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The theoretical value of the ratio, CaH6CO*O/CeH5CO0, in 
product of inverted configuration (threo fraction from I) is based 
on the following equations. 

(7)  
I -  I 
I ki  I 

I 
I I 

HzO" + C=0l6 + O ' k C 4 ' 6  + 2H+ 

(8) H,Ola + Asla + 0 1 k C - 0 1 8  + 2H+ 
ka 

The relative amounts of the three benzoyloxy species formed 
in the reactions will be in the same proportion as the relative 
rates of the reactions. In  calculating the relative rates, the rela- 
tive concentrations of total isotopic species of water and of car- 
bonyl oxygen in the hydroxyamide are constant" and may be 
disregarded. If it is awumed that there is no isotope effect, 
i.e., that the specific reaction rates, k l ,  kz, and ka, are equal, 
each relative rate, v ,  or abundance of benzoyloxy species, may 
be represented as equal to the product of isotopic abundances. 

(20) In view of the low value of the ratio of hydroxyamide to water 
(1:230), one can ignore the effect of change in the original abundance of 0 1 8  

in the aqueous system owing to the formation of water of normal isotopic 
composition in the displacement of the hydroxyl group at C-1. 

For eq 7, VI = (0.017 f 0.001) X 0.998 = 0.017 f 0.001, 
l*O=CO1e; for eq 8, V I  = (0.983 f 0.001) x 0.002 = 0.002, 
180=Co18; for eq 9, US = (0.983 f 0.0001) X 0.998 = 0.981 f 
o . o o l , ~ ~ o = c o ' ~ .  

In  mass spectrometry, 180=C-016 and l60=C-O18 are equiva- 
lent; hence, the theoretical value, 0.019 i 0.001, of the ratio, 
CeH&O*O/CeH&OO, is based on the sum of the abundances 
of the two species. 

The theoretical value (0.006 = 0.019 X 0.12 + 0.004 X 0.88) 
for the ratio of benzoyloxy species in the erythro-rich fraction 
from I is derived from that calculated for inverted substance, 
the value 0.004 characteristic of normal benzoic acid and expected 
in substance formed via the R mechanism, and the polarimetri- 
cally determined composition of the fraction. 
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The syntheses of some new derivatives of ferrocene employing Condensation and metalation reactions are 
described. from ferrocene by a 
Friedel-Crafts reaction with chloral, from chloromercuriferrocene and chloral with aluminum chloride, from 
ferrocenylmagnesium bromide and chloral, and from ferrocenecarboxaldehyde and chloroform. The ferrocenyl- 
magnesium bromide was prepared from lithioferrocene and magnesium bromide. The carbinol was converted 
into a-methoxyferroceneacetic acid by treatment with potassium hydroxide in methanol. The methoxy acid was 
also prepared in one step from ferrocenecarboxaldehyde, bromoform, and methanolic potassium hydroxide. 
Lithioferrocene reacts normally with ethylene oxide, propylene oxide, and styrene oxide, but not with chloral, 
and a halogen-metal interchange reaction occurs with 3,3,3-trichloro-1,2-epoxypropane. 

Ferrocenyl(trichloromethy1)carbinol has been prepared by four methods: 

It has been shown that ferrocenecarboxaldehyde 
enters into many condensation reactions typical of 
aromatic  aldehyde^.^!^ I n  the present work, a new 
condensation reaction was studied, namely the one- 
step conversion of an aromatic aldehyde to an a- 
methoxyarylacetic acid by treatment with bromoform 
and methanolic potassium hydr~x ide .~  From ferro- 
cenecarboxaldehyde (I) the a-methoxyferroceneacetic 
acid (11) was formed in 73y0 yield. Almost all a- 
methoxyphenylacetic acids are strong plant-growth 
regulators, but the a-methoxyferroceneacetic acid was 
found to be inactive when tested on bean  plant^;^ 
strongly indicating that plants metabolize the ferrocenyl 
group more readily than the phenyl group. 

Ferrocenecarboxaldehyde was found to react with 
chloroform, using potassium t-butoxide in t-butyl 
alcohol as the base, to form ferrocenyl(trichloromethy1)- 
carbinol (111), the intermediate in the one-step syn- 

(1) American Cyanamid Teaching Fellow, 1960-1961. 
(2) K.  PlesEke, Angew. Chem. Intern. Ed. Engl., 1, 323 (1962). 
(3) M. D. Rauseh, Can. J. Chem., 41, 1289 (1963). 
(4) W. Reeve and E. L. Compere, J. Am. Chem. Soc.,  89, 2755 (1961). 
(5) We are indebted to Dr. J. W. ,Mitchell and co-worker6 of the U. S. 

Department of Agnculture, Beltsville, Md., for studying the plant growth 
regulating properties of this compound. 

thesis of a-methoxyferroceneacetic acid (11). On 
treatment with methanolic potassium hydroxide, 111 
gave the a-methoxyferroceneacetic acid (11) in 57Y0 
yield. 

The reaction of ferrocene with a twofold excess of 
chloral in the presence of aluminum chloride was in- 
vestigated as an alternative route to the trichloro- 
methylcarbinol (111). Methylene chloride was used 
as the solvent. The best yield obtained was 21% of 
theory. Two per cent of the disubstitution product, 
1,l'- di(2,2,2- trichloro - 1 - hydroxyethyl)ferrocene, was 
obtained and 60% of the starting ferrocene was re- 
covered. In  this reaction, the solvent and the amount 
of aluminum chloride employed are critical; with 
carbon disulfide as the solvent, only traces of products 
could be isolated. With methylene chloride as the 
solvent, too little aluminum chloride results in no 
reaction, and more than the optimum amount (0.25 
mole/mole of chloral) resulted in the formation of an 
olefin as the major product in 15r0 yield. The olefin 
is tentatively assigned the formula (2,2-dichlorovinyl)- 
ferrocene (IV). The mechanism by which this is 
formed probably involves the intermediate formation 
of (1,2,2,2-tetrachloroethyl)ferrocene and the subse- 
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CHBra, KOH, CHaOH 
( CloH9Fe)CH0 ---f (C1oH-+Fe)?H--COOH 

I 
bCHa 
I1 

chloral, AlCla chloral 
CloHloFe -+ ( CloHeFe)-CHOH4C1* + (CtoH9Fe)MgBr 

I11 

MgBri t chloral 
excem h ~ l a  

n-BuLi 
( C10H9Fe )-CH=CC12 ( CloH9Fe)-HgC1 -* ( CloHJ?e)Li 

IV 

quent removal of two chlorines by the excess ferrocene 
acting as a reducing agent. It is known that halo- 
benzenes react with chloral and aluminum chloride 
to form (1,2,2,2-tetrachloroethyl)halobenzenes under 
the react,ion conditions employed.6 Spectroscopic 
evidence for the assigned structure consists of nmr 
data clearly showing a monosubstituted ferrocene with 
one side-chain proton. The infrared spectrum bears 
a close resemblance to  that of P,P-dichlorostyrene in 
that all six of the bands between 935 and 665 cm-l are 
common to both, and i t  differs from the spectra of cis- 
and trans-a,P-dichlorostyrene in the presence of a 
medium intensity band a t  870 and the absence of a 
strong band at  790 cm-I. The only absorption band 
not present was one at  750 cm-l which is common to 
all three of the dichlorostyrenes. 

The yield of the trichloromethylcarbinol (111) was 
increased to 25% when the above reaction was carried 
out in methylene chloride starting with chloromercuri- 
ferrocene instead of ferrocene and using 0.25 mole of 
aluminum chloride per mole chloral. Doubling the 
amount of aluminum chloride did not change the yield 
of the product. Olefin IV was not formed in these 
reactions. 

Others have studied the mercuration of ferrocene'J 
and the transmetalation reaction of chloromercuri- 
ferrocene with e thyl l i th i~m.~ In  this work, chloro- 
mercuriferrocene in ether was treated with slightly 
more than the theoretical amount of n-butyllithium and 
the reactions of the resulting lithioferrocene reagent 
were studied. It reacted normally with ethylene oxide, 
propylene oxide, and styrene oxide to  give the expected 
alcohols. However, with a slight excess of chloral none 
of the expected ferrocenyl(trichloromethy1)carbinol 
(111) was obtained, a result which is in accord with the 
observed failure of phenyllithium to add to the carbonyl 
group of chloral in the normal manner.lO Also, like 
phenyllithium,'O lithioferrocene reacts with 3,3,3- 
trichloro-1,2-epoxypropane to yield only 3,3-dichloro- 
allyl alcohol. 

Ferrocenylmagnesium bromide has been prepared 
from bromoferrocene, but the latter comes from lithio- 
ferrocene through ferrocenylboronic acid." In  this 

(6) W. Reeve, J. P. Mutchler, and C. L. Liotta, Can. J .  Chem., 44, 576 
(1966). 
(7) A. N. Neameyanov, E. G. Perevalova, R.  V. Golovnya, and 0. A. 

Nesmeyanova, Dokl. Akad.  Nauk SSSR, 97, 459 (1954): Chem. Abslr., 49, 
9633 (1955). 
(8) M. Rausch, M. Vogel, and H. Rosenberg, J .  Or8. Chcm., PI, 900 (1957). 
(9) D. Seyferth and J.  F. Helling, Chem. Ind .  (London), 1568 (1961). 
(10) W. Reeve and L. W. Fine, J .  A m .  Chem. SOC., 86, 880 (1964). 
(11) H. Shechter and J.  F. Hellinn, J .  Or8. Chem., 96, 1034 (1961). 

work, an improved method of preparing this Grignard 
reagent was developed involving the treatment of 
lithioferrocene with anhydrous magnesium bromide in 
ether. The reaction occured immediately as evidenced 
by a change in color of the reaction mixture from red to 
yellow-orange. Reaction of the freshly prepared Gri- 
gnard reagent with chloral yielded the trichloromethyl- 
carbinol I11 in 21% yield. Much ferrocene was also 
obtained. The formation of the trichloromethylcar- 
binol is in accord with the known normal addition of 
arylmagnesium bromides to chloral to form the cor- 
responding trichloromethylcarbinols.lo Reaction of the 
Grignard reagent with 3,3,3-trichloro- 1 , 2-epoxypropane 
yielded only 3-bromo-l,1,l-trichloro-2-propanol, a re- 
sult in accord with the known reaction of phenyl- 
magnesium bromide with this epoxide.I0 The Gri- 
gnard reagent reacted normally with carbon dioxide to 
yield the known ferrocenecarboxylic acid. 

Experimental Section 
All melting and boiling points are corrected. Analyses are by 

Dr. Franz J. Kader. The infrared spectra were determined 
on a Beckman IR-5. The nmr spectra were determined on a 
Varian Associates A-60 spectrometer except for olefin IV which 
was determined by Dr. E. Becker of the National Institutes of 
Health on a Varian Associates HR-60 spectrometer. 

a-Methoxyferroceneacetic Acid from Aldehyde 1.-To an 
ice-cold solution of ferrocenecarboxaldehydeI* (5 g, 0.023 mole) 
and freshly distilled bromoform (7.1 g, 0.028 mole) in 75 ml of 
methanol was added a solution of potassium hydroxide (6.6 g, 
0.117 mole) in 100 ml of methanol over a period of 1 hr. The 
temperature of the reaction mixture did not exceed 5". Nearly 
all of the solvent was removed under reduced pressure and the 
residue was taken up in ether and water (50 ml) . On acidification 
of the ice-cold water layer, there was precipitated 5.0 g (73% 
of theory) of a-methoxyferroceneacetic acid monohydrate as 
yellow crystals, mp 65-86'. The analytical sample was crystal- 
lized from 25% ethanol and melted at  66-67. 

Anal. Calcd for ClrH1dFeOa.H20: C, 53.45; H, 5.52; neut 
equiv, 292. 

An 82.7-mg sample lost 4.8 mg (theory, 5.1 mg) after vacuum 
drying in a desiccator over phosphorus pentoxide, and the dried 
sample had the theoretical neutralization equivalent of 274. 
Absorption bands at  3390, 2410, and 1946 cm-l were present in 
the infrared spectra of the hydrate but absent in the dried 
sample. The anh drous acid was a brownish, apparently amor- 
phous solid: v2::'1720 (carbonyl), 1295, 1250, 1215, 1115 and 
950 (monosubstituted ferrocene), 1035,937,822, and 715 cm-l. 
a-Methoxyferroceneacetic Acid from Carbinol 111.-Three 

grams of ferrocenyl( trichloromethy1)carbinol (111) was allowed 
to react with 2.5 g of potassium hydroxide in 60 ml of methanol 
a t  50' for 2 hr. The solvent was removed under reduced pres- 

Found: C, 53.51; H, 5.52; neut equiv, 292. 

(12) A. I. Titov, E. 9. Lisitsyna, and M. R. Sherntova, Dokl. Akad.  Nauk 
SSSR, 180, 341 (lQ60); Chcm. Abrtr., 64, 10986 (1960). 
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sure, and the residue was washed from the flask with alternate 
10-ml portions of ether and water. Acidification of the aqueous 
layer yielded 1.5 g (57% of theory) of the or-methoxyferrocene- 
acetic acid monohydrate. 

Ferrocenyl( trichloromethy1)carbinol (111) from Ferrocenecar- 
boxaldehyde (I) .-To 10 g (0.047 mole) of ferrocenecarboxalde- 
hyde, 40 ml of sodium-dried benzene, and 20 ml (0.24 mole) of 
chloroform, there was added 0.06 mole of potassium t-butoxide in 
t-butyl alcohol dropwise over a period of 45 min at  between -5 
and 0'. The reaction mixture was stirred for 90 min near 0" 
and then poured onto a mixture of 6 ml of concentrated hydro- 
chloric acid and some ice. The organic layer was washed with 
50G sodium bicarbonate solution and water and dried overnight 
over anhydrous magnesium sulfate. The crude product 
amounted to 13 g. From this, 2.5 g (32% yield) of ferrocenyl- 
(trichloromethyl) carbinol was recovered, either by crystalli- 
zation from benzene or by chromatography on Fisher adsorption 
alumina using dry benzene as the solvent. A small amount of 
ferrocenecarboxaldehyde, appearing as a darker band, preceded 
the yellow carbinol band. The carbinol melted a t  145" dec, 
but, after recrystallization from 50: 50 ethanol-water, it melted 
at  157-158" without immediate decomposition if the sample was 
placed in the melting point bath at 145': YE::"' 3435 (OH), 
1295, 1255, 1225, 1190, 1110 and 1005 (monosubstituted ferro- 
cene), 1075, 1030, 925, 820 (Cl&CHROH), 700, and 670 cm-'; 
nmr ( V Z : ~  6 4.95 (doublet, J = 4 cps, one proton, CHOH), 
4.55 (broad singlet, two protons, ring protons, presumably those 
adjacent to side chain), 4.35 (singlet, seven protons, remaining 
ring protons)" 3.17 (doublet, J = 4 cps, one proton, CHOH). 

Anal. Calcd for C~lzH1lCl.FeO: C, 43.22; H,  3.33; C1, 31.90. 
Found: C, 43.25; H,  3.60; C1, 32.08. 

Ferrocenyl(trichlorcmethy1)carbinol (111) from Ferrocene.- 
To a mixture of 37 g (0.2 mole) of ferrocene and 59 g (0.4 mole) of 
anhydrous chloral dissolved in 400 ml of methylene chloride was 
added 13.4 g (0.1 mole) of anhydrous aluminum chloride in 
portions over a 3-hr period at  0" under a nitrogen atmosphere. 
The mixture was allowed to stand for 2 hr a t  room temperature 
and then decomposed with an ice and hydrochloric acid mixture. 
Ten grams of ferrocene was recovered from the blue aqueous 
layer by reduction with stannous chloride. The methylene chlo- 
ride layer was washed with dilute hydrochloric acid and with 
water and dried, and the solvent was evaporated. The residue 
consisted of 34 g of dark material. This was dissolved in dry 
benzene and chromatographed on adsorption alumina. The 
first band consisted of 11 g of ferrocene. The second band 
yielded 14 g of ferrocenyl( trichloromethy1)carbinol (21% of 
theory, 497, allowing for recovered ferrocene). A final yellow 
band (2 g) was eliited with a mixture of ether and acetone; this 
was shown to be the symmetrically disubstituted trichloromethyl- 
carbinol of ferrocene. 

The 14-g fraction of ferrocenyltrichloromethylcarbinol melted 
at  145' dec, initially, and a t  157-158" after crystallization from 
50: 50 ethanol-water. 

The final 2-g band, after crystallization from ethanol-water, 
yielded the yellow 1 ,I '-di( 2,2,2-trichloro-I-hydroxyethy1)ferro- 
cene, mp 170-171" ciec (2Y0 yield). The structure was assigned 
on the basis of the absence of characteristic monosubstitution 
bands at  1108 arid 1002 cm-' in the infrared spectrum and the 
presence of bands at 3390 (hydroxyl), 820, 702, and 665 cm-' 
[the latter three are similar to those observed in ferrocenyl- 
(tiichloromethyl)carbinol] ; nmr ( v 2 z s o )  6 7.12 (doublet, J = 
7 cps, two protons, CHOH), 5.07 (doublet, J = 7 cps, two pro- 
tons, CHOH), 4.50 (doublet, J = 15 cps, eight protons, ring pro- 
tons). In  dimethyl sulfoxide solvent, the CHOH part of the 
spectrum of phenyltrichloromethylcarbinol is almost identical 
with the above. 

Anal. Calcd for C14H12C16Fe02: C, 34.97; H, 2.52; C1, 
44.25. 

Using more aluminum chloride (0.1 mole of ferrocene, 0.02 
mole of chloral, 200 ml of methylene chloride, and 0.1 mole of 
aluminum chloride) under identical conditions, practically no 
ferrocenyl(trichloromethy1)carbinol was obtained. The major 
product was 4 g ( 14y0 yield) of an olefin, mp 51-53' after crystal- 
lization from ethanol-water, to which was assigned the structure 
(2,Zdichlorovinyl)ferrocene (IV) : v:::"' 3050, 1615 (unsatura- 
tion), 1410, 1280, 1245, 1190, 1105 and 1005 (monosubstituted 
ferrocene), 1050, 1035, 935, 900, 870, 833 to 813, 715, and 665 
cm-I; nmr ( ~ 2 3  6 6.39 (singlet, one proton, CH=), 4.32 
(doublet, J = 17 cps, four protons of substituted ring), 4.08 
(singlet, five protons of unsubstituted ring). 

Found: C, 35.20; H,  2.80; C1,43.97. 

Anal. Calcd for C12H1&12Fe: C, 51.30; H,  3.58; C1, 25.20; 
Fe, 19.80. Found: C, 51.15; H,4.25; C1,24.50; Fe, 19.80. 

Ch1oromercuriferrocene.-The mixed chloromercuriferrocenes 
prepared from ferrocene in benzene, mercuric acetate in ethanol, 
and lithium chloride in methanol in the usual way* were extracted 
with methylene chloridela using a Soxhlet extractor. The ex- 
tracted chloromercuriferrocene, mp 194-196", was free of the 
disubstitution product but contained 5 to 10% of ferrocene. It 
was used without further purification in all of the following 
preparations. 

Ferrocenyl( trichloromethy1)carbinol (111) from Chloromercuri- 
ferrocene.-To a stirred mixture of 5.1 g (0.012 mole) of chloro- 
mercuriferrocene, 3.7 g (0.025 mole) of chloral, and 50 ml of 
methylene chloride, there was added at  0" under an oxygen-free 
nitrogen atmosphere 0.8 g (0.006 mole) of aluminum chloride 
over a period of 2 hr. The mixture was stirred an additional 2 
hr a t  25" and decomposed with icecold hydrochloric acid. The 
methylene chloride layer was washed with water and dried over 
magnesium sulfate, the solvent was evaporated, and the crude 
material was chromatographed on alumina using dry benzene 
as the solvent. There was obtained 1 g (25% yield) of ferro- 
cenyl( trichloromethy1)carbinol having the same properties as 
the material which was prepared from the ferrocenecarboxalde- 
hyde. 

Ferrocenyl( trichloromethy1)carbinol (111) from Ferrocenyl- 
magnesium Bromide.-An ether solution of ferrocenylmagne- 
sium bromide (0.02 mole), prepared as described below, was 
cooled to -40" under an oxygen-free nitrogen atmosphere and 
allomyed to react with 3.7 g (0.025 mole) of chloral dissolved in 20 
ml of ether added dropwise over a 5-min period. The reaction 
mixture was allowed to warm to 25' and was stirred for 2 hr 
a t  this temperature. It was then chilled and decomposed with 
cold hydrochloric acid. Chromatography of a benzene solution 
of the crude product on an alumina column yielded much impure 
ferrocene and 1.5 g (21y0 over-all yield based on starting chloro- 
mercuriferrocene) of ferrocenyl( trichloromethyl) carbinol iden- 
tical with the material described above. 

Reaction of Lithioferrocene with Ethylene Oxide.-Lithio- 
ferrocene was prepared by treating 9 g (0.021 mole) of the chloro- 
mercuriferrocene, described above, in 43 ml of ether with 0.046 
mole of an approximately 1 M solution of n-butyllithium in ether 
under an oxygen-free nitrogen atmosphere, and stirring the re- 
action mixture for 45 min at  room temperature. 

The reaction mixture was cooled to 0' and 5 ml (0.1 mole) of 
ethylene oxide in 20 ml of ether was added over a 10-min period. 
Stirring was continued for 1 hr a t  0' and then for an additional 
30 min at  25'. After decomposition of the reaction mixture with 
cold hydrochloric acid, the ether layer was washed with water 
and dried, the solvent was volatilized, and the residue was 
chromatographed on alumina using benLene as the solvent. An 
initial yellow ferrocene band was followed by a red band due to 
an unsaturated compound, not further characterized. The 
third band was yellow-orange in color and gave 1.5 g (31% of 
theory) of ferroceneethanol, mp 49-51' after crystallization from 
a mixture of petroleum ether (bp 30-60") and ethyl ether. Pre- 
vious preparations have involved the lithium aluminum hydride 
reduction of ferroceneacetic acid.'4 The infrared spectrum 
(Nujol mull) showed absorption bands at 3225, 1340, 1110, 1040. 
1000, 825, 805, and 725 cm-1; nmr ( ~ 2 2 3  S 4.17 (singlet, 
five protons, unsubstituted ring protons), 4.13 (singlet, four 
protons, substituted ring protons), 3.70 (triplet, J = 7 cps, 
two protons, CHzOH), 2.53 (triplet, J = 7 cps, two protons, 
Fc-CHz), 2.12 (singlet, one proton, CHZOH). 

Reaction of Lithioferrocene with Propylene Oxide.-This 
followed the same procedure as in the case of ethylene oxide. 
There was obtained 1.5 g (29% of theory) of yellow l-ferrocenyl- 
2-propanol which melted at  37-39' after crystallization from a 
mixture of petroleum ether (bp 30-60') and ethyl ether. 
The infrared spectrum (Nujol mull) showed absorption bands a t  
3485, 1280, 1125, 1105, 1035, 1005, 945, 925, and 815 cm-'; 
nmr (v:::'*) 6 4.18 (singlet seven ring protons), 4.1 to 3.0 (poorly 
defined multiplet three protons, two ring protons plus CHOH), 
2.50 (doublet, J = 6.2 cps, two protons, FcCHz), 1.93 (singlet, 
one proton, CHOH), 1.17 (doublet, J = 6.2 cps, three protons, 
CHICHOH) . 

(13) Dr. J. F. Helling's procedure (personal communication). 
(14) K. L. Rinehart, R. J. Curby, and P. E. Sokol, J. Am. Chem. Soc.,  79, 

3420 (1957); D. Lednicer, J. K. Lindsay, and C .  R. Hauser, J. O ~ Q .  Chen . ,  
SS, 653 (1958). 
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Anal .  Calcd for Cl3H1&eO: C, 63.96; H, 6.61. Found: 
C, 63.68; H, 6.41. 

Reaction of Lithioferrocene with Styrene Oxide.-This 
followed the same grocedure as in the case of ethvlene oxide. 
There was obtainei 1.5 g (23% of theory) of 2-ierrocenyl-l- 
phenyl-1-ethanol which melted a t  82-84' after crystallization 
from a mixture of petroleum ether and ethyl ether. The 
infrared spectrum (Nujol mull) showed absorption bands a t  
3225, 1110, 1045, 1005, 820, 810, 775, 755, and 700 cm-l; nmr 
(YE:?) 6 7.45 (singlet, five protons, C a s ) ,  4.8 (poorly defined 
multiplet, one proton, CHOH), 4.18 (singlet, nine protons, 
ferrocene ring protons), 2.80 (doublet, J = 8 cps, two pro- 
tons, FcCH~) ,  and 2.18 (poorly defined singlet, one proton, 
CHOH). 

Anal .  Calcd for C ~ ~ H I ~ F ~ O :  C, 70.61; H, 5.92. Found: 
C, 70.32; H, 5.97. 

Ferrocenylmagnesium Bromide.-Lithioferrocene (0.021 mole) 
was prepared as described above and to it was added rapidly 

under a dry, oxygen-free nitrogen atmosphere an ether solution 
of 0.025 mole of magnesium bromide from 6 g of magnesium 
turnings and 4.7 g of ethylene dibromide. The magnesium 
bromide ether "solution" was actually composed of two layers: 
a brown lower layer and a milky-white upper layer. Both layers 
were added rapidly to the stirred solution of the lithioferrocene. 
The color changed immediately from red to yellow-orange. 
The reaction mixture was stirred for 15 min at  room tempera- 
ture before using. 

Carbonation of the Grignard reagent with excess Dry Ice 
yielded the known ferrocenecarboxylic acid, mp 195-205' dec, 
in 72% yield after recrystallization from a mixture of petroleum 
ether and ethyl ether. 
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by the American Cyanamid Company is deeply ap- 
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Reagents. 11. Evidence for Competitive Displacement on Carbon and Phosphorus in 

In the reaction of trimethyl phosphate (1) with phenyl Grignard reagent (2) all products of displacement 
reactions, namely, dimethyl phenylphosphonate (3), methyl diphenylphosphinate (4), and triphenylphosphine 
oxide (5), were not found. Surprisingly, careful investigation of various reaction mixtures have revealed only 
the presence of 4 and 5 .  Interestingly, with the comparatively small Grignard 
reagent, the C-alkylation product, toluene, was detected in all condensations of 1 and 2. In  addition small 
amounts of ethylbenzene were found when triethyl phosphate was treated with 2. A reaction mechanism is 
proposed for both C alkylation and displacement on phosphorus. 

In  no case was 3 detected. 

Several instances of reaction of trialkyl and triaryl 
phosphorus esters with Grignard reagents have ap- 
peared in the literature. Gilman and Vernon3 re- 
ported that triphenylphosphine oxide (5 )  and phenol 
were produced from triphenyl phosphate (6 )  when 
treated with phenyl Grignard reagent (2) (4: 1 mole 
ratio of reactants). Reaction of the propyl Grignard 
reagent with triphenyl phosphite a t  95" gave tri-n- 
propylphosphine. 

Condensation of triethyl phosphate with 2 was 
reported to yield diethyl phenylphosphonate (16%) 
and diphenylphosphinic acid (17%).4 Reaction of n- 
propyl Grignard reagent with 6 (4: 1 mole ratio) in 
boiling ether for 6 hr gave no reaction, whereas ap- 
parently some of the expected phosphine oxide was 
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obtained when the above mixture was heated in ether- 
toluene at 95°.3 Tri-p-tolyl phosphate reacted with 
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2 at  105" for 5 hr to give 3 (500j,).3 Treatment of 1 
with the bulky mesityl Grignard reagent led to C 
alkylation rather than attack on phosph~rus .~  This 
result has been attributed to the bulkiness of the 
Grignard reagent which retarded approach of the rea- 
gent to phosphorus. 

In  the above-cited examples no systematic study 
was made of the effects of varying concentration of the 
Grignard reagent with respect to the ester. I n  addi- 
tion no detailed analysis with gas chromatography 
was reported. A meticulous examination was made 
recently on the reaction of Grignard reagents on phos- 
phites.lb We now report an extensive related study 
with organic phosphates. 

We have examined the reaction of 1 with controlled 
amounts of 2 (Table I). We had anticipated that in- 
formation concerning the mechanism of this displace- 
ment reaction would be revealed by careful analysis 
of the relative amounts of mono, di, and tri displace- 
ment products. Analysis of the reaction mixture was 
accomplished by gas chromatography (gc) in a manner 
analogous to that reported earlier.lbV6 

In  several respects the reaction of the phosphate 1 
was quite different from that of trimethyl phosphite as 
reported previously.lb When 2 was treated with 1 
(1:4 mole ratio) in ether-benzene at  60" for 1 hr, 5 
was obtained in low yield (10%) in contrast with the 
quantitative yield of triphenylphosphine realized from 
the phosphite.lb It should be noted that under com- 
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