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A serics of RCo(salen)L (R = CH,, C,H,, n and +C;H,, n and ~CH;) were synthesized and char-
acterized. The stabilitics of Co~C bond of title compiexes in solid state and in solution was studicd. The
obtained results showed that the cleavage temperature of Co~C bond of com’plcxés in solid state was ef-
fected by the steric bulk of alkyl groups in the following order: CH,y> C,H > a~—C;H;~ n—C H;~ +CH;,
& i~C,H,. The factors that influenced the stabilitics of Co—C bond of complexes in solution were ascer-
tained.
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Introduction
As well known, coenzyme B12 (5’—d¢oxyad'enosylcobalamin) was the first example of a
naturally occunng organometalhc compound. It serves as a cofactor for various rearrangement
reactions in biological systems. Its role can be described as a “reversible free radical carrier"[1).
It is now widely accepted that coenzyme Ri2—dependent rearr.mgemenm are initiated by
enzyme—induced homolitic dissociation of the. cobalt—carben bond to generate a

§'~deoxyadenosyl radical. Accordingly, a knowledge of the Cc: ~C bond dissociation energy are
useful to explain the mechanism of the cpenzyme B12 dependent r‘ea‘mmgemcnt‘s. It is also im-
portant to prepare the related organo«iobalt compouhds containing Co—C bond as the
coenzyme B12 model and to study the physical and chemical properties of them. This paper re-
ports r‘ud;es on a serics of coenzyme B12 model oompounds—alkylcobalt complexes of
bxs(sahcylaldehyde)cthylencdnmme [RCo(sal&n)f], mcludmg their propcrt:es of Co—C bond
and the factors that influence the dissociation of Co—C bond.
) Expcrimental "
. Starting Materials ~* o ‘

CoCly » 6H20 NaBH,, PdCl,, CH‘,I\, C,H,Br were A.R. grade. Other seagents were C P :
grade.

- Methanol, salicylaldehyde and aﬂ‘alkyl halide were purificd by distillation.

Appﬁratus and Methods .
Blapos-e o Nysis of CHN(YL) were. Astoomi=nd veing g 2400 —temept D analy ol fnstes
PAR[4 2 pyndyla;or! resorcing] )] colorimetry” at 536 nm o 721 sp.. frophotometer

w0 adeptod to dctcmme Co(%) in RCof(salen)L [2].

Iafrared spectra ‘were recorded on g Shimadzu TR-400 spcctrophu;u.m.tcr H"h KBr
pellets. T he

UV-visible spectra were obtamed usmg a Shlmadzu UV—240 spcct.rpphotomcter under ni-
trogen in the dark. '

Thcrmogu_wt)(TG) and differential scanning ca]onnctr) (DSC) were performed at Perkin
Elmer 7 :erics thermal analysis system under nitrogen flow 40 ml/ min and temperature in-

creasing raie 10'C-/ min.

& Preparation of RCo(snlcn)L

Generally, RCo(salen)L. were prepared by the procedure of Sc¢hrauzer [3). Co, C H,N(%) of
above organomctallic derivatives were reported in Table 1

Table 1 Analysis of RCo(salen)L Complexes

c% H% T ON% Co%
complexes T - - -

] caled.  found. | calkd. | found calkd. found caled. | found.
CH,Co(salen) - H;,0 56.98 56.55 535 | sa71 1.82 7.86 16.45 16.58
C,H,Co(salen) 61.01 | 61.12 '5.40 547 .| 150 1 16.63 16.72
n—-C,H,Co(sa]én) « H,0 59.07 58.90 6.00 5.97 7.25 7.31 15.25 15.25
C;H,Co(salen) o 61.92 61.59 5.10 6.01 7.60 695 .| 16.00 16.07
#~C H Colsalen) « H,0 59.99 60.44 6.28 6.24 6.99 6.6} 14.72 14.72
+~CH,Co(salen) « H,0 59.99 59.71 6.28 5.80 6.99 7.04 14.72 14.70
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Results and Discussion

Among obtained six complexes the i—C,H, derivatives is firstly reported. According to el-
ement analysis the formular of the complexes are RCo(salen) + H,0 when R=CH,,
n—CyH,, CH, and i—C/H,. But there is the absence of water for R=C,H and
~C,H,. These two complexes were different from Schrauzer’s [3] but same as Costa’s [4] who
prepared RCo(salen)L using Grinard rcagent in THF. Futhermore, the IR, TG and DSC exper-
imeats give additional evidence about the existence of coordinated watcer in those organocobalt
complexes. .

Tiifrered Specica [5] .

The IR spectra of alkylcobalt(M ) cérnp!cxcs all show stroug C=N vibration at
1625cm™. The saturated C-H  stretching vibration is expected in the range
2300-2950cm™". Three bands of aromatic C=C vibration of the aromatic ring conjugated to a
doubled bond are at 1600-1530cm™. The asymmetrical vibration of the CH, group absorbs at
1450+ 20cm™. The inplaac vibration of the CH= ceccurs botwaen 1450 and 1200cm ™. The
band at 1340cm™ shews the vibration of C—O after chelating. The st.rong absorbance between
750~760cm™" are dcformation vibration of C—H band in benzen ring plane. The vibration fre-
quency of Co-0 and Co-N are expected between 360-500cm™. The vibration frequency of
Co-Cisin this range too. | '

The broad absorption band around 3200-2400cm™ shows the symmetric sirctching vibra-
tion of O ~group in methyl, n—propyl, n-butyl and i~butyl derivatives. But for ethyl and
i-propyl eobalt(T) conplex, no wafer poak appears at 3200-3400cm™. The bent vibration of
O1I -over the range at 1615-1645cm™ was suppressed by the strong C= N vibration.

Cloavage of Co -C Pund in Solid '

The complexncs are stable at room temperature. Their melting point cannot be determined.
When heated the complexes change their eolonr and losc their weight,

TG and DSC data of alkylorganometallic derivatives are summarized in Table 2. The TG
and DSC curves of n-butyl and eiliyl derivatives crs shown in Fig.1 and Fig.2:
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Table 2 . TG and DSC Data of Complexes

g mol. | tempersture | . losing weight (%) changing | DSCpeak
complexes B ' . .
. - | weight | range(T) . caled. ~ found substance (r)
CH,Cofsalen) « H,O 3821 | s~ | se2 | 506 -H,0 120
' o ~2s | aas 400 |—cH, |24
C,H,Co(men) 35428 m~zm 819 | 743 | -CH, 201
w-CyH,Colsalen) - H,O | 38622 " A1~126 | 466 3.60 -H,0 97
126~196°* | 1103 1057 | “CH, 158,182
C,H,Co(salen) 368,20 45~262 12.25 1 | -CM, |1s8
#~C H,Cofsalen) « H,0 400,35 S4~124 450 418 -H,0 105
o . 124~247 14.27 1450 .| -CH, 170
#-C,H,Colsalen) » H;0 - 400.35 s1-132 | 480 430 | -H,0 104
i 132~ 350 . 1427 © 14.80 ~CH, 16§

* there are two minimum at lSDC and 182 on derivative TG curve which are coiresponding te he

two endo pcaks

Tt can be seen that the thermolyszs proc»ss of methyl n—propyl, n—-butyl complcxes bctwccn
40T and 35%}1‘ was dmdcd into two stages: the dehydranon around 100T indjcating con-
tz{ning coordmate watér and then- the clcavage of cobalt-carbon bond at higher tcuuperature.
But only one step for ethyl and z—-propyl cobalt derivatives, which refers to the cleavage of

' Co-C bond. This results in the same conclusion as from IR spectra that ndlpoord.he te or cr)stal
water in ethylzad r—propy] cobalt complexes A '

- From Tabie 2, the cleavage temperature ofCo—C bond de:crc.ascs with changes of R in the
following order: CH,> C,Hg> n—C;H,~ n—C H,. While the alkyl group are isomer. the clea—
vage temperatuse decreases with the increasing of steric bulk of R. For instance; the cleavage
termperature of i—C/HyCo(salen) » H,0(165C )is lower tham that of n-—CJ-I;,Co@aIcn) .
HZO(HO‘C) -Accordingly, th}: results show that the cleavage of cobalt—carbon bond was ef-
featad by the staric bulk of axial alkyl ligand. | . -

It is worth noticeing that on DSC curve of CH,Co(saten) H,0 the cleavage of Co—~C bond
wasa exothermic process, while for other RCo(salen)L complexes that were endothermic. It ap-
pears that the alkyl radicals formed by thermolysxs underwent futher reactio». The products will
be detécted by GC and the mechanism will be discussed later.

UV-visible Spectrometry T

The UV-visible spectra of complexes in methanol and methylene chlonde are detcrmmed
In mcthykne chloride all the derivatives give one shouldcr at ahout 390nm. In Table 3 are listed
the waveléngths of the absorptlon maxima found in the visible and ultra—violet regions where

_ the ubbreviation sh indicate the band is weak and occurs ds a shoulder. The corresponding ap-
proximatc molar extinction cocfﬁcxcnts (I &) are enclosed in parenthese.
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Table 3 UV-visible Spectra Data of Complexes

R L Amax, n{nilgc)
CH, .330(3.84) 3858h(3.68) 437sh(3.40)  £20sh(3.04)
C,H, 320399 1a0eR3.77) 454eh(T44; S« O8h(3.04)
n—~C;H, 328(3.80)  390sh(3.62) 450sh(3.29)  520sh(2 89)
+C,H, 332(3.97)  3905h(3.72) 450sh(3.28)
n—CH, "332(3.79)  390sh(3.57) 4523h(3.10) 540sh(2.3€}
i +CH, 335(3.94)  390sh(3.68) 460sh(3.29) 540sh(2.92) }

The electronic spectra of the organocobalt(lll) complexes are usually complicated and diffi-
cult ¢ be assigned. In the clectronic spectra of RCo(salen)L, the intense band at 330—-340nm
can be ascribed to a charge transfer absorption involving imctal ion and ligand. While the shoul-
ders in the region 400—600nm are probably due to d—d transition %6].

Cleavage of Co—C Bond in Solution

At room tempcrature, the UV=-visible spectra of alkylcobalt compicxes in methonal were
changed with time, the changing rate of i—propy! cobalt(Tl) complex is most rapid. We investi-
gated in following experiments to elucidate the reason and to find the products of those changes.
The results were given in Fig.3 for CH,Co(salen) - H,0.

(1) In the light without nitrogen, the spectra changed in half an hour. The intensity of the
pcak at 325nm decrcased while a shoulder appcared around 388nm and growed to a peak in
three hours (Fig.3a).

(2) Under nitrogen in the dark, and intensive absorption at 330nm was given. The intensity
didn’t change for hours.(Fig.3b, curve 1-5).

(3) Under nitrogen in the light, a ncw absorption at 388nm appcared with time while the
peak at 330nm disappcared.(Fig.3b, curve 6=7).

It can be scen that at room temperature light is the main facto! that influence the stability
of RCo(salen)L. solutions. to ascertain this, the mecthanol solution of alkylcobalt(salen) was
irradiated by the UV—lamp or heliolamp for an hour. The final absorption appcared at 388nm
with the same intensity as that of a methano! solution of Co(salen)L in same concentration.

Futhermore, similar absorption changes of the RCo(salen)L solution with tir_nc happencd
at 50C as illustrated by Fig.4. The absorbances changed with time. The intensitics of the bands
around 330nm dccreased while shoulders at 388nm growed to be a pecak. Tt is worth of attention
that the final spectrum, which is the samc as that of Co(salen)L, also can be got by irradiation
the initial solution on UV-lamp.

Above results show that the solutions of RCo(salen)L result in the cleavage of Co—C bond
when heated or irradiated by light, Products from those procecss inelude Co(salen)L. The rcac-
. ton is expected as following:

RCo(salen)L —R‘(‘;{““' Co(salen)L +R «
The existence of R - has been dotermined by ESR. The Hetails az¢ to be reported.
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Fig.3 Changss in absorbance with time of CH,Co(salen) - H,0 in methana¥ 2 room tempelrature
(2) without N,, in the light, 3.84x10™ mol - I
(b) under N,, in the dark(—); under N,, in the light(——), 3.00% 10~ mo! - 1"*
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Fig.4 Changes in absorbance with time of butylcobalt (salen)L in methanol at 50T,
time interval 30 min,
—— final absorbance of solutions which had been exposed to light for 1.0 hour
- (a) i~CH, Co(salen) » H,0
30%x10 mol -1
(b) n—~C.H, Co(salen) - H,0
26107 mol 1™
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