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Appendix 
Let 

Tm be the abundance of then  + 1 peak in the monoisotopic 
compound containing only C12 

Hn is the abundance of the fragments in the synthetic 
labeled compound 

X,, and Y,, are parts of a given fragment derived and not 
derived from the labeled position and calculated as indi- 
cated in Appendix of the previous investigation.l 

We wish to find : H ' n  as the abundance of the n + 1 
fragment in a mass region of j carbon atoms not 
containing any natural Cla and (L - N ) C 1 3  in the 
central portion. This is the synthetic mass spec- 
trum Hn corrected for natural (3'3.  H n "  is the com- 
pound H'n with 100% C13 enrichment in the labeled 
position, 

Xn + Yn = Tn ( 1 )  
Xm-1 + Ym = Hun (2) 
subtracting 2 from 1 
Xm - X c l  Tn - Hun (3) 
since for j = 1 we can derive that 

Substituting for Y and Y - 1 from eq. 1 we obtain 

Rearranging and substituting from eq. 3 for ( X n  - 

Assuming no isotope effects, we can write 

Hn Xn(1 - L)  + Xn-I L + Y ( l  - N )  + Yn-IN 

Hm = Xn(N - L) + Xn-l(L - N )  + Tn(1 - N )  $. T-1N 

X n  - 1) 
Hn = (Tn - H'n)(L - N )  + Tn(l - N )  + Tn-lN (4) 
Since a partially labeled compound can be consid- 
ered a mixture of Sn and fZ"n we have 
HIn = H"n(L - N )  $. Tn(1 - L - N )  (H'n - Tn) 

( L  - N )  + Tn (5) 
Substituting this equation into 4 

H, = (HI" - Tn)  + Tn(1 - N)Tn-IN or 
H'n = Hn + N(Ta - Tn-I) 

For j = 2 we derived 
Hn - Xn-&L + Xn-I[N(l - L) + L(1 - N)1 + 

Xn(1 - N ) ( 1  - L) + Y - N  + Yn-12N(1 - N )  + 
Yn(l - N)* 

Substituting as before for Y1, Y - 1 and Y - 2 
from eq. 1 and regrouping 
Hn = ( L  - N ) [ ( X n  - Xm-I)(N - 1 )  f (Xn-1 - Xm-9) 

( - N ) ]  4- Tn-nNa 4- Tn-lSN(N - 1) + Tn(1 - N)* 
Then by eq. 3 
Hm = (L - N ) [ ( T n  - H"n)(N - 1) + (Tn-I - H"n-I) 

( - N ) ]  + Tn-zN' + T-i2N(N - 1 )  + Tm(1 - N)' 
and by using eq. 4, we obtain 

1 HIn = - - N [Hn - "'n-I - Tn-PN' - Tn-IN 

( 1  - 2N) + TnN(1 - N ) ]  
Similarly for j = 3 

1 HI,, = ~ ( 1  - N)s  IHn - H'n-12N(1 - N )  - H'n-&' - 
Tn-JP - Tn-JV' (2 - 3N) - TWIN(1 - 3N) 

( 1  - N )  + TnN(1 - N)'] 

and j = 4 
1 HI,, = ~ ( 1  - N ) a  [Hn - H'm-i3N(I - N)' - H'm-2.3N' 

( 1  - N )  - H'.-sN' + TnN(1 - N)' - Tn-lN(1 - 
N)'(l - 4N) - Tn-2Nz ( 1  - N ) ( 3  - 6 N )  - Tw-oNa 

(3 - 4 N )  - Tn-4N4] 
However, of N << 1 we can approximate 1/(1 - 
N) -+ 1 + N, 1/(1 - N)2 as 1 + 2N and eliminat- 
ing all powers of N ,  these equations are reduced to 

HIn = H, + N ( T ,  - Tn-i) + ( j  - 1)N(Hn - H'n-1)  
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Gilman and Webb' studied the metallation of 
anisole and thioanisole by butyllithium and found 
that anisole undergoes nuclear metallation while, 
under the same conditions, thioanisole undergoes 
lateral metallation. The hydrogen atoms of the 
methyl group in thioanisole are thus more labile 
than those in anisole. We recently showed2 that 
the methylene group in an arylmercaptoacetic acid 
is more reactive than that in an aryloxyacetic acid. 
We suggested3 that the greater reactivity of the 
methyl group in thioanisole and of the methylene 
group in arylmercaptoacetic acids might be due to 
the ability of sulfur to expand its valence shell 
through hyperconjugation. In an attempt to find 
if this view can be substantiated by further evidence 
the apparent dissociation constants of p-methyl-, 
p-ethyl- and p-isopropylmercaptobenzoic acids were 
determined. The ~ K A  values of these three acids 
are 5.80,4 5.71 and 5.66, respectiyely, at  32'. The 
dissociation constant thus increases in the order: 
isopropyl > ethyl > methyl. Considering the in- 
ductive and resonance effect of the alkylmercapto 
group, the order should be reversed. The observed 
order may be explained by hypercon jugation in- 
volving the expansion of the valence shell of sulfur. 
In the case of p-methylmercaptobenzoic acid the 
hyperconjugative effect is highest due to the contri- 
bution of the structures 

H - C = S = = D < o H  H +  0- 

I * *  - 
H 

The number of such structures progressively de- 
creases to 2 and l in p-ethyl- and p-isopropylmer- 
captobenzoic acids, thus increasing their ability to 
dissociate in the same order. 

(1) H. Cilman and F. J. Webb, J .  Am. Chem. SOC., 62, 987 (1940) 
12) V. Baliah and R. Varadachari, Current Sci.,  23, I9 (1954). 
(8 )  V. Baliah and R. Varadachari, J .  Ind. Chsm. SOC., Si, 666 

(1954). 
(4) F. J. Bordwell and G. D. Cooper ( J .  Am. Chem. SOC., '74, 1058 

(1962)) obtained 8 value of 5.74 at 2S0. 
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Experimental 
Preparation of Materials. p-Methylmercaptobenzoic 

Acid.-p-Aminobensoic acid (17 g.) was diazotized with 
sodium nitrite (15 9.) aiid hydrochloric acid (50 ml.) under 
the usual conditions. The resulting diazonium salt solution 
was poured into a hot (70") freshly prepared solution of po- 
tassium ethyl xanthate (20 g. in 200 ml. of water) containing 
sodium carbonate (50 g.) to neutralize the acid in the diazo- 
nium salt solution. After the brisk evolution of gases had 
subsided, the mixture was treated with sodium hydroxide 
solution (5 g. in 50 ml. of water) and dimethyl sulfate (15.8 
g.) and refluxed for 5 hr. On cooling and acidifying with 
hydrochloric acid, the crude p-methylmercaptobenzoic acid 
separated; yield 16.8 g. (80%). This on recrystallization 
from ethanol melted a t  189-190". Gattermann6 who pre- 
pared this acid by oxidizing p-methylmercaptobenzaldehyde 
reports the same melting point. 

p-Ethylmercaptobenzoic Acid.-Thie was prepared by 
the method of Donleavy and English.6 

p-Isopropylmercaptobenzoic Acid.-The method used 
for its preparation was the same as that for p-methyl- 
mercaptobenzoic acid, except isopropyl bromide was sub- 
stituted for dimethyl sulfate. The yield was almost quanti- 
tative. After a number of recrystallizations from methanol, 
the acid melted a t  155-156'. 

Anal. Calcd. for CIOHIZOZS: C, 61.2; H, 6.1.  Found: 
C, 61.4; H, 5.8.  

Determination of Acidity Constants of the Acids.-0.001 
Af solutions of the acids were prepared in 1 : 1 ethanol-water, 
free from carbon dioxide. In each case a known volume 
of the solution was neutralized to the extent of 20, 40, 50 
and 60% by using carbonate-free sodium hydroxide solution 
(0.001 M ) .  The 
pH of the solution a t  32' was determined by means of a 
Cambridge pH meter using the Morton glass electrode. 
The ~ K A  values were caIculated from the Henderson equa- 
tion' and are the average of four determinations a t  20, 40, 
50 and 60% neutralization; the spread in ~ K A  for any acid 
did not exceed by 0.04. 

The mixture was made up to 100 ml. 

(5) von L. Gattermann, Ann., 393, 226 (1912). 
(6) J. J. Donleavy and J. English, J .  Am.  Chem. SOL, 62, 220 

(7) S. Glasstone, "Textbook of Physical Chemistry," 2nd ed., D. 
(1940). 

Van Nostrand Co., Inc., New York. N. Y.,  1947, p. 1003. 

INFRARED SPECTRA OF METALLIC 
COMPLEXES. 111. THE INFRARED 
SPECTRA OF METALLIC OXALATES 

BY JUNNOSUKE FUJITA, KAZUO NAKAMOTO AND MASAHISA 
KOBAYASHI 

Department of Chemistry, Osaka University, Osaka, Japan 
Received December 8 ,  1966 

In  the first paper of this series,l we have studied 
the effect of coordination on the infrared spectra of 
typical metallic complexes of non-chelated ligands 
such as ammine, rhodanato and azido complexes. 

Some work has been reported on complexes with 
chelated ligands2-'; however, most of the bands 
observed are difficult to assign because of the com- 
plicated structures of the molecules. As a conse- 
quence, discussions have been limited to a few 
bands which are relatively sensitive to the kinds of 
metals. For example, Bellamy and Branch4 could 

(1) J. Fujita, K. Nakamoto and M. Kobayashi, J .  Am.  Chem. SOC.,  
78, 3295 (1956). 

(2) F. Douville, C. Duval and J. Lecomte, Compt. rend., 212, 697 
(1941). 

(3) J. Leaomte, Disc. Faraday Soc., 9, 125 (1950). 
(4) L. J. Bellamy and R. F. Branch, J .  Chem. Soc., 4487 (1954). 
(5) K. Ueno and A. E. Martell, THIS JOURNAL, 69, 998 (1955). 
(6) T. R. Harkins, J. L. Walter, 0. E. Harris and H. Freiser, J .  Am.  

(7) R. G. Charles, H. Freiser, R. Friedel, L. E. Hilliard and W. D. 
Chem. SOC., 78 ,  260 (1956). 

Johnston, Spectrochim. Acto, 8, 1 (1956). 

correlate the stability of metal salicylaldehyde only 
with the shift of the C=O stretching frequency. 

It is anticipated that, as the metal-ligand bond 
becomes stronger, all the fundamentals of the li- 
gand should be shifted progressively to higher or 
lower frequencies depending upon their modes of 
vibration. Therefore we studied the infrared 
spectra of metallic oxalates since the structure of 
the oxalate ion is simple, and the assignment of the 
oxalate ion fundamentals based on the F.G method* 
is available. In  the present paper, we will discuss 
the relation between the strength of the M-0 bond 
and the direction and magnitude of the shift of each 
fundamental of the metallic oxalates. Although 
the infrared spectra of many oxalates already have 
been measured by Douville, et u Z . , ~  their experi- 
mental results are different from ours, and, more- 
over, no discussion was given on the relation be- 
tween the stability and the band shift. 

Experimental 
The oxalates of Ala+, Cos+, Crsf ,  Fe8f,8 CuZf,lo CoZ+,*l 

and Ni2 +,I2 were prepared according to the literature. 
Measurements of infrared spectra were made by a Perkin- 

Elmer Model 21 double beam infrared spectrophotometer 
using NaCl and KBr prisms. The Nujol mull technique 
was employed. 

Discussion 
The X-ray analysis of sodium oxalateI3 indicates 

that the oxalate ion is planar and the interatomic 
distances and angles are 

Although the angles of C-(2-01 and C-(2-011 are 
not equal, this might be due to the error of the X- 
ray analysis. Thus we assume that the ion has V h  
symmetry, On the other hand, the X-ray data of 
K[Cr O X ~ ( H ~ O ) ~ ] . ~ H ~ O ~ ~  give the dimensions 

TABLE I 
CLASSIFICATION OF THE 12 FUNDAMENTALS IN OXALATE ION 

3 ag (R) 3 al (R, I R )  u(C-O), v(C-C), sym S(0- 

1 a, (inactive) 1 a2 (R) Out-of-plane 
2 b1g (R) 2 bl (R, I R )  v(C-O), asym. S(C-C-0) 
1 bl, (IR) 1 b2 (R, I R )  Out-of-plane 
1 bzg (R)  1 a2 (R) Out-of-plane 
2 bZU (IR) 2 al (R,  I R )  v(C-0), sym. S(C-C-0) 

2 b3" (IR) 2 bl (R, I R )  v(C-O), asym. S(0-C-0) 
G. Hereber!; 

"Infrared and Raman Spectra of Polyatomic Molecules, 
D. Van Nostrand Co., Inc., New York, N.Y., 1049, p. 331. 

Vb' C P V O  Assignmentb in C P ,  

c-0)  

0 bsg (R) 0 bz (R, IR)  

a R, Raman active; IR,  infrared active. 

(8) H. Murata and K.  Kawai, J .  Chem. Phys., 26, 589 (1956); 

(9) "Inorganic Syntheses," Vol. I, 1939, pp. 36, 37. 
(10) M. SchBfer, 2. anorg. Chem., 46 ,  301 (1905). 
(11) C. Winkelhlech, Ann.,  18, 167 (1835). 
(12) W. Deakin, Z .  physil .  Chsm., 69, 129 (1909). 
(13) G. A. Jeffrey and G. S. Parry, J .  A m .  Chem. Soc., 76 ,  5283 

(14) J. N. van Nikerk and F. R. L. Schoening, Acta Cryat., 4, 36 

H. Murata, K. Kawai and J. Fujita, $bid., 86, 796 (1956). 
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