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The effect of the substituent in the ferrocene nucleus on the photo-ethoxycarbonylation of monosubstituted
ferrocene in carbon tetrachloride-ethanol solution is described. The electron withdrawing substituents, such as
chloro, bromo, iodo, cyano, and acetyl, retarded the photo-ethyoxycarbonylation, whereas the electron releasing

substituents, such as ethyl accelerated the reaction.

The electronic effects which affect the formation of the charge

transfer complex and those which affect the reactivity of the cyclopentadienyl ring toward the attack of a trichloro-
methyl radical can be considered for the photo-ethoxycarbonylation.

In the previous paper,!®) we reported the photochem-
ical introduction of ethoxycarbonyl, formyl, and eth-
oxymethyl into the ferrocene nucleus in carbon tetra-
chloride-, chloroform—, and dichloromethane—ethanol
solutions. In the photo-ethoxycarbonylation of fer-
rocene in the carbon tetrachloride-ethanol system, the
excitation of the charge transfer complex of ferrocene
with carbon tetrachloride plays an important role in
the initial stage of the photo-substitution.1” This paper
deals with the effect of the substituent in the ferrocene
nucleus upon the photo-ethoxycarbonylation of mono-
substituted ferrocene in carbon tetrachloride—ethanol
solutions.

Experimental

Materials. Ethylferrocene® [bp 92 °C/1 Torr, (lit,® 93
—94 °C/1 Torr)], acetylferrocene® [mp 85—86.5 °C(lit,» 85
—86 °C)], iodoferrocene® [mp 48—49 °C (lit,» 43—45 °C)],
chloroferrocene® [mp 59 °C(lit,” 59—60 °C)], bromoferro-
cene® [mp 36.1—36.2 °C(lit,® 30—31 °C)], cyanoferrocene®)
[mp 103.5°C(lit,» 107—108°C)], methoxyferrocene” [mp 41.5
—41.8 °C(lit,” 38.5—40 °C)], and phenylferrocene® [mp 114
°C(lit,» 114—5°C)] were prepared from ferrocene(Wako
Junyaku Co., G. R. grade reagent) by the method given in
the literatures. Carbon tetrachloride and ethanol were puri-
fied by the method described in the previous paper.l®)

Irradiation Procedure. General procedure is similar to
that described previously.®)

Separation of the Photoproducts (General Procedure).

After irradiation, the reaction mixture was washed succes-
sively with water, aqueous sodium hydrogencarbonate solu-
tion and aqueous sodium thiosulfate solution, and then ex-
tracted with dichloromethane or ether. The extract was
dried over anhydrous sodium sulfate, then the solvent was
removed by a rotary evaporator below 30 °C. The residue
was subjected to thin layer(Merck, GF-254) or column(Wako
Junyaku Co., Wakogel C-200) chromatography in order to
separate the photoproducts and the starting material, and
then the ethoxycarbonylated compounds were isolated by
the second thin layer chromatography(TLC).

Identification of the Photoproducts. The assignments of
the chemical shifts of 2-, 3-, 4-, and 5-position were done based
on the calculated chemical shifts of those positions. The
calculated chemical shifts were obtained by summing the
deshielding or the shielding effect of the substituent and the
deshielding effect of ethoxycarbonyl to «- and S-positions.®
The experimentally obtained chemical shifts agreed generally
with the calculated ones.

Ethyl 2-Ethylferrocenecarboxylate: A dark red liquid sub-
stance. NMR(CCl,), é(ppm from TMS) 4.60(t), 1H(H;);
4.26—4.09, 2H(H; and H,); 4.20(q), 2H(-CH,~ of ester);
4.0(s), 5SH(C;H;); 2.45—2.93(m), 2H(-CH,— of ethyl'1.1);
1.34(t), 3H(-CH, of ester); 1.13(t), 3H(—-CH, of ethyl). IR
(direct), 3100, 2960, 2920, 1100, 1000, 920 cm~* (2-substi-
tuted ethylferrocene), 1705, 1290 cm=! (ester). MS(70 eV),
mfe, 286(M*). Found: C, 62.13; H, 6.35%. Calcd for
C;sH,3O,Fe: G, 62.94; H, 6.29%,, Mol wt, 286.

Ethyl 3-Ethylferrocenecarboxylate: A dark red oily substance.
NMR(CCl,), é(ppm from TMS) 4.62(t), 2H(H, and Hj);
4.26—4.2(q and t), 3H(-CH,— of ester and H,); 4.05(s),
5H(C;H;); 2.35(q), 2H(-CH,~ of ethyl); 1.32(t), 3H(-CH,
of ester) ; 1.19(t), 3H(-CH, of ethyl). IR(direct), 3100, 2960,
2920, 1100, 1000, 930, 910 cm~! (3-substituted ethylferrocene),
1705, 1285 cm~(ester). MS(70 eV), m/e, 286(M*). Found:
C, 62.29; H, 6.45%. Calcd for C;;H,;O,Fe: G, 62.94;
H, 6.299%,, Mol wt, 286.

Ethyl 1’-Ethylferrocenecarboxylate: A red oily substance.
NMR(CCl,), é(ppm from TMS) 4.61(t), 2H(H, and Hj);
4.24—4.15, 4H(H, and H,, and —~CH,~ of ester); 3.98(s), 4H-
(Hy, Hyr, Hy, Hyr); 2.30(q), 2H(-CH,— of ethyl); 1.32(t),
3H(-CH;, of ester); 1.12(t), 3H(—-CH, of ethyl). IR(direct),
3080, 2960, 2920, 900, 890 cm~! (the absence of absorption
at 9 and 10 p indicates 1,1’-disubstituted ferrocene), 1710,
1270 cm~! (ester). MS(70 eV), mfe, 286(M+*). Found: C,
62.67; H, 6.60%. Calcd for C;;H,;O,Fe: C, 62.94; H,
6.60%, Mol wt, 286.

Ethyl 3-Phenylferrocenecarboxylate: A yellow orange solid.
NMR(CCl,), é(ppm from TMS) 7.50—7.05(m), 5SH(-CgHj) ;
5.18(t), TH(H,); 4.83(t), 1H(H;); 4.74(t), 1H(H,); 4.24(q),
2H(-CH,- of ester); 4.01(s,) 5H(C;H;); 1.36(t), 3H(-CHj of
ester). IR(KBr), 3100, 3050, 1600, 1100, 1000, 925, 890 cm™!
(3-substituted phenylferrocene), 1705, 1240 cm~! (ester). MS
(70 eV), mfe, 334(M*). Found: G, 68.27; H, 5.36%.
Caled for G, H,;O,Fe: C, 68.26; H, 5.39%,, Mol wt, 334.

Ethyl 2-Phenylferrocenecarboxylate: A yellow oily substance.
IR(KBr), 3100, 3050, 1600, 1105, 997, 950 cm—! (2-sub-
stituted phenylferrocene), 1705, 1240 cm~ (ester). MS(70
eV), mfe, 334(M*). Found: C, 68.77; H, 5.44%,. Calcd
for G, H,;O,Fe: C, 68.26; H, 5.39%,, Mol wt, 334.

Ethyl 1’-Phenylferrocenecarboxylate: A yellow orange solid.
NMR(CCl,), é(ppm from TMS) 7.5—7.1(m), SH(-CgHj;);
4.55(t), 4H(H,’, Hy» and H,, H;); 4.25(t), 2H(H; and H,);
4.14(t), 2H(Hy and Hy); 4.01(q), 2H(-CH,- of ester); 1.26
(t), 3H(-CH, of ester). IR(KBr), 3090, 3050, 1600, 920,
880 cm—! (1’-substituted phenylferrocene), 1685, 1280 cm—!

(ester). MS(70 eV), mfe, 334(M*). Found: G, 68.14; H,
5.38%. CQCaled for C,H,;O,Fe: C, 68.26; H, 5.39%,
Mol wt, 334.
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Ethyl p-Ferrocenylbenzoate: A, yellow orange solid substance.
NMR(CCl,), é(ppm from TMS) 7.95—7.35(q), 4H (1,4-disub-
stituted benzene); 4.16(t), 2H(H, and Hj;); 4.28(t), 2H(H,
and H,); 4.35(q), 2H(-CH,~ of ester); 3.96(s), 5H(C;H;);
1.38(t), 3H(-CH, of ester). IR(KBr), 3070, 3040, 1610,
1100, 1000 cm=! (phenylferrocene), 1705, 1235 cm~!(ester).
Found: G, 68.00; H, 5.39%. Calcd for C;,H,;O,Fe: C,
68.26; H, 5.399%,.

Ethyl 3-Methoxyferrocenecarboxylate: A yellow liquid sub-
stance. NMR(CCl,), é(ppm from TMS) 4.58(t), 1H(H,);
4.45(q), 1H(H;); 4.23(q), 1H(H,); 4.19(q), 2H(-CH,— of
ester); 4.10(s), 5H(C;H;); 3.60(s), 3H(-OCH,); 1.32(t), 3H
(-CH, of ester). IR(KBr), 3100, 2960, 2920, 2860, 1100,
1000(sh), 940, 920 cm-! (3-substituted methoxyferrocene),
1700, 1300 cm™! (ester). MS(70 eV), m/e, 288(M*). Found:
G, 57.71; H, 5.51%,. Calcd for C,;;H,,0OzFe: C, 58.38; H,
5.55%, Mol wt, 288.

Ethyl 1’-Methoxyferrocenecarboxylate: A yellow oily substance.
NMR(CCl,), é(ppm from TMS) 4.71(t), 2H(H, and H;);
4.26(t), 2H(H; and H,); 4.19(q), 2H(-CH,— of ester); 3.97
(t), 2H(H,’ and Hyr); 3,74(t), 2H(Hy» and H,r); 3.55 (s),
3H(-OCH,), 1.33(t), 3H(-CH, of ester). IR(KBr), 3100,
2960, 2920, 2860, 1100, 920, 865 cm~! (1’-substituted me-
thoxyferrocene), 1710, 1280 cm=t (ester). MS (70 eV), m/e,
288(Mt).

Ethyl 2-Chloroferrocenecarboxylate: A yellow oily substance.
NMR(CCl,), é(ppm from TMS) 4.68(t), 1H(H;); 4.32—4.16,
4H(H,; and H,, and —-CH,~ of ester); 4.10(s), 5H(C;H;);
1.33(t), 3H(-CH; of ester). IR(KBr), 3100, 3020, 1100,
1000, 915 cm—! (2-substituted chloroferrocene), 1710, 1280
cm™! (ester). MS(70 eV), mle, 292(MH).

Ethyl 3-Chloroferrocenecarboxylate: A yellow oily substance.
NMR(CCL,), d(ppm from TMS) 4.97(t), 1H(H,); 4.65(t),
IH(H;); 4.54(¢), 1H(H,); 4.21(q), 2H(-CH,~ of ester);
4.23(s), 5H(C;H;); 1.31(t), 3H(-CH; of ester). IR(KBr),
3100, 1100, 1000, 905, 900 cm~! (3-substituted chloroferro-
cence), 1710, 1280 cm—! (ester). MS(70eV), m/e, 292(M*).

Ethyl 7’-Chloroferrocenecarboxylate: A yellow oily substance.
NMR(CCl,), d(ppm from TMS) 4.77(t), 2H(H, and Hj;);
4.35(t), 4H(H,’, Hy:, and H,, H,); 4.24(q), 2H(-CH,- of
ester) ; 4.03(t), 2H(H,» and H,r); 1.35(t), 3H(-CHj of ester).
IR(KBr), 3120, 1090, 915, 880 cm~* (1’-substituted chlorofer-
rocene), 1710, 1280 cm—(ester). MS(70 eV), mfe, 292(M™).

Ethyl 2-Bromoferrocenecarboxylate: A yellow oily substance.
NMR(CCl,), 6(ppm from TMS) 4.63(t), 1H(H;); 4.30—4.15,
4H(H;, H,, and ~-CH,— of ester); 4.11(s), SH(C;H;); 1.32(t),
3H(-CH; of ester). IR(KBr), 3100, 1095, 1000, 905 cm™!
(2-substituted bromoferrocene), 1700, 1265 cm-! (ester).
MS(70.eV), mfe, 337(M*).

Ethyl 3-Bromoferrocenecarboxylate: A yellow oily substance.
NMR(CCl,), é(ppm from TMS) 4.97(t), 1H(H,); 4.67(t),
1H(H;); 4.53(t), 1H(H,); 4.20(s), 5SH(C;H;); 4.30—4.15(q),
2H(-CH,- of ester); 1.31(t), 3H(—CH, of ester). IR(KBr),
3110, 1100, 1000, 875 cm~! (3-substituted bromoferrocene),
1700, 1275 cm™! (ester). MS(70 eV), mfe, 337(M*).

Ethyl 1’-Bromoferrocenecarboxylate: A yellow oily substance.
NMR(CCl,), é(ppm from TMS) 4.73(t), 2H(H, and H,);
4.35(t), 4H(H,, H;/, and H,, H,); 4.23(q), 2H(-CH,- of
ester) ; 4.07(t), 2H(H;» and H,+); 1.38(t), 3H(-CH; of ester).
IR(KBr), 3100, 910, 865 cm=! (1’-substituted bromofer-
rocene), 1705, 1270 cm=! (ester). MS(70 eV), m/e, 337(M™).

Ethyl 2-Iodoferrocenecarboxylate: An orange red oily sub-
stance. NMR (CCl,), é(ppm from TMS) 4.68(t), 2H(H, and
H;); 4.24(t), 1H(H,); 4.23(q), 2H(-CH,~ of ester); 1.33(t),
3H(-CH; of ester). IR(KBr), 3060, 1100, 1000(sh), 960,
930(sh) cm~! (2-substituted iodoferrocene), 1700, 1270 cm~!
(ester). MS(70 eV), mfe, 384(M*).
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Ethyl 3-Iodoferrocenecarboxylate: An orange red oily sub-
stance. NMR(CCl,),d(ppm from TMS) 4.98(t), 1H(H,); 4.68
(t), TH(H); 4.52(t), 1H(H,); 4.19(q), 2H(-CH,~ of ester);
4.12(s), 5SH(C;H;); 1.24(t), 3H(-CH, of ester). IR(KBr),
3080, 1100, 990, 915, 860 cm~* (3-substituted iodoferrocene),
1710, 1265 cm— (ester). MS(70 V), mfe, 384(M*).

Ethyl 1’-Todoferrocenecarboxylate: An orange red oliy sub-
stance. NMR(CCl,), é(ppm from TMS) 4.70(t), 2H(H, and
H,); 4.34(t), 2H(H,; and H,); 4.27(t), 2H(H,» and Hy);
4.22(q), 2H(-CH,- of ester); 4.12(t), 2H(H,s and Hy); 1.31
(t), 3H(-CH, of ester). IR(KBr), 3100, 905, 860 cm= (1’-
substituted iodoferrocene), 1700, 1270 cm~! (ester). MS(70
eV), mje, 384(M+).

Quantitative Analysis: For the photoreaction of phenyl- and
haloferrocenes, quantitative analyses were carried out with
GLPC(carbowax 20 M, 2 m glass column, column tempera-
ture: 170 °C for phenylferrocene and 202—230 °C for halo-
ferrocenes. Ethyl ferrocenecarboxylate was used as an in-
ternal standard). For other monosubstituted ferrocenes,
quantitative analyses were carried out by gravimetry, after
the isolation of the photoproducts by column or thin layer
chromatography.

Measurements: UV-spectra were recorded on a Hitachi 124
UV-VS spectrophotometer. IR-spectra were recorded on a
Hitachi 215 grating infrared spectrophotometer. NMR spec-
tra were taken with a Hitachi R-22(90 MHz) spectrometer.
Mass spectra were recorded on a Hitachi RMU-6 spectro-
meter. Gas chromatography were performed on a Yanagi-
moto 550F gas chromatograph equipped with glass column.

Results and Discussion

On the irradiation with 365 nm light, ethyl-, methoxy-,
phenyl-, and bromoferrocene in carbon tetrachloride—
ethanol (1 : 1, v/v) solutions afforded the corresponding
ethoxycarbonylated products, whereas chloro- and iodo-
ferrocene gave only a small amount of ethoxycarbony-
lated products. No ethoxycarbonylation occurred in
the case of cyano- and acetylferrocene. The yields of
ethoxycarbonylated products and the yields of isomers
are listed in Tables 1 and 2.

Ethylferrocene was effectively ethoxycarbonylated on
the irradiation with 365 nm light. Ethyl 2-ethylfer-

TaBLE 1. PHOTO-ETHOXYOARBONYLATION OF MONOSUB-
STITUTED FERROGENES IN OARBON TETRAQHLORIDE-
ETHANOL (1 : 1, v/v) SOLUTIONS®

Irradiation
Fc-RP conditions Conver- Etl};oxyca-
——— —— SiOl‘l onyl
Wave- Time (%) products
R (mmol) length 0 (%)®
(h)
(nm)
R=-CH; (2.3) 365 42 20.2 88.0
R=-H (1.5) 365 50 17.0 61.0
R=-OCH,; (1.3) 365 42 56.0 32.1
R=-CH; (1.3) 365 42 29.6 42.7
R=-Cl (1.3) 365 42 17.0 4.7
R=-Br (1.3) 365 42 11.0 16.9
R=-I (1.3) 365 42 9.0 7.3
R=-COCH; (0.5) 365 42 29.0 0.0
R=-CN (1.3) 365 42 39.0 0.0

a) Each reaction was carried out at room temperature
under nitrogen atmosphere. The volume of the sample
solution is 40 ml. b) Fc- denotes (CsH;)Fe(CsH,-). c¢)
Yields based on consumed monosubstituted ferrocene.
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TaBLE 2. YIELDS OF THE ISOMERS OF ETHOXYCOARBONYLATED FERROUENE DERIVATIVES®)

Fc-RD Irradiatior} conditions Pgig(l:)tsst i zﬁgdy}:lr?(sze xg;%) ) Ethyl ,
— Wavelength Time »- EZ;OZ?;ZZ )
R (mmol) (nm) (h) 1,2- 1,3- 1,1-

R=-C,H (2.3) 365 42 10.8 35.9 41.3 —
R=-H (1.5) 365 50 (Ethyl ferrocenecarboxylate, 61.0) — —
R=-OCH, (1.3) 365 42 0.0 8.6 23.5

R=-CH, (1.3) 365 42 2.1 12.0 20.9 7.7
R=-Cl (1.3) 365 42 0.2 0.9 3.6 —
R=-Br (1.3) 365 42 4.0 2.9 11.0 —
R=-I (1.3) 365 42 1.6 1.4 4.3 —
R =-COCH; (0.5) 365 42 0.0 0.0 0.0 —
R=-CN (1.3) 365 42 0.0 0.0 0.0 —

a) Each reaction was carried out at room temperature under nitrogen atmosphere.
c) Yields were calculated based on consumed monosubstituted ferrocene.

(CsHyo)-

rocenecarboxylate, ethyl 3-ethylferrocenecarboxylate,
and ethyl 1’-ethylferrocenecarboxylate were obtained.
In phenylferrocene, ethoxycarbonylation occurred not
only on the ferrocene ring but also on the para-position
of the benzene ring. In spite of the high conversion
of methoxyferrocene, the yield of ethoxycarbonylated
product is low. Among the haloferrocenes, bromofer-
rocene was most effectively ethoxycarbonylated on the
irradiation with 365 nm light, and 1,2- and 1,3-isomer
were obtained in addition to 1,1'-isomer. Although
the yields were lower, both 1,2- and 1,3-isomer were
obtained in the case of iodoferrocene. The 2-position
of chloroferrocene was less effectively ethoxycarbonylat-
ed than the same position of other haloferrocenes. No
ethoxycarbonylation occurred in acetyl- and cyanofer-
rocene on the irradiation with 365 nm light, and only
decomposition of the starting materials was observed.
The results listed in Table 1 indicate that the reactivities
of the monosubstituted ferrocenes toward photo-ethoxy-
carbonylation seem to be determined primarily by the
electronic character of the substituent. Based on the
proposed mechanism of photo-ethoxycarbonylation of
ferrocene,!® the effects of the substituent on the photo-
ethoxycarbonylation can be considered in the following
two separate cases:

(1) The effect of the substituent on the formation
of the charge transfer complex of monosubstituted fer-
rocene with carbon tetrachloride.

(2) The effect of the substituent on the reactivity
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Fig. 1. UV-Spectra of ethylferrocene(2 X 10~% mol 1-7),
phenylferrocene(2 x 103 mol 1-1), and methoxyfer-
rocene (2% 103 moll-1) in ethanol and in carbon
tetrachloride-ethanol(1 : 1, v/v) solutions. (a) Ethyl-
ferrocene in carbon tetrachloride-ethanol(l : 1, v/v)
solution. (a’) Ethylferrocene in ethanol. (b) phenyl-
ferrocene in carbon tetrachloride-ethanol(l : 1, v/v)
solution. (b”) Phenylferrocene in ethanol. (c) Meth-
oxyferrocene in carbon tetrachloride-ethanol(l : 1,
v/v) solution. (c’) Methoxyferrocene in ethanol.

of the cyclopentadienyl ring of ferrocene toward the
attack of a trichloromethyl radical.

The contribution of the charge transfer complex to this
photo-substitution was examined by the analyses of UV-
spectra. The UV-spectra of monosubstituted ferro-
cenes in ethanol solutions and in carbon tetrachloride—
ethanol(1 : 1, v/v) solutions are shown in Figs. 1, 2, and
3. The UV-spectra of methoxy-, ethyl-, phenyl-,
chloro-, bromo-, and iodoferrocene in carbon tetra-
chloride-ethanol solutions show an increment of absorp-
tion compared with those in ethanol solutions in 300—
360 nm region, whereas only slight enhancements of
absorption were observed in the cases of acetyl- and
cyanoferrocene. The increment of absorption in this
region can be ascribed to the formation of a charge
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Fig. 2. UV-Spectra of iodoferrocene(2x 102 mol 1-1),
and chloroferrocene(2 x 10~3 mol 1-!) in ethanol and
in carbon tetrachloride-ethanol(1 : 1, v/v) solutions.
(d) Iodoferrocene in carbon tetrachloride-ethanol(1 :
1, v/v) solution. (d’) Iodoferrocene in ethanol. (e)
Chloroferrocene in carbon tetrachloride-ethanol(1 : 1,
v/v) solution. (e’) Chloroferrocene in ethanol.
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Fig. 3. UV-Spectra of acetylferrocene(2 x 10-2 mol 1-1)
and cyanoferrocene(2 X 103 mol 1-1) in ethanol and
in carbon tetrachloride-ethanol(l : 1, v/v) solutions.
(f) Acetylferrocene in carbon tetrachloride-ethanol(1 :
1, v/v) solution. (f’) Acetylferrocene in ethanol. (g)
Cyanoferrocene in carbon tetrachloride-ethanol (1 : 1,

. v/v)solution. (g’) Cyanoferrocene in ethanol.

transfer complex between monosubstituted ferrocene
and carbon tetrachloride. The increment of absorp-
tion, A (expressed in terms of the increase in apparent
molar extinction coefficient, therefore, Ae=e¢,,, —¢) at
300 nm for monosubstituted ferrocenes, was used as a
measure of the ability of charge transfer complex for-
mation of monosubstituted ferrocene. Ferrocenes with
an electron releasing substituent, such as ethyl and
methoxyl, gave higher A¢,y, values, whereas those with
an electron withdrawing substituent gave lower values
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Fig. 4. Plot of the increment of UV-absorption at 300
nm against the oxidation potential, AE,,.
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Fig. 5. Plot of the yield of ethoxycarbonylated ferrocene
derivative against the increment of UV-absorption at
300 nm.

than ferrocene. These values and the oxidation poten-
tials AE,/,(the difference of the chronopotentiometric
quarter wave oxidation potentials of substituted fer-
rocene from that of ferrocene)'® show a good correla-
tion(Fig. 4). The yields of ethoxycarbonylated pro-
ducts of monosubstituted ferrocenes can also be cor-
related to Aeggyo(Fig. 5). These results indicate that the
excitation of the charge transfer complex of monosub-
stituted ferrocene and carbon tetrachloride contribute
greatly to the photo-ethoxycarbonylation, as in the case
of ferrocene.

Because of the electrophillic nature of the trichloro-
methyl radical, the site reactivities of monosubstituted
ferrocenes for photo-ethoxycarbonylation can be com-
pared with those for Friedel Crafts’ acetylation, which
have been extensively investigated by many workers.4)
The site reactivities of monosubstituted ferrocenes for
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TABLE 3. SITE REAQTIVITIES OF MONOSUBSTITUTED
FERROCUENES FOR PHOTO-ETHOXYOARBONYLATION
AND FOR ACETYLATION®)

Position
Fc-RV»
2 3 1’
R=-C,H; 0.65 2.17 1.00
(1.4) (4.2) (1.0)
R=-0OCH, 0.00 1.02 1.00
3.7) (2.3) (1.0)
R =-C¢H; 0.25 1.44 1.00
(0.7) (0.4) (1.0)
R=-ClI 0.02 0.65 1.00
(0.0) (0.0) (1.0)
R=-Br 0.90 0.72 1.00
(0.0) 0.0) (1.0)
R=-1 0.92 0.85 1.00
(0.0) (0.0) (1.0)

a) The values in parentheses are the site reactivities
for Friedel Crafts’ acetylation taken from references.'®
The reactivity of unsubstituted ring (1’-position) is
taken as 1.00. b) Fc- denotes (C;H;)Fe(C;H,-).

photo-ethoxycarbonylation and those for acetylation are
shown in Table 3.

In the case of ethylferrocene, the reactivities of 2- and
3-position for photo-ethoxycarbonylation are lower than
those for acetylation, but the relative reactivities of 2-
position to 3-position are similar to that of acetylation.
The lower reactivity of 2-position than those of 3- and
I’-position indicates that the steric effect is also impor-
tant in the substitution. In the case of methoxyfer-
rocene, an extremely low reactivity of 2-position can not
be explained only by a steric effect, since this position is
one and a half times more reactive than 3-position for
the electrophillic substitution.'**) In the case of phenyl-
ferrocene, the reactivities of 2- and 3-position seem to
be quite different from those for acetylation; although
the higher reactivity of 3-position than 2-position for
ethoxycarbonylation can be explained by a steric repul-
sion of a large phenyl group and a bulky trichloromethyl
radical, the value 1.44 for 3-position is very high com-
pared to 0.4 for 3-position in acetylation. In the cases
of haloferrocenes, this tendency is more obvious; al-
though the homoannular substitution is completely in-
hibited in acetylation even under drastic conditions,15)
homoannular substitution occurred with nearly the same
efficiency as heteroannular substitution in the photo-
ethoxycarbonylation. These results indicate that the
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electrophilicity of the trichloromethyl radical is not so
high as to be affected by the electronic nature of the
substituents. Therefore, the low yields of ethoxycar-
bonylated products for haloferrocenes may be due
mainly to the efficiency of the formation of the charge
transfer complex between monosubstituted ferrocene and
carbon tetrachloride.
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