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the latter arrangement, it  should be possible to remove 
the uncomplexed iminoisoindoline ring by hydrolysis, 
whereas, in the former, this should be excluded be- 
cause both rings are coordinated to the nickel ion. 
Such is found to be the case. Hydrolysis with a SOYo 
hydrochloric acid solution gives 2 moles of phthalic 
acid/mole of starting complex. The average per cent 
error for four hydrolyses runs was 11% based on 
theoretical recovery of phthalic acid. The resulting 
complex, bis [I- (Z-aminopyrid-B-yl)-l -imino-3-oxoisoin- 
dolinato ]nickel (11) , abbreviated Xi (DIPN) 2 j  was iso- 
lated and characterized by elemental analyses, mag- 
netic susceptibility measurements, molar conductance, 
and visible spectroscopy. The structure is depicted 
in VII. Because of the onset of a very strong charge- 
transfer band a t  very low energies, no assignment of 
d-d transitions could be made. Final corroboration for 
the structure is found in the infrared spectrum where 

VI1 
the NH2 stretching vibrations (although quite weak) 
occur a t  3350 and 3450 em-’. 

On the basis of the previously described reactions, 
and minimizing the possibility of extensive ligand re- 
organization, i t  is concluded that the coordinating 
sites in [Ni(DIP)Clz] are the pyridine nitrogen and one 
of the isoindoline ring nitrogen atoms. 
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Treatment of bis(glycinato)nickel( 11) and bis(P-alaninato)nickel( 11) with potassium amide in liquid ammonia a t  - 33.5 
has led to the isolation and characterization of the compounds KNi( SHCH2C02)( K H z C H ~ C O ~ ) ,  KzSi(  NHCH2C02)n, KNi- 
(XHCHzCHzC02)( NHzCH~CHZCO~) ,  and KzX( NHCHzCHzCO2)~. Both cases correspond to the successive removal of pro- 
tons from the ligand nitrogen atoms; the doubly deprotonated species represent the maximum number of protons that  may 
be abstracted under these conditions. The infrared spectra of these and the parent complexes have been studied to examine 
the effect of proton abstraction upon the nature of the metal-ligand bonds. 

Earlier work has established that protons associ- 
ated Tvith the ligand nitrogen atoms in ethylenedi- 

and diethylenetriamineg~lo complexes are suf- 
ficiently acidic to permit their successive removal in 
appreciably basic media. An extension of these studies 
has since shown that proton abstraction from a co- 
ordinated amino group can be achieved with a number 
of other bidentate ligands. Here we report results 
from studies of the deprotonation of glycine and p- 
alanine complexes of nickel(I1) ; this work was of par- 
ticular interest since evidence for the successful de- 
protonation of the amino group coordinated to a 3d 
series transition metal has not been demonstrated pre- 
viously. 
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Experimental Section 
Methods.-Reactions in liquid ammonia and procedures for 

handling the productq thereof were the same as described else- 
where.” The air-sensitive products were stored and/or trans- 
ferred in a drybox containing a helium atmosphere maintained 
oxygen- and water-free by continuous exposure to liquid hTa-K 
alloy. 

Infrared spectra (Table I )  were recorded with Beckmaii IR-7 
and IR-11 instruments. Spectra in the region 600-3800 cm-l 
were taken as mulls in Sujol and hexachlorobutadiene on NaCl 
plates. Spectra in the 200-700-cm-1 region were recorded using 
Nujol mulls on CsI plates. Typical spectra are shown in Figure 1. 

X-Ray diffraction data were obtained using Cu Ka radiation ( S i  
filter) a t  3.5 kv and 15 ma. Exposure times were 12-18 hr; rela- 
tive intensities were estimated visually. The d spacings corre- 
sponding to the most intense lines (with relative intensities in 
parentheses) are listed immediately following analytical data. 

Xckel was determined gravimetrically as the dimethylgly- 
oximatc.12 Carbon, hydrogen, and nitrogen analyses were per- 
formed, either in these laboratories using a Coleman Model 33 
carbon-hydrogen analyzer and a Coleman Model 29 nitrogen 
analyzer or by commercial analytical laboratories. 

(11) G. TV. Watt,  et al . ,  J .  l i i o i g .  S r d .  Chela., 9,  311 (l95u); J .  Blrctn- 

(12) A. E. Vogel, “Quantitative Inorganic Analysis,” Longmans, Green 
chain. Soc., 98, 1 (1961); 102, 46, 464 (1965). 

and Co., 2nd ed, London, 1951 p 417. 
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Ni(NHzCH2- KNi(NHCHzC0z) 
COz)%.ZHzO (NHzCHzCOz) 

3430 s 
3330 s 
3275 s 
3205 s 
2985 w 

2940 w 
1612 vs  
1,593 vs  
1440 s 
1414 s 

1350 m 
1307 m 
1287 bv 

1188 v w  
1101 s 
1101 s 
1043 m 

950 w 

916 w 

741 m 
677 m 

630 m 
597 m 
520 m 

435 vw 
335 m 

287 m 

3340 s 
3185 s 

2940 m 

1585 vs  
1425 s 
1400 vs  

1340 m 
1321 w 
1255 vw 

1217 w 
110-1 w 
1114 w 
1039 m 

944 w 

903 w, sh  
893 m 
854 m 

724 m 
667 m 

597 w 
510 w 

486 vw 

285 m 

TABLE I 
INFRARED SPECTRA IN THE 200-3800-C~-' REGION 

KzNi(NHCH2- 
COZh 

3340 s 
3185 s 

2955 w 

1584 vs  
1425 s 
139B vs 

1365 m 
1321 m 
1260 w 

1218 m 

1135 w 
1040 m 

945 vw 

904 w 
895 w 
857 w 

726 m 
673 m 
664 m 

593 w 
508 w 

482 vw,  sh 

Ni(NHzCHsCH2- KNi (NHCHzCHzCO?) 
C0z)z.ZHzO (NHzCHzCHzCOz) 
3430 s 
3330 s 3335 s 
3280 s 3260 s 
3210 m, sh 3175 m 
2990 w 2980 s 
2965 w 
2940 w 
2895 w 2890 m 

1598 vs  
1463 m 
1418 s 
1386 s 
1326 m 

1267 m 

1171 w 
1127 m 
1082 m 
978 m 

1009 w 

897 m 

875 m 

725 rn 

1575 vs  
1485 m 
1435 s 

1315 m 

1267 w 
1234 m 
1164 w 

1095 w 
971 m 

1041 m 
1003 w 
930 m 
921 m 
890 m 

867 w, sh 
797 m 
708 m 

655 m 660 m 
625 m 616 m 
510 m 486 rn 
433 m 407 m 
366 m 380 m 
337 m 346 m 
307 m 
28d m(?) 

K?Ni(NHCH2- 
CHzCOzIz 

3340 s 
3265 s 
3180 m 
2950 s 

2880 m 

1570 vs  
1485 m 
1430 s 
1390 s 
1315 m 

1235 m 
1165 w 

1096 \v 

1043 m 
1009 w 
930 m 
922 m ,  sh 
892 m 

857 IV, sh 
798 m 
709 m 

601 m 
483 m 
405 m 
380 m 
355 m 

Tentative 
assignments 

v(OH) 

v(NH), v(NHz) 

u ~ ( C H Z )  

v(NiN) 

4000 3600 3200 2800 2400 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 600 500 400 300 

P (cm-1)  

Figure 1 .-The infrared spectra of (a) Ni(NH2CHnC02)2.2€1:0, (b) KNi(NHCH2C02)(NH2CH2C02), and (c) K2Ni(NHCH2C02)2. 

Materials.-Unless otherwise indicated, all chemicals were re- (NH&H~COZ)Z.~H~O:  Ni, 24.2; C, 19.8. Found: Ni, 24.2; 
X-Ray diffraction data (d spacings (A), relative in- 

Bis(glycinato)nickel(II) dihydrate, N ~ ( N H ~ C H Z C O Z ) ~ . ~ H ~ ~ ,  
Calcd for Ni- 

agent grade and anhydrous. 

was prepared by the method of Stosick.I3 

C, 19.9. 

(13) A. J. Stosick, J. Am. Chem. Soc., 67, 365 (1945). Anal. 
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terisities in parentheses): 6.80 (1.0), 5.23 (0.9), 4.73 (1.0), 3.70 
(0 .7) ,  3.29 (0.7), 2.63 (0.7). 

Bis(@-alaniuato)nickel(II) dihydratc, Ni(NH2CH2CH2C02)2. 
2Hp0, was prepared as described by Nakarnoto, et al.I4 Anal. 
Calcd for Xi(piH2CH2CH2C02)2.2H20: Xi, 21.7; C, 26.6. 
Found: Xi, 21.5; C, 26.6. X-Ray diffraction data:  8.07 (1.0), 
5.69 (0.9), 4.74 (0.9), 4.36 (0.7), 3.42 (0.7). 

Bis (a-methylalaninato)nickel(II ) dihydrate, S i  [ XH2C (CH3)2- 
Cop] 2.2H20, was prepared as described for the bis(g1ycinato)- 
nickel(I1) complex. Anal. Calcd for Ni[XH2C(CH3)2C02]2. 
2H20: Xi, 19.6; C, 32.2. Found: Ni, 19.2; C, 32.2. X-Ray 
diffraction data: 10.39 ( l . O ) ,  5.24 (0 .8) ,  5.06 (0.6), 4.10 (0.5), 
3.04 (0.6). 

A11 three dihydrates were converted to the anhydrous materials 
by heating a t  ea. 150' for 2 hr and allowing the products to cool 
in vacuo over KOH pellets. The composition of the dehydrated 
complexes was established by analysis and by infrared spec- 
troscopy.'b Anal. Calcd for Xi(XH2CH2C02)2: Ni, 28.4; C, 
23.2. Found: Xi, 28.4; C, 23.2. X-Ray diffraction data:  
7.56 (1.0), 6.41 (0.6), 4.26 (0.4), 3.19 (0.4), 3.05 (0.3), 2.80 
(0.3),  2.27 (0.3). Calcd for Ki(SH2CH2CH2C02)2: Xi, 25.0; 
C, 30.7. Found: Ki, 24.7; C, 30.5. X-Ray diffraction data:  
8.46 (1.0), 6.91 (0.2), 4.86 (0.2),  3.46 (0.3),  3.14 (0.7), 2.22 (0.5). 
Calcd for Ni[NH2C(CH3)aCO2I2: C, 36.6. Found: C, 36.5. 
X-Ray diffraction data: 9.98 (1,0), 8.34 (0.9), 6.19 (0.3), 5.57 
(0.4), 4.57 (0.6), 4.17 (0 .3) ,  4.04 (0.3). 

Preliminary Experiments.-Preliminary experiments were 
carried out in order to establish whether or not Ki(n"2CHpC02)p 
and Ni(XH2CH2CH2C02)p are solvated, solvolyzed, or ligand- 
substituted by ammonia. 

X 0.8-g sample of Ni(NH2CHpC02)2 was treated with 20 ml of 
liquid ammonia for 3 hr a t  -78". The resulting deep blue pre- 
cipitate was separated by filtration and washed twice with 15-ml 
portions of ammonia. After removal of excess solvent under re- 
duced pressure, the solid product was transferred to the drybox for 
removal of samples. Anal. Calcd for Ki(NH2CH2C02)2,2XHa: 
S i ,  24.4; C, 20.0. Found: Xi, 24.4; C, 20.1. X-Ray diffrac- 
tion data:  7.69 (0.8), 6.43 (0.4), 3.21 (0.6), 1.95 (1,0), 1.68 (0.3). 
Similar treatment of Ni(NH2CHnCHzC02)2 with liquid ammonia 
yielded the blue bis(@-alaninato)nickel(II) diammoniate. Anal. 
Calcd for Ki(KH2CH2CH2C02)~~2NH3: Xi, 21.8; C, 26.8. 
Found: Xi, 21.9; C, 26.7. X-Ray diffraction data: 8.18 (1.0), 
.5.71 (0.3),  4.75 (0.3), 3.25 (0.4), 1.99 (0.8). 

Synthesis of Potassium Amidoacetato(glycinato)nickelate(II). 
-To a suspension of 2.94 g of Si(SH2CH2C02)2 in ea. 30 mi of 
ammonia a t  -33.5' was added slowly a solution containing 1.01 
molar equiv of KSH2 in 20 ml of ammonia. After a digestion 
period of 3 hr, the resulting orange precipitate was separated 
from the colorless solution by filtration and washed with two 30- 
ml portions of ammonia. All remaining solvent was removed 
under reduced pressure and the solid reddish brown residue was 
transferred to  the drybox for removal of samples. Anal. Calcd 
for KKi(SHCH2C0z)(NHICH2C02): Xi, 24.0; C, 19.6; K, 
11.4. Found: Xi, 24.0; C, 18.9; N,  11.3. X-Ray diffraction 
data:  10.10 (1.0), 3.37 (0.9), 3.21 (0.6), 3.12 (0.6), 2.53 (0.4), 
2.24 (0.3). 

Properties and Reactions of Potassium Amidoacetato(g1ycin- 
ato)nickel(II).-The salt, KKi(NHCHnC02)(SH,CH2C02), ap- 
pears to be stable in a dry He atmosphere, but in air i t  rapidly 
absorbs moisture and turns green. An X-ray diffraction pattern 
of this green decomposition product showed lines attributable 
to  bis(glycinato)nickel(II) dihydrate, Ni(KH2CH2C02).2H20. 
The potassium salt dissolves readily in water to give a blue basic 
solution. 

To establish further that  bis(glycinato)nickel(II) may be re- 
generated from the deprotonated complex, a sample was exposed 
to water and the resulting solid product characterized. 4 0.5-g 
sample of KXi(SH~CH~C02)(SHzCHzC02) was dissolved in 20 
ml of water and the solution concentrated on a steam bath. 

(14) K. Xakamoto, Y. Morimoto, and A. E. Martell, J .  Am. Chem. Soc., 

(1.5) J. Fujita, K. Xakamoto, and M. Kobayashi, ibid., 78, 3963 (1958). 
83,4528 (1961) 

On cooling, a blue crystalline precipitate was obtained. This was 
separated by filtration, washed with alcohol and ether, and dried 
in Dacuo over KOH.  The infrared data showed that this product 
was identical with Si(NH?CH2C02)2,2H20. Anal. Calcd for 
Si(KH2CH2C02)2,2H20: C, 19.8. Found: C, 19.7. 

Synthesis of Potassium p-Amidopropionato(pa1aninato)nickel- 
ate(II).-This reaction was carried out with 2.16 g of Ni(NH2- 
C H ~ C H ~ C O Z ) ~  (0.92 mmole) in ea. 30 ml of liquid ammonia by 
titrating dropwise with 16 ml of 0.575 KNH2 (0.92 mmole). 
AAfter a digestion period of 3 hr, the colorless supernatant solutioii 
was transferred to a trap and the orange, insoluble product was 
washed with two 30-ml portions of ammonia and dried in vacuo 
for 24 hr. The solid rcddish product was transferred to the dry- 
box for removal of samples. Anal. Calcd for KSi(KHCH2- 
C H ~ C O ~ ) ( N H ~ C H Z C H ~ C O ~ ) :  Ni, 21.5; C, 26.4; N, 10.3. 
Found: Ni, 22.0; C, 25.6; N, 10.6. X-Ray diffraction data:  
12.01 (0.8), 4.21 (0.4), 3.54 (0.4), 3.23 (1.0), 3.04 (0.4), 2.00 
(0.5). 

Synthesis of Potassium Bis( amidoacetato)nickelate(II).-To a 
suspension of 1.10 g of Ni(NH2CH2C02)2 in ea. 50 ml of ani- 
monia was added slowly 18 ml of liquid ammonia containing 
KNHp prepared from 0.432 g of K (2.08 molar equiv). After a 
digestion period of 3 hr, the orange product was separated from 
the colorless solution by filtration and purified by a method ex- 
actly analogous to that used in the synthesis of the potassium 
amidoacetato(glycinato)nickel(II) complex. The final product 
was reddish brown but lighter than the singly deprotonated 
material. Anal. Calcd for K&(NHCH2COs)a: S i ,  20.7; 
C, 17.0; N, 9.90. Found: Ni, 21.1; C, 16.5; N, 9.70. X- 
Ray diffraction data: 10.21 (1.0), 5.73 (0.5), 5.45 (0.6), 3.37 
(0.8), 2.53 (0.5), 2.00 (0.7). 

The same product (identified by infrared and X-ray data) 
was obtained by treating Si(SH?CH2C02)2 with 3 molar equiv 
of KNH2. Anal. Found: C, 16.5; S, 9.79. 

Synthesis of Potassium Bis(p-amidopropionato)nickelate(II). 
-To a suspension of 1.37 g of Xi(SH2CH2CHd202)a in ca. 50 
ml of ammonia at  -33.5' was added slowly a solution containing 
2.07 molar equiv of K S H 2  in 20 ml of ammonia. After a diges- 
tion period of 3 hr, the orange product was separated from the 
reddish solution by filtration and purified as described above. 
The residue was reddish brown but lighter in color than the singly 
deprotonated material. Anal. Calcd for KaNi(piHCHeCH2- 
COz)2: S i ,  18.9; C,23.2; K,9.00. Found: Xi, 18.6; C, 23.2; 
S, 8.67. X-Ray diffraction data: 12.18 (1.0), 4.21 (0.4), 3.56 
(0.4), 3.22 (0.9), 3.05 (0.4), 2.10 (0.5). 

The same deprotonation was effected upon treatment of S i -  
(KH2CH2CH2C0p)2 with 4 molar equiv of KNHp. Anal. Found: 
C, 23.0; N, 8.73. 

Synthesis of Potassium a-Amidoisobutyrato(a-methylalani- 
nato)nickelate(II).--;1 1.05-2 sample of Si[XH2C(CH3)&202] 2 

was suspended in 50 ml of ammonia a t  -33.5' and treated 
slowly with a solution containing 1 .0 molar equiv of KXH2 in 20 
ml of ammonia. After digestion for 1 hr, the orange precipitate 
was separated from the colorless solution by filtration and puri- 
fied as described above. Anal. Calcd for KSi[XHC(CH3)2- 
COS] [NHzC(CH3)pCOe]: C, 31.9; N, 9.30. Found: C, 30.9; 
pi, 9.95. This product is extremely unstable and decomposes 
rapidly in the presence of only minute traces of water. An X- 
ray diffraction pattern was obtainable only with short exposure 
times; only the following three d spacings (A) could be detected 
with certainty (relative intensities in parentheses): 10.84 (1 .0), 
5.32 (0.6), 3.60 (0.1). An infrared spectrum was obtained (see 
Discussion), but the results are not given in detail here. 

Efforts to effect further deprotonation, i.e., to synthesize 
potassium bis(or-amidoisobutyrato)nickelate(II) by treatment of 
Ni[?;H2C(CH,)2C02]2 with 2 molar equiv of KSHn in ammonia, 
failed to provide identifiable products. 

Discussion 
The data presented above show that the amino 

groups in Ni(NHeCH2COJ2 and Ni(NH2CH2CHzCOz)a 
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are sufficiently acidic to permit the abstraction of a 
maximum of one proton from each ligand nitrogen by 
reaction with the basic amide ion in liquid ammonia a t  
-33.5", i.e. 
Ni( NH2CH2C02)~ + KHz- + 

[Ni(NHCHpCOz)(NHpCH2C02)] - f "2- + 

Similarly 
Ni(NH2CHLCHiC02)z f "2- --+ 

[Ki( ~YHCH~CH~CO~)(NH~CH~CH~COZ)]- + "2- .--) 

[ Ni( NHCH&02)( NH2CH2COz)l- + NH3 (1) 

[Ni(NHCH2C02)2I2- + NH? (2)  

[Si( NHCHZCHZCOL)( N H z C H ~ C H ~ C O ~ ) ]  - + NHs ( 3  

[N~(NHCHZCHZCOZ)~]~-  + "3 (4) 

The products of reactions 1-4 have been isolated as 
the potassium salts and characterized; it has been 
demonstrated that these species can be reconverted to 
the parent complex by treatment with water. That 
reactions 2 and 4 represent the maximum extent of 
reaction a t  -33.5' was demonstrated by the fact that 
both [ N ~ ( N H C H Z C O ~ ) ~ ] ~ -  and [Ni(NHCHzCH*- 
COJa]2- are unreactive toward excess amide ion over 
several hours. This, however, does not preclude the 
possibility of more extensive deprotonation at  higher 
temperatures. In particular, there is the possibility 
of further deprotonation of the ligand nitrogen atoms 
although recent work on the behavior of bipyridyl- 
(ethylenediamine)platinum(II) iodide toward excess 
potassium amide has shownI6 that the removal of a 
second proton from the same amino group cannot be 
achieved even a t  25". 

Moreover, for the reactions proposed in (1)-(4), it  is 
assumed that the reactions of bis(glycinato)nickel(II) 
and bis(p-alaninato)nickel(II) with amide ion proceed 
exclusively by proton abstraction from the coordinated 
amino groups. An alternative path could involve de- 
protonation of the a-methylene groups. Recent nmr 
studiesI7 of [Co(en)a(NHzCH2C02) ](NO& and of the 
corresponding a-alanine complex have shown that the 
a-methylene hydrogen atoms in the coordinated amino 
acids are labile. This behavior is consistent with an 
earlier reported observation1* that bis (glycinato) copper- 
(11) reacts with aldehydes and ketones to form @- 
hydroxyamino acids. 

Nevertheless, i t  is unlikely that the a-methylene 
groups are involved in the deprotonation of these 
nickel(I1)-amino acid complexes. In the first place, 
both solid products isolated from reactions 1 and 2 
show strong peaks in their infrared spectra which could 
only be attributed to CH2 vibrations. Furthermore, 
it  is possible to deprotonate the nickel(I1) complex of 
an aminocarboxylic acid in which the a carbon atom 
of the chelated ligand is not directly bonded to hydro- 
gen. Thus, treatment of bis(a-methyla1aninato)nickel- 
(11) with amide ion a t  -33.5" was found to yield potas- 
sium a-amidoisobutyrato(a-methyla1aninato)nickelate- 

(16) G. W. Watt  and D. G. Upchurch, unpublished results. 
(17) D H. Williams and D. H. Busch, J .  A m .  C h e m .  SOC., 87, 4645 (1965). 
(18) D. H. Busch, Advances in Chemistry Series, No. 37, American Chemi- 

cal Society, Washington, D. c., 1963, p 10. 

(11), a solid product analogous to those obtained from 
reactions 1 and 3. 
N ~ [ N H ~ C ( C H ~ ) Z C O ~ ] ~  + "2- + 

Ni[NHC(CH3)2C02] [NH2C(CH~)2CO2] - + NH3 (:) 

X-Ray structure analysis13 has established that the 
two glycinato ions in N ~ ( N H Z C H ~ C O ~ ) ~ ~ ~ H ~ O  coordi- 
nate to the metal in a trans-square-planar structure. 
A similar spatial arrangement of the p-alaninato ions 
has been shownlg to exist in Ni(NH2CH2CH2C02)2. 

The infrared spectrum of Ni(NH2CH2COz)2~2Hz0 
has been reported20 and empirical assignments for 
these bands have been suggested. 14,21-24 Condrate and 
Nakamotoa5 have carried out a normal coordinate 
analysis on the bis(glycinato)nickel(II) dihydrate com- 
plex using a 1 : 1 (metal :ligand) approximation. Our 
assignments for Ni(NHeCH2C02)?.2H20 are consistent 
with those proposed by Nakamoto ; the assignment!: 
for the deprotonated complexes, KNi(NHCH2C0,)- 
(NH~CH~COZ) and K2Ni(NHCH2C02)2, were made by 
comparison with the parent compound. 

Complete assignment for the vibrational spectra of 
bis(P-alaninato)nickel(II) dihydrate has not been made, 
Nakamoto, et aL.,l4 have assigned the bands at 1607 
and 1413 cm-1 to carboxylate stretching modes. 
Sharma, Mathur, and BiswasZ6 have assigned the bands 
at  3333, 3291, and 3181 cm-I to N-H stretching vibra- 
tions and suggest that the reduction in frequency of 
these bands compared with those for &alanine can be 
taken as evidence of the covalent nature of the Ni-N 
bond. In this work, tentative assignments for the 
spectrum of Ni(NHzCHzCH~C02)2.2H20 have been 
made by comparison with those for the bis(g1ycinato)- 
nickel(I1) dihydrate and bis(a-alaninato)nickel(II) 
trihydrate complexes. 27 

A comparison of the infrared spectra of the two 
series of deprotonated species with those of the corre- 
sponding parent compounds reveals certain important 
differences which are character is ti^^^^^ of proton ab- 
straction from a coordinated amino nitrogen atom. Of 
particular interest is the effect of deprotonation on the 
metal-nitrogen stretching frequency. This vibra- 
tional mode has been assigned in bis(glycinato)nickel(II) 
and in bis(6-alaninato)nickel(II) to the bands a t  435 
and 366 cm-l, respectively. The same vibrations ap- 
pear in the spectra of the deprotonated complexes a t  
higher frequencies. Such shifts are indicative7 of a 
transfer, in the direction of the metal, of charge re- 
maining on the coordinated amino nitrogen after re- 
moval of a proton. In the case of the nickel-glycine 
derivatives these increases in the energy of the Ni-N 

2H20. 
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(25) R. A. Condrateand K. Nakamoto, J .  Chem. P h y s . ,  42, 2590 (1965). 
(26) V. S. Sharma, H. B. Mathur, and A. B. Biswas, S p ~ c l r o c h i r n .  A d a ,  

(27) D. Segnini, c. Curran, and J. V. Quagliano, ibid., 16, 540 (1960). 

C h e m .  Soc., 77, 211 (1955). 

Quagliano, ibid., 80, 5018 (1958). 

17, 895 (1961). 



1014 H. D. SMITH, JR., MARTIN A. ROBINSON, AND S. PAPETTI Inorganic Chemistry 

vibrations are considerably larger than those observed 
during the successive deprotonation of either [Rh- 
(en)3]13’ or [Pt(bipy)(en)]12.16 

The NH:! vibrational modes are also affected by de- 
protonation. The NH2 stretching and bending vibra- 
tions either disappear in the spectra of the singly de- 
protonated species or are reduced in intensity. As for 
the doubly deprotonated complexes, KNi(NHCH2- 
C 0 2 ) ~  and K2Ni(NHCH2CH2C02)2, since neither of 
these contain the amino group, no bands characteris- 
tic of NH2 vibrations should be observed. Most prob- 
ably, the intense bands between 3150 and 3350 cm-l 
are due to crystal-field splitting of the N-H stretching 
mode. In the case of K2Ni(NHCH2C02)2 this vibra- 
tion appears as a doublet, and in the case of K*Ni(NH- 
CH&HsC02)2, as a triplet. 

The Ni-0 stretching mode in Ni(NH2CHzCOz)2 has 
been assigned empirically by NakamotoZ5 to a band at 
280 cm-l, but there is some doubt as to whether the 
corresponding band a t  28.5 cm-l in bis(p-a1aninato)- 
nickel(I1) could also be assigned to this vibrational 
mode, especially since analogous bands are not ob- 
served in the spectrum of either KNi(NHCHzCH2- 
C02)(NH&HzCH3C02) or K2Ni(NHCH2CH2C02)2. 
Possibly deprotonation of these complexes causes a 
reduction in the covalent character of the Ni-0 bonds, 
and the v(Ki-0) vibrations are shifted to much 

lower frequencies in the deprotonated complexes. A 
similar conclusion can be drawn from the frequency 
shifts of the carboxylate stretching modes. 

The asymmetric and symmetric COO stretching 
vibrations are normally very susceptible to the effects 
of coordination and intermolecular interaction, 28 and 
Nakamoto, et aZ.,I4 have suggested that whenever there 
is a decrease in the covalent character of the Ki-0 
bonds, there is a corresponding decrease in the fre- 
quency separation of the two COO stretching modes. 
In the spectra of KNi(NHCH2CH2C02) (NH2CH2- 
CH2C02) and KzNi(NHCH2CH2C02)2, the COO asym- 
metric stretch appears at a lower frequency, and the 
COO symmetric stretch at a higher frequency, than 
in the parent Ni(h”2CH2CH2C02)2. This is consistent 
with a weakening of the Ni-0 bond with successive 
deprotonation. A similar weakening of the Ni-0 
bond is not unequivocably confirmed in the case of the 
nickel-glycine derivatives, however, where only the 
asymmetric COO stretching frequency shifts in the 
expected direction. 
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Somc nickcl(I1) and cobalt(I1) salts have been found to react readily with 1,2-bk(mercapto)-o-carborane in the presence of 
stabilizing phosphorous ligands or the tetraethylammonium cation to yield square-planar R/IS2P2 and MS4%- complexes. 
Electronic spectra of the nickel complexes are discussed. 

Introduction 
In  a previous communication we reported the syn- 

thesis of four-coordinate nickel(I1) complexes of 1,2- 
bis(dipheny1phosphino)-o-carborane and B-bromo-o- 
carboranes. Ligand-exchange data suggested that the 
order of stability of theseries described was [( (C&)2P)2- 
B~oH~oCzlNiClz < [((C~H~)PP)~BIOH~~C~I~?\~~CI~ < [((CF 
H&P)&oH&C2 12NiC12 < [((CsH&P) BloH&rG 12- 

NiC12 < [((CsHs)zP)zBloH,Br3C2]2NiC12. This order is 
probably a consequence of increased T bonding be- 
tween phosphorus and nickel due to an increase in the 
electronegativity of the borane system with increased 
halogen substitution. It is also conceivable that the 

(1) For the first paper in this series see H. D. Smith, Jr., J .  A m .  Chem. Soc., 
87 1817 (1965) 

observed stability is a result of electron delocalization 
of a pseudo-aromatic nature involving the -1I-P- 
carborane-P- cyclic system. 

Gray and co-workers have reported the electronic 
structures of stable square-planar complexes of various 
transition metals with bidentate sulfur ligands capable 
of extensive B delocalization. The recent synthesis 
of 1 ~2-bis(mercapto)-o-carborane provides a potential 
bidentate sulfur ligand comparable to both the phos- 
phino carboranes and the sulfur ligands of Gray, P t  al. 
It was of interest to attempt to prepare complexes 
utilizing 1,2-bis(mercapto)-o-carborane as the chelating 
ligand and examine the chemical properties and elec- 
tronic spectra in order to obtain information on the 

~ (2) H. B. Gray, Progi.. 2‘raasilio?z J I e t d  Chem.,  1, 240 (1QB5). 




