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Preparation and Stereochemistry of Cobalt(IIT) Complexes Containing 1,1,11,11-
Tetraphenyl-4,8-diaza-1,11-diphosphaundecane or (35,95)-3,9-Dimethyl-
1,1,11,11-tetraphenyl-4,8-diaza-1,11-diphosphaundecane,
(CsH5):PCH:CHRNHCH:CH:CH:NHCHRCH:P(CsH5)2
(R=H or CHj)
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Two new quadridentate phosphine ligands 1,1,11,11-tetraphenyl-4,8-diaza-1,11-diphosphaundecane (pp-
232PNNP) and (3S,9S5)-3,9-dimethyl-1,1,11,11-tetraphenyl-4,8-diaza-1,11-diphosphaundecane (SS(C)-pp-
232PNNP), and several their cobalt(III) complexes were prepared and characterized. The RS(N) isomers of
trans-[CoCly(pp- or SS(C)-pp-232PNNP)]* were formed by oxidation of cobalt(II) complexes of these ligands in
dichloromethane with chlorine, while the RR,SS(N), and RR(N) isomers of the pp-232PNNP and SS(C)-pp-
232PNNP complexes, respectively, were derived from the corresponding carbonato complexes and hydrochloric
acid. The [Co(O-O)(pp- or SS(C)-pp-232PNNP)]** (0-O= COz%~, C;0,2~, CsH;0,™) complexes yielded only a

cisfB isomer.
dichroism and NMR spectra.

In our previous papers, we have reported a number
of new cobalt(III) complexes containing the following
quadridentate aminoalkylphosphine ligands; pp- and
mm'222PNNP=R2PCH2CH2NHCH2CH2NHCH2'
CH,PR, (R=CgH; and CHj;),! SS(C)-pp- and SS(C)-
mm-222PNNP= (§,S)-R,PCH,CH(CH;)NHCH,CH,-
NHCH(CH;)CH,PR,; (R=C¢H;s and CH3),? mp- and
SS(C)-mp-222PNNP=(C¢H;)(CH3)PCH,CHRNHCH,-
CH,NHCHRCH,P(CH;)(C¢H;) (R=H and CH,),”
and 222NPPN and SS(C)-222NPPN=NH,CHRCH,P-
(Ce¢H5)CH,CH,P(C¢Hs)CH,CHRNH, (R=H and
CHs).# The properties such as stereoselectivity and the
relation between circular dichroism spectra and the
absolute configuration observed for these complexes
have often been found to differ from those reported for
complexes containing the corresponding tetramine
ligand NHgCHgCHzNHCHzCHzNHCHZCHzNH2
(trien) and its derivatives.” To elucidate properties of
cobaly(III)-polydentate phosphine complexes in more
detail, further preparative studies will be necessary on
related complexes. This paper deals with the prepara-
tion and characterization of cobalt(III) complexes
formed with two new ligands of the PNNP type,
1,1,11,11-tetraphenyl-4,8-diaza-1,11-diphosphaun-
decane (pp-232PNNP) and (3S, 95)-3,9-dimethyl-
1,1,11,11-tetraphenyl-4,8-diaza-1,11-diphosphaun-
decane (SS(C)-pp-232PNNP), which form two five-and
one six-membered chelate rings upon coordination.

Experimental

Quadridentate phosphine ligands pp-232PNNP and
SS(C)-pp-232PNNP were prepared and handled under an
atmosphere of nitrogen until they formed cobalt(III) com-
plexes. All solvents used for the preparation were made

T Present address: Department of General Education, School
of Commerce, Senshu University, Higashi-mita 2-1-1,
Tama-ku, Kawasaki 214.

The stereochemistry of the complexes was discussed on the basis of the absorption, circular

oxygen-free by bubbling nitrogen for 20 min immediately
before use. 1,9-Dichloro-3,7-diazanonane dihydrochloride,®
diphenylphosphine 7 and (S)-alaninol (2-amino-1-propanol)®
were prepared according to the literature methods. Absorp-
tion, circular dichroism (CD), and 'H and 3C NMR spectra
were recorded on Hitachi 323 and U3400 spectrometers, a
Jasco J-40CS spectropolarimeter, and Jeol JNM PMX-60
and Hitachi R-90HS spectrometers, respectively.
Preparation of Ligands. 1,1,11,11-Tetraphenyl-4,8-
diaza-1,11-diphosphaundecane (pp-232PNNP). To liquid
ammonia (150 cm?) containing metallic sodium (1.7 g, 74
mmol) in a 500 cm® round-bottom flask was added dropwise
diphenylphosphine (12.1 g, 65 mmol) at —78 °C. After stir-
ring for 20 min, 1,9-dichloro-3,7-diazanonane dihydrochlo-
ride (4.0 g, 14.7 mmol) was added in small portions with
stirring. After 1 h, liquid ammonia was evaporated. To the
residue were added water (50 cm3) and then diethyl ether (60
cm?®) with stirring. The ethereal layer was separated and
dried over MgSOj (ca. 10 g) overnight. A viscous liquid was
obtained by removing the solvent and unreacted diphenyl-
phosphine under vacuum. The oily product (ca. 4 g) thus
obtained was used for the preparation of cobalt(III) com-
plexes without further purification.
(25,85)-2,8-Dimethyl-3,7-diaza-1,9-nonanediol Dihydro-
chloride. To an ethanol solution (130 cm3) of (S)-alaninol (31
g, 0.41 mol) in a 500 cm® round-bottom flask was added a
solution of 1,3-dibromopropane (21 g, 0.106 mol) in ethanol
(10 cm3) over 30 min at 70 °C with stirring. Stirring was
continued for 4 h. The solution was cooled to 0 °C and then
was mixed with KOH (11.9 g, 0.212 mol) in ethanol (200
cm?®). After 1 h precipitated KBr was filtered off, and ethanol
was removed under reduced pressure. The oily residue was
distilled at ca. 130 Pa, giving unreacted (S)-alaninol (bp
68°C, 17.95 g) and the desired material (bp 168°C). Yield:
8.85 g (49.1 mmol, 46.5%). Since the product was very
hygroscopic, it was converted into the dihydrochloride. A
methanol solution (150 cm?3) of the product was mixed with
concd HCI1 (15 cm?®) at 0°C, and then the solvent was
removed under reduced pressure. On addition of isopropyl
alcohol the oily residue gave white crystals, which were fil-
tered and recrystallized from isopropyl alcohol containing a
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small amount of water. Yield: 7.6 g. Found: C, 40.88; H,
9.09; N, 10.89%. Calcd for CoH24N,Cl,0,: C, 41.07; H, 9.19;
N, 10.64%.

(28,85)-2,8-Dimethyl-1,9-dichloro-3,7-diazanonane Dihydro-
chloride. To a mixture of (2S,8S)-2,8-dimethyl-3,7-diaza-
1,9-nonanediol dihydrochloride (7.6 g, 29 mmol) and chloro-
form (30 cm®) was added SOCI; (22 cm?) dropwise over 20
min at 0 °C. The mixture was stirred for 30 min at 0 °C, and
then refluxed for 2 h at 70 °C. Excess SOCI, and chloroform
were removed by distillation, and the residue was dissolved
in hot methanol (50 cm®). The solution was filtered and the
filtrate was cooled in ice to give colorless crystals, which
were filtered, washed with diethyl ether, and dried in
vacuum. Yield: 1.85 g. An additional amount of products
(4.85 g) was obtained from the filtrate by adding excess di-
ethyl ether. Total yield: 6.7 g (77%). Found: C, 36.57; H,
7.22; N, 9.62%. Calcd for CgH,;N,Cl,: C, 36.02; H, 7.39; N,
9.33%. The compound is very hygroscopic.

(38,95)-3,9-Dimethyl-1,1,11,11-tetraphenyl-4,8-diaza-1,11-
diphosphaundecane (SS(C)-pp-232PNNP). To liquid
ammonia (150 cm3) containing metallic sodium (2.4 g, 104
mmol) in a 500 cm® round-bottom flask was added dropwise
diphenylphosphine (18 g, 97 mmol), and the mixture was
stirred for 1 h at —78°C. To the resulting orange solution
was added (2S,8S)-2,8-dimethyl-1,9-dichloro-3,7-diazanonane
dihydrochloride (6.7 g, 22 mmol) in small portions with stir-
ring. Stirring was continued for 2.5 h. Liquid ammonia was
evaporated, and water (33 cm?) and then diethyl ether (30
cm?) were added to the residue with stirring. The ethereal
layer was separated from the aqueous layer and dried over
MgSO, (ca. 2.0 g) overnight. The solvent and unreacted
diphenylphosphine were removed by distillation under
vacuum. The oily residue (4.3 g) thus obtained was used for
the preparation of cobalt(III) complexes without further
purification.

Preparation of Cobalt(Ill) Complexes.™t RS(N)-trans-
[CoClx(pp-232PNNP)]X(Isomer A, X=Cl, Cl1O4). Method
1. To [CoCl(NH3);5]Cl; (500 mg, 2.0 mmol) in a mixture of
methanol (100 cm?) and water (100 cm3) was added pp-
232PNNP (1.0 g, 2.0 mmol) in methanol (10 cm?) with stir-
ring. After 30 min concd HCI (2 cm?®) was added to the
mixture, and stirring was continued overnight. The result-
ing green solution was filtered and the filtrate was evapo-
rated to dryness under reduced pressure. The green residue
was dissolved in water (300 cm3), the solution was shaken
with diethyl ether (300 cm3), and the aqueous layer was
separated and evaporated to dryness under reduced pressure.
From the residue the green complex was extracted with a
small amount of methanol, and the extract was evaporated
again to dryness under reduced pressure to give the complex.
Yield: 680 mg (51%). Found: C, 56.06; H, 5.94; N, 3.93%.
Calcd for C3,H3,N,CI13P,Co: C, 56.09; H, 5.47; N, 4.22%. The
complex is soluble in water, methanol, ethanol, acetone and
dichloromethane, but insoluble in diethyl ether and benzene.

Method 2. To a methanol solution (10 cm3) of
Co(Cl0Oy),-6H,0O (470 mg, 1.28 mmol) was added pp-
232PNNP (636 mg, 1.28 mmol) in methanol (10 cm?). After a
while the resulting orange-brown solution was evaporated to
dryness under reduced pressure, and the residue was dis-
solved in dichloromethane (50 cm?). Chlorine gas was

Tt Caution; All of the perchlorate salts of cobalt(III)-phos-
phine complexes are potentially explosive, and should be
handled carefully.
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bubbled into the solution for 10 min, and then excess chlo-
rine was removed by bubbling nitrogen for 20 min. The
solution was filtered, mixed with methanol (30 cm?®), evapo-
rated to a small volume (ca. 20 cm?®) under reduced pressure,
then mixed with NaClO,-H,0O (7.0 g), and concentrated
again to ca. 10 cm?® under reduced pressure. (The solution
should not be evaporated to dryness.) On addition of water
(10 cm?®) the solution gave a green precipitate, which was
filtered, washed with water and air dried. Yield: 676 mg
(72.5%). Absorption and NMR spectra of this [CoCly(pp-
232PNNP)]C10O4 complex coincide with those of the above
chloride salt. The solubility of the complex is similar to that
of the chloride salt except insoluble property in water.
RR,SS(N)-trans-[CoClz(pp-232PNNP)]C1 (Isomer B). A
solution of [Co(Cy04 or COj3)(pp-232PNNP)]X (X=PF,,
B(CgH;),) (0.13 mmol) (see below) in a mixture of methanol
(25 cm3), water (25 cm?) and concd HCl (5 cm3) was warmed
at 40 °C for 15 min. The resulting green solution was diluted
with a mixture of methanol (500 cm?) and water (500 cm3),
and applied on a column (¢ 3 cmX10 cm) of SP-Sephadex
C-25. The column was washed with water, and the adsorbed
product was eluted with 1 moldm™3 HCI in a mixture of
methanol and water (1:1). The green eluate was evaporated
to dryness under reduced pressure to give the complex,
which was collected, washed with a small amount of water
and then diethyl ether. Yield: 82 mg (97%). Found: C, 56.04;
H, 575, N, 4.20%. Calcd for C31H36N2C13P2C0: C, 5609, H,
5.47; N, 4.22%. The solubility of the complex is similar to
that of the corresponding RS(N) isomer.
cisB-[Co(C204)(pp-232PNNP)]PFs. To Kj3[Co(Cy04)3]-
3H,0 (500 mg, 1.0 mmol) in a mixture of water (50 cm?®) and
methanol (5 cm3) was added pp-232PNNP (500 mg, 1 mmol)
in methanol (2 cm?®), and the mixture was stirred overnight.
The resulting red solution was evaporated under reduced
pressure to remove methanol, and then shaken with diethyl
ether (100 cm®). The separated aqueous layer was diluted
with water (1 dm?) and applied on a column (¢ 3cmX30 cm)
of SP-Sephadex C-25. The adsorbed product was eluted with
0.05 mol dm™3 NaCl, and the eluate of the main red band was
concentrated to 20 cm?® and filtered. The filtrate was mixed
with NH,PF; (200 mg) in water (5 cm3), yielding a red pre-
cipitate, which was filtered, washed with a small amount of
cold water, and air dried. Yield: 410 mg (52%). Found: C,
50.07; H, 4.74; N, 3.61%. Calcd for Cy;3H3sN,O4F¢P3Co: C,
50.14;, H, 4.59; N, 3.54%. The complex is soluble in
methanol, ethanol, acetone, dichloromethane, and acetoni-
trile, slightly soluble in water, but insoluble in diethyl ether.
cisB-[Co(COs)(pp-232PNNP)]B(C¢Hs)s. To K[Co(COs),-
(CsH5N);]? (400 mg, 1.0 mmol) in methanol (50 cm3) was
added pp-232PNNP (500 mg, 1.0 mmol) in methanol (5 cm?®),
and the mixture was stirred for 6 h. The resulting red solu-
tion was diluted with water (1.5 dm?3), filtered, and the
filtrate was applied on a column (¢ 3 cmX30 cm) of SP-
Sephadex C-25. The adsorbed product was eluted with 0.1
moldm™ NaCl, and the eluate of the main red band was
concentrated to ca. 20 cm?® under reduced pressure. The con-
centrate was filtered, and the filtrate was mixed with NaB-
(C¢Hs), (350 mg) in water (5 cm?®), yielding a red precipitate,
which was filtered, washed with water, and air dried. Yield:
470 mg (50%). Found: C, 71.84; H, 6.25; N, 2.55%. Calcd for
Cs6HssN,O3BP,Co: C, 71.80; H, 6.03; N, 2.99%. The complex
is soluble in acetone and acetonitrile, slightly soluble in
methanol and dichloromethane, but insoluble in water.
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cisB-[Co(acac)(pp-232PNNP)J(ClOy): - 4.5H20 (acac=Ace-
tylacetonate Ion). An ethanol solution (60 cm?) containing
RS(N)- or RR,SS(N)-trans-[CoCly(pp-232PNNP)]X (X=Cl,
C10,) (0.28 mmol) and Li(acac) (35 mg, 0.33 mmol) was
warmed at 30°C for 1 h. The resulting red solution was
diluted with water (300 cm3) and applied on a column (¢ 2
cmX40 cm) of SP-Sephadex C-25. By elution with 0.2
moldm™3 NaCl, the eluate of the main red band was col-
lected , evaporated to dryness under reduced pressure, mixed
with ethanol (50 cm3), and the mixture was filtered. The
filtrate was again evaporated to dryness under reduced pres-
sure, and the residue was dissolved in water (50 cm®). On
addition of NaClO,-H,O (0.5 g) in water (5 cm?) the solu-
tion gave a red precipitate, which was filtered, washed with
cold water then a small amount of ethanol, and air dried.
Yield: 55 mg (23%). Found: C, 49.52; H, 5.78; N, 3.28%. Calcd
for C3sH;,N,Cl,0405P;Co: C, 49.55; H, 6.01; N, 3.21%. The
complex is soluble in methanol, ethanol and dichloro-
methane, slightly soluble in water, but insoluble in diethyl
ether and benzene.

The hexafluorophosphate cisB-[Co(acac)(pp-232PNNP)]-
(PFg), was obtained by addition of NHPF; instead of
NaClO, - H,0. Found: C, 45.77; H, 4.63; N, 2.97%. Calcd for
C36Hy3N,O.F,P,Co: C, 45.68; H, 4.58; N, 2.96%. The solubil-
ity of this complex is similar to that of the perchlorate.

RS(N)-trans-[CoClz(SS(C)-pp-232PNNP)]C104- 1.5H0
(Isomer C). This complex was prepared from Co(ClOy);-
6H,0 (410 mg, 1.12 mmol) and SS(C)-pp-232PNNP (590 mg,
1.12 mmol) by a method similar to Method 2 for the corre-
sponding pp-232PNNP complex. Yield: 250 mg (29%).
Found: C, 50.47; H, 5.16; N, 3.45%. Calcd for C33H3N,O55-
P,Co: C, 50.62; H, 5.54; N, 3.58%. The solubility of the
complex is similar to that of the corresponding pp-
232PNNP complex.

RR(N)-trans-[CoClx(SS(C)-pp-232PNNP)]C1O4 - 1.5H20
(Isomer D). A solution  of A-cisB-[Co(CO3)(SS(C)-pp-
232PNNP)]C10,4-0.5(NaClOy4) (50 mg, 0.062 mmol) (see
below) in a mixture of methanol (20 cm3) and concd HCI (2.5
cm?®) was warmed at 50 °C for 5 min to give a green solution.
On addition of NaClO, - H,O (5g) in water (20 cm3) the solu-
tion gave a green precipitate, which was filtered, washed
with cold water, and air dried. Yield: 44 mg (91%). Found:
C, 5074, H, 526, N, 3.69%. Calcd for C33H43N2C1305_5P2C01
C, 50.62; H, 5.54; N, 3.58%. The solubility of the complex is
similar to that for the corresponding RS(N) isomer.

A-cisB-[Co(CO3)(SS(C)-pp-232PNNP)]CI1O4 - 0.5(NaClOy).
A mixture of RS(N)-trans-[ CoCly(SS(C)-pp-232PNNP)]CIO,
1.5H,0 (200 mg, 0.26 mmol), (NH,),CO3 (133 mg, 1.4 mmol)
and active charcoal (ca. 50 mg) in methanol (40 cm3) was
stirred for 2 h at room temperature. Active charcoal was
filtered off, the filtrate was diluted with water (1 dm?) and
applied on a column (¢ 2.5 cmX100 cm) of SP-Sephadex
C-25. By elution with 0.05 mol dm™3 NaCl the eluate of the
main red band was collected and concentrated to ca. 40 cm?®
under reduced pressure. The concentrate was filtered, and
the filtrate was mixed with NaClO4- HyO (3.0 g) to yield a
pink precipitate, which was filtered, washed with cold water,
and air dried. Yield: 55 mg (27%). Found: C, 51.00; H, 5.14;
N, 3.68%. Calcd for C34H40N2Cl1'509P2Na0.5C0: C, 5065, H,
5.00; N, 3.47%. The complex is soluble in water, methanol,
ethanol and acetone, but insoluble in diethyl ether and ben-
zene. The complex can also be prepared from K[Co(CO3),-
(CsH5N),] and the ligand by a method similar to that for the

[CoXy(pp- or SS(C)-pp-232PNNP)**
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corresponding pp-232PNNP complex.

A-cisB-[Co(acac)(SS(C)-pp-232PNNP)](PFe)z2 - 2(NaPFg) -
2H70. A methanol solution (50 cm?®) containing RS(N)-
trans-[CoCly(SS(C)-pp-232PNNP)]|Cl1O, - 1.5H,0 (200 mg,
0.26 mmol) and Li(acac) (30 mg, 0.28 mmol) was stirred for 1
h at room temperature. The resulting red solution was dil-
uted with water (1 dm3) and applied on a column (¢ 2.5
cmX100 cm) of SP-Sephadex C-25. The adsorbed product
was eluted with 0.4 mol dm™2 NaCl, the main red eluate was
collected, concentrated to nearly dryness under reduced pres-
sure, and the residue was mixed with methanol (ca. 100 cm?)
to extract the complex. The extract was evaporated again to
dryness under reduced pressure, and the residue was dis-
solved in a small amount of water. On addition of NH PFg
(ca. 100 mg) the solution gave a red precipitate, which was
filtered, washed with a small amount of cold water and air
dried. Yield: 174 mg (50.6%). Found: C, 33.85; H, 3.53; N,
2.20%. Calcd for C3gHs N,Fy,04P¢Na,Co: C, 33.89; H, 3.52;
N, 2.08%. The complex is soluble in water, methanol,
ethanol, acetone and dichloromethane, but insoluble in di-
ethyl ether and benzene.

Results and Discussion

Preparation of Ligands. The quadridentate ligands
pp-232PNNP and SS(C)-pp-232PNNP were prepared
by methods similar to those for pp-222PNNPY and
SS(C)-pp-222PNNP,? respectively. The yields of these
ligands seem to depend largely on the purity of reac-
tants and the presence of moisture.? The lower yield
of SS(C)-pp-232PNNP may be attributable to moisture
contained in the very hygroscopic starting material

1 T T
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20 log
- 40
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20 420
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Fig. 1. Absorption spectra, (a) RS(N) (—) and
RR,SS(N) (------ ) isomers of trans-[CoClz(pp-

232PNNP)J*, (b) RS(N) (—) and RR(N) (------ )
isomers of trans-[CoClz(SS(C)-pp-232PNNP)]*.
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Absorption and CD Spectral Data for pp-232PNNP or SS(C)-pp-232PNNP Complexes (Solvent: CH;0H)

Complex

AB 7/10% cm™! (log ¢)

CD 7/10° cm™! (A¢)

RS(N)-trans-[CoCly(pp-232PNNP)]*

15.4(2.05), 21(2.2)*, 26(3.5)

30.7(4.25), 39.5(4.08)

RR,SS(N)-trans-[CoCly(pp-232PNNP)[*

15.6(2.06), 21(2.0)*,

26.8(3.6)*, 30.8(4.28)

cis B-[Co(C,04)(pp-232PNNP) |+
31.6(4.36)
cis B-[Co(acac)(pp-232PNNP) |2+
31.44(4.38)
RS(N)-trans-[CoCly(SS(C)-pp-232PNNP)|*

RR(N)-trans-[CoCly(SS(C)-pp-232PNNP)]*

A-cis B-[Co(CO3)(SS(C)-pp-232PNNP)]*+

A-cis B-[Co(acac)(SS(C)-pp-232PNNP) 2+

15.5(2.16), 20.5(2.2)%, 27(3.8)*,
30.5(4.21), 39.5(4.07)

15.5(2.11), 21(2.1)*, 23(3.6)*,
30.5(4.29), 39.5(4.13)
19.5(2.55), 24.5(2.5)*, 31.5(4.20)

19.5(2.75), 27.5(3.9)*, 31.4(4.33)

19.50(2.60), 24.6(2.8)*,

19.23(2.78), 24(3.0)*, 28(4.1)*,

15.0(+1.69), 16.5(—0.78), 20.6(—2.41),
26.3(—1.01), 28.6(—2.15), 31.0(+6.60),
33.8(—7.60), 39.3(—10.4), 42.3(+1.0),
44.3(—4.4)

16.0(+1.00), 20.8(—2.32), 26.3(—2.09),
31.0(+12.8), 34.0(—8.85), 39.5(—11.4)
18.3(+3.28), 20.8(—2.98), 26.3(—0.39),
30.5(—2.28), 33.3(+2.56), 40.0(—7.31),
44.5(+14.6)

18.0(+5.59), 21.0(—4.18), 27.8(—10.5),
31.0(+31.9), 35.0(—8.84), 38.5(—19.1),

*: Shoulder absorption.

(2S,88)-2,8-dimethyl-1,9-dichloro-3,7-diazanonane di-
hydrochloride. The ligands could not be purified by
distillation because of their high boiling points.
trans-Dichloro Complexes. For each quadrident-
ate ligand, two kinds of green [CoCly(L)]* (L= pp-
232PNNP or SS(C)-pp-232PNNP) were obtained by
different preparative methods; one is oxidation of the
Co(IT)-L. complex in CH,Cl, with chlorine, and the
other is reaction of [Co(CO3; or C,O4L]* with
hydrochloric acid. Each method yielded only one kind
of green complex. Absorption spectra of these com-
plexes shown in Fig. 1 are very similar to that of
trans(CL,Cl),cis(P,P)-[CoCly(edpp)]* (edpp=NH,CH,-
CH,P(C¢Hj5),) whose structure has been determined by
X-ray analysis.1®!V Thus the two complexes of each
pp-232PNNP and SS(C)-pp-232PNNP can be assigned
to isomers of the trans(Cl,Cl) complex. Table 1 lists
the data of absorption and CD spectra. For trans-
[CoCly(pp-232PNNP)]*, a small difference in absorp-
tion spectra is observed between one isomer (A)
obtained from oxidation with chlorine and the other
isomer (B) derived from the CO4?~ or C,O4%~ complex.
The 3C NMR spectra show a more clear difference for
these two isomers. Isomer A in CD3CN shows signals
at 6 28.5 (-CH,-CH,-CH,-), 6 30.7 (P-CH,-: triplet),
and 6 49.6 and 52.4 (-CH,-NH-CH,-), while isomer B
in the same solvent gives the corresponding signals at
6 23.8, 28.3, and 45.5 and 51.5. The chemical shifts of
signals due to the phenyl groups are also different
between the isomers. In trans-[CoCly(pp-232PNNP)]+
there are three possible isomers arising from the abso-
lute configuration of the nitrogen atoms, the RS(N),
RR(N) and SS(N) isomers, the latter two being a pair
of enantiomers (Fig. 2). Thus two isomers A and B
will be the RS(N) and RR,SS(N) isomers, although the
assignment for the isomers can not be made from the

45.0(+27.8)

R, X (R),
TNW'{\;P 4\ 'N'\";;'-/'\" P
N, AP N~ P

(S) (R)!
RS(N) RR(N)

SS(N)

Fig. 2. Three possible isomers for trans-[CoCla(pp-
232PNNP)]* (X=H) and trans-[CoClz(SS(C)-pp-
232PNNP)J+ (X=CHs).

absorption and NMR spectra. However, it is assumed
that isomer B which was prepared from cisB-[Co(COj3
or C,0,4)L]* (see below) and hydrochloric acid is the
RR,SS(N)isomer, since molecular models suggest that
the cisB complex is more stable in the RR,SS(N)) iso-
mer than the RS(N) one, and the configuration of the
nitrogen atom will be retained in strongly acidic solu-
tion. Thus the other isomer A can be assigned to the
RS(N) isomer. The trans-[CoCly(232tet)]* complex
(232tet=3,7-diazanonane-1,9-diamine) which has the
same skeletal structure as the pp-232PNNP complex
yields the same RR,SS(N) and RS(N) isomers, and the
former is obtained from cisB-[Co(CO;)(232tet)]*.12
All cis-[CoX; (232tet)]"t complexes so far known have
a RR,SS(N) structure, no RS(N)-cisB and cise isomers
being reported. The pp-232PNNP complex seems to
show the same stereoselectivity as the 232tet complex.
Possible isomers of trans-[CoCly(SS(C)-pp-
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232PNNP)]* are three diastereomers with the RS(N),
RR(N), and SS(N) configurations (Fig. 2). The RR(N)
and SS(N) isomers have a C, axis, while the RS(N)
isomer belongs to C; symmetry. Isomer C prepared by
oxidation with chlorine shows two kinds of the methyl
signal at 6 1.47 and 1.83 in the 'H NMR spectrum in
CDCIl;. On the other hand, the other isomer D derived
from cisB-[Co(CO3)(SS(C)-pp-232PNNP)]* exhibits
only one methyl signal at § 1.83. Thus isomer C can
be assigned to the RS(N) isomer, and isomer D to
either RR(N) or SS(N) isomer. In the RS(N) isomer
one of the two methyl groups is equatorial to the che-
late ring, while the other is axial (Fig. 2). The axial
methyl group comes fairly close to the phenyl ring and
will receive its shielding effect. The methyl signal at
the high field (6 1.47) can be assigned to this axial
methyl group, and the signal at 6 1.83 to the equatorial
methyl group. Isomer D which shows the methyl sig-
nal at 6 1.83 should be the RR(N) isomer in which two
methyl groups have an equatorial disposition. The
SS(N) isomer has two axial methyl groups and will be
less stable than the RR(N) isomer.’® The assinment of
RR(N) for isomer D indicates that its starting
[Co(CO3)(SS(C)-pp-232PNNP)]* complex has a 4-
cisB-RR(N) configuration. As shown later this carbo-
nate complex exhibits CD spectrum typical of a 4 con-
figuration. Similar RR(N) and RS(N) isomers have
been obtained for a structurally related tetramine
complex trans-[CoCly((2S,108)-Mey-232tet)]* ((2S,10S)-
Me,-232tet= (2S,108)-4,8-diazaundecane-2,10-di-
amine).4

As described before, the two isomers (A and B, or C
and D) of each pp-232PNNP or SS(C)-pp-232PNNP
dichloro complex show a small difference in absorp-
tion spectra, but the differences between the isomers

0AE

145

0Ag

20 30 40
$/10°em'
Fig. 3. CDspectra, (a)RS(N)(—--)and RR(N)(—)
isomers of trans-[CoCla(SS(C)-pp-232PNNP)J*, and
trans-[CoClz(S-pdpp)2]* (-++++), (b) RR(N)-trans-
[CoClz(SS(C)-pp-222PNNP)]J+.

[CoXy(pp- or SS(C)-pp-232PNNP)]*+
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are very similar for both pp-232PNNP and SS(C)-pp-
232PNNP complexes as seen in Fig. 1. This result
supports the assignments of RR,SS(N)and RS(N) con-
figurations for two pp-232PNNP complexes based on
only stereochemical consideration.

Figure 3(a) shows CD spectra of RR(N) and RS(N)
isomers of trans-[CoCly(SS(C)-pp-232PNNP)Jt. The
spectra are rather similar except the region around
15000 cm™! (the I, absorption band region). The chiral
sources of the isomers indicated by molecular models
are as follows; the RR(N) isomer has two (R)-nitrogen
and two (S)-carbon atoms, and §-gauche, A-skew and
8-gauche conformations for the five-, six-, and five-
membered chelate rings, respectively, while the RS(N)
isomer has one (R)- and one (S)-nitrogen and two (S)-
carbon atoms, and §-gauche, chair and A-gauche con-
formations. The chiral sources are thus different
between the isomers, but their CD spectra are similar
and quite resemble that of trans(Cl,Cl)cis(P,P)-[CoCl,-
(S-pdpp)s]* (S-pdpp=(S)-NH;CH(CH;)CH,P(CsH),)
shown in Fig. 3(a) whose chiral sources are two (S)-
carbon and two 8-gauche chelate rings.!? On the other
hand, the CD spectrum of a related complex RR(N)-
trans-[CoCly(SS(C)-pp-222PNNP)[* 2 is nearly enan-
tiomeric to those of the present isomers as shown in
Fig. 3(b), although the chiral sources of this complex
(two(R)-nitrogen and two (S)-carbon atoms, and é-, 4-
and é-gauche conformations) are similar to those of
the RR(N) isomer of the SS(C)-pp-232PNNP complex.
No reasonable explanation can be given for these CD
spectra at present. The complexes of the trans(Cl,Cl)-
type have no chirality in the arrangement (4,4) of che-

“late rings around the metal ion, and their CD will be

induced by a chiral field produced by chiral atoms
and/or chiral conformations of ligands (vicinal effect).
Little CD work has been reported for the vicinal effect
of polydentate ligands.

0-0O Chelate Complexes. All the complexes of
[Co(O-O)(pp- or SS(C)-pp-232PNP)]** were assigned
to the cisB isomer from the 'THNMR spectra. For
example, [Co(acac)(pp-232PNNP)J?* shows two kinds
of methyl signals of acac at § 1.84 and 2.29 in D,0,
indicating the cisf structure (C; symmetry). Each of
[Co(CO3 or acac)(SS(C)-pp-232PNNP)]** yielded only
one optical isomer stereoselectively. These isomers

(a) (b)

Fig. 4. Two possible isomers, (a) A-RR(N) and (b)
4-RS§(N), for cisB-[Co(COs or acac)SS(C)-pp-
232PNNP)]"+
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Fig. 5. Absorption and CD spectra of (+)sss-A-cisB-

[Co(acac)(SS(C)-pp-232PNNP)]2+ (—) and (+)sss-
A-cisB-[Co(acac)(SS(C)-pp-222PNNP)J?+ (------ ).

give two doublet methyl signals of the phosphine
ligand at 6 1.67 (*Jeu= 5 Hz) and at a fairly high field §
0.85 (*Jpu= 5 Hz).

Figure 4 shows structures of two probable cisf iso-
mers in which both methyl groups of the phosphine
ligand have an equatorial disposition. The other two
cisB isomers will be unstable because of two axial
methyl groups. Of the two probable isomers, the 4-
cisB-RR(N) one has one methyl group disposed very
close to one phenyl ring on the phosphorus atom. The
signal at & 0.85 can be assigned to the methyl group
shielded by the phenyl group, and both carbonato and
acac complexes can be assigned to the A-cisB-RR(N)
isomer. The A configuration of the isomers is con-
firmed by the CD spectra. Figures 5 and 6 compare CD
spectra of the acac and carbonato complexes, respec-
tively with those of the corresponding A-cisB-RR(N)
isomers of the SS(C)-pp-222PNNP complexes.? The
absolute configurations of the latter complexes have
been assigned from a comparison of CD spectra with
that of A-cisB-RR(N)-[Co(acac)(SS(C)-Me;-mm-
222PNNP)2t (SS(C)-Mep-mm-222PNNP=(4S,9S)-
2,4,9,11-tetramethyl-5,8-diaza-2,11-diphosphadodecane)
whose absolute configuration has been determined by
the X-ray method.? In contrast to CD spectra of the
trans(Cl,Cl)-type complexes, the SS(C)-pp-232PNNP
and SS(C)-pp-222PNNP complexes show CD spectra
very similar to each other over the whole region and
give CD patterns characteristic of a 4 configuration in
the first absorption band region. From A-cisB-RR(N)-
[Co(COs3)(SS(C)-pp-232PNNP)]* the RR(N)-trans-
(Cl,Cl) complex was derived by reaction with hydroch-
loric acid. The [Co(CO;)(pp-232PNNP)]* complex

Min-Ho Junc, Masamichi AtoH, Kazuo KasHiwaBarA, and Junnosuke Fujira
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Fig. 6. Absorption and CD spectra of (+)sss-A-cisB-
[Co(CO3)(SS(C)-pp-232PNNP)J+ (—) and (+)ss0-
A-cisB-[Co(COs)(SS(C)-pp-222PNNP)J* (------ ).

should also have the cisB-RR,SS(N) structure, since it
affords the RR,SS(N)-trans(Cl,Cl) complex by the
same reaction. Thus cis-complexes containing the pp-
232PNNP-type ligand yield selectively the cisB-isomer
with (R,R)- or (S,S)-nitrogen atoms and the six-
membered chelate ring of a chair conformation. The
same selectivity has been observed for the correspond-
ing 232-tetramine complexes.!?

The authors wish to thank the Ministry of Educa-
tion for Scientific Research Grant-in-Aid No. 61430013.

References

1) M. Atoh, K. Kashiwabara, and J. Fujita, Bull. Chem.
Soc. Jpn., 58, 2793 (1985).

2) M. Atoh, K. Kashiwabara, and J. Fujita, Bull. Chem.
Soc. Jpn., 58, 3492 (1985).

3) M. Atoh, K. Kashiwabara, and J. Fujita, Bull. Chem.
Soc. Jpn., 59, 1001 (1986).

4) M. Atoh, H. Sugiura, Y. Seki, K. Kashiwabara, and J.
Fujita, Bull. Chem. Soc. Jpn., 60, 1699 (1987).

5) a) M. Saburi and S. Yoshikawa, ‘“Kagaku Sosetu,”
Tokyo Univ. Press (1976), No. 13, Chap. 7, pp. 109—130: M.
Saburi and S. Yoshikawa, Bull. Chem. Soc. Jpn., 45, 806,
1086 (1972) and references therein. b) G. R. Brubaker, D. P.
Schaefer, J. H. Worrell, and J. I. Legg, Coord. Chem. Rev., 7,
161 (1971): A. M. Sargeson and G. H. Searle, Inorg. Chem., 6,
787 (1967).

6) W. W. Lee, B. J. Berridge, L. O. Ross, and L.
Goodman, J. Med. Chem., 6, 567 (1963).

7) L. Horner, B. Beck, and H. Hoffman, Chem. Ber., 92,
2092 (1959).

8) O. Vogl and M. Pohm, Monatsh. Chem., 83, 541



October, 1988]

(1952).

9) Y. Ida, K. Kobayashi, and M. Shibata, Chem. Lett.
1974, 1299.

10) M. Atoh, K. Kashiwabara, and J. Fujita, Bull. Chem.
Soc. Jpn., 55, 3179 (1982).

11) I Kinoshita, Y. Yokota, K. Matsumoto, S. Ooi, K.
Kashiwabara, and J. Fujita, Bull. Chem. Soc. Jpn., 56, 1067

[CoXy(pp- or SS(C)-pp-232PNNP)]**

3509

(1983).

12) H. G. Hamilton, Jr, and M. D. Alexander, J. Am.
Chem. Soc., 89, 5065 (1967).

13) E.]J. Coreyand J. C. Bailar, Jr., J. Am. Chem. Soc., 81,
2620 (1959).

14) M. Goto, T. Makino, M. Saburi, and S. Yoshikawa,
Bull. Chem. Soc. Jpn., 49, 1879 (1976).






