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Abstract

Reaction of sodium methylcyclopentadienide with diethylcarbonate led to a mixture
of sodium 1-carboethoxy-2-methylcyclopentadienide and sodium
1-carboethoxy-3-methylcyclopentadienide. After the mixture was refluxed with Cr(CO)s
in DMF, the metal carbonyl anion obtained was converted to the corresponding hydrido
complexes [n°-2-(CHz)CsH3sCOOC;Hs]Cr(CO)s(H) and
[n°-3-(CH3)CsH3COOC;Hs]Cr(CO)s(H), by adding acetic acid. A subsequent
nitrosylation with N-methyl-N-nitroso-p-toluenesulfonamide gave the corresponding
ester complexes 3 and 4. Chromium acid 5 was obtained after saponification of 3.The
chemical shifts of C(2,5) and C(3,4) on the Cp ring of 3—5 have been assigned using

two-dimensional HETCOR NMR spectroscopy.
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1. Introduction

Functionally substituted n°-cyclopentadienyl metal compounds have been the subject
of continuing interest in our laboratory [1]. We previously reported that in the
dicarbonyl(n®-cyclopentadienyl)nitrosylchromium, CpCr(C0O)2(NO), (hereafter called
cynichrodene) derivatives, the 2,5-positions of the substituted cyclopentadienyl ring are
more sensitive to both electron-donating substituents and electron-withdrawing
substituents. The highfield and lowfield chemical shifts are assigned to C(2,5) and C(3,4)
for cynichrodene derivatives bearing electron-donating groups, as a methyl group, in the
13C NMR spectra, as are the ferrocene analogs. However an opposite correlation of the
assignments of C(2,5) and C(3,4) on the Cp ring between cynichrodene and ferrocene
derivatives bearing electron-withdrawing substituents [2] were observed. The carbonyl
substituent withdraws the Cp(M) electron via both induction and resonance. In the case of
ferrocene derivatives, the carbonyl substituent withdraws the Cp(Fe) electrons via
resonance predominantly, deshielding the C(3,4) to a greater extent than the C(2,5). In the
case of CpCr(CO)2(NO) derivatives, the carbonyl substituent withdraws the Cp(Cr)
electrons via the induction predominantly, deshielding the C(2,5) to a greater extent than
the C(3,4).The difference has prompted us to study disubstituted complexes 3, 4, and 5,
complexes bearing a carbonyl and a methyl group on the Cp ring. An additive behavior
would be anticipated and the results would help confirm the hypothesis we proposed

earlier.

The preparations and *H NMR data of 2—5 have been previously reported [3]. However,
their 1*C NMR data has not been reported and examined. Herein, we report the chemical
shifts of the unequivocal assignments made for the C(2,5) and C(3,4) of the Cp(Cr) ring

of 2—5, based on the 2D HETCOR correlation spectra.
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2. Results

2.1 Synthesis

Sodium methylcyclopentadienide react with diethylcarbonate to give a mixture of
sodium 1-carboethoxy-2-mtehylcyclopentadienide and sodium
1-carboethoxy-3-methylcyclopentadienide. Without isolation, the salt was directly treated
with Cr(CO)s under reflux in N,N-dimethylformamide to give the tricarbonyl salt
[n°-2-(CH3)CsH3sCOOC,Hs]CrCO)s'Na* and [n°-3-(CH3)CsHsCOOC,Hs]CrCO)s'Na*.
Subsequent acidification with acetic acid, followed by nitrosylation with
N-methyl-N-nitroso-p-toluenesulfonamide produced the respective dicarbonyl nitrosyl

esters 3 and 4. Saponification of the chromium ester 3 produced the carboxylic acid 5.
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2.2 Characterization: *H NMR

The 'H NMR spectrum of 4 exhibited a singlet owing to the Cp(CHs) protons at &
1.90 ppm and two multiplets owing to ethoxy group at 1.21(3H) and 4.14 ppm (2H). Two
doublets and one singlet, relative intensity of 1H, were also observed. In which the one at
the lowest field can be assigned to H(5) of the Cp ring. This assignment was made on the
basis that the carbonyl group would exert a strong diamagnetic anisotropic effect and
exhibit an electron-withdrawing property. As expected, H (2,5) would be deshielded to a
greater extent than the protons on the more remote 4-position. The electron donating
property of methyl group would shield H(2) to a bit higher field. Accordingly, the
following assignments were made: H(2), H(4), and H(5) of Cp(Cr) resonate at 6 4.88,
05.54, and & 5.63 ppm, respectively, for complex 4. Similarly, H(2—5) of Cp(Cr) for

complexes 3 and 5 were assigned (Table 1) [3, 4].

[Table 1]

2.3 Characterization: 13C NMR

The assignments of 3C NMR spectra for 3—5 were based on standard 3C NMR [2, 5],
2D HETCOR (Fig. 1-3), and DEPT correlation techniques. They were also compared
with other metallo-aromatic systems [6]. In the case of 4, five relatively less intense
signals were observed at 6 234.96, & 234.75, 6 164.49, 6 91.27, and 5 110.31 ppm
corresponding to the two terminal carbonyl carbons, the carbonyl carbon, and the C(1)
and the C(3) of Cp(Cr), respectively. Chemical shifts at 6 13.42, 5 14.08, and 6 60.76
ppm were assigned to Cp methyl carbon, the ethoxy methyl carbon, and the ethoxy
methylene carbon, respectively. The line assignments for the C(2, 4, 5) of Cp(Cr) were

more difficult to make. Based on the 2D HETCOR results (Fig. 2), in which the magnetic
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fields of *H and **C NMR spectra increase toward the right and upper side, respectively.
The chemical shift of C(5), C(2), and C(4) correlate with the chemical shift of H(5) (&
5.63 ppm), H(2) (6 5.54 ppm), and H(4) (6 4.88 ppm), respectively. Accordingly,
chemical shifts at 6 93.59, 92.72, and 91.70 ppm were assigned to C(5), C(2), and C(4),
respectively, of Cp(Cr) (Table 2) [2, 7]. Analogous assignments apply to complex 3 (Fig.
1) and 5 (Fig. 3). These assignments reveal that positions 2 and 5 on the substituted Cp
ring in 3—5 are more sensitive to electron-withdrawing substituents, as previously found

for cynichrodene derivatives [2].

[Fig. 1, 2, 3]

(Table 2)

3. Discussion

3.1 Electron-withdrawing effect of carbonyl and Electron-donating effect of methyl on

Cp(Cr) via induction

As *C NMR spectroscopy is less sensitive to the effects of magnetically anisotropic
groups and ring currents than *H NMR [8], the following discussion on the electron
density distribution within a molecule is based upon the chemical shifts of *C spectra
rather than the *H NMR spectra. Table 3 [1, 6, 9] illustrates the contracted 2D HETCOR
spectra of 3-8. It is interesting to note that all the Cp(Cr) moiety exhibits a positive slope.
For 6, the chemical shifts of H(2,5) and C(2,5) occurred at a higher field than those of
H(3,4) and C(3,4), whereas for others the chemical shifts of H(2,5) and C(2,5) occurred at
a lower field than those of H(3,4) and C(3,4). This reveals that in the cynichrodenes, the

2,5-positions of the substituted cyclopentadienyl ring are more sensitive to both
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electron-donating substituents and electron-withdrawing substituents, as we previously
reported for cynichrodene analogs . The contracted 2D 1H{**C}HETCOR NMR spectrum
of 8 [9] is also illustrated for comparison. Complex 8—containing both Cp(Cr) and
Cp(Fe)—exhibits a positive slope in the Cp(Cr) moiety, whereas a negative slope in the

Cp(Fe) moiety.

(Table 8)

3.2 Chemical shifts from cynichrodene for disubstituted Cp ring carbons may be additive

One may wonder whether for a complex like 4, in which the C(2) and C(5) are
deshileded to a lower field owing to the nearby carbonyl group, however C(2) is also
shielded to a higher field due to the nearby methyl group. Given the shielding effect
(—0.71 ppm) (Table 2, complex 2) is less profound than the deshielding effect (2.38 ppm)
(Table 2, complex 7). It would be interesting to see if chemical shift from cynichrodene
for disubstituted Cp ring carbons could be approximated by applying the principle of
substituent additivity. One would anticipate the chemical shift for C(2) of 4 to be the
subtracted value of an ortho methyl group (—0.71 ppm) effect from the chemical shift of
C(5). The calculated value is 92.88 ppm (93.59—0.71) and the observed value is 92.71

ppm (Table 3).

4. Conclusion

In summary, the 2D HETCOR-NMR spectra of disubstituted derivatives of

CpCr(C0)2(NO), 2—5, further confirmed the hypothesis we proposed earlier. Chemical

shifts for disubstituted Cp ring carbons of cynichrodene derivatives can be approximated
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by applying the principle of substituent additivity.

5. Experimental

Complexes 2—5 [3] were prepared by following the published procedures. The

characterizations are given here.

(n°-CsH4CH3)Cr(C0)2(NO) (2). *H NMR(CDCls): § (relative intensity, multiplicity,
assignment): 1.89 (3H, s, —-CHs); 4.85 (4H, s, Cp(Cr) H(2-5)). 3C NMR (CDCls): &
(assignment): 13.41 (CHs); 89.12 (Cp(Cr), C(2,5)); 89.83 (Cp(Cr), C(3,4)); 109.52

(Cp(Cr), C(1)); 237.58 (Cr-C=0).

[n°-2-(CH3)CsH3sCOOCH2CH3]Cr(CO)2(NO) (3). *H NMR(CDCls): § (relative
intensity, multiplicity, assignment): 1.29 (3H, t, J = 6.9 Hz, -OCH2CH3); 2.22 (3H, s,
CHs(Cp(Cr))); 4.23 (2H, m, ~OCH2-); 4.94 (2H, s, Cp(Cr) H(3,4)); 5.58 (1H, dd, J = 1.8,
3.0 Hz, Cp(Cr) H(5)). 13C NMR (CDCls): § (assignment): 13.54 (Cp-CHs); 14.19
(-OCH2CHs3); 60.70 (OCH2-); 89.83 (Cp(Cr), C(3)); 90.81(Cp(Cr), C(1)); 91.72 (Cp(Cr),
C(4)); 93.05(Cp(Cr), C(5)); 113.88 (Cp(Cr), C(2)); 165.25 (-C(0)-); 234.91, 235.26

(Cr-C=0).

[n°-3-(CH3)CsH3COOCH2CH3]Cr(CO)2(NO) (4): *H NMR(CDCls): Proton
NMR(CDCI3): 6 (relative intensity, multiplicity, assignment): 1.21 (3H, t,J =7.2
Hz, -OCH>CHz3); 1.90 (3H, s, CH3(Cp(Cr))); 4.14 (2H, m, J = 7.2 Hz, OCH>-); 4.88 (1H,
s, Cp(Cr) H(4)); 5.54 (1H, s, Cp(Cr) H(2)); 5.63 (1H, s, Cp(Cr) H(5)). **C NMR (CDCls):
d (assignment): 13.42 (Cp-CHz3); 14.08 (OCH.CHz3); 60.76 (OCH>-); 91.27(Cp(Cr), C(2));

91.70 (Cp(Cr), C(4)); 92.72(Cp(Cr), C(2)); 93.59 (Cp(Cr), C(5)); 110.31 (Cp(Cr), C(3));
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164.49 (C(O)-); 234.75, 234.96 (Cr-C=0).

[n°-2-(CH3)CsH3COOH]Cr(CO)2(NO) (5): *H NMR(CDCls): § (relative intensity,

multiplicity, assignment): 2.24 (3H, s, CHz); 4.99 (2H, s, Cp(Cr) H(3,4)); 5.67 (1H, s,

Cp(Cr) H(5)); 3C NMR (CDCls): § (assignment): 13.57 (CHs); 88.86 (Cp(Cr), C(1));

90.26 (Cp(Cr), C(3)); 92.31(Cp(Cr), C(4)); 94.14 (Cp(Cr), C(5)); 114.64 (Cp(Cr), C(2));

171.18 (-C(0)-); 234.19, 234.58 (Cr-C=0).
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Fig. 1. Two-dimensional H-1*C HETCOR NMR spectrum of 3 in CDCls



20

10

20

30

40
50
: 1

60 k.

70

Lo ey
a1]
o
1
(2]
>
-
B
L%
70
@]
©
E

- 90 ON co

100—(1Ill|||iillllllillllillli!lll|

F1 (ppm)

Fig. 2. Two-dimensional H-1*C HETCOR NMR spectrum of 4 in CDCls.
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Fig. 3. Two-dimensional *H-**C HETCOR NMR spectrum of 5 in CDCl3



Table 1
IH NMR data?

Compound Cp(Cr) Cp(CHsz)  Others
6 (ppm)

H(2) H@B) H@)  HE) A (ppm)

1 (CO)2(NO)Cr(n>-CsHs)° 5.07 0

2 (CO)2(NO)Cr(n°-CsH4CHs) 4.85 0 1.89

3 CO)2(NO)Cr[n®-2-(CH3)CsH3COOCH2CHjs] 5.58 4.94 5.58 0.64 2.22 1.29 (CH2CHs), 4.23 (OCHy)
4 CO)2(NO)Cr[n°-3-(CH3z)CsH3COOCH2CHj] 5.54 4.88 5.63 0.75 1.90 1.21 (CH2CHs), 4.14 (OCHy)
5 C0O)2(NO)Cr[n>-2-(CH3)CsH3COOH] 4.99 4.99 5.67 0.68 2.24

6 (C0O)2(NO)Cr(n>-CsH4CH2CHs) 4.92 4.98 498 4.92 -0.06 1.23 (CH2CHs3), 2.31 (CH>)
2in CDCla.

A = §[H(5)]-0[H(4)]( +: H(5)downfield, H(4) upfield; — : H(5) upfield, H(4) downfield). The lower-field chemical shift of each pair of H(4) and H(5) is underlined.
¢ From Ref. [4].
4 From Ref. [2]

22
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Table 2
3C{1H} NMR data®
Compound Cp(Cr)© Cr(CO) C=0 others
C(1) C(2) C(3) C4) C(B) Arg’
1 CO)2(NO)Cr(n>-CsHs)" 90.31 237.1
2 (CO)2(NO)Cr(n®-CsH4CHs) 109.52 (CH3) 89.12 89.83 89.83 89.12 -0.71 237.58 13.41(CpCHa)
3 C0O)2(NO)Cr(1°-2-(CH3)CsHsCOOCH2CH3z)  90.81(C(0)) 113.88(CHs) 89.82 91.72 93.05 23491 16525 13.54(Cp(CHa)),
235.26 14.19(CH2CHs), 60.70(OCHy)
4 CO)2(NO)Cr(n®-3-(CH3)CsH3COOCH,CH3)  91.27(C(0)) 92.72 110.31(CHs) 91.70 93.59 23475 164.49  13.42(Cp(CHa)),
234.96 14.08(CH2CHs), 60.76(OCHy)
5 CO)2(NO)Cr(n®-2-(CH3)CsHsCOOH) 88.86 114.64(CHs) 90.26 92.31 94.14 23419 171.18 13.57(Cp(CH3))
234.58
6 (CO)2(NO)Cr(n®-CsHaCH2CH3)® 116.16 88.62 89.11 89.11 88.62 -0.49 237.75 14.30(CH2CHs), 21.11(CHy)
7 (CO)2(NO)Cr(n®-CsHsCOOCHS3)® 92.94 94.12 91.74 91.74 9412 2.38 23467 165.07 52.16(0OCHs3)
2in CDCls.

bArc) = §[C(2,5)]-8[C(3,4)]. ( +: C(2.5)downfield, C(3,4) upfield; — : C(2,5) upfield, C(3,4) downfield).
“The lower-field chemical shift of each pair is in bold and underlined.

dFrom Ref. [7].

*From Ref. [2]
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Table 3
The contracted 2D HETCOR spectra of 3-8

Complex Cp(M) 'H, Cp(Cr)*¢ 2D HETCORP¢ 13C, Cp(M)?
* 0 / * 0
(n-CsHasCH2CH3)Cr(CO)2(NO)? 6 Cp(Cr) 11 — L1
11 |z 11
(n%-CsHsCOOCH3)Cr(CO)2(NO)" 7 Cp(Cr) —
5 3,4 54 3
CO)2(NO)Cr(n-2-(CH3)CsHsCOOR) (3R = CH2CH3 R=H,5)  Cp(Cr) __| L e J-J—
52 4 52 4
CO)2(NO)Cr(1°-3-(CH3)CsHsCOOCH,CHs) 4 Cp(Cr) "IA‘ L f --u-
11 v 11
(CO)2(NO)Cr[(°-CsHa)CO(M>-CsHa)]FeCp' 8 Cp(Cr) - — J_L
0 * * 0
Cp(Fe) J;L \ J_L

49(2,5); *, (3,4); the magnetic field increases towards the right.

® The magnetic fields of *H and 3C-NMR spectra increase towards the right and upper side respectively.
€9(2,5) versus * (3,4), unless otherwise stated.

4 Those affected by the anisotropic effect of an organic carbonyl or iminyl group are underlined.

¢(5) versus (4) or (5) versus (3).

f(5) versus (4), (2) versus (4), or (5) versus (2). ¢ From Ref.[2]. " From Ref. [7].' From Ref. [9].



25

se =l
CO)2(NO)Cr[n5-2-(CH3)CsHsCOOR] (R = H, C2Hs) &
C0)2(NO)Cr[n°-3-(CH3)CsHzCOOC2Hs]
4R NMR S

m =

$93E Na*(n°-CsH4CH3) Bl diethylcarbonate 7 JESEEEYL Cp $43E sodium
1-carboethoxy-2-methylcyclopentadienide &z sodium
1-carboethoxy-3-methylcyclopentadienide. fji A Cr(CO)s [2]/7i{%& Fif5 metal
carbonyl anion DLZFEREAL, 745 hydrido $E&4)
[1°-2-(CH3)CsH3COOC2H5]Cr(CO)3(H) B [n5-3-(CH3)CsHsCOOC2Hs]Cr(CO)s(H). ¥ T~
A& L N-methyl-N-nitroso-p-toluenesulfonamide #E77 nitrosylation E[{5figEEEY)
[1°-2-(CH3)CsH3COOCHS3]CrCO)2(NO) 3 K7 [1°-3-(CHs)CsH3sCOOCHS;s]CrC0O)2(NO) 4. &
&%) 3 4% saponication(E/b & E)S5E S YIE [n°-2-(CH3)CsHsCOOH]CrC0)2(NO) 5.
¥&H HETCOR NMR spectroscopy #5547 3-5 Cp ¥R EHY ik LB F415- DIBH I
R

BESET 88, THR(n>-ERA S aaiEEES, T, 2D HETCOR NMR



