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Summary

The diphenylacetylene—cobalt complex, 7°-CsH;Co(PPh;)(PhC=CPh) (I)
reacted with alkyl diazoacetates (II, alkyl = raethyl, ethyl, and t-butyl) at room
temperature to give two isomers of the moncnuclear cobalt complex, n°-CsH;Co-
(PhC,Ph)(CHCO,R), (IIT and IV) and two iscmers of the dinuclear cobalt com-
plex [1n°-C:H:Co(PhC,Ph)(CHCO,R)]. (V ard VI).

The complexes III and IV are diene compiexes, syn,syn- and syn,anti- (dialkyl
2,3-diphenylmuconate)-nS-cyclopentadienylcobalt, respectively. The structure
of Vb (R = C,H;) was determined by X-ray diffraction as u-[1—3-n> : 1,4,5-n>
1,6-bis(ethoxycarbonyl)-2,3,4,5-tetraphenylnexa-2,4-diene-1,1-diyl]bis(n*-cyclo-
pentadienylcobalt)(Co—Co). The complex VI is the bis(n3-allyl)cobalt complex,
u-[1—38-n2 : 4—6-n3-1,6-anti,anti-bis(alkoxycarbonyl)-2,3,4,5-tetraphenylhexa-
1,3,5-triene]bis(n®-cyclopentadienylcobalt)(Co—Co) according to its 'H NMR
spectrum. '

The formation of these products was rationalized in terms of a cobaltacyclo-
butene intermediate.

Introduction

In recent years, the interactions of carbenes with transition metal complexes
have been drawing much attention [1]. Previously we have reported that the step-
wise addition of isocyanides to an acetylene—cobalt complex, n°-C;HsCo(PPh;)-
(PhC=CPh) (1) leads to the formation of metallacycies such as 3-iminccobalta-
cyclobut-2-ene and 2,5-diiminocobaltacyclopent-3-ene derivatives [2]. In view
of the electronic analogy between a carbene and an isocyanide, we were inte-
rested in the interaction of a carbene with I. If the reaction of a carbene with 1
is similar to that of an isocyanide, the formation of cobaltacyclo*ut-2-ene and
cobaitacyclopeni-3-ene derivatives may be expected.

We describe here the reaction of T with alkyl diazoacetates, which are potential
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carbene precursors , and show that the addition of alkoxycarbonylcarbenes to
T occurs analogously to that of isocyanides.

Results and discussion

When the diphenylacetylene—cobalt complex (I) was treated with alkyl
diazoacetates (II, alkyl = CH;, C,H;, and t-C,H,;), in benzene at room tempera-
ture, nitrogen has evolved smoothly, and a brownish red solution was obtained.
The resolution of the reaction mixture by column chromatography (silica) gave
four air-stable complexes, IIT, IV, V, and VI. The compiexes III and IV, which
isclated as red crystals, were shown to be mononuclear cobalt complexes of
empirical formula 15-C;H;Co(PhC,Ph)(CHCO,R), by elementary analysis and
mass spectrometry (Table 1). On the other hand, V and VI, which isolated as
dark brown crystals, were shown to be binuclear ~nbalt complexes of empirical
formula [{n5-C;H.Co(PhC,Ph)(CHCO,R)].. As shown in Table 2, their yields
depended on the molar ratio of II to 1. As this ratio increased, the total yields
of V and VI decreased, while those of III 2nd IV increased. Further reaction of
V and VI with II did not give 11T and IV, which suggests that the former two are
not the precursors for the latter two.

—N
15-CsH:Co(PhC=CPh)(PPh,) + N,CHCO,R —>
) an

75-CsH;Co(PhC,Ph)(CHCO,R), + [175-CsH;Co(PhC.Ph)(CHCO,R)], L
(III and IV) (V and VI)

The spectroscopic data for mononuclear cobalt complexes III and IV are
shown in Table 3. The 'H NMR spectra showed that the two alkoxycarbonyl-
methylene units in III are equivalent, and that those in IV are nonequivalent,
thus suggesting symmetrical and nonsymmetrical structures, respectively. The
appearance of all the methine protons as singlets in these complexes suggests
that the alkoxycarbonylmethylene units are not vicinal and that they are
located on oppositc sides of the original acetylene unit. This msy indicate that
a dialkyl 2,3-diphenylmuconate coordinates to the cobalt atom as a diene ligand.
As was expected, the decomposition of IVa with ceric ammonium nitrate gave
dimethyl trans,cis-2,3-diphenylmuconate (VII, m.p. 90—91°C, 75%), the struc-
ture of which was deduced by comparison of its melting point and its 'H NMR
spectrum with those of the known cis,cis (m.p. 114°C) and trans,trans isomers
(m.p. 152°C) [4].

N/
H C—=C
S Ce 4+ \ / \
% —CsHsCo(PhCoPh) (CHCOL,R), C"‘—;——C\ CO,CH3 2)
(I¥a) H5CO,C Ph
(¥11)

* It is known that diazoalkanes react with some transition metal complexes to give carbene
complexes [3}.
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TABLE 1
PHYSICAL PROPERTIES AND ANALYTICAL DATA
Compound R Color M.p. Mt Found (caled.) (50)
ccy m/e (Found
(caled.)) C H
Iifa CH3 red 182184 446 67.74 4.90
(446) (67.27) (5.19)
I CoH5 red 120—122 474 68.80 6.07
(474) (68.35) (5.74)
Il t-C4Hyg red 190—192 530 69.57 6.45
(530) (70.18) (6.65)
1Va CHj3 red 162—163 446 67.55 5.16
(446) (67.27) (5.19)
iVb C,Hs red 122—123 474 68.58 5.67
“474) (68.35) (5.74)
Ve t-C4Hg red 67—69 530 69.80 6.46
(530) (70.18) (6.63)
Va CHj dark brown 208—210 748 70.60 5.04
(748) (70.59) (5.12)
Vb C,H;s dark brown 183—185 776 71.22 5.27
(776) (71.13) (5.45)
Vc * CgHg -t-C4Hg dark brown 143145 832 73.82 6.16
(8323 (73.84) (6.20)
Via CH3 dark brown 164—166 748 70.24 5.22
(748) (70.59) (5.12)
VIb CoHs dark brown 168—170 776 a
(776)
Vic t-CqHg dark brown 165—167 832 a
(832)

2 Not analyzed.

1t is known that in the !H NMR spectra of diene complexes the signals of
anti protons on the terminal carbon atom appear at higher field than those of
syn protons [5]. Therefore, the singlet due to the methine protons in the NMR
spectrum of III which appeared in the § 0.44—0.64 ppm range could be assigned
to the anti protons. However, the two singlets in the spectrum of IV which ap-
peared in the § 1.51—1.70 and 3.67—3.70 ppm ranges could be assigned to the

TABLE 2
DEPENDENCE OF THE PRODUCT YIELDS ON THE II/I REACTANT RATIO

I 10} Yield (%)

11 v v A2
N2CHECO,CH3 1.5 3 7 42 1.5
N2CHCO,CH3 3 2 18 32 -
N2CHCO,C,Hs 1 _ 8 38 —
N,2CHCO2C2Hs 2.2 10 17 46 _
N2CHCO,CzHj3 3 11 22 28 —
N2CHCO2C2Hs 4 10 24 27 —
N3CHCO,C2Hg 10 12 36 S - .
N2CHCO,-t-C4Hg 1.5 —_ —_ 20 25
NoCHCQO»-t-C4kg 35 4 8 12 -
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anti and syn protons, respectively. On the basis of these results, we propose
structures III and IV for the syn,syn and the syrn,anti isomers.

Ph Ph 7 Ph Ph
'\c——c/ \c—c/
R—C/\ /\C—-R —C/\ /\C—H
l Co l [ co l
H | H H [ R
(ITa) R = CO,CH4 (IZa) R = CO,CH5
(ITb) R = CO,C,Hg (IZb) R = CO,CazHs

(Ilic) R = CO,C(CHy)4 (IZc) R = CO,C(CHy)5

The 'H NMR spectra of IIla—IIIc also reveal only one resonance due to the
equivalent alkoxycarbonyl groups (I1la, § 3.53(s); I1Ib, 3.96(m), 1.11(t); Illc,

6 1.25 ppm (s)), whereas the spectra of IVa—IVc show resonances due to nonequi-
valent groups (IVa, § 8.59(s) and 8.53(s); IVb, 4.06(q), 3:96(q), 1.27(t), and

1.10 (t); IVc, 1.47(s) and 1.24 ppm {s)). Both the alkoxycarbonyl groups in IIT
are in a cis relationship with the neighbouring phenyl groups. On the other

hand, in IV one alkoxycarbonyl group is cis and the other is trans to the respec-
tive phenyl group. It should be noted that the lower-field resonance of IV may

be assigned to irans-alkoxycarbonyl groups, because the chemical shifts of the
signals at higher field are in good agreement with those of II1.

The spectroscopic data of binuclear cobalt complexes Va—Ve and VIa—VIc
are shown in Table 4. The '"H NMR spectra of VIa—VIc show the presence of
only one kind of n°-cyclopentadienyl, alkoxycarbonyl, and methine group,
indicating a symmetrical structure. The spectra of Va—Vc¢ are more complex
than those of VIa—VIc. They have two sets of signals of equal intensities
correspunding to the presence of nonequivalent n*-cyclopentadienyl and alkoxy-
carbonyl groups. The most characteristic feature of the spectra is the appear-
ance of two doublets coupled with J(HH) 18 Hz, indicating the presence of a
methylene group. On the basis of tnese available spectroscopic data, no single,
unambiguous structure could be assigned to the complexes Va—Ve. Accordingly,
Vb (R = C,H;) was subjected to a single crystal X-ray diffraction study.

A stereoscopic view of the molecular structure, which indicates the atomic
numbering scheme adopted and the thermal ellipsoids of the atoms, is given in
Fig. 1. Bond distances and angles with their estimated deviations are given in
Tables 5 and 6. The basic molecular structure is that of a binuclear complex.of
cobalt atoms coordinated by two n°-cyclopentadienyl ligands and a u-bonded
five-carbon atom ligand derived from each twe molecules of diphenylacetylene
and one of ethoxycarbonylcarbene.

The u-bonded ligand is composed of C(11) and two olefinic functions derived
from C(12) and C(13) and from C(14) and C(15). In the u-bonded ligand, C(11)
is bonded to a CO,C,H; group, C(15) is bonded to a phenyl and a CH,CO,C,H,
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TABLE 4
IR AND NMR SPECTRA OF V AND VI

Compournd R NMR: 5 ¥ (muitiplicity €, relative intensity, assignment) (ppm)
v(CO) (cm~1)% CgHg R Others
Va 1716, 1705 4.59(s, 5) 3.39(s. 3. CH3) 2.95(d,J 18 Hz, 1, H—C—H),
3.56 (d,J 18 Hz, 1, H—C—H),
5.14(s, 5) 3.84(s, 3, CH3)  6.7—17.8(m, 20, Ph)
Vb 1715, 1688 4.59(s, 5) 0.86(t %, 3, CH3) 2.93(d, J 18 Hz, 1, H—C—¥H),
3.56 (4,7 18 Hz, -—C—H, 1),
5.16(s, D) 1.33(t d. 3,CHjy) 6.6—7.7(m, 20, Ph)

3.85(dq ¢, 2, CH3)
2.30¢q ¢, 2, CHy)

Ve 1702, 1668 4.58(s, 5) 1.15(s, 9, (CH3)3C) 2.85(d,J 18 Hz, H—C—H, 1),
3.52(d.J 18 Hz, 1, H—C—H),
5.11(s. 5) 1.48(s. 9, (CH3)3C) 6.6—7.8(m, 20, Ph)
Via 17i2 5.23(s. 10) 3.61(s, 6, CH3) 2.72(s. 2, CH),
. 6.9—7.6(m, 20, Ph)
Vib 1710, 1680 5.24(s, 10) 1.26(t ¢, 6, CH3) 2.82(s, 2. CH)
4.06(m €, 4, CH,) 6.9—7.5(m, 20, Ph)
Vic 1705 5.25(s, 10) 1.42(s, 18, (CH3)3C) 3.13(s, 2, CH),

6.9—7.5(m, 20, Ph)

G RBr pellet. 8 in CDCls. € s, singlet; d, doublet: t, triplet: q., quartet; dq. double quartet; m, multiplet.
d § =7 Hz. € Both the signals showed ABXjpatterns (JAp =11 Hz, Jpx = Jgx = 7 Hz).

group, while C(12), C(13), and C(14) each are bonded to a pheny! group, res-
pectively. The metal-to-ligand bonding can be described in terms of both o-bonds
(bridging) of C(11) to Co(1) and Co(2), and r-bonds between one olefinic func-
tion (C(12), C{13)) and Co{2) and between the other olefinic function (C(14),
C(15}) and Co{1). .

The bond distance (1.89(1) A) between C(11) and Co(1) is somwhat shorter
than that (1.95(1) A) between C(11) and Co(2), and the angle Co(1)—C(11)—Co(2)
is 82.8(4)°. The mode of bonding between Co(2) and the three carbon atoms

Fig, 1. A stereoscopic view of the molecular structure of Vb.
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TABLE 5
SELECTED BOND DISTANCES (A) WITH ESTIMATED STANDARD DEVIATION

Bond Length Bond Lenght
Co(1)—Co(2) 2.532(2) C(13)—C(29) [Ph] 1.51(2)
Co(1)—C(Q1) 1.89(1) C(14)—C(35) [Ph] 1.52(2)
Co(1)—C(14) 2.08(1) C(15)—C(41) [Ph] 1.49(2)
Co(1)>—<C(15) 2.13(1) Co(1)—C() 2.10Q1)
Co(2>C@11) 1.95(1) Co(1)—C(2) 2.11(1)
Co(2)—C@12) 1.99Q1) Co(1)—C(3) 2,14Q)
Co(2)—C(.3) 2.05(1) Co(1)—C(4) 2.14(1)
c(11)—C@a2) 1.44(1) Co(1)—C(5) 2.08(1)
C(12)C€@a3) 1.47(2) Co(2)—C(6) 2.11(1)
C(13)—C(.4) 1.49(2) Co(2)—C(7) 2.09(1)
C(14)—C(15) 1.46(2) Co(2)—C(8) 2.08(1)
C(15)—C(16) 1.54(2) Co(2)—C(9) 2.12(1)
c@a1—<ca@a7n 1.49¢2) Co(2)—C(10) 2.12(1)
Cc(@a7)>0) 1.21Q1) C(1)y—C(2) 1.39(2)
C@A7Y—0(2) 1.36(1) C(2)—C(3) 1.43(2)
o2—<cas)y 1.49(2) C(@3)y—Cc4n 1.42(2)
C(18)—C19) 1.38(2) C(4)—C(5) 1.45(2)
C(16)—C(20) 1.54(1) C(5)—C(1) 1.36(2)
C(20)—0(3) 1.22(1) C(6)—C(1) 1.46(2)
C(20)—04) 1.32(2) C(7)—C(8) 1.42(2)
0(4)—C(21) - 1.46(1) C(8)—C(9) 1.41(2)
C(21)—C(22) 1.49(2) C{9)—CQ10) 1.46(2)
C(12)—C(23) [Ph} 1.48(2) C(10)—C(6) 1.50{2)
TABLE 6

SELECTED BOND ANGLES (°) WITH ESTIMATED STANDARD DEVIATION

Bond Angle Bond Angle
Co(2)—Co(1)—C(11) 49.7(3) C(15)—C(14)>—Co(1) 71.7(6)
Co(2)—-Co(1)—C(14) 69.1(3) C(15)—C(14)—C(13) 121.7(9)
Co(2)>—Co(1)—C(15) 105.2(3) Co(1)—C(14)—C(13) 102.9(7)
C(11)—Co(1)—C(14) 86.6(4) £(15)—C(14)—C(2D) 120.9(9)
C(11)Co(1)—C(@15) 96.4(5) Co(1)—C(14)—C(35) 121.5(7)
C(14)—Co(1)—C(15) 40.4(4) C(13)y—C(14)—C(35) 111.1(8)
Co(1)—Co(2)—C(11) 47.6(3) C(16)>—C(15)>—Cc(1) 108.4(7)
Co(1y—Co(2)—C(12) 76.9(3) C(16)—C(15)—C@14) 118.0(9)
Co(1)—Co(2)—C(13) 75.2(3) C(16)—C(15)—C(41) 112.8(9)
C(11)—Co(2)—C(12) 43.0(4) Co(1)—C(15)—C@14) 67.9(6)
C(11)>—Co(2)—C(13) 73.3(4) C(14)—-C(15)—C(41) 125.2(9)
C(12)—Co(2)—C(13) 42.9(4) C(20)—C(16)—C(15) 113.1(9)
C(12)—C((11)—Co(1) 116.5(7) C(1L)—C@AT)>—O0) 127(1)
C(12)—C(11)—Co(2) 69.7(6) C(11)—C@AT)>—0(2) 111(1)
C(12)—C(11)—C(17) 115.1(9) o(1)—CQA7)>—0(2) 122(1)
Co(1)—C(11)—Co(2) 82.8(4) C(19)y—C(18)—0(2) 11041)
Co(1)—C(11)—C(17) 126.7(8) C(16)—C(20)—0(3) 123(1)
Co(2)—C(11)—C(@17) 128.0(8) C(16)—C(20)—3(4) 113(1)
C(13)—C(12)—Co(2) 71.1(6) 0(3)—C(20)—0(4) 124(Q1)
C(13)<C(12)—C(11) 110.1(9) C(22)—C(21)—-0(4) 110Q1)
C(13)—C(12)—C(23) 125.0(9) C(2)—C(1)—C(5) 111(1)
Co(2)—C(12)—C(11) 67.3(6) C(3)—C(2)—C@13) 107(1)
Co(2)—C(12)—C(23) 130.9(8) C(4)>—C(3)—C(2) 108Q1)
C(11)—C(12)—C{(23) 124.9(9) C(5)—C(4)—C(3}) 106(1)
C(14)—C(13)>—Co(2) 95.3(6) C(1)—C(5)—C4) 108(1)
C(14)—C@13)>C@A2) 117.3(9) C(7)>—C(6)—C(10) 1906(1)
C{14)y—C(13)—C(29) 119.7(9) C(8)—C(7)>—C(6> 110(1)
Co(2)—C(13)—C(12) 66.1(6) C(9)—C(B)—C(T> 108(1)
Co(2)—C(13)—C(29) 125.9(7) C(10)—C(9)—C(3) “110(1)

C(12)—C(13)—C(29) 119.1(9) - C(6)—C(10)—C(9) 105(1)
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C(11), C(12), and C(13) can be regarded as that of a n-allyl structure, and the
fragment containing Co(1) is a similar to those in “flyover” type complexes,
such as, Co,(CO)(CF;C,H); (VIII) [6] and Co,(CO),(t-BuC,H),(HC,H) (IX)
[7], and Fe,(CO),[CH,C;H SO, N=C(OCH;)CH=CHC(OCH,)] [8]. The Co(2)—
C(11) (1.95(1) A), Co(2)—C(12) (1.99(1) A), and Co(2)—C(13) (2.05(1) A)
distances are comparable with the corresponding Co—C distances (1.95(3),
2.05(3), and 2.11(8); 1.95(8), 2.06(3), and 2.02(3) &) observed for VIII and the
Co(1)—C(11) distance is shorter than those (1.96(3) and 1.98(3) A) observed
for VIII. Within the allylic group (C(11), C(12), and C(13)) the mean distance
(1.46 A) is slightly longer than those (1.39 and 1.44 A) for VIII and the
C{11)—C(12)—C(13) angle (110.4(9)°) is in good agreement with the corre-
sponding angles (108.7(2.5) and 114.5(2.0)°) observed for VIII.

The bonding of the olefinic function (C(14), C(15)) to C(1) is supported b
the long C(14)—C(15) distance {1.46(2) A) and the Co(1)—C(14) (2.08(1* 4)
and the Co(1)—C(15) (2.13(1) A) distances.

The methvlenic carbon C{(16) which is bonded to C(15) is bonded also to
an ethoxycarbony! group and two hydrogen atoms. One of these hydrogen
= .ns may have been bonded criginally to €(11) in an intermediate on the way
to formation of V. The bond distances and bond angles about C(16) are consis-
tent with a normal sp® hybridized carbon atom.

The two cobalt atoms are separated by 2.532(2) A. This distance is similar to
that observed for Co,(CO)5 (2.524 A) [9] and Co,{CO) (m-norbornadiene)
(2.831 A) [10], and is slightly longer than that distance in Co,(CO),(PhC,Ph)
(2.47 A) [11], VIII (2.459 A), and IX (2.45 R).

Both cyclopentadienyl rings are planar and the average values of the C—C
bond distances within each ring are 1.41 and 1.45 A. The average value of the
Co—C distances for both rings are 2.11 A. The dihedral angle between the two
rings is 87.1°, whith is in good agreement with that (87.7°) for (n°-C;Hs).-
Co,C,BH,. {12].

As mentioned above, the 'H NMR spectra of V indicate the presence of two
kinds of the alkoxycarbenyl groups, having widely separated resonances. The
sigrials which appear at lower field (Va, § 3.84; Vi: *, 4.30 (g, CH,;) and 1.33 (i,
CH;); Ve. 1.48 ppm) are assigned to the CH,CO,F. groups because the chemical
shifts are fairly consistent with those of alkyl acetates (CH,CO,R, 8§ 3.67 (R =
CH,); 4.05 and 1.21 (R = C,H;); 1.45 ppm (R = C{CH;)3)) [13]. Therefore,
those resor.ances which appear at higher field (Va, § 3.39; Vb *, 3.85 (dq *%,
CH,) and 1.33 (&, CH3); Ve, 1.15 ppm) should be assignied to the alkoxycarbonyl
groups on carbon C(11) whick bridges the two cobalt atoms. It would seem
that these upfield shifts are mainly due to the anisotropic effect of the benzene
ring on the carbon C{12), which is cis to the alkoxycarbonyl groups as shown
by the molecular structure determination of Vv (Fig. 1).

In connection with the structure of V, the complex VI may be regarded as a
bis(mr-allylic) complex in which two sets of three carbon atoms in the hexatrienic

* The correspondence of these signals in the ethyl gxcups was proved by a double resonance
technique. -
** Appearance of tae methylene protons as a2 double quartet is dt.e to the presence of a chiral
center at C(11).
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(VIA) (syn, syn) (VIB) (syn,anti)

(VIC) (anti-anti)

Fig. 2. Possible structures for VL.

skeleton coordinate to each cobalt atom. There are threu possible forms of the
bis(w-allylic) structure as shown in Fig. 2; syn,syn (VIA) sy:2,anti (VIB), and
anti,anti (VIC) forms. Among these forms the syn,anti-structure (VIB) was ruled
out, because it could not account for the equivalency of the cyclopentadienyl
and alkoxycarbonylmethylene groups. The chemical shifts of the alkoxycarbonyl
groups are similar to those for the groups which are frens to neighboring phenyl
substituents in IV rather than those which are cis, as in III, IV, and V. For
example, the chemical shift (6 1.42 ppm) of the t-butyl group in VIc is similar .
to that (8 1.47 ppm) of the anti CO,C(CH;); group in IVc rather than those
(5 1.15, 1.25, and 1.24 ppm) for the syn-CO,C(CH,); group in Illc, IVc, and
Ve. Therefore, we finally propose the structure of Vi o the anti,arii structure
(VIC).

The formation of all of the products obtained from the reaction of I with II
can be reasonably explained by the assumption of the intermediate formation
of the cobaltacyclobut-2-ene complexes XII, which is similar to the formation
of the 3-iminocobaltacyclobut-2-ene complexes'in reactions of I with isocyanides
[2]. As shown in the Scheme 1 alkyl diazoacetates displace the triphenylphos-
phine of I in the first step, followed by the elimination of dinitrogen from the
coordinated alkyl diazoacetates to give carbene complexes XI, which convert
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SCHEME 1

—N .
CpCo(PnCoPN) (PPh3) 'ﬁ—&— [cpcotehc,en) (nycHRY] ——2—= [cpcotPncyPn) (cHRY] —=
- 3
as x) 1)
R H
ok acd
: /\C_P“ /\C—Ph
H\ /R CpCo\ l + CDCO\ I
S—Fnh C—Pn
-N NoCHR
C. ‘ 2 2C _ H_T/ H_CI:/
CnCo C—Ph
\C/ R R
l (Im) =
Ph "
=)

Cp = 7-CsHs

R == CO,R

(&)

to the cobaitacyclobut-2-enes XIi. The dimerization of XII might give three
possible isomers of bis(7-allyl) complexes VIA—VIC. Among these isomers, the
syn,syn and syn,anti isomers (VIA and VIB) were not obtained. This result sug-
gests that VIA znd VIB isomerizs readily to the product V by the migration of
a hydrogen atom on a terminal carbon atom in the hexatriene skelton to the
other ierminal carbon atom. The ready migration of the hydrogen atom is pro-
bably due to the atom being directed at the cobalt atom which binds with the
other r-allylic function. On the other hand, the anti,enti isomer (VIC) does not
isomerize to V because both the hydrogen atoms at the terminal earbon atoms
are not directed at the cobalt atoms. The low yield of VI probably can be attrib-
uted to the steric interaction between the alkoxycarbonyl groups and the ccobalt
atoms.

To the coordinated unsaturated intermediate XII, further attack of 11, fol-
lowed by the elimination of dinitrogen, gives the diene complexes IIl and V.
In this reaction the anti,anti isomer was not detected, probably because of unfa-
vourable steric interactions. ’ (Continued on p. 291)
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TABLE 7
ATOMIC PARAMETERS WITH THEIR ST ‘NDARD DEVIATIONS

x y z
Co(1) 0.0374(1) 0.0615(@1) Q.1842(1)
Co(2) 0.1553(1) 0.0191(1) 0.2183(1)
c1) —0.0568(6) 0.0214(7) 0.2172(7)
C(2) —0.0146(6) —0.0271(6) 0.1897(7)
C(3) —0.0017(7) —0.0124(7) 0.1128(8)
C(4) —0.0345(7) 0.0464(6) 0.0959{7)
C(3) —0.0676(6) 0.0675(6) 0.1644(7)
C(6) 0.1.495(9) —0.0807(5) ©.2372(9)
C(D) 0.2092(7) —0.0530(6) 0.2739(7)
C(8) 0.2521(7) —0.0232(6) 0.2204(7)
C(9)> 0.2237(7) —0.0334(6) 0.1491(7)
cQo) 0.1579(7) —0.0670(6) 0.1558(8)
C(11) 0.0820(5) 0.0570(5) 0.2775(6)
C(12) 0.1442(5) 0.0937(5) 0.2853(6)
C(13) 0.1675(5) 0.1165(4) 0.2117(6)
C(14) 0.1139(5) 0.1261(5) 0.1531(6)
C(15) 0.0512(6) 0.1621(5) 0.1680(6)
C(16) 0.0443(6) 0.1957(5) 0.2442(6)
Cc@amn 0.0521(6) 0.0329(5) 0.3488(7)
c@a18) 0.0779(7) --).0278(8) 0.4598(7)
c(19) 0.1380(10) —0.0427(13) 0.4964(10)
C(20) 0.0505(6) 0.2691(5) 0.2390(7)
C(21) 0.1122(8) 0.3566(63 0.1862(8)
C(22) 0.0598(10) 0.3874(7) 0.1375(8)
£(23) 0.1777(6) 0.1085(5) 0.3574(6)
C(24) 0.2472(6) 0.0934(6) 0.3717(6)
C(25) 0.2767(6) 0.1094(6) 0.4398(7)
C(26) 0.2385(7) 0.1411(6) 0.4945(7)
C(27) 0.1899(7) 0.1567(5) 0.4813(6)
C(28) 0.1417(6) 0.1414(5) 0.4115(6)
C(29) 0.2353(5) 0.1517(5) 0.2059(6)
C(30) 0.2913(6) 0.1292(6) 0.1669(6)
C(31) 9.3508(6) 0.1871(6) 0.1599(7)
C(32) 0.3528(7) 0.2277(6) 0.1919(7)
C(33) 0.2955(6) 0.2504(6) £.2311(8)
C(34) 0.2372(6) 0.2129(5) 0.2385(7)
C(35) 0.1453(5) 0..248(5) 0.0755(6)
C(36) 0.1425(6) 0.0718(5) ©.0278(6)
C(37) 0.1644(7) 0.0754(6) —0.0459(6)
C(38) 0.1967(7) 0.1312(6) —0.0627(6)
C(39) 0.2032(7) 0.1844(6) —0.0225(6)
[o]CX1)) .1796(6) 0.1806(5) 0.0491(6)
C(41) 0.0053(6) 0.1899(5) 0.1101(6)
C(42) —0.0543(6) 0.2213(6) 0.1336(6)
C(43) —0.1012(7) 0.2506(8) 0.0859(8)
C(44) —0.0880(3) 0.2465(8) 0.0072(3)
C(45) —0.0311(8) 0.2140(8) —0.0179(8)
C(46) 0.0147(6) 0.1866(6) 0.0309(6)
o) 0.0003(4) 0.0516(4) 0.3785(4)
0(2) 0.0932(4) —0.0121(4) 0.3802(4)
03) 0.0165(5) 0.3052(4) 0.2776(5)

o4) 0.0986(4) 0.2879(3) 0.1915(5)
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TABLE 8
ANISOTROPIC THERMAL PARAMETERS (X 107%) WITH THEIR STANDARD DEVIATIONS a

Bi11 B22 £33 Bi2 B13 823
Co{i) 14(0) 11(0) 14(0) —2(0) —0( o0)
Co(2) 15(C) 9(0) 16(0) 1(0) 2(0) —0(0)
C@@ 23¢4) 30(4) 304 —4(3) 3(4) —1(4)
c2) © 0 31(4) 23(3) 41(5) —10(3) —6(d) —0(4)
C(3) 27(4) 33(4) 47(6) —6(4) —3(4) —10(4)
Cc(4) 23€45) 36(4) 35(5) —9(4) —23(4) 0(4)
c5) 21(¢41) 31(4) 41(5) —6(3) —8{4> —0@4)
C(S) 62(7) 13(3) €4(8) 9(4) —7(6) —1(4)
C(7) 41(5) 24{4) 35(7) 15(4) 4(4) 6(4)
C(8) 32(4) 20(3) 43(5) 5(3) 4(4) 0(4)
C(9; 36(5) 22(3) 40(5) 8(3) 3() —7(4)
C(19) 36(5) 20(3) 58(5)» 7¢(4) 10(5) —14(4)
C(i1) 25(3) 17(3) 20(3) 0(3) 2(3) —3(3)
c(12) 19¢(3) 16(23 25(4) 4(2) 3(3) —4(3)
Cc13) 22(3) 14(2) 25(4) —1(2) 4(3) 2(3)
C(1-4) 21(3) 12(2) 23(4) —0(2) —0(3) 3(3)
c@as) 27(4) 13(3) 32(5) 6(> 5¢4) —0(3)
c@1sd 28(4) 16(3) 24(4) 3(3) 3(4) —0(3)
camn 24(4) 1743) 36¢4) —2(3) 4¢3) —0(3)
c(@as) 2%5(5) 75 23(4) —13(5) —5(4) 31(5)
C19) 56(8) 142¢13) 39(7) 8(9) —2(5) 33(9)
C(20) 30(4) 20(3) 35(5) 9(3) 9(4) 5(3)
C(21) 53(6) 14(3) 36(¢D) —3¢3) 9(6) 4(4)
c(22) 85{9) 31(5) 46(7) 20(3) 15(7) 13(5)
<23y 31(4) 13¢3) 26(4) 0(3) G(3) 4(3)
Ci24) 26(4) 26(3) 23(4) 03 —G(3) 1(3)
C(25) 30(4) 3¢4) 34(5) © —0(3) —3(4) —hb({4)
C(26) 40(5) 20(3) 30¢5) —1.0¢3) —1¢4) —3(3)
c(27) 39(5) 17(3) 26(4) —2(3) —9(4) —2(3)
c(z8) 31(¢4) 18(3) 31(3) —3(3) —1(4) 2(3)
C(29) 20(3) 22(3) 22(4) —0(3) —0(3) 2(3)
C(30) 22(4) 31({4) 22(4) 2(3) 2{3) 6(3)
C(31) 28(4) 30(4) 32(3) —6(3) 2(4) 3(3)
C(32) 32(4) 36(4) 38(5) —2(4) 6(4) 9(4)
C(33) 28(4) 24(3) 53(7) —8(38) —9¢5) —3¢4)
C(34) 19(4) 21(3) 51(5) —1(3) —0(3) —4(3)
C(35) 22(4) 13(2) 24(4) —0(3) 2(3) —0(3)
C(26} 28(4) 21(3) 21(4) 4(3) 3(3) 0(3)
Cc(@a: 37(5) 24(3) 27(4) —5(3) 11(4) —2(3)
C(32) 38(3) 31(4) 21(4) 2(4) 7¢4) —0(3)
C(32) 45(5) 324) 22(5) —2(4) 10¢4) 9(4)
C(40) 38(3) 12(3) 26(4) —0(3) 4(4) 8(3)
C(41) 21(4) 21(3) 25(4) 0(3) —2(3) 8(3)
C(22) 28(4) 31(4) 28(4) 10(3) 3(4) 8(3)
C(43) 33(5) 41(5) 48(7) 7(4) —2(5) 10(5)
C(44, 36(5) 54(5) 37(6) 4(3) —8(5) 16(5)
C(45) 38(6. 55(6) 44(6) 9(5) —10(5) 19(5)
C(46) 29(4) 30(4) 25(4) 13(3) —3(4) 3@4)
cQ@) 35¢3) 30(3) 32(3) 4¢2) 10(3) 4(2)
o(2) 33(3) 27(2) 31(3} 6(2) T —0(2) 10(2)
N3) 45(4) 23(2) 44(4) 32 11(3) —5(3)
0O(4) 373 14(2) 46(4) 2(2) S(3) 0(2)

€ 3 is defined vy: exp[—(h?By + k2P + 12833 + 2hEkfq; + 2kIf3 + 2k1Bs3)].
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Experimental

All reactions were carried out under an atmosphere of nitrogen. Melting
points were taken on a Mitamura capillary melting pcint apparatus and were un-
corrected. Infrared spectra were recorded on a Shimazu IR-27G spectrophoto-
meter. 'H NMR spectra were obtained on Varian HA-100B spectrocmeter using
tetramethylsilane as an internal reference. Mass spectra were measured on a
Niphondenshi JPS-IS mass spectrometer with direct inlet system at 75 eV elec-
tron energies. The acetylene complex, 1°-C;H;Co(PPh;)(FhC=CPh) (I) [14], and
ethyl [15] and t-butyl diazoacetate [16] were prepared according to published
methods. Methyl diazoacetate was prepared from methyl a-diazoacetoacetate
in a similar manner for synthesis of t-butyl analog.

Reaction of n°-CsHsCo(PPh;)(PhC=CPh) (I) with ethyl diczoacetate

To a solution of I (570 mg, 1 mmol) in benzene (20 ml} was added ethyl
diazoacetate (250 mg, 2.2 mmol), and the mixture was stirred at room tempera-
ture. Nitrogen gas was slowly evolved, and the solution gradually changed from
green to brownish-red. After it has stood overnight, the brownish-red solution
was evaporated under reduced pressure, and the residue was subjected to column
chromatography on silica (Wakogel C-200, ¢ 2.5 cm X 20 cm). Two brown zones
and two red zones were observed. From the first brown fraction which was
eluted with benzene/ethyl acetate (100/1), a very small amount (<1 mg) of dark
brown crystals, V1Ib, was obtained. The second brown fraction was eluted with
benzene/ethyl aceiate (100/2).and the solvent was removed under reduced pres-
sure. After the addition of ethanol (2 ml), the solution was kept at room tem-
perature to give darx brown crystals of Vb (177 mg, 46%).

The third and fourth red zones were eluted with 100/8 and 100/5 mixtures
of benzene and ethyl acetate, respectively. By similar procedures to that above,
red crystals of ITIb (80 mg, 17%) from the third zone and 12d crystals of IVb
(45 mg, 10%) from the fourth zone were obtained.

Similarly, the reactions of I with methyl and t-butyl diazoacetates were made
and all the products could be isolated.

The decomposition of I'Va with ceric ammonium nitrate

To a stirred solution of IVa (223 mg, 0.5 mmol) in benzene (10 ml) and
ethanol (5 ml) was added ceric ammonium nitrate (1 g) at room temperature,
and the mixture was stirred for 15 min. After removal of the solvent under
reduced pressure, the residue was extracted with benzene (20 ml). The extract
was chromatographed on silica. The fraction eluted with benzene/dichloro-
methane (3/1) was collected. After removal of the solvent, the residue was re-
crystallized from benzene/hexane to give colorless crystais of dimethyl trans,cis-
2,3-diphenylmuconate (VII) (120 mg, 75%), m.p. 90—91°C. Found: C, 74.48;
H, 5.61, C,;0H50, caled.: C, 74.52; H, 5.64%. M* m/e 322 (calcd. 322). 'H
NMR spectrum (CDCl;): 6 3.61 (s, 3H, O—CHs;), 3.67 (s, 3H, O—CH;), 6.02
(s, 1H, =CH), 6.17 (s, 1H, =CH) and 7.1—7.6 ppm (m, 10H, C,H,).

X-ray structure determination )
Recrystallization of compound Vb from benzene/ethanol gave well-formed
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crystals suitable for X-ray studies. Precessicn and Weissenberg photography .
established that the crystais were orthorhombic with the systematic absences
of Okl k=2n +1,h0l, 1 = 2n + 1, and hkO, k = 2n + 1, consistent with space
group Pbca. Cell constants of @ 19.466(7), b 20.843(7), and ¢ 17.921(6) A at
20°C were determined from high-order reflections on a Phllhps PW1100 four-
circies antomated diffracto-meter.

The crystal with six faces of the forms {100}, {010}, and {001} was
mounted such that the a axis was nearly parallel to the ¢ axis of a diffractometer.
Thi perpendicular distances to each of these faces were 0.0665, 0.0163, and
0.0128 cm, respectively.

Intensities were measured by the 29 — @ scan method usmg Mo-K,, radiation
monochromated by a graphite crystal. A scan rate of 4° min™ was used. Ten
second stationary background counts were taken at the lower and upper limits
of each scan. Three standard reflections were monitored before every 1890 mea-
surements. A total of 2666 independent intensities for which F, > 306(F,) were
obtained in the range 26 < 50°, and used in the solution and refinement of the
structure.

The intensities were corrected for Lorer:tz, polarization, and absorption
effects (the lirear absorption coefficients of this compound for Mo-K, radia-
tion is 9.84 ¢cm™ and the calculated transmission factors varied from 0.801 and
0.844).

Solution ard refinement of structure

T-x%0 cobalt atoms were located from a three-dimensional Patterson map. A
subsaquent Fourier map phased by two cobalt atoms gave the positions of the
reraining non-hydrogen atoms.

Five cycles of block-diagonal least-squares refinement of all the positional
and isotropic thevial parameters resulted in the residual factors B, = Z{|Fol —
IF N Z1Fol and R, = [ZwlFol — |F )% /ZwFo?}? of 11.1 and 12.9%, respectively.
Five farther cycles of refinement with anisotropic thermal parameters converged
to P, = 7.4% and R, = 8.3%. A difference Fourier synthesis revealed 40 of the
42 hydrogen atoms. Four more cycles of block-diagonal least-squares calculations
completed the refinement, in which the 40 hydrogen atoms were included. The
hydrogen atoms were given isotropic thermal parameters. This refinement con-
verged to the lower residual factors E, = 6.50% and R, = 7.21%. In these refine-
ments, the Zw{|Fol — {F.})? function was minimized, where the weight, w, was
1/64F,). No unusual trends were observed in an analysis of Zw(|Fol — IF.[)* as a
funciion of either sin § /A or {F,l. Anomalous dispersion effects were included
in tae calculation of F, using f’ and f’ calculated by Cromer [17]. The atomic
sczttering factors for Co, C, O and H were from the usual tabulation [18].

The final atomic coordination and thermal parameters are listed in Table 7
and 8. The table of structure factors has been depasited *.

* NAPS Document No. 3208 (9 pages). Order from ASIS/NAPS, c/o Microfiche Publications, P.O.
Box 3513, Grand Central Staticn, New Yorx, N.Y. 1001"7. A copy may be secured by citing the
document number, remitting $ 5.00 for photocopies or $ 3.00 for microfiche. Advance payment
is required. Make checks payable to Microfiche Publications.



References

1

W

Lol =R B T B

10
11

13
14
15
16

17
18

(a) M.F. Lappert and J.S. Poland, Advan. Organometal. Chem., 9 (1970) 397; (b) D.I. Cardin,
B. Cetinkaya, M.J. Doyle, and M.F. Lappert, Chem. Soc. Rev., 2 (1973) 99; (¢) F.A. Cotton and
C.M. Lukehart, Progr. Inorg, Chem., 16 (1972) 487.

H. Yamazaki, K. aoki, Y. Yamamoto and Y. Wakatsuki, J. Amer. Chem. Soc., 97 (1975) 3546.
(a) P. Hong, N. Nishii, K. Sonogashira and N. Hagihara, Chem. Commun,, (1972) 993; (b) W.A.
Herrmann, Angew. Chem., 86 (1974) 556.

I.A. D’yvakonov. V.V. Razin,and M.I. Komendanov, Tetrahedron Lett., (1966) 1127, 1135.
G.F. Emmerson, J.E. Mahler, R. Kochhar,and R. Pettit, J. Org. Chem., 29 (1964) 3620.

R.S. Dickson, FP.J. Fraser and B.M. Gatehouse, J. Chem. Soc. Dalton, (1972) 2278.

0.S. Mills and G. Robinson, Proc. Chem. Soc., (1964) 187.

P.L. Rodrique, M.V. Meerssche and P. Piret, Acta Cryst., B, 25 (1969) 519.

G.G. Summer, H.P. Klug and L.E. Alexander, Acta Cryst., 17 (1964) 732.

F.S. Stephens, J. Chem. Soc. Dalton, (1972) 1754.

W.G. Sly, J. Amer. Chem. Soc., 81 (1959) 18.

K.P. Callahan, C.E. Strouse, A.L. Sims and M.F. Hawthorne, Inorg. Chem., 13 (1974) 1397.
..M. Jackman and S. Sternhall, Applications of Nuclear Magnetic Resonance Spectroscopy in
Organic Chemistry, 2nd ed., Pergamon Press, London, 1969, p. 164.

H. Yamazaki and N. Hagihara, J. Organometal. Chem., 21 (1970) 431.

W.R. Moser, J. Amer. Chem. Soc., 91 (1969) 1135. .

M. Regitz, J. Hocker and A. Liedhegener, Organic Syntheses, Col. Vol. V, John Wiley and Sons,
New York, 1973.p. 179.

D.T. Cromer, Acta Crystallogr., 18 (1965) 17.

293

International Tables for X-ray Crystallography, Vol. 3, Kynoch Press, Birmingham, England, 1962.



