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Summary 

The reactions of RCo(BDM1,3pn)(HzO)’ with light, heat, acids, electro- 
phiies and nucleophiles were studied. (HBDM1,3pn is a mononegative, tetra- 
dentate diosime-diimine ligand formed by condensing 2,3-butanedionemonos- 
ime with 1,3-propanediamine in a 2/l molar ratio; R = CH3, C,HS, n-&H,, 
n-C,H9, and C,H,CH2.) Pyrolysis and photolysis of the alkyl compleues result 
in a cobalt(I1) complex (anaerobic conditions) along with alkenes and alkanes. 
The major organic products from solid state pyrolysis at 200°C or photolysis in 
water are CH, (R = CHS), Gb (R = G-H,), CJH, (R = n-C,H,), &Ha (R = n-C4H9) 
and (C,H,CH,), (R = C,H,CH,). No alkyl~obalt bond cleavage occurs with 
acids or bases in most cases. Two exceptions are the reactions with 3 AI HNO1 at 
25°C and with 1 111 NaOH at 52°C. Electrophiles like Iz cleave the alkyl-cobalt 
bond forming RI and Co’n(BDM1,3pn)I,. Nucleophilic reagents (N-) displace 
the Hz0 tram to the alkyl group to form RCo(BDM1,3pn)(N), but do not deal- 
kylate the aikyl complex under the reaction conditions studied. 

Introduction 

Two recent reviews [ 1,2] have summarized the vast amount of chemistry 
of alkylcobalt complexes. Some of the compleses covered in these reports are 
shown in Fig. 1. R is a substituted or unsubstituted alkyl or aryl group; L is a 
variety of monodentate ligands. Of particular interest to this paper are the com- 
pleses of RCo(BDM1,3pn)(H20)’ among which only the methyl complex has 
been extensively studied. An X-ray study of [ CH$o( BDM1,3pn)( H20)]C104 
[ 3 ] demonstrates that the complex consists of a planar array of nitrogen do- 
nors with trans CHI and Hz0 ligands. 

There have been several studies of the reactions of RCo(BDM1,3pn)’ in 
which the alkyl-cobalt bond has been ruptured_ Schrauzer, Sibert and Wind- 
gassen [ 4: studied the homoly tic pyrolytic and photoly tic reactions of 



CH&o(BDhll,3pn)(H20)’ and the &H, analog. Magnuson and Weber [5] re- 
ported on the electrophilic dealhylation of the complexes by Hg’+. The CH3S- 
anion was shown to break the methyl-cobalt bond in CH,Co(BDM1,3pn)(H,O)’ 
with the formation of (CH,)$ [6]. Costa and coworkers (7-91 have studied the 
carbanion donating ability of CH3Cor(BDM1,3pn)-and (CH3)+Zo(BDM1,3pn) 
toward other compleses. Schrauzer and coworkers [ 10,111 have demonstrated 
the reductive cleavage of the methyl-cobalt bond in CH,Co(BDMl,3pn)(H,O)’ 
with diothioerythrital (pH 4.6) and alkaline solutions of CO, Na$,O,, and 
K$ZnO,-3H,O. (HOCH,CH2)Co(BDM1,3pn)(H,0)’ reacts in a basic medium to 
form CH,CHO [12]. Finally, CH,Co(BDMl,Spn)(H,O) alkylates 1,4-naphtho- 
quinone and l/l-benzonquinone at 40-50°C [l-3]. 

We are presently engaged in a study of the alkyl-cobalt bond reactivity in 
a variety of complexes including the dealkylation of RCo(BDMBg)(H,O)’ by 
I-E$’ [5], of (CH&Co(BDM1,3pn) by light and electrophiles [14,15], and of 
RCo(saLBg) by light, heat, nucleopbiles and dectrophiles [ 16,171. In this paper 
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we will discuss the preparation and characterization of RCo(BDM1,3pn)(HzO)’ 
(R = CHx, GHj, n-CJH9, and C,H,CH:) and their reactivity toward light, heat, 
H’, OH-, nucleophiles and electrophiles. 

Experimental 

hlaterials 
The solvents and inorganic compounds were purchased from VWR, Aldrich, 

Eastman, or Fisher. A mixture of hydrocarbon standards Cl-C4 was purchased 
from Scott Research Laboratories. Al1 the chemicals were used as purchased. 

Elemental analyses 
The elemental analyses were performed by Mrs. Deanna Cardin on an F 

and M Model 185 CHN Xnalyzer. 

Gas-liquid-phase-chromatography 
A Varian Aerograph Series 1860-l gas chromatograph, which has a flame 

ionization detector, was used to identity organic reaction products. Porapak Q 
(So-100 mesh) was used m 6’ X l/S” colums. 

Ultraviolet-visible spectra 
Most spectra were run on a Cary 14 spectrophotometer. Stock solutions 

(lo-’ to lo-’ AI) were prepared by dissolving samples in water. An 0.1 ml aliquot 
of the stock solutions was added to 2.9 ml of water in one of two matched 1 cm 
silica ceils. When it was necessary to record spectra under anaerobic conditions, 
the cell was fitted with a septum. Then the solvent was flushed with nitrogen 
using inlet and outlet needles. An aliquot of air-free compound was added to the 
cell. When the reactions required several hours or days, a Spect-ronic 20 spectro- 
photometer was used. 

Proton magnetic resonance spectra 
The proton magnetic resonance (PMR) spectra were obtained using a JEOL 

JNM-MH 100 nuclear magnetic resonance spectrometer. All the alkylated com- 
plexes were studied in D,O; sodium 2,2dimethyl-2-silapentane-5-sulphonate 
was used as the internal standard. The chemical shifts are reported in ppm. 

Preparation of RCo(BDh11,3pn)(H20)’ 
The complexes, where R = CH3, C,H5, n-C,H,, n-C4HJ, and C6H5CH2, were 

prepared with a BF,- or ClO,- counterion as previously described [ 51. The i-C,H, 
and t-&H, complexes could not be prepared by these procedures. 

Preparation of CH,Co(BDMl,3pn)(SC,H,) 
[CH,Co(BDMl,3pn)(H,O)]ClO, (0.073 mmol, 0.032 g) was dissolved in 

5 ml of water. To this solution was added 2 to 3 ml of an aqueous (pH 14) ben- 
zenethiol solution. The resulting red crystals were filtered and vacuum dri& 
Found: C, 50.81; H, 6.47; N, 13.08. Cr8H2$oN402S cdcd.: C, 51.18; H, 6.40; 
N, 13.27%. 
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fieparation of RCo(BDMl,3pn)(CN) 

[CH,Co(BDM1,3pn)(H,O)]CIO, (0.52 mmol, 0.222 g) was dissolved in 
20 ml of 1 M NaCN-O.1 AF NaOH. The solution was flushed with nitrogen. A 
YeUow crystallme solid immediately formed. The solid was fiitered and vacuum 
dried at 48°C; it analyzed as [ CH&o(BDM1,3pn)(CN)] - 0.5 H,O. Found: C, 
44.58; H, 6.43; N, 19.98. C,,H:,CoNSOzj cdcd.: C, 44.82; H, 6.61; N, 20.11% 

Solid [C-H5Co(BDM1,3pn)]BFA (0.11 mmol, 0.048 g) or [C,HjCHICo- 
(BDMl,3pn)(H20)]CIOG (0.103 mmol, 0.052 g) was dissolved in a minimum 
amount of water. A volune of 3 to 4 ml of 1.0 M N&N-0.1 M NaOH was add- 
ed to each, and the solutions were placed on ice. The yellow crystalline solids 
that formed were filtered and washed with slightly basic ice-water. These solids 
were vacuum dned m a heated (40°C) desiccator for 2-l h. The C2Hs (a) and 
CbHSCHz (b) complexes analyzed as the di- and mono-hydrate, respectively. (a) 
Found: C, 42.91; H, 6.91; N, 17.95. CIJHzSCoNiOJ calcd.: C, 43.19; H. 7.20; 
N, 17.99%. (b) C, 53.14; H, 6.51; N, 16.37. C,9HzYC~NjOS calcd.: C, 52.66; H, 
6.46; N, 16.17%. 

[n-C,HrCo(BDM1,3pn)(H,0)]CI0, (0.43 mmol, 0.202 g) was treated as 
above escept that the product was dried at 18°C for 24 h. Found: C, 51.01; H, 
7.51; N, 18.54. ClhH&oNjOz calcd.: C. 50.30; H, 7.62; N, 18.26%. 

Slabilrty of RCo(BDRll.3pn)(HL.0)’ complexes to light 
The various alkyIcobzJt compleses were subjected to Ilght in order to 

study the photolytic stability of the alkyl-cobalt bond. Under anaeroblc con- 
ditions 5-10 mg of solid were dissolved In 20 to 25 ml of water in a flask with a 
septum. The formation of alkanes and/or alkenes (GLPC) indicated that the 
cobalt-carbon bond is unstable to light. In the case of the benzyl derivative, the 
1,Zdiphenylethane product was identified after estracting the aqueous solution 
with hexane. The UV spectrum of the hesane solution was compared to an au- 
thentic spectrum [ 181. No toluene was detected by GLPC. The cobalt product 
Co”(BDM1,3pn)(H20)2’ was identified from its vGble spectrum. Because of the 
photolytic reaction, all procedures involving alkylcobalt compleses were done 
in the dark. 

Stabiilly of RCo(BDhIl,3pn)(H,O)’ complexes to heat 
Aqueous anaerobic stock solutions of the various alkyl complexes were 

stable at 65°C over several weeks. Carefully g-round solid samples in vials under 
N, were pyrolyzed by suspension in an oil bath maintained at 200-206°C. The 
reaction rates were monitored by GLPC and the products identified by GLPC 
and I-IV-visible spectra_ 

Stabiltty of RCo(BDM1.3pn)(HzO)’ to acids and bases 
Several different tsts were conducted to test the stability of RCo(BDM1,3pn)- 

(H20)’ in acidic and basic solutions. Under anaerobic conditions in the dark the 
alkyl complexes were stable for several days to 1 RI HCIO, and 6 M HCI at 55°C 
and to HI at room temperature. However, the alkyl complexes were unstable to 
6 M HNO, at 18°C. 

Anaerobic solut..ions of RCo(BDhll,3pn)(H,O)’ (R = CH,, C,HS, and n-C,H,) 
decompose in 0.1 AI to 1.0 AZ NaOH solutions at 52°C over a period of several 
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days. The organic products were detected by GLPC, and Co11’(BDM1,3pn)(H,0)~’ 
was identified after acidification of the solution. 

Reaction of RCo(BDAIZ,3pn)(H,O)’ complexes with cyanide ion in basic solu- 
tion 

[RCo(BDM1,3pn)(H,O)]X (R = CHJ, C,Hj; X = BFY, CIO;) compleses 
(0.10 mmol) were dissolved in separate 25 ml solutions of 1.0 IV NaCN (pH 13) 
under N2_ There was no change in the UV-visible spectrum of the resulting RCo- 
(BDhI1,3pn)CN despite heating 2 days at 52”C, and no organic compounds were 
detected by GLPC. 

Reaction of RCo(BDM1,3pn)(HzO)’ with iodine 
Samples of RCo(BDhll,3pn)(H,O)’ (R = CH,, C-H,, and n-C3H,) were add- 

ed neat to solutions of iodine made by dissolving Iodine (ca. 2 mmol) in 25 ml 
of methanol. The flasks were capped with septa and flushed with nitrogen, and 
the solutions were left in the dark for several weeks. They were checked period- 
ically for the formation of crystals. Green crystals formed at varying lengths of 
time. Alkyl lodldes, but no alkanes, were detected by GLPC. The visible spec- 
trum of the cobalt product Co(BDM1,3pn)l, was compared to that of an authen- 
tic sample. In the case of the methyl reaction, the diiodo product was purified 
and recrystallized using acetone-water. Found: C, 24.22; H, 3.47; N, 9.92. 
C, ,H,&oI~N~O~ c&d.: C, 23.90; H, 3.44; N, 10.14%. 

Attempted dea!f:ylatron reactions of RCo(BDAll.3pn)(H,O)’ with I; Cl-and HS- 
Aqueous solutions of 0.1 AI NaI or 0.1 hl NaCl did not dealkylate n-C,H,- 

Co(BDM1,3pn)( HZO)’ over a period of 8 days at 55°C. 
C2HjCo(BDhll,3pn)(H?O)’ (0.12 mmol) was added neat to 25 ml of an 

aqueous 0.1 AI NaSH solutions and the solution was kept at 52°C for several 
days. The spectral change due to the formation of CzHjCo( BDhI1,3pn j(SH) is 
reversed to the spectrum of the original aqueous 
drops of 1 AI HCIO,. 

Results and discussion 

UV-visible spectra 

comples by adding several 

The electronic spectra of the RCo(BDM1,3pn)(HzO)’ complexes contain 
four UV-visible bands between 250 and 483 nm. When R = CH,, C2HS, n-C,H,, 
and n-CJH9, the wavelengths (molar absorptivities) are 467 i 8 (ca. 2300), 404 f 
6 (ca. 1530). 325 (ca. 2700), and 270 f 5 (ca. 4800) nm. The C6H5CH2Co- 
(BDhIl,3pn)(HZO)’ values, which are somewhat different, are 483 (1520), 388 
(4480), 283 (30200), and 260 (26900) nm. The band near 470 nm is dlagnos- 
tically useful, because it disapperus when the cobalt-alkyl bond is broken. 

FWR spectra 
The PMR spectra of RCo(BDh11,3pnj(Hz0)’ in DzO give useful structural 

information about the compleses (Table 1). The most obvious features of the 
spectra are the singlets due to CH, groups in C=N=C-CH, (ca. 2.4 ppm) and in 
O-IN=C-CHI, (ca. 2.3 ppm) observed in most of the alkylcobait complexes. The 



TABLE 1 

PROTON MACKETIC RESONANCE DATAa 

Compound Cbemlcal shalt (ppm) VulupllcltY tJ Assuznment 

(mtewated area) 

CH$XBDMI.JP~)(H~O)- 3.83 (4) 
z-13 (61 
2.32 (6) 
2.11 (2) 
0.84 (3) 
3.76 (4) 
2.42 (6) 
2.34 (6) 
2.12 (2) 
1.06 (3) 
3.90 (4) 
2.87 (6) 

2.18 (6) 
2.10-2.30 (2) 

0.i6 (3) 
395(J) 
2.-fl (6) 
2.29 (6) 

0.62 (3) 
3.80 (-l) 
Z.-l7 (6) 
2.37 (6) 
1.80.2.33 (4 ) 

C~HjCH~Co(BD\l1,3pn)(H~O) 
. 

0.03 (3) 
3.80 (4) 
2 37 (6) 
3.30 (6) 
1.50.2.30 (4) 

0.68 (5) 
3.5-l (4) 
I! 18 (6) 
2.00 (6) 
1.90.2 -l2 (3) 

1.10-1.52 (4) 
0.78 (5) 

6 86 (5) 
3.80 (4) 
2.2-f-2.40 (-I) 

3.24 (6) 5 

2.12 (6) 5 

N-CH: 
C-N=C-CH,= 
0-S=C--CH,= 

C-CH_4 
CH 3Co 
V-CHj 
C-N=C--CH, 
0--N=C--CH> 
C-CH:-C 
CHJCO 
K-CH- 
C-S=&CH, 

0--S=C<H> 
C-CHz< 

CH$o 
N-CH: 
C--S=C<H3 
0-N=C-CH) 

CH 3Co 
K-CH? 
C-S=C-CH3 
0-N=C<HJ 
C-CH~-C 
CH? of C>HsCo 

CH, of C?HsCo 
N-CHT 
C--N=C--CHJ 
0-N=C-CHJ 
C-CH:-C 
oCH2 of n-C3H7 
CH3.!3CHz of nC3H7 
S-CHZ 
C-S=C--CH, 
0--N=C!-CH, 
-C-CH>-C- 

-CH,--CH:- 
CHJCH? 
zuomstic 
-,N-CHz 
C-CH2-C 
CH?Co 
C--N=C-CHJ 

0--K=C--CH3 

“Solvent. Dzo: mteraal standard. sodwm 2.2~e~hWI-2-Spen~~~~lpbo~te (DSS). bh~ultipli~~;~~ 

b. broad; d. doublet; m. mulhplet: s. smglet. t. tnplet. = Based on asognments KY RI. 19. 

middle and end CH? groups in the (CH2)3 bridging group are observed near 2.1 
and 3.9 ppm, respectively. These chemical shifts are consistent with those found 
for BDMenH [19]. Although the chemical shifts due to the in-plane ligand are 
of some interest, the major emphasis is on the assignment of the bands due to 
the alh~l groups bonded to the cobalt. 

The PMR. spectrum of CH3Co(BDM1,3pn)(HzO)’ has been previously char- 
acterized [20-22) and our 0.84 ppm value for CH3Co is in agreement with the 



previous studies. The singlet CH,Co in the CH~Co(BDhll,3pnRF2)(H,0)’ [21], 
CH,Co(BDhll,3pn)(CN) and CH&o(BDMen)(H,O)’ compleses occurs as a sin- 
glet at 1.06, 0.76, and 0.62 ppm, respectively. nature of 

[l] reported that the chemical shifts of the cobalt- 
bonded aJky1 group may be dependent on possible “ring currents” in the equa- 
torial llgand as well as the cobalt metal. With organocobalt compleses containing 
aromatic rings [23] the chemical shifts, particularly of the protons on p- and y- 
carbons, are more dramatic. This does not seem to be the case with the BDM- 
1,3pn compleses as the chemical shifts are more in line with DMG compleses 
which do not have a pseudoaromatic ring system [ 241. 

The spectrum of the CzHj comples, with respect to the CH,CH2Co group, 

is similar to the previously reported spectra of C,H,CO(DMG)~ [24] and C2HS 
Rh(sd2en)py [25]. The CH, of the C2H,Co appears as a triplet at 0.03 ppm. 
The methylene protons nest to the cobalt are partially obscured by the middle 
bridging methylene protons, but seem to occur as a quartet near 2.0 ppm. 

The PMR spectra of the n-CjH, and n-C,H9 compleses are more complicat- 
ed and not as easily interpreted. In both cases there is no separation between the 
terminal CH, group and the methylene group nest to it. The other aikyl protons 
are again mixed with the middle methylene protons of the (CH?), bridge in the 
ligand. 

The C,H5CHzCo(BDh11,3pn)(HzC))* comples showed an aromatic multiplet 
near 6.9 ppm in agreement with the resulk found in the (D>IG): [26] and saI,en 
[25] systems. The CH&o was again partially obliterated by the middle CH, in 
the (CH,), bridgng group. 

In conclusion the PMR spectra of the RCo( BDhl1,3pn)( H.O)- compleses 
are consistent with previously reported work on analogous organotransition 
metal compleses, and show that there is an alkyl-cobalt bond in the RCo- 
(BDhIl,3pn)(H,O)’ compleses. 

Reactions of the aIkylcobalt compleses 

The reactions of RCo(BDR11,3pn)(H?O)’ are summarized in Fig. 2. A variety 
of homolytx and heterolytic bond cleavage reactions are discussed below. In ad- 
dition nucleophiles that substitute truns to the alky1 group will be considered. 
The reactions with Hg” have been previously reported [5]. 

Stability in acidic and basic aqueous solutions 

RCo(BDhll,3pn)(H?O)’ is stable for several days to 6 Al HCl or HCIO, at 
55°C and to 6 A1 HI at 20°C because there was no loss of the 470 nm band and 
no organic products were detected by GLPC. Only in HNO:, at 3 Al or greater 
concentration or in the presence of NO,- and a strong acid was the cobalt-car- 
bon bond ruptured. This presumably occurs because an eiectrophilic species 
such as NO?’ is formed in low concentrations [27] (eqn. 1). The alkyl-carbon 
bonds of the complexes shown in Fig. 1 are very sensitive to electrophiles [ 1,5, 
171. 



Fik 2. Reacuons of f.he cobalt-carbon bond and subsbtuuons rrans lo Vie alkyl grouP or RCo(BD~ll.JPnt- 
(ii*O)‘. 

2 HNO, = NO’ + NOi + H,O (1) 

These same organocobalt(ll1) compleses were stable in basslc solutions con- 
taining 1 III or less 1Na0l-I at room temperature for several days. However, when 
the complexs were heated to 52°C for ‘7 to 14 days, they slowly decomposed 
(see below). 

&rdytic and photolytic reaction of the all;yl-cobalt bond 

The solid state anaerobic pyrolyses of several RCo( BDM1,3pn)( H:O)’ com- 
pleses (R = CHJ, C&Hi, n-C3H7, n-C,H,, C,H,CH,) were studied (Table 2). At 
200°C the reactions were rapid. During the esperunents. the rates were monltor- 
ed (GLPC) by measuring the relative amounts of hydrocarbons formed. Schrauzer, 
Sibert and Windgassen [4] ldentlfied the same organic products when R = CH, or 
QHj after solid state pyrolysis at 200-225°C. Co”(BDhll,3pn)’ was identified 
by spectrophotometric comparison to an authentic sample, and (C,H,CH,), was 
identified from its UV spectrum (see Esperimental). 

The relative rates of pyrolysis as a function of R are: n-&H, > n-C,H, > 
&H, > CH,. The observed rate constants for R = CH, and C,H, are 5.5 X IO- 
min-’ and 1.2 X lo-’ min-‘, respectively; the decomposition of the n-&H+ and 
n-C3H, complexes was too fast for quantitative results by the GLPC method. 

TABLE 2 

PRODUCTS FORMED BY PYROLYSIS OR PHOTOLYSIS OF RCO~BDAII.J~~)(H~O)‘~ 

R Prrolvsls producls (c.jb Photolysrs products (t-6)= 
--- -___ 

CHJ C& (70). CzHa (3). C:Hg (27) CKI (94). C:Hb (6) 

CZH5 C:Hj (95). C:H6 (5) c?Ft (QQ).CzHs(l) 

tiJH7 C3H6 (100) ClHb (100) 

=C4H9 C4Ha (72). nGH,o (1-S) C4Hg (100) 

C6HsCH~ (CeHsCH~)? (100) (CaHjCHz)2 (100) 

pAll mac”om were perIormed under h’:: Tbe other product was Co’+BDMl.Jpn)‘. bReactionsl performed 
in the solid slate a~ 200-206°C. =WaLer wari lbe sOlb’ent. 



The same relative rates were observed for RCo(s&en) compleses [ 171. This 
order is the same as the ease of formation of the free radicals [28]. 

The maJor products when R = CH3 can be explained by the formation of 
a CH, radicd followed by its abstractlon of a hydrogen atom from the ligand 
or by its dimerization. The aikenes formed predominantly when a P-hydrogen ti 
present could be formed by the transfer of a hydrogen atom from an alkyl radl- 
cal to form HCo”‘(BDM1,3pn)‘; or. as is known for RCo(DMG), with secondary 
[29] or substituted [3O] alkyl groups, the alkenes can be formed by elunination 
reactions also with the formation of the cobalt(ll1) hydride. In eliher case the 
cobaIt(I11) hydride complex would subsequently decompose to the observed CO” 
(BDM1,3pn)‘. 

Photolysis of aqueous solutions of organocobalt complexes under anaero- 
bic conditions at. room temperature results in the products shown in Table 2. 
The ratio of products when R = CH, or CIHj are similar to those observed previ- 
ously [ 41. The resulting cobaIt( II) compleses were identified by their red color 
and a visible band at 504 nm. The organic products are explained as discussed 
above for the pyrolytic reactions. 

Cobalt-carbon bond cleavage by iodrne 
Iodine reacts with RCo(BDMl,3pn)(H20)’ (R = CH,, CzHj, and n-CaH,) 

under anaerobic conditions in the dark at room temperature (eqn. 2). GLPC 
espenments confirmed the presence of RI and the absence of alkanes. The 
green diiodo complex was rdentlfied by spectrophotometric comparison to an 
authentic example. 

RCo(BDM1,3pn)(H,O)’ + 1: x Co(BDM1,3pn)12 + RI (2) 

The teaction products show that the electrophile I? cleaves the cobalt-car- 
bon bond heterolytically with the formatlon of a carbanionic intermedIate. If a 
carbonium ion intermediate was formed, one product would be the cobalt(I) 
complex, which would be osidized to the red cobalt(I1) species by I?. The rates 
of the above electrophillc substrtution reactions were much slower than that of 
I, with CH$o(saI,en)(H,O) in CH,OH [ 171. The BDhll,3pn system forms car- 
banionic intermediates less readily than the sa.l?Bg system because of the superi- 
orcapabtiity of BDhll,SpnH to withdraw electron density from the cobalt I8,9]. 
A similar result occurred in the reactions of CH,Co(BDM1,3pn)(H,O)’ and 
CHJCo(BDM1,3pnBF,)(H10)’ with Hg” [5]. Tile latter comples in which the 
electron-withdrawing BF, is substituted for the hydrogen-bonded H (Fig. 1) has 
a second order rate constant that is 10-j the value of the hydrogen-bonded 
analog. 

Reactions of RCo(BDhll,3pn)(H,O)’ with nucleophiles 
Under certain e~petimental conditions nucleophiles will displace the Hz0 

tram to the alkyl in the alkylcobalt compleses of Fig. 1 [ 11. In other cases nu- 
cleophiles will cause dealkylation through a tram attack with a carbanlon 116, 
171 or carbonium ion [6] intermediate. 

The reactions of RCo(BDM1,3pn)(H20)’ in water at pH 13 at room tem- 
perature with CN-, C,HS-, or HS- resulted only in a trms substitution reaction 
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exemplified below (eqn. 3). This instantaneous substitution reaction is indxated 
by a spectral change and the isolation of several products (see Experimental). In 
all cases the spectrum of RCo(BDM1,3pn)(H,O)’ reoccurs upon acidification of 
the solution. 

The carbanionic alkyl displacement reaction does not occur as was observ- 
ed for the RCo(saLEg) system [ 161 because of the differing electron density on 
cobalt as discussed above. Schrauzer and Stadlbauer [6] did partmlly dealkylate 
CH,Co(BDM1,3pn)(!I,O)’ by CH,S- in CH,OH, but alkyl con-in and DMG- BF2 
compleves dealkylate much more rapidly by a carbonium ion mechanism because 
of a lower cobalt electron density. 

RWBDML3pn)(H:O)’ + CN- 3 RCo(BDM1,3pn)(CN) + Hz0 (3) 

Reactions of RCo(BDhIl,3pn)(H,O)’ with OH- at 52°C 

Several RCo(BDM1,3pn)(H,O)’ complexes (R = CH,, GHj, n-CjHT) were 
deal’kylsted in anaerobic 0.1 ICI to 1 hl NaOH solutions at 52°C over a penod of 
several weeks. In all cases the comples product is probably an equilibrium mix- 
ture of Co”‘(BDM1,3pn)(H,O)(OH)’ and the dihydroxyo analog. Upon acidifi- 
cation the UV-visible spectrum of the diaquo complex reappears. 

The CH, and n-&H7 complexes form 100 percent alkanes suggesting the 
absence of CH, and n-C,H, Eree radicals. As previously observed, the homolysis 
of the CH, complex in basic aqueous media results in a significant amount of 
&H, [4]. Photolysis of the n-C,H, complex in aqueous 1 hi NaOH resulted in 
10% C3Hb and a green solution. The green color is due to the blue cobalt(I) and 
yellow cobalt(II1) species formed from the initial cobalt(I1) or coba.lt(III) hy- 
drido comples. Thus, the process for the CHJ and n-C3H7 complexes is predom- 
inantly a nucleophtiic substitution process in which the OH- ejects a carbanionic 
intermediate that forms the alkane. P-elimination in the n-C,H; complex would 
result in C,Hb. These results are similar to those fotind in the reactions of RCo- 
(sal,Bg) with HS- [ 161. 

The products of the reaction of CIHSCo( BDhll,3pn)(HzO)’ with OH- are 
34% GH, and 66% &I&. These results Indicate a carbanionlc path to form C,H, 
and the major free radical or&elimination route to form the C?I-L. Photolysis 
of the comples at pH 14 results in C,I-L and a green solution also in agreement 
with a predominant free radical or P-elimination mechanism. 
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