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Figure 1. CD spectra of the P',P2-bidentate Co(NH3)4PPS enantiomers 
3 and 4 generated from the a,/3-bidentate Co(NHj)4ADPaS a-P epimers. 

dissection of the P'.P^bidentate M111PPS units from the nu-
cleotide-bearing metal complexes can be potentially accomplished 
by enzymatic cleavage or by an oxidation-elimination sequence. 
In this communication, the feasibility of this approach is dem
onstrated through the successful synthesis of and stereochemical 
assignments to the enantiomers of both P',P2-bidentate Co111PPS 
and P',P2-bidentate Cr111PPS. 

The a,/3-bidentate Co(NH3),,ADPaS a-P epimers6 in a mixture 
(10 mL, 16.5 mM, pH 5) were separated by chromatography on 
a cycloheptaamylose column (1.5 X 45 cm) by using 10 mM 
K+MES (pH 5.9, 4 0C) as eluant. Solutions containing the 
individual diastereomers, after concentrating in vacuo to 6 mM 
and adjusting the pH to 7, were treated with 1 equiv of NaIO4 
for 5 min and then with 8 equiv of mercaptoethanol for 5 min 
to affect oxidative cleavage of the ribose moiety. Liberation of 
the separate thiopyrophosphate metal complexes by ̂ -elimination 
was then accomplished by treatment with 0.3 M aniline hydro
chloride (pH 5). Product purification was carried out on a 
Dowex-50 (H+) column with water as the eluant. The spectro
scopic properties of the Co(NH3)4PPS enantiomers obtained by 
use of this sequence in yields of ca. 20% are consistent with those 
expected Xn̂ x 520 nm; 31P NMR (downfield from 0.1 M D3PO4) 
+50.6 (d) and +2.0 ppm (d), J = 24.6 Hz). The CD spectra of 
these enantiomers, shown in Figure 1, bear a mirror image re
lationship and differ from those of the precursor Co(NHs)4ADPaS 
diastereomers6 by a 3-fold reduction in ellipticity at the 525-nm 
Xn̂ , and the appearance of a strong Cotton effect below 350 nm. 
Finally, solutions of the individual enantiomers stored at pH 4 
and 4 0C for several days showed no loss of optical activity. 

The applicability of the above-described oxidation-elimination 
sequence for affecting transformation of the base-labile and 
paramagnetic a,/3-bidentate Cr(H2O)4ADPaS to the corre
sponding P\P2-bidentate Cr(H2O)4PPS complexes was first tested 
by use of the diamagnetic complex a,/3-bidentate Rh-
(H2O)4ADP.7'8 The structure and purity of P',P2-bidentate 
Rh(H2O)4PP generated in this way were determined by 31P NMR 
techniques.7 Following this successful demonstration, the pro
cedure outlined above, modified only at the oxidative cleavage 
step,9 furnished the separate P',P2-bidentate Cr(H2O)4PPS en
antiomers from pure a,/3-bidentate Cr(H2O)4ADPaS diastereo
mers.6 In this case, the CD spectrum of the enantiomer derived 
from the A diastereomer precursor displays a positive Cotton effect 
at 610 nm (B = +100 deg cm2/dmol) while that coming from the 
A diastereomer shows a negative Cotton effect of the same 
wavelength and intensity. 

The availability of the pure Co111PPS and Cr111PPS enantiomers 
will in future studies allow us to make configurational assignments 
at the thiophosphoryl centers of bidentate Cr(III) or Co(III) 
complexes of ATP7S and ADP/8S as well as to probe the ste-

(7) Lin, I.; Knight, W. B.; Ting, S.-J.; Dunaway-Mariano, D. Inorg. Chem. 
1984, 23, 988. 

(8) Like Cr(H2O)4ADPaS, Rh(H2O)4ADP is sensitive to base-catalyzed 
ligand exchange. 

(9) The oxidations of the Cr(H2O)4ADPaS and Rh(H2O)4ADP were both 
carried out at pH 6 rather than 7. 
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reospecificity of enzymes which in vivo process MgPP. 
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Indirect electrooxidation using mediators makes it possible to 
achieve the oxidation of organic compounds with a catalytic 
amount of chemical oxidizing agent (mediator).2 Electrooxidation 
of amines to nitriles has been developed using direct oxidation3a_d 

as well as using nitroxyl radical38 as the mediator. This report 
describes oxidation of amines 1 to nitriles 2 by electrooxidation 
using halogen ions as mediators (Scheme I). 

In a typical procedure, a solution of octylamine (517 mg, 4 
mmol) in methanol (30 mL) containing NaBr (618 mg, 6 mmol) 
was placed in a cell equipped with a carbon rod cathode (8 mm 
0) and a platinum anode (2X2 cm). The distance between two 
electrodes was 3 mm and no diaphragm was used. A constant 
current (0.3 A, 75 mA/cm2, terminal voltage 5-7 V) was passed 
through the cell at about 10 0C with external cooling. After 8.6 
F/mol of electricity was passed, the yield (95%) of heptyl cyanide 
was determined by GLC method. Then, solvent was evaporated 
in vacuo at room temperature, and the residue was poured into 
water. The product, heptyl cyanide, was extracted with CH2Cl2 
and isolated by bulb-to-bulb distillation (400 mg, 3.20 mmol, 
80%).4 The reaction conditions and the yields of nitriles are 
summarized in Table I. 

The yields of heptyl cyanide from octylamine were satisfactory 
when bromides were used as the supporting electrolyte (KBr, 76%; 
LiBr-H2O, 73%; Et4NBr, 95%), whereas the use of KI or NaCl 
gave poor results (KI, 28%; NaCl, 26%),5 and using Et4NOTs 
did not afford the corresponding nitrile.5 

The reaction pathway for the formation of nitriles from amines 
could be described as Scheme II. The reaction of oxidized active 
species "Br+" (3)6 with 1 in the presence of bases7 formed by 
cathodic reaction will yield bromoamines 4 as the first interme
diates, which are then converted to imines 5 through dehydro-
bromination. The intermediates 5 will again react with 3 to yield 
nitriles 2. 

The formation of adiponitrile from 1,2-diaminocyclohexane 
(Table I, entry 8) requires carbon-carbon bond fission between 
two carbon atoms bearing the amino groups. Several mechanisms 

(1) Electroorganic Chemistry. 87. 
(2) For example, see: Shono, T. Tetrahedron 1984, 40, 811. 
(3) (a) Barnes, K. K.; Mann, C. K. / . Org. Chem. 1967, 32, 1474. (b) 

Hampson, N. A.; Lee, J. B.; MacDonald, K. I. Electrochim. Acta 1972, 17, 
921. (c) Blackham, A. U.; Kurak, S.; Palmer, J. L. J. Electrochem. Soc. 1975, 
122, 1081. (d) Feldhues, U.; Schafer, H. J. Synthesis 1982, 145. (e) Sem-
melhack, M. F.; Schmid, C. R. J. Am. Chem. Soc. 1983, 105, 6732. 

(4) IR (neat) 2250 cm"1; NMR (CCl4) S 0.90 (t, 3 H, J = 4 Hz), 
1.00-1.93 (m, 10 H), 2.27 ( t , 2 H , / » 6 Hz). The purity of the distillate 
was more than 97% based on its NMR and GLC analyses. 

(5) The amine was almost consumed, and formation of a variety of un
identified high-boiling products was observed by GLC. 

(6) "Br+" denotes the positive bromine species anodically generated from 
bromide anion. 

(7) For examples of electrogenerated base, see: (a) Baizer, M. M.; 
Chruma, J. L.; White, D. A. Tetrahedron Lett. 1973, 5209. (b) Allen, P. M.; 
Hess, U.; Foote, C. S. Synth. Commun. 1982, 12, 123. (c) Iversen, P. E.; 
Lund, H. Tetrahedron Lett. 1969, 3523. (d) Shono, T.; Kashimura, S.; 
Ishizaki, K.; Ishige, O. Chem. Lett. 1983, 1311. (e) Shono, T.; Kashimura, 
S.; Nogusa, H. / . Org. Chem. 1984, 49, 2043. 
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Registry No. octylamine, 111-86-4; hexylamine, 111-26-2; benzene-
methanamine, 100-46-9; benzenepropanamine, 2038-57-5; benzene-
butanamine, 13214-66-9; 4-methylbenzenemethanamine, 104-84-7; 1,3-
benzodioxole-5-methanamine, 2620-50-0; 1,2-cyclohexanediamine, 694-
83-7; phenylalanine, 63-91-2; octanenitrile, 124-12-9; hexanenitrile, 
628-73-9; benzonitrile, 100-47-0; benzenepropanenitrile, 645-59-0; ben-
zenebutanenitrile, 2046-18-6; 4-methylbenzonitrile, 104-85-8; 1,3-
benzodioxole-5-carbonitrile, 4421-09-4; adiponitrile, 111-69-3; phenyl-
acetonitrile, 140-29-4. 
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Table I. Electrooxidation of Amines to Nitriles" 

entry 

electricity 
passed, 
F/mol 

yield of 
nitriles, 

1 
2 
3 
4 
5 
6 

7 

8 

9 

CH3(CH2)7NH2 

CH3(CHj)5NH2 

Ph(CH2)„NH2, n = 1 
n = 3 
n = 4 

P-CH3C6H4CH2NH2 

<:xrc,A 
^ y N H 2 

^ ^ N H 2 

PhCH2C(NH2)HCO2H 

8.6 
8.6 
7.0 
8.7 
8.7 
8.4 

6.4 

8.4 

5.7 

80 (95)' 
79 (90)' 
50 
81 
82 
64 

81 

60* 

80' 
0CH3OH (30 mL)-NaBr (6 mmol)-amine (4 mmol). * Isolated 

yield. 'Determined by GLC. ''Adiponitrile. 'Phenylacetonitrile. 

are possible; a plausible route is exhibited in Scheme III . 
The intermediary formation of imines 5 was supported by the 

observation that the oxidation of a-amino acid esters 7 and 8 gave 
the imine derivatives 98 (80%) and 10 (67%), respectively (eq 1). 

(CH9) / L n 2 ' n 

^ A -2e 
-*• ^N^^rrurn, nr \ K ^ "CO9CH' '2^-n^ (1) 

n=2 

n=3 

9 80 % 

(after t F/mol) 

10 67 % 

(after 5 F/mol) 

The electrooxidation of phenylalanine under our reaction 
conditions gave phenylacetonitrile (80%). Similar results were 
obtained with the corresponding methyl ester (76% yield of 
phenylacetonitrile). 

Acknowledgment. Thanks the Ministry of Education, Science, 
and Culture, Japan, for a Grant-in-Aid for Special Project Re
search (1) (No. 57118003 and 58110003). 

(8) Poisel, H.; Schmidt, U. Chem. Ber. 1975, 108, 2547. 

The well-know insertion of alkenes into metal-alkyl bonds is 
central to many transition-metal-catalyzed reactions. Nevertheless, 
there are extremely few cases where observation of the key C - C 
bond-forming step (eq 1) is possible in a structurally and kinetically 

L 

M(alkene)R + L M — C- - R - I - I M — C -

(D 

well-defined way. A number of examples of isolable, or at least 
spectroscopically detectable, L„M(alkene)R complexes of essen
tially cis configuration are extant,1 but in only one highly con-
trained caselk is any insertion2 reaction observed.3 In contrast, 
examples of insertions arising from reaction mixtures whose in
termediate components are structurally ill-defined are myriad.4 

The absence of a detailed understanding of this important reaction 
represents a gap in our knowledge of organometallic reactivity. 

We wish to report the preparation and thermal rearrangement 
of a chelated (2,2-dimethyl-4-penten-l-yl)platinum complex 
wherein we have been able to observe a reversible alkene insertion 
into the Pt-alkyl bond. This organic ligand exhibits unusual 
thermal stability. Still, we believe its chelate complexes are likely 
to be relatively unstrained and flexible. Thus, it and its structural 
varients are likely to afford us the opportunity to carry out detailed 
structure-reactivity studies of the important M(alkene)alkyl in
sertion-elimination reaction in a variety of metal systems. 

Complex 1 (as the BF4" salt), a stable solid, is readily prepared 
by treatment of 25 with AgBF4 in acetone (eq 2).8 Treatment 

(1) (a) Lehmkuhl, H.; et al. J. Organomet. Chem. 1982, 228, C1-C3. (b) 
Oliver, A. J.; Graham, W. A. G. Inorg. Chem. 1971, 10, 1165-1169. (c) 
Green, M. L. H. Pure Appl. Chem. 1978, 50, 27-35. (d) Schrock, R. R.; 
Sharp, P. R. / . Am. Chem. Soc. 1978, 100, 2389-2399. (e) Werner, H.; 
Werner, R. J. Organomet. Chem. 1979, 174, C63-C66. (f) Schubert, U.; et 
al. Angew. Chem., Int. Ed. Engl. 1980, 19, 809-810. (g) Clark, H. C; 
Jablonski, C. R.; Von Werner, K. J. Organomet. Chem. 1974, 82, C51-C52. 
(h) Bennett, M. A.; Chee, H.-K.; Jeffery, J. C. Inorg. Chem. 1979, 18, 
1071-1076. (i) Benn, R. J. Organomet. Chem. 1982, 238, C27-C30 and 
references therein, (j) Lehmkuhl, H.; Tsien, Y. L.; Janssen, E.; Mynott, R. 
Chem. Ber. 1983, 116, 2425-2436. (k) Coulson, D. R. / . Am. Chem. Soc. 
1969, 91, 200-202. 

(2) For simplicity, in this paper we will use the term "insertion" to mean 
formal insertion, or the formation M-C-C-R from a M(alkene)R complex, 
regardless of the mechanism. 

(3) Probably the best defined example of a reversible alkene insertion is 
that wherein (C;Me5)2MMe (M = Yb, Lu) is reported to react cleanly with 
propene to yield the isobutylmetal derivative (Watson, P. L. J. Am. Chem. 
Soc. 1982,104, 337-339). Labeling experiments indicate that the insertion 
is reversible (Watson, P. L.; Roe, D. C. J. Am. Chem. Soc, 1982, 104, 
6471-6473). As expected for a d0 complex, the presumed M(alkene)R in
termediate cannot be observed. 

(4) For example: (a) Chien, J. C. W., Ed. "Coordination Polymerization"; 
Academic Press: New York, 1975. (b) Boor, J. "Ziegler-Natta Catalysis and 
Polymerizations"; Academic Press: New York, 1979. (c) Heck, R. F. Adv. 
Catal. 1977, 26, 323-349. 
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