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Abstract

Reactions of (CsH,4R),CoX (X = PF; or BPh,; R = Et, 'Bu or SiMe;) with R'Li (R’ = Me, Et, Pr
or Ph) and NaBH,, and (CsH,R),Co (R = Me, Et or Ph) with R,Cd (R’ = Me, Et or Ph) resulting in
1someric complexes (n*-exo0-5-R-1-R-CsH Xn’-CsH,R)Co () and (n*-exo-5-R’-2-R-CsH, Xn*-
CsH,R)Co (II) have been studied. The composition and structure of complexes I and II have been
confirmed by 'H NMR spectroscopy. Complexes I and II are planar chiral systems. Electron and steric
effects of substituents in the chiral complexes have been discussed. It has been established that the
ratio of isomers I and II depends upon the method of synthesis of the complex, a substituent 1n a
cyclopentadienyl ring and an attacking group. In a radical addition reaction, the 1somer ratio 1s mainly
determined by the steric factors of the substituents and the attacking group. In a nucleophilic addition
reaction, orientation effects are determined by the competition of steric and electron factors

Introduction

The most widespread methods for the synthesis of cyclopentadiene—-cyclo-
pentadienyl complexes of cobalt are reactions of nucleophilic [1,2] or electrophilic
addition [3,4] to a cation or an anion of cobaltocene, respectively, reactions of
radical addition to a neutral cobaltocene [5-7] and reactions of cobaltocene with
halogen alkyls [8].

In the reaction of substituted derivaiives of cobaltocene, the formation of
isomeric complexes in which a substituent in a cyclopentadiene ligand is in
positiion 1 (I) or position 2 (II) is possible.
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The first synthesis of such isomeric complexes I and II was carried out by the
electrochemical reduction of dimethylcobalticinium in the presence of CO, [3].

The reactions of bis-(alkylcyclopentadienyl) cobalt with organocadmium com-
pounds [9] and of a substituted cobalticinium salt with nucleophilic agents [10]
were used to prepare isomeric complexes.

Results and discussion

Reactions of complex formation

The reaction of radical addition to alkylcobaltocene and the reaction of nucle-
ophilic addition to a cation of alkylcobalticinium were used to synthesize substi-
tuted cyclopentadiene—cyclopentadienyl complexes of cobalt.

The radical addition reaction took place on the interaction of alkylcobaltocene
with organocadmium compounds. On adding 4-6-fold excess of R,Cd (R’ = Me or
Ph) to (C;H,R),Co (R = Et or 'Bu), the reaction medium turned red-brown and
the formation of metallic cadmium was observed. Analysis of the gaseous phase
showed that, with R’= Me, it consists of methane and ethane (1:3) and of
propane and propylene (1:1) for R’ = Pr. Using Ph,Cd, the synthesis reaction was
conducted in toluene. Diphenyl and benzene were found in the reaction mixture.
After chromatography on Al,O,, the cyclopentadiene-cyclopentadienyl complexes
were isolated as a red liquid and for R ='Bu and R’ =Ph in the form of red
crystals in 60-80% yield. In almost all cases, the reaction leads to the formation of
the mixture of position isomers I and 1II.

1/2R"—R’
(CsH,R),Co+ R,Cd —— (I+1I) + Cd + R”

1/2R"_ 4+ 1/2R'H

The reaction of (CsH,R),CoX (X = PF; or BPh,; R = Et, ‘Bu or SiMe,) with
R’Li (R’ = Me, Et, Pr or Ph) in THF solution results in a mixture of isomers I and
II. The reaction proceeds in two directions: a one-electron reduction of a
cobalticinium cation to cobaltocene (reaction (a)) and a nucleophilic addition to
cobalticinium (reaction (b)).

—2, (C4H,R),Co + [R"] + LiX

(CsH,R),CoX + R'Li—
X = PF,, BPh, & T+ID+LX
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The part of reaction (b) in the total process determines the yield of isomer I and
H mixture. It was ascertained that the yield of complexes I and Il depends on both
the R substituent and the R’ attacking group (see Experimental section, Table 6).
The largest yield of isomers I and II (95%) was obtained via the reaction of
(C;H,'Bu),CoPF; with PrLi. A lower yield of the complexes was observed after
reaction of a cobalticinium salt with MeLi and PhLi. The presence of the SiMe,
substituent in the cyclopentadienyl ligand substantially decreased the yield of
complex compared to alkyl substituted ligands. This is due to the increase of the
one-electron reduction reaction in comparison with the addition reaction for
R = SiMe, (Table 6).

On the reduction of (C;H,R)CoX (R ="Bu or SiMe;; X = PF; or BPh,) with
NaBH,, a mixture of isomers I and II (R ="Bu, SiMe,; R’ = H) was obtained in
71-80% yield.

In all three cases, the addition reaction proved to be non-regioselective leading
to the isomer mixture. Separation of the mixture of isomers I and II was not
performed. The gquantitative composition of the mixture and the structure of
isomers I and II were established by '"H NMR investigations.

‘H NMR identification of complexes

The assignment of signals in the 'H NMR spectra to each isomer was made on
the basis of a comparative analysis of proton signals of the cyclopentadiene ring
(Tables 1 and 2).

In isomer I, the signal from a H(3) proton was obscrved as a triplet while in
isomer II the signal from a H(3) proton was seen as a doublet with an additional
doublet splitting due to the spin—spin interaction with a H(1) proton. The values of
3J(H(3)-H(4)) and “J(H(1)-H(3)) were within 2.4-2.6 Hz and 1.3-1.5 Hz, respec-
tively (Fig. 1, Tables 1 and 2).

From the integral intensities of the H(3) protons of complexes I and II, the
quantitative data on the ratio of the isomers in the mixture were obtained; they
were used for the subsequent assignment of the signals of other protons to each
isomer.

The H(5) protons can also be considered as an indicator of assigning the signals
to isomers I and II. Although the signals of the H(5) protons for complexes I and
II appear in the case of close values of a magnetic ficld, they differ in multiplicity.
In isomer 1, the signals of the H(5) protons are characterized by an additional
doublet splitting due to the spin—spin interaction with the H(4) protons. The
values of J(H(5)-H(4)) for complexes I are 2.3-2.6 Hz.

In isomer II, the triplet splitting is typical of the H(5) signals because of the
spin—spin splitting on the proton nuclei in positions 1 and 4 (J(H(1)-H(5))
=J(H(4)-H(5)) 2.3-2.5 Hz).

For complexes I and II (R ='Bu or SiMe,; R’ =H) exo- and endo-hydrogen
atoms were observed as AB quadruples (Fig. 1). The signals of the H(5) exo-pro-
tons of these complexes were observed with lower values of the magnetic field
compared to endo-protons. For the signals of the H(5) exo- and endo-protons of
complexes I and I1, splitting similar to that for the rest of the complexes was seen.
The values of the spin-spin interaction constants for the H,,(5) protons were

much smaller than those of the H_ ,(5) protons for both types of complexes
(1.9-2.0 H2).



128

1= @®L-0¥p pp=E-UR, pp= @6-®Lp 4oy H@ou@o\. L=
1= @o-@@. g7 = Sauﬁsﬁ 97 = Wr-ep 1= GMTRUH gz ="r gr="%r ¢7="E 9=
CHY-SF ®)orT
97 = F%ASE. 97 = erem\. = am.-@n\. g7 = Q#Aorﬁ 1’9 HAHIU.@H cz="* gz="F (p) 550 ®) 971
@p)ors P IFy P LOY ap)9¥ (Ph) 68T (PHITT GRS 86t SN ng, S
9] = S:\GXH 9= 5?53. 9T = @T@:. 91 = G“.mlaxh 61 =(p-0x2)f Sl = Wy 61 =
(b-0xa)f
9T= sw-.e&. LT= Ssé.uwn 97 = Emuaz.\. 9] = Emuax\. €7 = (F-0pud)r c7=% 7I=%r s1="r el =
(0pu3-oxa)s ® Tl
LT =" o BBy g7 9@y g7 LTS ] = (0x0-0pUS)S gr="r zz="r TI=% (PPIIT () 20T
ap)est PHLTS P8y 'P) I6°E (PPITRT pPyerz @sTs @EP YIS H og, ¥
CL=
(CHOHD)L,
SI= OO, o= €9-(8p ¢ _O-@Up ¢ 96-163p gL =T 0°8 = (HH)Y;
CT=6WK, g7 O, gr LBy oy (OR-lep c7=%r gr=" gI=" CHO) ZET
pue £1T
97 = :.umkaxﬁ 97 = @n\?vwh 97 = awlamx.h 97 = nmvnn.mvo\. ¢z=%r ¢z= tEp c7=%r C9-1GL nn HD) ITT
PS8y PNy Py ('pP) 0¥ 00y PNTIT s (PP)SEY ud H ,€
$I= .ETGK\. SI= ax\.lntmb. clI= Gx:af. §I= Ea\az\.
SI= a!xaa\. 7 = Gauemh. 7= Pvmusf. Sl= Sm-arn. g ="
7= Palss\. ¢z = @75&. ST = as\sf. 7= SVT@@\. ¢ =y 09°'T-08°0 09'T-080
ap)99y (P88 PHISY (¥P) EE'Y 1L°T-9¢7T we-9eer M (un) 88" Id iz | Z
1= ®RL-@6pr ;= Ex\.‘:.vmb. [1= QsAmf. L= Gx.-:.zn ¢T="%r VL=
(*HDO-“HD)f
[T= R&T@oh 7= @a\?rs PT = cyimf. UT= .3-@&. ¢z =" §7 =5 ¢7="ir ¢1=" 1o =
CHY S CHOD6rT
p =%y =W g @Sl g BN g = CHDO)F sT=% s7="r ¢z=% (MwW0 CHIDICT
apeyt PN (PY8Y'y opery PP 6L (P 09T PSS (PP)I0S W q L
A k< |
(9X6)H (13.6))31 BXOH (6X9H (©H (IH (©H (OH S)uanynsqng

((zH)  ‘(wdd) 9) 1 saxa1dwod 107 21333ds YN Jo sialsurereg
1 3IqeL



129

“JIAN 2[qQnop aanas|as FuIsn SUOP sem S[EUBIS 313 Jo Juawudisse YL ,

pI= ®—(9)6 r
1= 69— GJ,_.
7= ?El@&\

aPeLy

¢l = (8- 35.
¢l1= ©1- @as
b= B- Gx\.ﬁ

¥pyeLy

eT= (8).—1(9) r
€1 = 8)5-(5)6 r
vz = w—9X r

P L'y

pI= @TGK\
p1= (62— {96 r

LT = Fix?x.\.
P LLY
¢l= @TGJ&

¢ 1 =606,

7= (tr-Wep
*p)sLy

3oe1],

Li= w96 r
L1= 6¥%- @o\
g = W89y

op)ors

PT= @o-EmN
7= )%ty
Cr= @A,

PNres
§l= :%n:.zﬁ
p7= (L) :.Eﬁ
T = B)—(08 r

PDPeS
1= ?Ulem\.
e — @6-Wep
vT= [CHAZS '

P ses

b= @euem.s
L7 = Whp

7=,
(P OE'S
G- Rty

g = @e-Wep

vz = @08,
(PNTrs

aoelL
L= -8,
¢y = We-iRy
cT= (e~ ews

(P180S

1= @s-()
7= -
¢ = 6% @®I I

Py H0°¢
¢l= (@6—(8)L r
vT= U~y
VT = 5?8:.\

PN FO'S
1= @«.AEFH
vT= Dg-@)p
VT = (639-(8) I

®H NS
b= @6 R r
LT= WL

L7 = (6w-(8) I
(PDFO'S
1= (9)6—(8)L f

o.u-:.zlsx I

97 = Gt
PNHIS

20RI],

L= Gxu-@n.s
§T = {(Ln- @n\.
7= (60— r

PN6LY

1= 3&..83\
bz = 035 ass
7= @69y

P 86E
G = @663,
L= valaah
Y= Exlaxs

(P)I86E
eI= Gxuaus
e = @r-69p
7= @n\?tﬁ

OP)86E
V1= @onas.s
b1 =n-eny

7= S:L&J.
4P LoE
¢1= Gx.naxh

¢ (= Wrony

b7 = @0y
P et

2R,

L= @T@oﬁ
Ll= (Lr-t6)op
CT= 8- E!N

(P} ¥6'E

TI=%r

§T=
sz="r sT="%r
(P)T6E )982
TI="%r
vT="" re==r
$'9=("HD-S)r eT="r
PNG6LT (PVI]T

T1=1

§z=
rT="%r
(W) LLT-LST (PPP)SRT
Ti=r
vz="" sT="r
09=CHDS)r yz ="
bt PHSLT
g7 =(p-opud)f 97 =(0puR-p)f
g'¢1 = (OpUa-oxa)f 6’1 = (OX-p)f
(PPIHIT Mz
20e1], 2081l
() v 2-+9°C W) pLT$97

gz="
§T=
moes

g7 ="
€7 ="
M 8Ts

T =1
vz ="t
MLTs

7 ="
vT="r

mLes
7z ="

17="21
mevrs

eIl

§T=
sT=%r
M 80'S

T1="r
sT="r
PP)STS

T1="4
£z ="*r
PPYoT's

T1="r
T ="r
®PEs
7i=
rT="%f
PmTs
T1="r
Te="%r
®P) 'S

EMAN

SI1="
gg=*
®P) %Y

s L9899
Ud

0t T-09°0
1d

05" 1-58°0
13

09 =
(*HO-S)f
(P) 6€°0
I

61—
(oxa)r
®P 10T
H

SrL—00°L
4d

0g 1-09°0
id

() 200-
(5) 970+
Eawig

©) 1£°0
(3)61°0
fapng

® 610
() 1£0
Capnis

(5)610
(8) 1£'0
LapIS

(OX3 4]
) oe0
Lo

[OX9A!
®LT1
ng,

®111
(8)871
ﬂm_

4!

It

01



130

L= (R 3!\. L= axé.!\. L'l= kamf. L= @al@nﬁ
L= 90X g7 OkURp g Ry Da-leny s7=" sT=%r ¢1=" cz="r 19=CH>S)r OF<A
g7 =W g =@LRp g7 o @-BLp g7 = @9 9= (Ey)-g)r sz="S g7=" cg="5r (P) T 0 ®) 95’1
(P €0’ (PHEY (P88 ('p) 8F'y b)) 9L g beyz (PPISEY PP 79T W ng, ¢
LT="00kp o @By GG, ;O g Fopua) pra 6T = (1-0%3)
L1 =0 g7 OBy g RGOy o _WRlEp g PR e opuo-p)y  ¢T="6r €T=(0PUS-D)f 61 =(pO)S
g7 ="18"%p gr=@-Why g7~y g7 =@L-®W8 gep =P Gra(oxap) GT="  §=(0X-])f '€l =
(0pua-0x3)f () 6€'1
('p) 8Os (PHP8Y ©)o08e P Try P €8T (PPP)8FT (PP)ITS (PP) 6+ p)ize e
H g, r
¥L=
) (“*HO'HO)I,
1= L6k g (O WBp o[_GM-Wip g[_Gklee c1="Flp 0’8 = (HH)Y,
9= (69— Guob 97 = Gxu:.xh g7 = :.5-@\..‘. 9= :.x_:axh cr=5r ¢1="r cr="r ANIUV Wz
pue 9¢'z
97 = (.- .Eﬁ. 97 = SFAD&. 97 = awl.mx.ﬁ 97 = ax.lazﬁ ¢ = ?\. ¢ = en\ 7= 2\ S6'9-1S'L nm H) €'l
() 99y (PDISY (P v’y (W) 99'y 66'¢ P WS (py8sLT qd H gt
T = - st. L= @f:.vms. SI= .E.-.uaﬁs $'I= Gyuazs
1 =690y o7 IR, o7 WB-DLp ooy = -,
¢z = (r- .Ems, e S.:.Atmh ¢7 = (59— @»H T = @7&3\ 09 -08°0 09 1-08°0
oLy Py (1) 6Ev apoLy TLT-987T L7927  (W)9p's TLT-9¢EC id H T
0= @\.-GKH gL = Sx.lems 9] = (96— af. 9= Asmuaxs 7 ="r vi=
‘ , (*HO*HO)Y
9= ?3\35. 97 = Exltmh 97 = E_mlsv_..ﬁ 9T = .Emlawh P = _mh. 1= ﬁm\. 1'9=CHIS)f ANI,U .3 Wz
97 = Em-@ms. 97 = @753, — SEAEI. 97 = @TS!\ 1’9 = An HOS) vz =¥ (P) 90 nmIU DI0L
(¥P) §8'% ENesy DT omMLigy obyrrez 2 (W 6v'T (P'P)90°S 98¢ A 1
;| o
(9X6)H (LX8)H (BXNLH (6X9)H (OH (FH (OH (DH sjuamnsqng
((ZH) r “(wdd) @) II saxa[dwod 10] v1133dS YN JO SIajowWeIe
T 21qEL



131

‘[euds (9X6)H 2y1 edef1240 1euFis () UL , WN 21qnOP 3Ar23[3s Ruisn du0p seam sjeudis ay) jo juatmudisse Y[, , -sreusrs Ajundun Aq padde[1aao s1[BUBE Ay, ,

$1 = @73&\
b= Sx;@m\.
C7= em\@m\.

aP10s
= .ET@@\.
P = S!\GK\.
sz = :‘z\@m\.

ap s
Pi= ()L -(9)6 r
p1 = -k
g7 = :.!\SK\.

aP)ws
b= (L -9 r
pi= Q!»G!\
57 = A;T@KH

ap)oos
vi= @)L~ (9% r
1= QU\SKH
g7 = @Lw—(9) r

apaos

o1 =®L-0k
o= aznsss
g7 = Wr-Osp

oS
9L = (8- st
9= (6)9-0% ¢
97 = (e~

P v0's

= anemﬁ
cZ= Sx-()8 r
¢7= :E.\c.s\.

Py 88ty
pI= RHA%\
ST = Gxnﬁs\.
$7= S:Atmx.

(PY) 88y
= W-()8 P
g7 = )-8 r
¢z = Bwsp

PHIsT
V= (6w r
7= (9)-(L)8 r
$T= GK\P!\.

Py agt
iy =®Wn,
97 = Gxnem\.
g7 = WL-Wap

PNV

91 = 69— r
g7 = 6Lk 73
ez = @L-s '

PN L8y
91 = Sx_'nt&.
97 = @ml?vms
97 = @z.-:w:.

(P 98y

P = (@6—B) r
gt = :.:T@:.
¢z = 69 - r

PEYVLTY
pI= (5)6—(R)L r
7= (Lyg- af.
ST = -8 r

PYHLIY
b= 35\55.
$7= (WR=(8)Y r
§T = Ew-(g) r

PYHLTY
Pl= @68,
g7 = Qe-En r
ST = (69—~ r

Py eTd
Pi= (6W-(8) r
y7= We-(au o
b7 = —{ex—fgn r

PNIWY

9] = G&Amﬁ\.
7 = emlef.
87 = 98 I

(P L8E
91 = 9)6-(8)L r
97 = Emu@ﬁ.
97 = arlnwf.

(P68t

pI= G!\ax\.
¥l = (L)8— Q!ﬁ
T = ax.lax\.

ap) oSy
1= sxﬁaxs
V= Sm«a!\.
ST = (1 @oﬁ

P9y
V= Qxﬂass
= Smlax\.
ST = @785\

ap) sy
V1= Gr\.\a&.
yl= .H;T@o\.
CT= @h:@o\.

aP sy
PI= le%s
PI= Sww@c\.
¢7 = S.hnaxﬁ

ap) ISt

9= Sxxarﬁ
9oL = €Lm- ?3\
7= @)= 83\.

Py
o= 33\33\.
9] = (- 83\.
97 = — @)= 35\.

aporv

$T="r
sz="Yr
M sov

sT="r
cT="r
$9=CHI-S)f
nesze

() LLT-LST

sz ="r

sz="r

09 =(*HD-$)

(ab)sgz

£ =(F-0pua)s

€7 =(1-0PU3)f
6€l=

(oxa-opus)f

(P)RRT

£T="r
£T= ﬁh\.
() 86°E

(W) pL T-+9°T

er="

sz="%r
sT="4r
(PNI8T

61="r
$T="%r
gT="

(PN WE

gr="r
sT="r
szT="r

P1867

LT="r
0T = (oxa-p)f

£'7 =(0pUa-p)f

(PPPIGLT

£T=""
£7="
LT=*
P I8T

(W) v£T+9T

er="Ter
¢z ="
(P'P) 66'F
=1
sT="r
97 =%
((2eVR%1RY

L 10°S

er="r
T ="
@EP)20¢
rr="%r
£1="r

(PP)STS

2 PO'S

L1=""r
§T="r
(PP)OL'S

61=""t

sT="r

£€1="r
®PP)FIE
ri="*r
§1=""1r
sz="r
PPPISLT

(W) LL'T-LST

(WwoLe

er="*r
€T =(epua-1)f

07 = (©%-1)f
®PST
£Z=""r
£T="4

£T="5"
b gz

PLT-T9T

(W) 7§°L-989
ud

0E'1-090
d

0S'1-68°0
1

09 =(*HI-5)f
(P) 6ED
W

0T = (b-0x2)f
077 =(1-0x3)f

6El=
(Opue-0x2)f
op)eoe
H

0€'L-06'9
ud

0g [-09°0
1d

(5)8z0
() sE0
fOIS

®) 1+0
() SEO0
tons

(5)SE0
() 650
LIS

(8) 5£0
(5) 6£°0
Lals

(5) LEO
&) oFo
Loms

()€1
3)97'1
nd,

) TET
(99T
_._.mu

Al

11

01



132

Hs encol{ T

290 265 240 200 8lppm)

350 425 200 S(ppm)

Hy(T)

L

550 555 55 % Sk
Fig. 1. "H NMR spectra of a mixture of the complexes (7*-ex0-5-H-1-SiMe -CsH ,Xn°-CsH ,SiMe,;)Co
and (n*-exo-5-H-2-SiMe;-CsH , Xn°-CsH,SiMe ;)Co.

The signals were assigned to the H(1) protons of complexes II from the integral
intensities of the signals of these protons and the multiplicity. The signal of the
H(1) protons in most complexes II is characterized by an additional doublet—
doublet splitting because of the spin—spin interaction with the H(5), H(3) and H(4)
nuclei of the diene ring (Table 2). In most cases we succeeded in assigning the
H(4) protons to each isomer by using the values of the proton integral intensities
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AP wm k|

L\h A

50 20 30 S(ppm)

Fig. 2. 'H NMR spectra of a mixture of the complexes (n*-ex0-5-Me-1-SiMe;-CsH 4 Xn°-CsH,SiMe,;)Co
and (n*-exo-5-Me-2-SiMe-CsH ,X°-C sH,,SiMe,)Co.

and the values of the constants of the spin—spin interaction with the neighbouring
protons in the ring.

The molecular geometry of the complexes of types I and II has its stereochemi-
cal peculiarities. The cyclopentadiene ligand in the complexes is n4-coordinated,
the CHR fragment does not participate in the coordination and is brought out of
the plane of the diene system beside the metal. With R = R’ = H, the complex is
prochiral. The availability of the R substituents in position 1(4) or 2(4) of the
n*-coordinated ligand leads to the disappearance of the symmetry plane turning 1
and II (R # H, R’ =H) into chiral complexes. The planar chirality of the com-
plexes remains when a substituent other than H is in the exo-position of the
n*ligand. The presence of the R substituent in the n°-cyclopentadienyl ligand is
not of major importance, however, it allows identification of a chiral complex by
the NMR method in the case of spectrally distinguished diastereotopic hydrogen
atoms.

The analysis of the NMR signals of isomers I and II in the range of the
substituted cyclopentadienyl! ring indicates that for each isomer, the cyclopentadi-
enyl ligand protons are inequivalent and are shown by four multiplets (Figs. 1 and
2). Thus, these complexes contain diastereotopic hydrogen atoms and possess
planar chirality.

An important problem is the assignment of the signals of a-H (H(6), H(9)) and
B-H (H(7), H(8)) hydrogen atoms of the RC;H, ligand. The assignment was made
on the base of the comparison of *J(H-H) and *J(H-H) values of complexes I and
II with : ™R spectra of 1,2- and 1,3-disubstituted ferrocenes [11,12] and 1,1,3,3-
tetra-tert-butylcobalticinium [13]. The doublet—triplet splitting is characteristic of
a-protons and B-protons show triplet—doublet splitting. The values of the spin—spin
interaction constants are: J*(H(6)-H(8)) =J *(H(7)-H(9)) =J *(H(6)-H(9)) = 1.4-1.7
Hz; 3J(H(6)-H(7)) =3J(H(7)-H(8)) =*J(H(8)-H(9)) = 2.4-2.8 Hz (Tables 1 and 2).
These signals were assigned to each isomer taking into account the integral
intensities and their correlation with the quantity of each isomer in the mixture,
and when necessary, the assignment was made using selective double NMR
analysis.
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Table 3

Average chemical shifts (ppm) of diastereotopic hydrogen atoms in 'H NMR spectra of chiral
complexes I and II

Substituents Complex I Complex II

R R’ H, Hp H, Hg
Et Me 4.50 4.55 4.76 445
Et Pr 4.50 4.69 470 4.47
Et Ph 457 4.54 4.66 4.44
‘Bu H 437 5.00 4.75 432
'Bu Me 4.86 424 4.65 3.96
'Bu Pr 452 493 4.75 437
‘Bu Ph 4.73 437
SiMe, H 4.33 528 4.76 4.44
SiMe, Me 436 5.20 4.77 4,52
SiMe, Et 438 522 477 4.54
SiMe, Pr 441 5.19 4.73 4.52
SiMe, Ph 441 5.19 473 4.52

Electron and steric influence of substituents in chiral complexes

The position of the signals of a-H (H(6), H(9)) and S-H (H(7), H(8)) di-
astereotopic hydrogen atoms in the RC;H , ligand for all chiral complexes depends
upon the R group nature and its position in the cyclopentadiene ligand and is not
essentially influenced by the R’ substituent in the non-coordinated fragment. On
discussing the changes in the chemical shifts of the - and B-protons of the
diastereotopic hydrogen atoms, the data from Tables 1 and 2 as well as the
averages of the chemical shifts for each pair of diastereotopic nuclei (Table 3) were
used.

For complexes I, the chemical shifts of the a-protons in the RC;H, ligand are
strongly dependent on the R substituent and change in the sequence &8(H,):
‘Bu > Et > SiMe,. The inverse relation of the chemical shifts is observed for
B-protons of the RCsH ,-ring 8(Hp): SiMe; > Et > 'Bu.

For complexes I with R = SiMe; the a-protons are observed in a stronger field
than the B-protons. For R = Et, the chemical shift values of the a- and B-protons
are made equal and with R ='Bu, an inverse relation is seen. The a-protons are
observed in a weaker field compared to the B-protons.

In the case of complexes II, the position of the a-protons of the RC;H, ligand
depends slightly upon the R substituent. The chemical shift of the B-protons
v(H ﬁ) in the RC;H, ligand, changes in the substituent series as follows: SiMe; >
Et > ‘Bu. For all complexes II H, protons are in a stronger field in comparison
with H .

13C NMR investigation of substituted derivatives of ferrocene and zirconocene
showed that the substituents (R = Et, 'Bu, SiMe;) bring about a different degree
of shielding of the carbon nuclei of the ring that is also associated with the
different electron effect of the substituenis [14—16]. The inductive effect +1 of ‘Bu
is much higher than that of the ethyl group. With the SiMe, substituent, together
with the +1 effect, a mesomeric effect (—M) in the opposite direction is observed
which is caused by the interaction of 3d orbitals of the silicon atom with the
m-system of the ring, the —M effect predominating over the +1 effect.
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Fig. 3. Fragment of the '"H NMR spectra of a miture of the complexes (»*-exo-5-Pr-1-SiMe;-
C4H Xn®-CsH , SiMe;)Co and (n*-exo-5-Pr-2-8iMe;-CsH ;X n°-CsH ,,SiMe,)Co.

An attempt was made to correlate the values of the chemical shifts of the a-
and B-protons of the RCsH ,-ring with the electron effects of the substituents. The
averages of the chemical shifts of the nuclei of a >C atom bound with the R
substituent in an aromatic ring were used to characterize the substituent electron

Complex IT

84 (Hep) (pom)

-~ Complex I
5.31’\ omplex

1] 13 15 7 19 21 23
AS8c® (ppm)

Fig. 4. Correlation of relationships between the values of average chemical shifts of a- and 8-protons in
the CsH,4R™ ligands (8a(H,)) and the values of the difference in chemical shifts of BC(D) atoms of
C¢H;R and the *C atom of C¢Hg (457C).
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Table 4

Values of difference 1 chemical shifts (ppm) of diastereotopic hydrogen atoms in 'H NMR spectra of
complexes I and II

Substituents Complex I Complex I

R R’ HOX6)-H(EX9)  HEX7-H(X8)  HOX6)-H(EX9)  HEX7)-H(7X8)
Et Me 0.37 0.14 0.18 0.16
Et Pr 033 0.37 0 0.17
Et Ph 0.55 0.16 0 0.17
'Bu H 437 5.00 4,75 4.32
'Bu Me 048 0.34 0.55 0.94
'Bu Pr 114 0.29 0.58 0.97
'Bu Ph 0.62 1.00
SiMe, H 433 5.28 4.76 4.44
StMe, Me 080 0.32 0.46 074
SiMe Et 0.76 0.32 0.47 0.74
SiMe, Pr 081 0.30 0.45 0.71
SiMe;, Ph 0.81 0.30 0.45 0.71

effect. Correlation relationships are shown in Figs. 3 and 4. For many complexes 1
and II, the figures show the linear relationship between the averages of the
chemical shifts of «- and B-protons in the RC;H ,-ring and the chemical shift
values of the nuclei of the 1*C atom bound with R in the aromatic ring. However,
more complicated dependence of the chemical shifts for some complexes indicates
that it is difficult to explain the change in the chemical shifts of «- and B-protons
only in terms of the electron effects.

Table 4 presents the values of the difference in the chemical shifts (A8) of the
diastereotopic hydrogen atoms in the RC;H, ligand of complexes I and II. The
analysis showed that these values depend in a complicated manner upon the steric
characteristics of the R substituent in the RC;H, ligand and the R substituent
position in a diene fragment of the n*-coordinated ligand.

The influence of the R substituent in the diene ligand on the value of the
difference in the chemical shifts of the diastereotopic hydrogen atoms of com-
plexes I and II is of steric nature rather than electron.

In complexes I, the bulky 'Bu and SiMe, substituents affect considerably the
value of A8(H,), and in complexes II, the A8(Hp) value is affected by the Et
substituent.

R -
R
a
Rr
B
a
B g
I pis

Such influence can be explained taking into consideration that each type of
complex has its threshold of rotation of the cyclopentadienyl and cyclopentadiene
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rings due to shielded (for complexes I) and hindered (for complexes II) conforma-
tion. The R’ substituent projects out of the plane of the diene ring in the opposite
direction and, therefore, does not exercise a steric influence on the values of
A8(H,) and (Hp).

Orientation effects in reactions of complex formation

The quantitative data on the ratio of isomers I and II in the mixture were
obtained from the results of NMR studies. The data in Table 5 point to the fact
that the ratio of isomers I and Il depends upon the R substituent in the
cyclopentadienyl ligand, the R’ attacking group and the method of the substituent
introduction.

In the radical substitution reaction proceeding on the interaction of (C;H,R),Co
with R’,Cd, in the case of R groups of small volume (R = Et) isomer II prevails
somewhat over isomer I. The increase in the steric volume of the substituent in the
ring (R ='Bu) leads to the predominant formation of isomer II.

In the nucleophilic addition reaction, on interacting (CsH,R),CoX (R = Et)
with R’Li (R’ = Me, Pr) the main product is complex I. The amounts of isomers I
and II become equal for R = Et, R’ = Pr. With R ='Bu, complex II is the main
reaction product. The ratio of isomers I and II when R = SiMe, differs strongly
from that with R ='Bu.

Comparison of the ratios of isomers I and II formed in the radical and
nucieophilic addition reactions shows their substantial difference. To explain this
fact, the mechanism of the introduction of the attacking group into the cyclopenta-
dienyl ring should be considered.

As was established earlier [7], the interaction of cobaltocene with organocad-
mium compounds proceeds by the scheme:

R

1
Co +RRCd — Co Cd — % Co +Cd+[R]

O~ ©- ©O-

The process is accompanied by attack of the R’ radical into the cyclopentadienyl
ring of cobaltocene, the orientation effects being determined by the steric effect of
the substituent in the ring and the attacking group. Therefore, the formation of
isomer II proves to be more preferential in all cases and the isomer ratio depends
strongly upon the steric volume of the R and R’ groups.

On forming the cyclopentadiene complexes via the reaction of cobalticinium
with R’Li a nucleophilic particle attacks the cyclopentadienyl ring with a lower
electron density. When the substituent is available in the ring, the R’ group can be
in position « or B. Position a proves to be sterically unfavourable compared with
position B, particularly with bulky R and R’ groups. However, because of the
introduction of an alkyl substituent with the positive inductive effect (+1I) into the
ring, position B becomes less preferable for the nucleophilic attack of R’.
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For groups of small volume (R = Et, R’ = Me, Pr) isomer I is the main product
of the nucleophilic addition. The increase of the steric volume of the R and R’
groups changes the isomer ratio in favour of isomer IL

In the case of the spatially bulky groups R and R’ (R ='Bu, R’ = Ph) the steric
factor predominates over the electron one and the reaction results only in isomer
|18

It is known that by the nature of the steric effect, the SiMe, and ‘Bu groups are
close. The steric hindrances, therefore, created by the SiMe,; and ‘Bu groups on
the attack of the substituted cyclopentadienyl ring have to be approximately
similar. But by the electron effect these groups are different. The inductive
constant of the SiMe, group is known to be smaller than that of the 'Bu group. At
the same time, the mesomeric effect (-M) of the group, due to the interaction of
d-orbitals of the silicon atom with the mr-system of the ring, gives rise to the gain in
the orientation effect in the direction of isomer I formation due to the generation
of a partly positive charge in positions 1 and 4.

Thus, in the nucleophilic addition reaction the orientation effect of the sub-
stituents is determined by the competition of the steric and electron factors.

Experimental details

All operations in the synthesis and purification of complexes I and Il were
performed under an argon atmosphere using oxygen-free solvents. Chromatogra-
phy of complexes I and II was carried out on a column packed with Al,O, of the
first and second degree of activity according to Brockman. NMR spectra were
recorded in a C,Dy solution on a Bruker WP-200 SY instrument with an operating
frequency of 200.13 MHz.
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Synthesis of complexes I and I by reaction of (CsH,R),Co with R,Cd

An excess of R,Cd (R =Me, Pr) was added to (C;H,R),Co. The reaction
mixture was kept at 20°C for 6 days. In the case of Ph,Cd, the reaction was
conducted in toluene (15 ml). After completing the reaction, an ampoule was
evacuated at 30°C during 2 h; 15 ml of hexane was added to the reaction mixture.
The metallic cadmium was separated by filtration and the filtrate was washed with
water. An organic phase was evaporated to 2 ml and passed through the column
packed with Al,O,, using hexane as eluent. After removing the solvent, the
residue was chromatographed twice on the Al,O; column. The eluent was pen-
tane.

Synthesis of complexes I and II by reaction of (CsH,R),CoX with R'Li

R’Li was added to (C;H,R),CoX (X =BPh,, PF,) in 25 ml of THF at a
temperature of —70 to —30°C. The reaction mixture was stirred for 30—60 min.
The temperature of the reaction mixture was brought up to room temperature. At
—20°C, 3 ml of H,0O was added. The organic phase was separated from the
aqueous phase and the solvent was removed under a vacuum. The residue was
twice passed through the chromatographic Al,0; column. The eluent was pen-
tane.

Synthesis of complexes I and II by reaction of (CsH,R),CoX with NaBH,
The compound (CsH,R),CoX (X = BPh,, PF;) was added to NaBH, in 20 ml
of THF. The reaction mixture was stirred for 40 min, then 30 ml of water was

Table 6

Experimental data for the synthesis complexes I and II

Initial reagents Yield of complex I and II

mixture

g %
(CsH,R),Co (g; mmol) R ,Cd (g; mmol)
(Cs;H,Et),Co (0.72; 2.93) Pr,Cd (2.80; 13.7) 0.70 83
(CsH,4Et),Co (1 10; 4.49) Ph,Cd (2.30; 8.6) 0.87 60
(C5H ,'Bu),Co (0 35; 1.16) Me,Cd (1 60; 11.3) 0.29 79
(C5H ,'Bu),Co (028, 0.93) Pr,Cd (1.40, 7.1) 0.26 81
(CsH,'Bu),Co (0.43; 1.43) Ph,Cd (2.51; 9.4) 0.38 70
(C5H,R),CoX (g; mmol) RL1 (mmol)
(CsH 4Et),CoBPh 4 (0.33; 0.58) MeLi1(1.3) 0.05 33
(CsH 4Et),CoBPh 4 (0.46; 0.82) PrLi (2.0) 0.18 76
(CsH,Et),CoBPh, (0.30; 0.53) PhL1(2.2) 0.10 58
(C5H ,'Bu),CoPF; (0.37; 0.83) MelLi (1.5) 0.16 61
(C5H ,'Bu),CoPF; (0.37; 0.83) PrLi (1.6) 0.27 95
(C5H 4'Bu),CoBPh,, (0.30; 0.48) PhL1(2.2) 0.13 71
(C5H 4SiMe,),CoBPh 4 (0.40; 0.62) MeLi1 (0.9) 0.12 56
(CsH 4S1Me;),CoBPh, (0.28; 0.43) EtLi (3.9) 0.12 84
(CsH,SiMe;),CoBPh 4 (0.44; 0.68) PrLi (1.0) 0.16 67
(CsH,SiMe,),CoBPh,, (0.30; 0.46) PhL:(1.8) 0.09 50
(CsH,R),CoX (g; mmol) NaBH, (g)
(CsH ,'Bu),CoPF; (0.48; 1.07) NaBH , (0.70) 0.23 71

(C5H4S1Me,),CoBPh,, (0.37; 0.57) NaBH, (0.60) 0.14 80
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added at 0°C and stirred for another 30 min. The organic layer was separated from
the aqueous phase, the solvent was removed in vacuo and the residue was twice
passed through the chromatographic Al,O5 column. The eluent was pentane.

The experimental ratios of the reagents and the yields of the complex I and II
mixture are shown in Table 6.
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