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Twelve derivatives of (2,3,4,5-tetraphenyl-1-silacyclopentadiene)iron tricar- 
bonyls were prepzued. These complexes undergo a variety of substitution at sil- 
icon. The exo leaving groups showed enhanced reactivity in such reactions. The 
stereochemistry of substitution also differs significantly from that established 
for optically active silanes. 

Introduction 

Some a ligands are known to undergo substitution at carbon with a remark- 
able reactivity when complexed to .a transition metal. In a previous paper, we 
have reported the synthesis and some reactions of cobalt compleGes of silacy- 
clopentadiene Cl]. We now describe a series of silacyclopentadiene complexes 
of iron tricarbonyl which undergo a variety of substitution reactions at silicon 
with enormously enhanced reactivity. 

Brunet, Resibois, qd Berbrand prepared several derivatives of (silacyclopen- 
tadiene)iron tricarbonyl [Z] . Recently, Fink has reported the synthesis of some 
cobalt and iron complexes of 2,5-diphenyl-1-silacyclopentadiene [ 31. However,‘ 

these investigations were not extended beyond the preparation of alkyl and z&y1 
derivatives of silicon. It is rather difficult to prepare other derivatives directly 
from the corresponding silacyclopentadiene and iron pentacarbonyl. For ex- 
ample, the reaction of l-methyl-l-hydrido-2,3,4,5-tetraphenyl-l-sjlacyclopen- 
tadiene with iron pentacarbonyl does not give a corresponding coniplex but 
produces an uncharactetied mixture instead, since iron pentacarbonyl is a cat- 
alyst for hydrosilation. Accordingly, we have investigated substitution reactions 
at silicon of (l,l-dimethyl-2,3,4,5-tetraphenyl-l-silacyclopentadiene)iron ‘ti- 
carbonyl .(I) in order to obtain silicon-functional derivatives of s&h a complex. 

. . 
* Presented at the 21st S~nr~osiumon Organometallic Chemistry, Japan. Sendai. October 1973; 

Abstract. 201. 
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. . .:-qFle:have:rep&ted that b-c~clo&kklienylcobalt comp1exe.S of ~l,l;dirnethyl- 
’ i,5;~~~~~~l-l-silacscl~~~n~di~n~ end l,i-dimethyl-%,3,4,5-tetraphenyl-l- 
::_ silao~clopent&ene undergo a selective exo demethylation reaction vvith mer- 
. . curicacetate [1] .-The stere&emistry of these silanol complexes was deter- 
.: mi&xj uriequiv&%lly by NMR with lanthanide shift reagent [ 31. .- 

. . R 

- -E 
Ph 

Hg(OAc)2 /OHfexO’ 

dioxane HC104 / si\ Me fendol 

R I bh 

R = H, Ph 

Analogously, the reaction of I with an equimolar amount of mercuric acetate 
in a mixture of dioxane and aqueous perchloric acid gave (l-exo-hydroxy-l- 
endo-methyl-2,3,4,5-te~aphenyl-l-silacyclopentadiene)iron tricarbonyl (II) in 

.85% yield. The stereochemistry of II was assigned by relative chemical shifts of 
-methyl protons (vide infra). 
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‘. Although most si@iols~under$ acid-catalyzed condensation readily, excep- 
tionally .&was chkn+lly.~stable under a variety- of condition&Even in acidic 

~methanol~ II can be converted to the methoxy derivative-III in quantitative yield. 
That the_stereochemi&try of II was retained-m& was shown by the fact that 
IIIalso.~was obtained from II by the reaction with diazomethane. H&wker, II 
underwent’ condensation to ‘the ctirresponding disiloxane .on heating. 

The NMR spectrum of I.showed two sharp singlets at 6 0.25 and 0.80 ppm 
due to the exe and ehdo methyl protons. In both II and III, the high field signal 
at 0.25 ppm of I disappeared, leaving singlets at 0.68 and 9.70 ppm. The exo- 
methyl signals of substituted cyclopentadieueiron tricarbonyls appear at hiiher 
field than thosa of the corresponding endo isomer [ 53. This relationship can be 
applied generally to the stereochemical assignment [ 3] and, in fact, the same 
relationship of methyl shifts was found for (q-cyclopenklieuyl)cobalt com- 
plexes of silacyclopent&iene [1,4]. Therefore, the singlet appearing at high 
field in I was assigned to the signal of the e;ro-meihyl group. NMR data of 
methyl protons of all derivatives are listed in Table 1. The assignment of the 
stereochemistry based on NMR data is consistent as seen in Table 1 and is well 
in accord with the chemical behavior described below. 

Treatment of II with ammonium hydrogen fluoride in sulfuric acid gave the 
exe-fluoro-endo-methyl derivative (IV) stereospecifically. 

H2=4 

Flex01 

Melendol 

I 
FeKO), 

Reaction of the e3co-phenyl-endo-methyl derivative (V), which w& prepared 
directly from l-phenyl-l-methyl-2,3,4,5-tetraphenyl-l-silacyclopentadiene and 
iron pentacarbonyl, with iodine monochloride in dichloromethane afforded 
exclusively the exe-chloro-endo-methyl derivative (VI). 
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Reduction of III, IV, and VI with lithium aluminum hydride produced inter- 
esting stereochemical results: Thus, reduction of-III gave the exo-hydrido-endo- 
methyl isomer (VII) dominantly as a kinetically controlled producf at an early. 
stage of the reduction, but in the presence of a metalalkoxide, the endO;;hy- 
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'.,. $ric@-@o~methyl~isoiner (VIII) was obtained finally (almost 100% -yield) as ‘a A- 
.h+k hydroGltie; Reduction of IV-a&VI afforded, on the other hand,-VII 

: exclusively. _. 
-. 
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Both VII and VIII are thermally very stable in constrast to the known in- 
stability of the corresponding carbon analog, cyclopentadieneiron tricarbonyl 
[6], which decomposes thermally to a binuclear complex [(n-CsHs)Fe(CO),]+ 
c71- 

The pair of isomeric hydrosilanes (VII and VIII) showed remarkably different 
reactivity toward various reagents. The exe-hydrogen isomer (VII) was very 
reactive as evidenced by its facile reaction with acetone, which occurred readily 
at reflux for 1.5 h, to give the exe-isopropoxy derivative (IX). With carbon te- 
trachloride, VII gave VI in quantitative yield without any catalyst. However, 
VIII did not react with acetone nor carbon tetrachloride under the same con- 
ditions- 

Since iron tzicarbonyl complexes can not function as a catalyst of these reac- 
tions the high reactivity of the exe-hydrogen in complex VII, presumably as a 
hydride, can be considered to correspond to similar activation of exe-hydrogens 
of cyclopentadiene complexes of cobalt and iron [ 83. Reaction of VII with 
methanol in the presence of 10% palladium/charcoal as a catalyst proceeded 
rapidly within 1 h at room temperature, giving the exe-methoxy derivative (III) 
in stereo-selective manner. On the other hand, VIII gave the same product (III) 
withinversion of configuration slowly after 25 h. 

Alkylation of VI with a Grignard reagent resulted in the exclusive formation 
of th_e exe-.alkyl derivative. Thus, with ethylmagnesium bromide, VI gave the‘. 
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exe-ethyl-e&o-methyl compound (X). An interesting example is the exo-CDs- 
e&o-methyl isomer (XI) which was prepared by the reaction of VI with trideuterio- 
methylmagnesium bromide. Demethylation of X with mercuric acetateafforted II, 
no deuterated silanol complex being detected by NMR and mass spectra. There- 
fore, the exe-methyl group of I was replaced specifically by a hydroxy group 
with retention of configuration in the reaction with mercuric acetate. 

These stereochemical sequences can be explained in terms of the steric factor, 
since most of the reactions examined proceeded with retention of configuration 
(e;uo from exe). However, at the same time, it should be noted that the exe 
groups are activated significantly as seen in the case of the hydrosilanes VII and 
VIII. 

In view of such an enhanced-reactivity of the exo-hydrogen of VII, abstraction 
of a hydride ion from VII by triphenylmethyl tetrafluoroborate was examined 
in the expectation that VII would behave similarly to the corresponding carbon 
analog [S] to give a stiicenium complex. However, the reaction actually gave 
the exe-fluoro derivative (IV) instead. + 

Me BF4- 
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TABLE 1' -. .. .’ 

... ..PE~YSICALPROPERTIES~FNEWC~MPLEXES 

.’ 
_ -Cbmpound SubstItuent M.P. = ("0 NMR(6)' 

. : 
exe endo exo endo 

. . 

IR<c~+)~ 
6(Si-Me) 

.I Me 168 Me 0.25 0.80 1260.1245 
II OH Me 0.68 1260 
III OMe Me 141-142 3.45 0.10 1266 
N F Me 170-174 0.83dE 1270 
V Ph Me 220 1.06 1263 
VI Cl Me 178-180 1.13 1260 
+II H Me 164-166 5.76qd 0.84dd 1260 
VIII Me H 177-179 0.33d d 5.57sd 1240 
IX 0-i-Pr Me 162-163 l-lode 0.76 1264 

4.11sepe 
X Et Me 145-157 0.5-l.lm 0.75 1260 
XI CD3 Me 0.80 1260 
XII Silo.rane 0.78 1265 

oUncorrected.b Csclohexane(1.43)wasusedastheintemalstandardinCS2.CJ= 5.0HzdJ= 3.0Hz. 
e J= 6.0 Hz.fIn CC14. 

Tables 1 and 2 list some characteristic physical properties and analytical data 
of the new complexes. Reactions of these complexes open a new interesting 
field in organosilicon chemistry. Related work is in progress in this laboratory. 

Experimental 

l,l-Dimethyl-2,3,4,5-tetraphenyl-l-silacyclopen~diene and its iron ticarbonyl 
complex (I) were prepared according to published procedures [9,2 resp.] . 
Z-Methyl-1,2,3,4,5-pentaphenyl-l-silacyclopentadiene (V) [IO] was prepared 
by the known procedure [ 11,12]. The reaction was carried out with 3 to 4 
times excess amount of methylphenyldichlorosilane to l,Pdilithium-1,2,3,4te- 

'TABLE 2 

ANALYTICALDATAOFNEWCOMPLEXES 

Compoundo Found(%) Ca.lcd.(%) 

C H C H 

III 69.56 4.77 69.48 4.59 

IV 68.92 4.30 68.82 4.15 

V 74.08 4.57 74.03 4.58 

VI 67.03 4.11 66.85 4.03 

VIIb 70.63 4.36 71.11 4.48 

VIII 71.40 4.56 71.11 4.48 

Ix 70.28 5.19 70.30 5.05 

X 72.04 5.11 71.83 4.96 

XII 70.47 4.37 70.21 4.24 

OHgaveunsatPfacto~rrsultsduetoitsunstability. bVIIaIsogaveIesssatisfac.torydatabecauseof 

:slightdecomposi~onbeforeanaIysis. 
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traphenylbutadiene in THF under nitrogen. Recrystalization from acetone gave 
pure V in 49.2% yield, m-p. 172-173°C (lit. [lo] 173-175%). 

Preparation of (1 -exe-hydroxy-1 -endo-methyl-2,3,4,5-tetraphenyl-1 -silacyclopen- 
tadiene)iron tricarbonyl (II) by reaction of I with mercuric acetate 

A mixture of I (100 mg, 0.18 mmol), mercuric acetate (61 mg,. 0.18 mmol) 
and dioxane (10 ml) was placed in a 30 ml-flask under nitrogen and ‘70% aqueous 
perchloric acid (1 ml) was added at room temperature_ After 20 min, the mix- 
ture was poured into a saturated solution of sodium bicarbonate, and.subse- 
quently extracted with ether. After evaporation of the solvent, the residual solid 
was purified by preparative TLC with petroleum ether and acetone (10/l) as 
eluent. The pure yellowish complex (II, 85 mg, 85% yield) was obtained. An 
analytical sample was purified further by sublimation (140°C/10-3 mmHg). The 
melting point could not be measured since condensation to the disiloxane (XII) 
took place on heating. 

Preparation of (1-exo-methoxy-l-endo-methyl-2,3,4,5-tetraphenyi-1-silacyclopen- 
tadiene)iron tricarbonyl (III) from II 

In a 11 round bottom flask equipped with a reflux condenser were placed 2 g 
(3.6 mmol) of II, 0.3 ml of cont. H,SO, and absolute methanol. After the mix- 
ture had been refluxed for 25.5 h, under nitrogen, solid sodium bicarbonate was 
added. The reaction mixture was evaporated in vacua, and the residual solid was 
extracted with ether. The ethereal solution was dried over anhydrous sodium 
sulfate and evaporated to dryness_ Recrystallization of the residual solid from 
methanol afforded 1.83 g (89.5%) of pure III, m-p. 141-142°C; M’ m/e 570. 

Methylation of II 
To 400 mg (0.72 mmol) of II dissolved in a small portion of dry diethyl ether 

was added one drop of 47% boron trifluoride in ethyl ether as a catalyst. The 
solution was cooled in a Dry Ice/methanol bath at -30 - -4O”C, and an excess 
of ethereal diazomethane solution prepared from N-methylnitrosourea and dried 
over potassium hydroxide was added. After 1 h, the reaction mixture was filtered 
to remove polyn-&hylene, and the filtrate was washed with aqueous saturated 
sodium bicarbonate and dried over anhydrous sodium sulfate. The residual oil 
was separated-by preparative TLC with petroleum ether and acetone (z5 : 1) ‘as 
eluent to give 200 mg (50% yield) of pure yellowish III and 124 mg (31%) of re- 
covered silanol complex (II). An analytical sample was recrystallized from 
methanol. 

Preparation of (I-exo-fluoro-l-endo-methy2-2,3,4,5-tetraphenyl-l-silacyclopen- 
tadiene)iron tricarbonyl (IV) 

In a 200 ml three necked flask fitted with a mechanical stirrer, a reflux con- 
denser and a dropping funnel were placed cont. sulfuric acid (40 ml) and III 
(1 g, 1.8 mmol). The mixture was cooled to -10 - -30°C with a Dry Ice/meth- 
anol bath under nitrogen. After vigorous stirring for ca, 2 h, ammonium hydrogen 
fluoride (1 g) and petroleum.ether (50.ml) were added and stirred for additional 
2 h. Then, the organic layer was extracted with petroleum ether several times 
and a small amount of sodium bicarbonate was added to the extract. The solu- 

: : 



310 

tion’was filtered through anhydrous sodium sulfate, and the fiRrate was evapo- 
rated under reduced pressure to give 0.66 g (66% yield) of crude IV. An analyti- 
-caI sample was sublimed at 160-180°C (10e3 mmHg), m.p. 170-174°C; M+ m/e 
558. 

Reduction of (I-exo-fZuoro-Z-endo-methyZ-2,3,4,5-tet;raphenyl-l-silacyclopen- 
tadiene)iron trick-bony1 (IV) 

Several small pieces of LiAlI-14 were added portionwise to a solution of IV 
(0.170 g) in ether (10 nil) and the mixture’was stirred with a magnetic stirrer at 
room temperature (ca. 2 h) under nitrogen. Then, 1 ml of water was added. 
Immediately, the reaction mixture was filtered through anhydrous sodium sul- 
fate. The residual solid was washed several times with ether. The combined fil- 
trate Was evaporated to dryness in vacua to give 0.14 g of crude l-exe-hydrosilane 
complex (VII) (83.5%), almost pure for the purpose of synthetic use. An analy~ 
ical sample was sublimed at 180°C (low3 mmHg), m-p. 164-166°C; M’ m/e 540. 

Cowersion of (Z-endo-mefhy2-2,2,3,4,5-pentaphenyl-l-silacyclopentadiene)- 
iron tricarbonyl (V) to III through (I-exo-chloro-I-endo-methyl-2,3,4,5-te- 
traphenyl-1-silacyclopentadiene)iron tricarbonyl (VI) 

In a 30 ml-flask equipped with a reflux condenser were placed 100 mg 
(0.162 mmol) of V and 4 ml of dry methylene chloride. Iodine chloride was 
added dropwise to the solution and the mixture was stirred with a magnetic 
stirrer at room temperature under nitrogen (ca. 20 min). One ml of absolute 
methanol then was added, and the mixture was stirred for additional 3 h, and 
evaporated to dryness in vacua. The NMR spectrum of the residual solid indi- 
cated the presence of pure III (80 mg, 86.5% yield). 

Evaporation of the reaction mixture of V with iodine chloride gave the 
chlorosilane complex (VI) as a very hygroscopic solid, m-p. 178-180°C. Crude 
yields were around 95%. An analytical sample of VI was obtained by sublima- 
tion at 180°C (10m3 mmHg). 

Reduction of (l-exo-methoxy-l-endo-methyl-2,3,4,5-tetraphenyl-l-silacyclopen- 

tadiene)iron tricarbonyl (III) 
In a 50 ml round-bottom flask equipped with a reflux condenser were placed 

1 g (1.75 mmol) of III, and 40 ml of .dry ether (distilled over sodium wire). The 
reaction system was flushed with nitrogen. Several small pieces of lithium 
aluminum hydride were added portionwise to the solution and the mixture was 
stirred (magnetic stirrer) at room temperature. Examination of the mixture by 
NMR revealed that VII was the main product, in addition to a large amount of 
unrea&ed III. However, the relative amount of the other hydrosilane, (l-exo- 
methyl-2,3,4,5-tetraphenyl-l-silacyclopentadiene)iron tricarbonyl (VIII) in- 
creased steadily during the reaction. After starting material was consumed as 
checked by thin layer chromatography with petroleum ether/dry ether (20 : l), 
2 ml of water was added. Immediately, the reaction mixture was filtered through 
anhydrous sodium sulfate. The residual solid was washed several times with dry 
ether. The combined filtrate was evaporated to dryness in vacua to give 917 mg 
(96.5% yield) of endo-hydrosilane complex (VIII). Recrystallization from dry 
ether gave pure VIII, m.p. 177-179%. 

In a similar way, VI (0.626 g) was reduced to VII (0.52 g, 85% yield). 
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Reaction of VII and VIII with acetone 
In a 30 ml round-bottom flask equipped with a reflux condenser and a nitro- 

gen inlet tube, a mixture of VII (100 mg, 0.185 mmol) and dry acetone (10 ml) 
was refluxed for 1.5 h with stirring (magnetic stirrer) under nitrogen. The reac- 
tion mixture was evaporated in vacua. NMR investigation of the residual solid 
indicated that VII had been converted to (1-exe-isopropoxy-l-endo-methyl-2, 
3,4,5-tetraphenyl-1-silacyclopentadiene)iron tricarbonyl (IV) stereoselectively 
in 100% yield. 

The residual solid mass was separated with preparative TLC to give 77 mg 
(70% yield) of IX. An analytical sample was recrystallized from methanol, m-p. 
162-163%. 

Reaction of VIII with acetone in the manner described above gave no iso-. 
propoxysilane complex. NMR indicated that VIII remained intact. After the 
mixture was refluxed for 24 h, only a small amount of IX was detected_ 

Reaction of VII and VIII with carbon tetrachloride 
A mixture of VII (100 mg, 0.185 mmol) and anhydrous carbon tetrachloride 

(10 ml) was refluxed for an hour under nitrogen and then was evaporated in 
vacua. NMR investigation of the residual solid demonstrated almost 100% con- 
version of VII to VI in a stereoselective manner. Evaporation of carbon tetra- 
chloride from the mixture gave 89 mg (84% yield) of crude VI, which was con- 
verted to III with absolute methanol. 

Reaction of VIII with carbon tetrachloride was effected under the same con- 
ditions, but no chlorinated derivative was obtained_ NMR indicated that the 
endo-hydridosilane complex (VIII) was unchanged. 

Reaction of VII and VIII with methanol in the presence of 10% palladium on 
charcoal 

In a 30 ml flask were placed VII (200 mg, 0.37 mmol), absolute methanol 
(0.5 ml) and methylene chloride (5 ml)_ After a catalytic amount (ca. 10 mg) 
of 10% palladium on charcoal was added, the reaction mixture was stirred (mag- 
netic stirrer) at room temperature for 1 h. After removal of the catalyst and 
solvent, examination of the mixture by NMR indicated-almost 100% stereose- 
lective conversion of VII to III. The product was separated by preparative TLC 
using a mixture of petroleum ether and ether (20 : 1) as eluent (169 mg, 80.5% 
yield). 

Similarly,~VIII (100 mg, 0.185 mmol), absolute methanol (0.25 mg); dry 
methylene chloride (2.5 ml), and a catalytic amount (ca. 10 mg) of 10% palla- 
dium on charcoal were stirred at room temperature for 25 h. After removal of 
the catalyst and solvent, NMR indicated ca. 80% conversion of VIII to III. Work- 
up gave 74 mg of methoxysilane complex III (70.5% yield). 

Reaction of VU with aqueous acetone 
A mixture of VIII (200 mg, 0.37 mmol), water (1 ml) and dry acetone (10 ml) 

was stirred with a magnetic stirrer at room temperature for 6.5 h. The solvent 
was evaporated under reduced pressure. After work-up, ,182 mg of II was obtain- 
ed (89.5% yield). 
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R@$i&.~of VII- With triihenylmethyl tetrtifluoro borate 
-. ::-TrQ?henyhnethyl tetrafluoroborate (33 mg) was added to VII (50 mg, .O.l mmol) 

~~dissolvei%in 3 ml of anhytious inethylene chloride under nitrogen and the mix- 
:-- ibe .&as stirred~at room temperature for 4 hi After addition of anhydrous ether, 
-- the_ solvent was evaporated under reduced pressure_ NMR spectrum of the re- 
Sidual solid-was icjentical to that of the fluorosilane complex (IV). Triphenyl- 
methane was identified by comparison with the authentic sample. 

Reaction of VI with ethyltiagnesium bromide;preparation of (l-exo-ethyl-l- 
endo-methyl-2,3,4,5-tetraphenyl-1 -silacyclopentadiene)iron tricarbonyl (X) 

To a solution of VI (0.5 g, 0.87 mmol) in 10 ml of anhydrous ether was added 
ethereal ethyhnagnesium bromide. The solution was stirred under nitrogen at 
room temperature for ca. 0.5 h. After addition of water, the mixture was treated 
with saturated sodium chloride solution and dried over anhydrous sodium sul- 
fate. The ethereal extract was evaporated under reduced pressure to give X 
(0.457 g, 92.5’Syield). An analytical sample was purified by TLC followed by 
recrystallization from methanol, m-p. 145-147°C!. 

Reaction of VI with trideuteriomethylmagnesium iodide 
To a solution of VI (0.9 g) in 10 ml of anhydrous ether was added ethereal 

tideuteriomethylmagnesium iodide prepared from 400 mg of magnesium metal. 
The solution was stirred under nitrogen at room temperature for ca. 3 h. After 
addition of water, the mixture was extracted with ether. The ethereal extract 
was washed with aqueous sodium bicarbonate and succesively with saturated 
sodium chloride and dried over anhydrous sodium sulfate. The filtrate was eva- 
porated under reduced pressure. The residual solid was purified by TLC to give 
.0.5 g (57.5%) of trideuteriomethyl derivative (XI), which contained a small 
amount of tetraphenyl-1-silacyclopentadiene. Recrystallization of the sample 
from acetone afforded pure (l-cxo-trideuteriomethyl-lendo-methyl)iron tricar- 
bony1 (XI). The NMR spectrum of XI showed the e&o-methyl protons at 
6 0.80 ppm, but no signal at high field due to exe-methyl proton was observed, 
M+m/e 557. 

Demethylation of XI with mercuric acetate 
Into a 30 ml-flask were charged XI (100 mg, 0.18 mmol), mercuric acetate 

(61 mg, 0.18 mmol), and 10 ml of dioxane under nitrogen, and 1 ml of 70% 
aqueous per&lo& acid was added at room temperature. After 20 min, the reac- 
tion mixture was poured into aqueous sodium bicarbonate, and subsequently 
was extracted with ether. After removal of the solvent, the residual solid was 
purified by TLC. The NMR spectrum of the product was identical to that of an 
authentic sample of II. The mass spectrum of the product indicated no trideu- 
teriometh_yl’group. 
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