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TABLE I 

JVCH or 

PROTON NMR DATA FOR POLYCYCLIC PHOSPHORUS COMPOUNDS“ 

Compoiind .IPQ(:II 6(CHa) fi(CH3 Solvent 

P(CHz0)3CCH3 (1) 8 .0  l . 2 3  4.30 CCla 
SP( CHz0)3CCHa (11) 5.6 1.40 4.49 (CH8)zCO 
OP(CHzO):iCCH3 (111) 7 . 3  1.43 4.40 CDCls 
P(CHzO)3CHb (IV) 8 . 5  4.33 cc14 
SP(CH20)iCHb (V) 5 . 3  4.46 CDCIs 
OP(CHz0)3CHb (VI) 7 .4  4.42 CDCli 
Fe( COM I)  . . . O  1.40 4.48 CCL 
Fe(CO)dI)2 . . .C 1.42 4.49 CHzClz 
Ni( CO)S( I ) p d  1.8 1.34 4.38 CHzClz 
(1)BHi 0 . 8  1.13 4.46 CDC13 
SP( OCHz)sC( CH2)4CH3 7 . 2  . . . e  4.47 CDCla 
OP( OCHs)gC( CHz)4CHs 6 .6  . . . e  4.49 CDCli 
P( OCH2)3CCH3’ 2 0.72 3.93 CDC13 
SP( OCH2)aCCHJ 7 0.87 4 .48  CDCla 
OP( OCH2)3CCH3’ 6 0.90 4 .48  CDCls 
Fe( CO)4( P( OCH2)aCCHs)’J 5 .1  0.90 4.48 (CH3)zCO 
Fe( eo),( P( OCHZ)~CCHS)ZQ 5 .0  0.85 4 .35  ( CHI)&O 
Ni( CO)z( P( OCH2):iCCH3)2‘J 4 . 0  0.74 4.10 CDCls 
(CH3C( CH20)iP)BHah 4 .2  0.80 4.30 CDiCN 

a J and 6 values are in Hz and ppm, respectively. The 
methine proton resonance appears a t  5.32, 5.67, and 5.54 ppm in 
IV, V, and VI, respectively. No coupling observed. * In- 
stability of the tri- and tetrasubstituted nickel(0) complexes 
prevented observance of their nmr spectra. e Complex multiplet 
in the regions 1.54-0.61 and 1.40-0.72 ppm in the 1-oxo and 1- 
sulfo derivatives, respectively. J. G. Verkade and R. W. King, 
Inorg. Chem., 1, 948 (1962). The values for JPQCH in the chal- 
cogenides in this reference are reversed but are given correctly in 
this table. 0 J. G. T’erkade, R. E. McCarley, D. G. Hendricker, 
and R. W. King, ibid., 4, 228 (1965). J. G. Verkade, R. W. 
King, and C. W. Heitsch, ibid., 3, 884 (1964). 

either positive or negative, the signs in I and IV are 
positive and those in their respective chalcogenides are 
negative provided the arguments of Manatt, et a1.,2 
apply. As the s character in the P-C bond increases, 
positive PCH coupling should become less positive. 
As expected then, JPCH is seen to decrease as the lone- 
pair electrons in I gain p character upon coordination 
and the P-C bonds gain s character. This argument 
can also be used to explain the observation that J p c ~  
in P(CH20H)3 (2.3 Hz)’ more than triples in I. The 
probable decrease in the CPC bond angle in forming the 
bicyclic system would decrease the s character in the 
P-C bonds and thus increase the PCH coupling. 

Experimental evidence has been cited2 which is 
consistent with the contention that as the s character 
in the P-C bond increases, negative PCH coupling 
should become less negative.2 Thus the PCH cou- 
pling values3 in SP(CHS)~ (13.0 Hz) and SP(CH2- 
CH3)3 (11.9 Hz) should be larger in magnitude than 
those in the corresponding phosphine oxides OP(CH3)a 
(13.4 Hz) and O P ( C H Z C H ~ ) ~  (11.3 Hz) if the greater 
electronegativity of oxygen is the predominating in- 
fluence. The unexpected ordering in SP(CHzCH3)3 
and OP(CHZCH3)3 is also seen in I1 and I11 and V and 
VI, respectively, where the relative differences are even 
greater. That  these couplings are reversed by some 
other predominant factor is indicated by the same un- 
expected ordering of POCH coupling constants in 
SP(OCH2) &CH3 and SP (OCH2) 3C( CH2)4CH3 com- 

pared to their 1-oxo derivatives (see Table I) as well 
as in SeP(OCH3)3 (14.1 Hz) and SP(OCH3)3 (13.4 Hz), 
compared to OP(OCHs)s (10.5 H z ) . ~  The POCH 
coupling in phosphate derivatives is concluded to be 
positive in sign,I4 and its magnitude is expected to 
increase as the s character in the P-0 bonds is in- 
creased.6 Thus the unexpected trends in both JPCH 
and J ~ O C H  are perhaps attributable to some as yet un- 
explained effect associated with the a-bonding char- 
acteristics of the chalcogen. 

(14) E. Duval and E. A. C. Lucken, Mol. Phys. ,  10, 499 (1966). 
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Proton resonance data for some carboxylatopentaam- 
mine cobaltic complexes in solution in D20 are given in 
Table I. The complexes were prepared following pub- 
lished methods,2 except that they were isolated as the 
nitrates by the addition of nitric acid to the reaction 
mixtures. The large separations between the broad 
lines of the cis- and tmns-NH3 protons have been dis- 
cussed previ~us ly .~  The values of the coupling con- 
stants in the ligands were found to be similar to those 
found in the free acids4 

In the complexes formed from the monobasic acids, 
the line positions are independent of pH, as expected. 
In  the complexes formed from dibasic acids, only one 
carboxylate group is bonded to the cobalt; the CH line 
positions a t  pH 1, where the free group is COOH, are 
different from those a t  p H  7, where the free group is 
COO-, and at  intermediate pH values the line posi- 
tions (which are weighted averages) depend on the 
proportions of these two groups. It has been found 
previously for free monobasic olefinic carboxylic acids4 
that, on ionization, the T values of =CH and CH3 pro- 
tons in the position fi  to the carboxyl show a marked in- 
crease (since the withdrawal of electrons by COO- is 
less than by COOH) whereas the 7 values of correspond- 
ing protons in the CY position show a smaller increase or 
decrease ; here the effects due to electron redistribu- 
tion may be canceled by changes in long-range shielding. 
Assuming that this criterion applies to these ligands, 
structures can be assigned to the complexes. 

(1) To whom any correspondence should be addressed. 
(2) E. S. Gouldand H. Taube, J. Am. Chem. SOC., 66, 1318 (1964); R. D. 

(3) P. Clifton and L. Prat t ,  Proc. Chem. Soc., 339 (1963). 
(4) L. Prat t  and B. B. Smith, Trans. Faraday Soc., 63, 2858 (1967). 

Butler and H. Taube, ibid., 67, 5597 (1965). 
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TABLE 1 
PROTON RESOSAXCE LINE POSITIOSS FOR OLEFINIC 

CARBOXYLATO LIGASDS I N  PENTAAMZMINE COBALTIC COMPLEXESn’b 

Complex 

trans-Crotonato 

Methacrylatog 

P,P-Dimethpl- 
ncrylaton 

Itaconatog 

Citraconato A 

Citraconato B 

Mesnconato C 

Mesaconato D 

Fumarate" 

Maleatoh 

Structural Proton -Line position, 7d-i- 

formulaC group PH si PH -7*$f 

Ha 4.18 1 
Hp 3.30 1 
CHI 8.20 1 

C H , w H ,  
Hs-OOM 

I 

H-CH, H 
HOOCnCOOY CH3 

4.44 4.59 
3.94 4.08 
6.66 6 .87  

4.11 4 .75  
8 .01  8.06 

4.28 4.09 
8 .01  8 .17  

3.49 3.34 
7.90 8.14 

3.26 3.74 
8 .01  8 .00  

3.21 3.59 
3.46 3.40 

3.56 4.39 
3.88 3.62 

a The S H Q  protons give two broad lines, similar in appearance 
to those illustrated in ref 3, whose positions are approximately 
the same for each complex, with the cis-SH3 a t  7 6.0-6.1 and the 
tralzs-XHa at  T 7.0-7.1. These lines disappear a t  pH 7 as each 
NHI is converted to NDa. The solutions were 0.2-2 M in 
DzO. hI = ColI1(NH~)s; hence, each formula shown repre- 
sents a cation with an over-all charge of +2. At pH 7, the com- 
plexes from dibasic acids, having lost the carboxyl proton, have 
an over-all charge of fl. Line positions were measured rela- 
tive to the methyl line of the internal reference, t-butyl alcohol; 
this line was taken to have 7 8.75% in converting the measured 
positions to the T scale. The errors in the quotedvalues are about 
fO.015. e The line positions have reached constant values by 
pH 7; hence, the free carboxylate groups can be taken as being 
completely ionized. f To check for the absence of appreciable 
hydrolysis during the measurements a t  pH 7, the pH was after- 
ward lowered to 1, when the lines were observed to go back to 
their previous positions; any lines from free acid would have had 
a different pH dependence. g The line assignments for groups 
1 and 2 are assumed to be the same as for the free acids.4 Mea- 
surements a t  intermediate values of pH confirm that the two 
lines cross over and are coincident a t  one pH. R. A. Y .  Jones, 
9. R. Katritzky, J. N. Murrell, and K. Sheppard, J .  Chem. Soc., 
2576 (1962); M. L. H.  Green, J. A. McCleverty, L. Pratt, and 
G. Wilkinson, ibid. ,  4854 (1961); R. J. Abraham and W. A. 
Thomas, ibid. ,  3739 (1964). 

The citraconate product gives two sets of lines which 
are attributed to the two isomeric complexes; they can 
be distinguished by the different intensities of lines in 
the two sets. One isomer (A) can be isolated by re- 
peated recrystallization of the product from water; 

its spectrum a t  a given pH coincides with one of the 
sets of lines a t  the same pH. It was assigned the struc- 
ture shown in the table since, on ionization, the -CH 
proton moves to a considerably higher T value, sug- 
gesting that it is p to the free carboxyl, whereas the 
CH3 proton line moves only slightly, suggesting that it 
is a to the free carboxyl. In  contrast, ionization of 
isomer B makes the =CH line move (to a lesser ex- 
tent) to lower T TT-hile the 7 of the CH3 line increases by 
an amount typical of a @-methyl group in a monobasic 
olefinic acid. 

Similar behavior is found for the mesaconate product; 
again, one isomer (C) could be isolated. With itaconic 
acid, only one isomer could be detected. It is assigned 
the structure with the side chain carboxyl free, since on 
ionization the =CH2 protons move only slightly, 
yet the T of the CH2 group increases by 0.21, about the 
same as is found for the o(-CH2 protons in simple ali- 
phatic carboxylic acids. With the maleato and fuma- 
rat0 complexes, no isomers are possible, but the two 
=CH protons can be distinguished. The changes on 
ionization are similar for both complexes; one proton 
moves to lower T and is assigned as the proton a to the 
free carboxyl, whereas the p proton moves to a greater 
extent in the opposite direction. 

Presumably the isomeric nionodentate complexes 
formed from other dibasic acids could be distinguished 
in a similar manner, once the pH dependence of the 
proton resonance lines of the appropriate simple acids 
mas known. 

Acknowledgment.-We thank the Lancashire County 
Council Education Committee for a maintenance award 
to M. L. 

COSTRIBUTION FROM THE INSTITUTE OF INORGANIC CHEMISTRY, 
USIVERSITY OF WUERZBURG, WUERZBURG, GERMASY 

(Trimethy1arsine)rnethylene 

BY HUBERT SCHMIDBAUR AND WOLFGANG TROSICH 

ReceiEed July 11, 1967 

In  a recent communication1 the preparation and 
properties of (trimethylphosphine)methylene, (CH3)3- 
PCH,, the basic member of the phosphorus ylid series 
have been described. Using a similar synthetic pro- 
cedure, we were now able to isolate the corresponding 
arsenic analog, (trimethy1arsine)methylene (CH,)3- 
AsCHz (I). Though the existence of this compound, 
a t  least in solution and a t  low temperatures, seemed to 
be rather likely, no successful attempt of isolation has 
been documented.2s3 

(1) H. Schmidbaur and W. Tronich, A%gew. Chem.,  79, 412 (1967); 
A9zgew. Chem. Intern. Ed. Epzgl., 5 ,  448 (1967). 

(2) A. W. Johnson, “Ylid Chemistry,” Academic Pi-ess Inc., New York, 
N. Y.,  1966. 

(3) S. 0. Grim and D. Seyferth, Chepn. Ind .  (London), 849 (1959); M. C. 
Henry and G. Wittig, J .  A m ,  Chem. Soc., 82, 563 (1960); D. Seyferth and 
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