)(NH8),JC11 with NH,F in methanol, 
followed by precipitation with NaCIO, ; and trans­
[CrCIF(NH8),]CI04 by treating trans·[CrF 2 (NH8 ),]­

ClO, with concentrated HCI0 4 , followed by the reac­
tion of the product with NH.,CI in methanol. Botar 
eta[. 30 prepared K[Cr(CN)(NCS) 3(en)] and [Cr(CN)­
(NCS)(en).]SCN by reacting K8 (Cr(CN)(NCSJ.] with 
1,2-ethanediamine in acetonitrile, followed by chromato­
graphy on alumina and precipitation with KSCN. Zipp 
and Madan17 prepared [CrCI(CIO,)(tren)]CIO,, [CrCl· 
(HSO,)(tren)JHSO •· (Cr(ox)(tren)]CIO,, [CrCl(NCS)­
(tren)]CI, [CrBrCI(tren)]Br. and (CrCl(SeCN)(tren)]· 
SeCN by reacting (CrCI9 (tren)]Cl with 70% HCIO,, 
concentrated H 2 S04 , Na2 C9 0 4 , NaSCN. NaBr, and 
KSeCN, respectively ; and (Cr(N 8 ) 0 (tren)]Br by react­
ing [CrCI,(tren)]CI with e.xcess NaN 8 , followed by 
precip tation with NaBr. Recently, Glerup and 
Schiilfer26 prepared trans-(Cr8r(H 00)(NH8 ) 4]Br1 , 

trans-(CrCI(H 00)(NH8 ),]C19 , and trans·[CrF(H,O)­
(NH8)4](CI0 .. )1 by the aquation of dibromo·, dic"'loro-, 
and difluoro-complexes in HBr, HCI. and HCIO.,, 
respectively. tra~s-[Cr(H10)9{NH 8 )4](CI04 \ 8 was 
obtained by the treatment of HCIO, on rrans-[Cr(OH)· 
(H 2 0)(NH8 ).,](CI0 4 ) 0 which was prepared by the 
aquation or trans·(CrBr9 (NH8 ) 4 JBr in HC\0", followed 
by the addition of pyridine. trans-[CrBrF(NH8 ) 4] 

CI04 and trans-(CrCIF(NH8 )(]CIO., were obtained by 
reacting trans-[CrBr9 (NH8 ) 4lN08 and trans-[CrCl 2• 

(NH8).,1CI, respectively, with HF at -70°C. 

The use or ftuoro complexes as the sta1ting materials 
has become very important in the syntheses by this 
general method. Vaughn et a/." 7 reacted cis-[CrF9 

(en) 0 )1 with concentrated HBr and HCI to obtain 
cis·[CrBr (H,O) (en)1 ] Br2 and cis-[CrC10 (en)1]1, res­
pectively. trans-[CrClF (en)0 ]CI0 4 was prepared by the 
reaction of trans-[CrF (H,O) (en) 1 ] (CI0 .. ) 9 with 
NH 4CI in methanolu. Michelsen" prepared -<·cls­
[CrBr, (pen),]· and -<-cis-[CrCl1 (pcn)9 j+ salts by 
reacting -<·Cis-[CrF9 (pen),]• salts with concentrated 
HBr and HCI, respectively, at -l6°C. Vaughn and 
Marzowski7 prepared [CrF9 (H1 0) 1 (pn)] I by reacting 
[CrF1 (pn) 9 ] [CrF4 lpn)] with HI, tram-[CrF1 (en) 
(po)] Br by refluxing [CrBrF9 (H,O) (pn)] with 1, 2-
ethanediamine in ethanol; cis· and trans-[CrF9 (pn) 0 ] 

Br by reftuxing [CrBrF, (H0 0) (pn)J with 1. 2-pro­
panediamine in ethanol; [CrF9 (pn) ~tmd)] Br and 
[CrF9 (pn) (chn)J Br by reacting [CrBrF2 (H8 0) (pn:J 
with 1, 3-propanediamine and trans-t, 2-cyclohexane­
diamine, respectively; trarrs-[CrF(H10)(en)(pn)](CIO,)s 

99 
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and tram-[CrF (H20) (pn) (tmd)] (CI0,)9 by reacting 
[CrF2 (en) (pn)l Br and [CrF2 (pn) (tmd)) Br, respec· 
tively, with 72% HCI06 ; and [Cr (en)9 (pn)l Br8 by 
reacting [CrBrF9 (H9 0) (pn)) with excess 1, 2-othane­
diamine in ethanol. Zipp and Madann prepared [CrF 
(H 2 0) (tren)] (Cl06 )• and (CrF {NCS) (tren)) Cl06 by 
reacting [CrF7 (tren}] CIO, with HClO, and NaSCN. 
respectively; (CrF (OAc) (tren)]ClO,, [CrF (N8 ) (tren)] 
ClO,, [CrBrF (tren)] CIO .. , and [CrCIF 1tren)] ClO, by 
reacting [CrF (H,.O) (tren)](Cl0 .. ) 9 with HOAc, NaN8 , 

NH 4 Br, and NH._CI, respectively. Recently, Glerup and 
Scbl\!fer28 prepared trans·[CrBr8 ( NH8 ),lBr and 
trans-[CrC11 (NH8 ) 4 ] Cl by saturating solutions of 
tram-[CrFa (NH8 ),) CIO .. with HBr and HCI gases, 
respectively. 

Another general method of displacement of halide 
from a complelx is by reacting the halo complex with 
silver salts. Fee et a/.19 prepared trans [Cr (ONO) 
(HaO) (en)1 ] (CI0,)2 and trans-[Cr (OH) (ONO)(en) 9) 

CJO., from trans-[CrBr(ONO) (en) 9 ) ClO• and AgCio .. 
in HClO,; trans-[Cr (ONO) {dmf) (en) 2 ] (CIO,). and 
trans-[Cr (ONO) (dmso) (en)1 ] (CI04 ) 1 from tram­
[CrBr (ONO) (en)a] CIO, and AgClO, in dmf and 
dmso, respectively ; cis· and tram-[CrBr (dmf) (en)1 ] 

(Cl0,)9 from cis- and tram-[CrBr8 (en) 0 )CIO, and 
AgClO., in dmf; tram·[CrBr (dma)(en)9 1 (CI0 .. )9 from 
trans-(CrBrl(en)2 ] Cto .. and AgCIO" in dma; trans­
[CrCl (dmso)(en)1 ](CI0")9 and trans-[CrCl (dmf)(en),] 
(CI0.) 2 from trans-[CrCII (en),] CI04 and AgClO, in 
dmso and dmf, respectively; trans-[Cr(dmfh (en) 9 ) 

(Cl0,)8 , trans-[Cr (dma),. (en) 11 ] (CI04.)8 , and trans­
[Cr(dmso).(en)9](Cl06)8 from trans-(CrBrs (en).]Cl06 

and AgCIO, in dmf0 dma, and dmso, respectively ; and 
cis-[Cr (dmf)9 (en)9 ] (CI0 .. )8 from cis-(CrBr1 (en)2 ] 

Cl06 or cis-[CrCl9 (en}D]Cl06 and AgClO., in dmf. 
Ferguson and Tobe11 prepared cis-[Cr (N08 ) (H90J 
(cyclam)J (N08 ) 1 by treating cis·[CrCI9 (cyclam)] Cl 
with AgN08 , followed by precipitatton with LiN08 in 
aceto e. Jordan et a/. 00 prepared [Cr (tfac) (NH8 ).] 

(Cl0.)9 by reacting [CrCI {NH1 ).] (Cl0,)11 with silver 
trifluoroacetate in dmf. Michelsen prepared «-cis­
[Cr (OH) (H110) (pcn) 1) Cl 9 by reacting o~.-cis-[CrCis 
(pen).] Cl with silver oxide, followed by deproton .. tion 
of the resulting diaqua complex with pyridine•, and 
traiiS-[Cr (H,.O),. (pcn) 9 ] (N08 ) 8 by reacting «-cis· 
(CrCl 1 (pcn)2 ) Cl with Ag,O. followed by acidifying 
the filtrate with concentrated HNO 3 18• Coronas and 
Casabo90 also used Ag,.O to prepare [Cr (S 90 8 ) 

(NH8)5]~ salts (89 0 8 •-== dithionate) from (CrCI 
(NH8 ) 5 ] Cl. 

7. Suistitution reactions in non-aqueous solvents. 
Some substitution reactions conducted in non-aqueous 
solvents are already listed above in the reaction of halo­
complexes with silver salts. Jordan et a/. 19 prepared 
(Cr (tfac) (NH8 ) 5 ] (Ci0~)1 by adding a slil!ht excess of 
tril1uoroacetic anhydride to a solution of (Cr (H20) 
fNH1 )s} (C106 ) 8 in dmf in the presence of excess N, 
N-dimethylbenzylamine. [Cr (male) (NHi.) 5 ) (CIO,), 
was similarly prepared81 • Chang et a .u prepared 
2-, J., and 4-cyanopyridine complexes of chromium (III) 
in butanol solutions. Muto88 prepared bis (I, 2· 
ethancdiamine) complexes by heating [Cr (en)s] (Cl0 6 )a 

100 

with equivalent amount of NH6 X or H,L in dmso and 
tetraammine complexes by reacting [Cr (NH8 ) 6){Cl0,)1 

with H 1 L in dmf (X= NCS-, F-, Cl·, Br-, and I- ; 
L=ox~-. mat•-, male"-, succ 11-, pas~~"-, anth-, glf, 
and ala-). 

8. Preparation via pyridine complexes. Schlltfer 
et al. 8 6 prepared many bis (diamine) complexes by the 
substitution of pyridine by the diamines from trans· 
[CrF1 (py) 4 ] Cl04 • The method generally involved 
reftuxing the diamines with traiiS·[CrF1 (py),] CIO, in 
2 methoxyethanol whereby the products precipitated. 
Using this general method, they prepared trans-(CrF1 

(en)9 ] Cl04 , trans-(CrF9 (tmd)s] Cl04 , trans-[CrF3 

(pn),] Cl04 , trans-[CrF,. (chn)1 ) CI04 , cis-{CrF, 
(tren)] CI04 , cis- [CrF1 (trien)} Cl0 4 trans- [CrF1(1, 3, 
2-tet)l CI0 4 , trans- [CrF9 (3, 2, 3-tet)J Cl04 , cis- [CrF1 

(bipy) 2) Cl04 , and ds-[CrF11 (~hen),)] CIO£. A series 
of tetrakis (monoamine) cbromtum(lll) complexes were 
also prepared by heating trans- [CrF2 (py),]I with the 
amines in an autoclave. The complexes prepared are 
trans- [CrF11 (MeNH1)~)1, trans-[CrF1 (EtNH1 ) 4]1, 
trans-[CrF 9 (PrNH 1 ) 4 ]I, and trons-[CrF 2 (C8 H8 NH1),]l, 
(C8 H8 NH1 =allylammc). Glerup and Sc:hlltferu also 
prepared tram-[CrF, (NH8 ) 6 ]1 8 by reacting trans• 
[CrF1 (py),]I with 'q•1id ammonia in an autoclave at 
l00°C. Usmg lrullS·[CrBr1 (py) 4 ]l, Mici-lelsen11 

prepared ot·[Cr (pcn)8 ]19 by reacting the p)ridim: com• 
plex with 2-aminomethylpyridine in a mbuure of 
2-methoxyethanol and ethanol. ,6-[Cr (pcn)8 ] Br8 w.ts 
prepared by reacting tram-[CrBr2 (py).]CI with 2-amino· 
methylpyridine in a mixture of pyridine and ethanol. 
Michelsen• also prepared «-c/s-(CrF2 (pcn)s]+ ~alts by 
reacting trans-[CrFll (py),]+ salts with 2-aminomethyl· 
pyridine in 2-methoxyethanol. 

9. Preparation using liquid ammonia. Cbro· 
mium(III) complexes of the trans-tetraammine series 
have not been successfully prepared until Glerup and 
Schiffer recently18 prepared trans·[CrF8 (NH1),]1 by 
reacting trans-[CrF9 {py),)I with liquid ammonia in 
a steel autoclave at 100°C. Using trans-[CrF9 (NH8),]1 
as the starting material, they prepared many complexes 
of this series (vide supra). Previously, Kirk and Kelly .. 
have prepared trans-[Cr (NCS) (NH8 ) (en)s](SCN)1 by 
reacting trans-[CrBr (NCS) (eo) 2 ] SC.N with slightly 
acidic anhydrous ammonia. Wong and Kirk3 7 prepared 
cis· and tran.s-[CrF (NH8 ) (en) 1 ] (ClO,)s by reacting 
trans-[CrBrF (en) 8 ] ClO, with liquid ammonia in a 
sealed Carius tube. They also prepared trans-[Cr (H10) 
(NH11 ) (en )s]Br8 by reacting trans•p-hydroxobis 
[chlorobis (I, 2-ethanediamine) chromium(III)] pcrchlo· 
rate with liquid ammonia, containing a trace of LiNH9• 

followed by precipitation with concentrated HCI. 

10. Preparation by solid-state thermal decom· 
position or dehydration. This method is not widely 
used because the products of thermal decomposition 
are often mixtures which are sometimes difficult to 
separate, Fee et af.1" used this method to prepare 
trans-[CrBr(N08 )(en)1 ]+ and trans-[CrCI(N08 ) (en) 1 ]+ 
salts from trans-[CrBr (H10) (en)B) (N08 ), and trans­
[CrCl (H2 0) (en) 1 ] (N03 ),., respectively ; trans-[CrBrl 
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(en) 9l+ and trans-[CrCII (en) 2]• salts from trans­
[CrBr (H20) (en) 2 ]I2 and trans-[CrCl (H.O) (en)2]l 2 , 

respectively; and cis-[CrBrCl (en)2 ]+ salts from cis­
[CrCI (H2 0) (en) 2]Br2 • McLean and Gorrman 88 

prepared trans-[CrBr 2 (pn) 2 ) Br by the thermal decom­
position of [Cr (pn) 9 ] Br 8 , and Wong and Kirk 87 

obtained trans-[CrCl (NH 8 ) ( en) 2 ] Br 2 by the thermal 
dehydration of trans-[Cr(H 2 0)(NH 8 )fen)2 )CI 8 , followed 
by precipitation with acetone from HBr solution. 

II. Preparation via reduction of peroxo com­
plexes. Garner, House, and coworkers prepared a 
large number of amine complexes of chromium (III) by 
the reduction of diperoxochromium(IV) amines with 
acids'. Recently, Orhanovic and coworkers 89 ' 40 used 
a similar method to prepare [Cr (H 2 0) 5 (pic)]"+, 
[Cr (H 20) 5 (3-Cp)p-, and [Cr (H 20). (3-Clpy))S+ 
salts by first reacting chromium(VI) oxide with the 
amine and 30% H 2 0 9 , followed by reduction of the 
peroxo complexes with iron(II) perchlorate in perchloric 
acid and cation-exchange chromatography on Dowex 50. 

12. Preparations using chromium(IJ) compounds. 
This method is still not much used since the review of 
Garner and House', probably for the reason stated 
therein. Michelsen" prepared tJ-cis-[CrBr 9 (pcn) 0 ]l 
and !l-cis-[CrCI 2 (pcn) 2 ]l by reacting CrBr9 and CrCJ 2 , 

respectively, with 2-aminomethylpyridine, adding slowly 
a solution of iodine in pyridine. Weschler and 
Deutsch 01 prepared [Cr (enh (SCH 2CH 2NH 2 )]" • and 
[Cr (en1 (SCH 2 CH,NH 2 ) 9 ]+ salts by reacting Cr(Il) 
perchlorate with solutions of I, 2-ethanediamine and 
2-aminoethanethiol dihydrochloride, followed by cation­
exchange on Dowex 50 or fractional cry5tallization of 
the perchlorate salts. In both preparations above, the 
Cr(ll) compounds were used in situ. Soignet and 
Hargis 40 prepared Cr(II) acetate un' er argon atmos· 
phere in a specially constru~ted apparatus and used the 
Cr (0Ac)0 to react with 2, 2'-bipyridine under inert 
atmosphere to prepare [Cr (bipy)3 ] (CI0 4 ) 9 ]. Banerjea, 
Roy, and Sarkar•• prepared [Cr (phen)s] (N08 )s by 
refluxing Cr(lll) nitrate and I, 10-phenanthroline in 
the presence of a trace of zinc dust. This method 
probably involved a Cr(ll) intermediate. 

In this review, the synthesis of amine complexes of 
chromium(III) is classified into twelve general methods. 
It can be seen that a large variety of new complexes 
have been prepared during the past six years, making it 
possible to study substitution reactions of the amine 
complexes of chromium(IIIJ, especially those of the 
tetramine type. 
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