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mixture was refluxed overnight, it was distilled to dryness, 
in vacuo, toluene added, salts removed by filtration, and the 
filtrate distilled. Most of the high-boiling material (14.9 g., 
b.p. 68-86'/0.07-0.15 mm.) solidified during distillation. 
Recrystallization from heptane yielded 7.1 g. of crude 111, 
m.p. 83-88'. After two additional crystallizations, the 
comDound, 1,341, 1 '-ferrocenv1ene)tetrumethvldisiloxane (111 ), . .. 
melted a t  87-8s". 

Anal. Calcd. for ClrH20FeOSi~: C, 53.16; H, 6.38; Fe, 
17.66: Si. 17.74: mol. wt. 316. Found: C. 52.88; H. 6.08; , .  
Fe, 17.87; Si, 17;47; mol. wt. (camphor), 281. 

Extraction of the distillation residue with heptane fur- 
niahcd an additional 1.9 g. of the bridged compound (111), 
m.p. 87-88"; total yield, 22%, 

Tn n. gcacmd experiment, the cyclopentadiene compound 
was treated with 1 equivalent of n-butyllithium and then 
followed successively with ferrous chloride, n-butyllithium, 
and again ferrous chloride under conditions similar t.0 those 
used in the previous experiment. By distillation, crude 1,3- 
(1,l'-fcrrocenylene)tetramethyldisiloxane, m.p. 79-86', was 
isolated in 20% yield, and after several recFystalliiations 
from 2-propanol, it  melted a t  87.548'. 

Reaction of 1,6-bis(cyclopcntadienyl)hexa~~cthyUrisiloxane 
with n-butyllithium and ferrous chloride. A solution of n- 
butyllithium prepared'? from 0.274 inole of n-butyl bromide 
was added to 46 g. (0.137 mole) of 1,5-bis(cyclopentadienyl)- 
hexamethyltrisiloxane in 100 ml. of tetrahydrofuran under 
nitrogen during a 20-=in. period. After the mixture had 
stirred for 1.5 hr., a slurry of ferrous chloride prepared*B from 
0.03: mole of ferric chloride and 0.046 mole of iron powder 
\>xs ad!!cd, followed hy 250 nil. of tetrahydrofuran. The 
mixt )ire W:LS rcfluscd overnight, solvent removed in vacuo, 
:tu11 the residue ez t rx t rd  thoroiighly with benzene. The ex- 
tract was ~vas1:cd .ia, it:; v;ster (emulsion), filtered, and the 
l~cnzcce layer taker; tCJ dryness. Lower-boiling components 
in tlic rcsuking r e d u e  were removed by distillation up t o  
103"/0.17 ~ m . ,  thc rcmainder was extracted with 2-pro- 
p a i d ,  m d  the extrnct was distilled. Solid material in a frac- 
tior! (8  g.), b.p. W-llG"/(i.02-0.1 mm., was recrystallized 
f x r n  2-i)ropnoI, givixg 2.9 6. ( G % )  of 1,5-( 1,l'-ferroceny- 
lci:i.!he~~z1ll~tl1yl~ri!.i!os3!lc., m.p. 73-75' (see below). A 

second distillation fraction (11 g.), b.p. 220-240'/0.07 mm., 
was redistilled, and the fraction ( 5  g.), b.p. 180-250°/ 
0.02 mm., was analyzed; this material may be a mixture 
of 1,l' - bis( cyclopentadienylhexamethyltrisiloxany1)ferro- 
cene, CazH~Fe04Sio, and a cyclic compound, CJzHaZFezO lSia. 

Anal .  Calcd. for CazH68eOBie: C, 52.85; H, 7.49; Fe, 
7.68. Calcd. for CJ2Hb2Fe201Si~: C, 49.21; H, 6.71; 14.30. 
Found: C, 49.53; H, 7.45; Fe, 10.14, 10.33, 10.14. 

1,5-Bis( cyclopentadienyl)hexamethyltrisiloxane (20.5 g.) 
was treated also with 1 equivalent of n-butyllithium, followed 
successively with ferrous chloride, n-butyllithium, and again 
ferrous chloride. By distillation there vias isolated 6.5 g. of a 
mixture of solid and liquid, b.p. 110-13io/0.2S mm., which 
after refrigeration and washing with 2-propanol yielded 1.3 
g. of crystals, ni.pi. 65-67". After tNto recrystallizations 
from 2-propanol, the solid, I ,6-( 1,I '-ferrocenylene)hezamelh- 
yltrisiloxaiie, melted a t  73.5-76". 

Anal. Calcd. for ClsHzaFe02Sir: C, 49.21; H, 6.71; mol. 
wt., 391. Found: C, 49.43; H, 6-69; mol. wt. (camphor), 39i. 

Treatment of 1,l-bis(dimethy1ethozysilyl)ferrocene (11) 
with phenl~ldim,ebhylchlorosilane in the preeence of ferric chlo- 
ride. A mixture of 3.90 g. (0.01 mole) of the diethoxy com- 
pound (II), 3.41 g. (0.02 mole) of pheuyldimethylchlorosi- 
lane, and 0.07 g, of ferric chloride was heated in a bath a t  
200' during a 5-hr. period under nitrogen. A gas (ethyl chlo- 
ride) which evolved was condensed in a trap a t  -70'. The 
mixture was cooled, 50 ml. of petroleum ether was added, 
and, after 20 hr., the mixture was filtered and the filtrate 
evaporated in vucuo. Distillation of the residue gave a solid 
fraction (2.33 g.), b.p. S5-92"/0.12 nim., which by recrys- 
tallization from 2-propanol yielded 1.54 g. (49%) of 1,3- 
(1,1'-ferrocenylene)tetramethyldisiloxane (111), m.p. 87- 
88"; admixture melting with an authentic sample sbowed no 
depression. A n  additional 0.19 g. of the bridged compound, 
m.p. 86-87', was recovered from the mother liquor, and 
0.10 g., m.p. 85-87", was precipitated from the distillation 
residue by addition of a small amount of petroleum ether 
and cooling to -70'; total yield, 587,. 
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'file methyl group of moiioncctylferrocene r ~ n s  alkylated with benzyl chloride by means of potassium amide to form the 
,iii,enaylatiun product. Attempts to isolate the intermediate monobcnzylation product were unsuccessful. Evidence was 
obtained that the second benzyl group was introduced into the molecule more rapidly than the first. Similarly the two 
methyl groups of Lisacetylferrocene mere alkylated with benzyl chloride by potassium amide to form the tetrabenzylation 
prodiict. S o  interniedintes were isolated. These alkylations furnish more convenient methods of syntheses of the correspond- 
ing di- and tetrabenEylstion products than certain methods that were devised in connection nith the proof of their Btruc- 
turcs. Cer!,aln theoretical aspects are considered. The results are compared with the benzylation of acetophenone, 

Previous papers have described coiidensations of 
mono- and bisacetylferrocene with  ester^^-^ and 

(1) Union Carbide Corporation Fellox, 1958-1960. 
(2) J E;. Lindsay and C. It. lfnuscr, J .  Org. C h e m ,  22, 

(,31 C. It. 1Isusc.r m d  C. E. Cain, J .  Org. Chem., 23, 1142 

(4) C. E. Cain, T. A. Mashburn, Jr., and C. R. Hauser, 

482 (10,57\. 

( 19%). 

J .  Org. Chem., 26, 1030 (1961). 

wit,h ben~aldehyde.~~5 The present paper describes 
benzylations of these methyl ketones 2nd also of 
acetophenone. 

Results with monoacetylferrocene. This methyl 
ketone (I) was alkylated with benzyl chloride by 
means of potassium amide to  form the dibenzyl 

( 5 )  T. A. Mashburn, Jr., C. E. Cain, and C. R. Hauser, 
J .  Org. Chern., 25, 1982 (1960). 
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'i'hc reaction was generally effected in liquid 
ammonia followed by ether but sometimes it 
was completed in the former solvent'. One experi- 
ment was carried out in toluene. Attempts to iso- 
late the intermediate monobenzyl derivative I1 
were unsuccessful even though less than the cal- 
culated amounts of the alkali amide and halide for 
111 were employed and/or the reactions st'opped 
before completion. 

The infrared spectrum of the product showed 
not only a band a t  5.88 p for t,he carbonyl group6 
but also bands in the 13-14 p region attributable to 
the phenyl group.7 Incidentally the band for the 
carbonyl group in I appears a t  about 6.02 p, which is 
slightly higher than the region of 5.88-5.96 p 
generally considered to  be characteristic of ordi- 
nary ketones.6 

That  the product was 111 and not' I1 w.as es- 
tablished by analysis aiid by independent synthesis 
involving the Friedel-Crafts acylation of ferrocene 
with the appropriate acid chloride (Equation 1). 

I 
I 
Fe 111 

Also I11 was iiidepeiidently syntlicsized from I 
through the aldol type of condensatioii with benz- 
aldehyde2f5 (Equation a) ,  I1 being an intermediate 
in this series of reactions as well as in the dibenzyla- 
lation of I. 

The product obtained from both of these inde- 
pendent syntheses was shown to be identical with 
that  obtained in the bensylation of I by comparison 
of their infrared spectra and by the mixed melting 
point method. 

The mechanism for the dibenzylation of I 
employing molecular equivalents of the reactants 
would presumably involve the four steps repre- 
sented by equations 3a-d. Since the equilibrium of 
step 3a is far on the side of the potassio salt 1', 
step 3c may be considered to  be effected by part of 
1', the corresponding amount of I being regener- 
ated. The same steps would occur with excess of the 
alkali amide (and halide), but then 3c as well as 3a 
should be effected by this relatilyely strong base. 

VCocHzK 
+ KHj  (3:t) $' I + KNH? cl 

I' 

I '  + CGHjCHJCl- I1 + KCI (311) 

Fe + I (Jc, 

11' 
I 

11 + I '  e 

11' t C,H,CHjCI - 111 T KCI ( 3 4  

In agweinent with them equations, the yiclds of 
111 from I were 30-4070 with npproximatcly nio-  
lecular equivalents of the alkali aniidc and halid(,. 
but 60-66$>. with approximnt,ely two cquivalciit i( 
of the amide and halide. Under the  former concti- 
tions considerable amounts of I were recowrcd. 
In  the experiments with two equivalents of the 
amide, the reaction appeared to be accompanied 
by the self-condensation of some of the beiizyl 
chloride to  form st,ilbene as indicated by the ap- 
pearance of a transient purple-red In n 
single experiment with about 1.5 equivalents of thc 
amide and two of the halide, this side-reaction wis 
not observed, and a 6676 yield of I11 was isolated. 

As none of the intermediate nionobenzylatioii 
product I1 was isolated in any of the experiment?. 
the henzylation of this intermediate evideiit Iy 
occurred much faster than that of the origin:iI 
ketone I. In line with this, a 76% yield of I11 ivns 
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obtained within three minutes in the benzylation 
of I1 prepared as indicated in Equation 2, whereas 
no appreciable amount of 111 was isolated on treat- 
ment of I with molecular equivalents of potassium 
amide and benzyl chloride under similar conditions. 
The slower rate of introduction of the first benzyl 
group into I may be due partly to  a lower solubil- 
ity of potassio salt I’ than potassio salt 11’ in the 
medium employed. 

As a method of synthesis of 111, that  involving 
the dibenzylation of I is probably superior to those 
represented by Equations 1 and 2. 

Sodium amide appeared to be less effective than 
potassium amide, since only a 10% yield of I11 was 
obtained with slightly more than an equivalent of 
the former reagent (and an equivalent of the hal- 
ide), under which condition potassium amide 
produced a 35% yield of 111. Lithium amide was 
evidently still less effective, as none of I11 was iso- 
lated with this reagent after thirty minutes or even 
two hours. No intermediate was isolated in these 
experiments, and much unchanged I was re- 
covered. The use of an excess of sodium amide or 
lithium amide was not studied. 

An attempt to benzohydrylate the potassio salt 
I’ with benzohydryl chloride in liquid ammonia 
was unsuccessful. Instead of the benzohydrylation 
product, tetraphenylethylene was obtained in 67% 
yield, and 88% of I was recovered. This olefin 
evidently arose through the self-condensation of 
the halide (Equation 4), since such a reaction is 
known to occur readily with alkali amides in 
liquid ammonia.8 

- 
I’ 4- (CsHs)nCHCl+ I + (CsHs)&-Cl (4) 

4 (CsHs)zCHCI 

Base 
(CsHs)zC=C(Ce&)r +-- (CsHs)zCH--c(CsHs)z 

A1 
-HCI 

Resul ts  with bisacetylferrocene. This diketone 
(IV) was alkylated with benzyl chloride by means 
of potassium amide to form the tetrabenzyl 
derivative IX. Probable intermediates would be V, 
V I  or VII,  and VIII. 

The reaction was generally effected in liquid 
ammonia followed by ether, but sometimes it was 
completed in the former solvent. As the benzylation 
of I involved the introduction of the second benzyl 
group into the molecule faster than the first, the 
dibenzyl intermediate in the benzylation of I V  
might be expected to be V I  rather than VII.  
Attempts to isolate this or the other possible 
intermediates, however, were unsuccessful even 
though less than the calculated aniourits of the 
alkali amide and halide for IX were employed. 

The infrared spectrum of the product showed not 
only a carbonyl group6 band a t  5.92 p brit also 
bards in the region of 13-14 p for the phenyl group.’ 
Similar  to I, I V  gave an infrared hand at 6.02 p 
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for the carbonyl group, which is slightly higher than 
the highest value generally ascribed to the car- 
bonyl group of ordinary ketonese6 

That the product was the tetrsbenzyl derivative 
IX and not an intermediate was supported by 
analysis and by independent synthesis from I V  
through its dibenzal derivative5 (Equation 5 ) .  

COCH=CHCsHs Li 
H2 Pd/C- 

m 

1. 2KNHz(NHa) 

2. 2CsHsCHtCI 
VI1 - - IX (5) 

The product from this synthesis was shown to be 
identical with that obtained from the benzylation 
of IV by comparison of t)heir infrared spectra and 
by the mixed melting point method. The possi- 
bility that the ketone obtained in the last step of 
the synthesis represented by Equation 5 was only 
the monobenzylation product VIII  (the tribenzyla- 
tion product of ketone IV) would not be supported 
by analysis. Furthermore, benzylation a t  both of 
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the side-chains of VI1 might be expected under the 
conditions employed, as the corresponding benzyl- 
ation of ketone I1 was shown to occur rapidly 
(see above). 

The yields of IX in the tetrabenzylation of IV 
with approximately one, two, and four molecular 
equivalents each of the alkali amide and halide 
were 0, 24, and 42-62%, respectively. Under the 
last condition, the reaction was accompanied by 
the self-condensation of some of the benzyl chlo- 
ride to  form stilbeneea This side-reaction appeared 
to  be avoided by the use of three equivalents of the 
alkali amide and four of the halide; this ex- 
periment, which was performed only once, gave a 
53% yield of IX. 

The fact that  none of IX was isolated in the 
experiment with molecular equivalents of the 
amide and halide suggests that the monocarbanion 
of IV was converted to cyclic anion IV', which 
might not be expected to undergo benzylation 
under the conditions employed. The cxrbanion 
produced with two equivalents of the amide would 
then be IV", which should form Ir on benzylation. 
These anions were recently proposed4 as inter- 
mediates in acylations of IV. 

A /-7 

\ TH' 
c=o 
/ 

IV'  IV" 

Similar cyclic carbanions are also possible as 
reactive intermediates in the further benzylatioiis 
leading to the tetrahenzyl derivative IX. 

As a method of synthesis of IX, the tetrabenxyla- 
tion of I V  is probably to be preferred to  that 
represented by Equation 5. 

Comparison, with acetophenone. The isolations of 
only the dibeiizylation product from monoacetyl- 
ferrocene and of oiily the tetrabenLylation product 
from bisncetylferrocene under various coiiditions 
are rather remarkable, since there has generally 
been no difficulty in obtaining mononlkylation 
products from methyl 7 ketones. For example, 
long ago Claisen and Feyerabendg reported that t,he 
alkylation of acetophenone with benzyl chloride 
by means of sodium amide in ether produces the 
monotenzylation product X in 38y0 yield. Later, 
Haller and Bsuer'O showed that the reaction pro- 
duces not only X but also the dibenzylation product 
XI, though no yields were 6' ri'i  en. 

(91 I,. Clnisen and 1L. Feycrabcnd, Ber., 38, 697 (1905). 
(10) A.  Ilnllcr and E. Uaucr, Ann. Cheni., [SI 28, 873 

(1913). 

CsHsCOCILCIbCsHr CsHsCOCH(CH2CeH~h 
x SI 

We have observed that the alkylation of aceto- 
phenone with molecular equivalects of benzyl 
chloride and potassium amide produces both X and 
XI but that the relative yields of these two prod- 
ucts are dependent on the conditions employed. 
Thus, the ratio of X to XI was about 1 :2 in liquid 
ammonia followed by et her at room temperature, 
whereas i t  was approximately 2 : l  in toluene at 

Although the combined yield of the two prod- 
ucts was only about 12% in the former experi- 
ment, 80% of the starting material was recovered. 
These two experiments indicate that the ratio of 
the products is dependent on the solvent and/or 
temperature. 

25-80'. 

EXPERIMENTAL" 

Dihcnryldion of inonoacelylferrocme ( 1 ) l Z  lo form 111. This 
reaction has been carried out numerous times; typical experi- 
mrnts are described below. 

A. With approxinialely molecular equivalents of reaclanls. 
To a stirred solution of approximately 0.024 mole of potas- 
sium amide's in about 150 ml. of commercial anhydrous 
liquid ammonia was added 5.0 8. (0.022 mole) of solid 
monoacetylferrocene (I). The resulting red suspension was 
stirred for 0.5 hr., and a solution of 2.78 g. (0.022 
mole) of benzyl chloride in 50 ml. of dry ether was 
added. Within 3-4  min., the suspension became yellow. 
After stirring for 1 hr., the liquid ammonia was evapo- 
rated on the steam bath as :tn equal volume of ether 
was addcd. The resulting ethereal suspension was stirred 
with water and the mixture filtered. The ether was allowed 
to evaporate from the aqwous-ethereal filtrate and the re- 
sulting solid collected. The combined solids on the funnel 
were washed well w-ith mater and recrystallized from absolute 
ethanol to  give 3.5 g. (39%) of a,a-dibenzylacetylferrocrne 
(111) as yrllow needles, n1.p. 154-156". 

Anal .  Calcd. for C2sH2cFeO: C, 76.70; H, 5.93; Fe, 13 i 5 .  
Found: C, 76.71, 76.30; H, 5.80, 5.83; Fe, 14.43, 14.27. 

Infrared bands: 5.88, 7.15, 8 95, 10.05, 13.25, 13.56, and 
14.22 p .  

I was sometimes recovered on evaporation of the ethanolic 
filtrate from the recrystallizations or recovered by stirring 
the crude 111 with hot hrxane. 

In  a similar experiment the reaction mixture was neutral- 
ized in liquid ammonia after 0.5 hr. by the addition of solid 
ammonium chloride to give 3.1 g. (3570,) of ketone 111. 
When this experiment was rrpeated and excess ammonium 
chloride added after only 3 min., no appreciable amount of 
111 was isolated and 90% of I was recoverrd 

When the reaction pas  carried out in liquid Rmrnonia 
pmploying sodium amide rather than potassium amide and  
excess nmmonium chloride added after 0.5 hr., a 10% y i ~ l d  
of I1 was obtained and 80% of I was recovered. When 
lithium amide was employed similarly and the reaction 
mixture neutralized after 30 or 120 min., none of 111 was 
isolated and 90% of ketone I was recovered. 

(11) Analyses are by Galbraith Laboratories, Knoxville, 
Tenn. Melting points are uncorrected. Infrared Bpectra wcrc 
obtained on Perkin-Elmcr Model 21 recording infrared 
Epertrophotometrr. 

(12) We are indebted to Dr. R. L. Pruett, Union Carbide 
Chemicals Company, South Charleston, W. Va. for a 
generous sample of this compound. 

(13) See C. R. Hauser and T. 32.1. Harris, J .  A m .  Chem. 
SOC., 80, 6360 (1058). 
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B. W i f h  excess alkyl halide and polrlssium amide. To a 
stirrcd solution of approxiinntely 0.12 mole of potassiuni 
amide's in 250 ml. of liquid ammonia was added 11.4 g. 
(0.05 mole) of inonoacctylferrocene followed, after 30 rnin., 
by 12.6 g. (0.1 mole) of benzyl chloride in 100 ml. of dry 
ether. The liquid ammonia was replaced by et.her and the 
resulting et,hereal Ruspension decomposed with water and 
worked up as in A to give 13.6 g. (GGTo) of 111, m.p. 154-155' 
(recrystallized from absolute ethanol). This product was 
shown to be identical with that obtained in A by comparison 
of the infrared spectra and by the mixed melting point 
method. 

C. Uenzylation of I in toluene. A solution of 0.025 mole of 
pot.assium amide was prepared in liquid ammonia13 and the 
ammonia replaced by 100 ml. of dry t,olume. To the result- 
ing suspension was added, with stirring, 5.0 g. (0.022 mole) 
of monoacetylferrocene ( I )  followed, after 2.5 min., by 2.75 
(0.022 mole) of benzyl chloride in 50 ml. of dry toluene. 
The reaction mixture was stirred for 35-40 min. and heated 
on the steam bath for 1.5 hr. The reaction mixture was 
cooled, decomposed with water and worked up to  give 2.0 
g. (23%) of 111 (recrystallized from absolute ethanol), and 
60% of the recovered ketone I. 

Independent flntheses of 111, A .  From ferrocene. To 8 stirred 
suspension of 12.5 g. (0.093 mole) of aluminum chloride in 
50 ml. of dry niethylene chloride was slowly added 24.1 g. 
(0.093 mole) of pbenzylhydrocinnamoyl chloride in 50 ml. 
of dry methylene chloride. To this mixture was added 16.0 
g. (0.085 mole) of ferrocene in 150 ml. of dry methylene 
chloride. Aftjer stirring a t  room temperature for 9 hr., the 
brown-red mixture was poured into ice and the two layers 
were srparated. The aqueous layer was extracted twice with 
methylene chloride and the combined organic solution was 
dried over Drierite. The solvent was removed, leaving an oil 
which slowly crystallized. The crystals were collected on a 
funnel and recrystallized three times from ethanol to give 
15.0 g. (42%) of a,a-dibenzylncetylfrrrocenc (111), m.p. 154- 
155'. Infrared spectra and mixed melting points showed that 
this material was identical with that prepared by the direct 
bemylation of nionoacatylferroceno (I). 

B. From monoacetyZfmrocene (I). Monoacetylferrocpne 
(9.8 g., 0.043 mole) was condensed with benzaldehyde by 
means of dilute, ethanolic-aqueous alkali and the resulting 
benzal derivative was hydrogcnated over 5% palladium on 
charcoal to forin a-bcnzylacetylferrocene (TI) as described 
previuusly.6 

To a stirred solut,ion of 0.0125 mole of potassium amide's 
in 100 ml. of liquid ammonia was added 4.0 g. (0.0125 mole) 
of a-benzylacetylferrocena (11) to produce a deep green 
suspension. Alter 5 min., 1.59 g. (0.0125 mole) of benzyl 
chloride in 50 ml. of dry ether was added and within 3 min. 
the deep green suspension had turned a bright yellow. The 
ammonia was replaced with ether on the steam bath and the 
resulting ethereal suspension was stirred for 15 rnin., and 
then neutralized with water and dilute hydrochloric acid. 
The precipitat,e was collected on a funnel snd recrystallized 
from ethanol-water to  give 3.7 g. (78%) of a,a-di- 
benzylncetylferrocene (111), m.p. 154-155". This material 
was shown by infrared spectra and mixed melting points to  
be identical with that prepared by the direct benzylation of 
mononcetylfrrrocenc (I). Essentially the same yield (77%) of 
this material was obtained in a similar expcrirnent on neu- 
tralizat,ion of the reaction mixture in liquid ammonia with 
excess amrnonium chloride 3 min. after the addition of the 
benzyl chloride. 

Altem,pted benzhydrylation of munomelylferrocene (I). To a 
st,irred solution of 0.048 mole of potassium amide13 in 100 ml. 
of liquid ammonia was added 10.0 g. (0.044 mole) of mono- 
acetylferrocene ( I )  to  produce a red-brown color. After 
0.6 hr., 8.9 g. (0.044 mole) of henzhydryl chloride in 100 ml. 
of dry ether waa elowly added. The ammonia waa replaced 
with dry ether after 0.5 hr. and the ethereal suspension 
stirred at room temperature for 2 hr. The suspension was 
neutralized with water and filtered to  give, after recrystalli- 

zation from ethanol-henzene, 4.9 g. (137%) of tctraphenyl- 
ethylene, 1n.p. 227-228'. Admixture with an authentic 
sample gave no depression of the melting point. Most (8870) 
of the starting ketone wa9 recovered. 

Tetrabenzylation of bisacetylferrocene ( IV)l2 lo form IX. 
Thie reaction was carried out numerous times; some typical 
experiments are described below. 

A .  With approziinately two equivalents o.f amide and alkyl 
halide. To a stirred solution of approximately 0.11 mole of 
potassium amide13 in 300 ml. of liquid ammonia was added 
13.5 g. (0.05 mole) of solid bisacetylferroczne (IV). The re- 
sulting red suspension was stirred for 0.5 hr. and 12.6 g. 
(0.1 mole) of benzyl chloride in 50 ml. of dry ether was added 
to  produce a yellow suspension. After stirring for 1 hr., the 
liquid ammonia was evaporated on the steam bath as an 
equal volume of ether was added. The resulting ethereal 
suspension mas stirred with water and the mixture filtered. 
The crude solid on the funnel was washed well with water and 
recrystallized from chloroform-hexane to give 3.1 g. (24%) of 
bis(a,p-dibenzylacety1)ferrocenc (IX) a8 yellow needles, 
m.p. 185-186'. 

Anal .  Calcd. for C4&IB18Fe02: C, 79.99; H, 6.07; Fe, 8.86. 
Found: C, 79.92; H, 5.88; Fe, 8.78. 

InfrRred bands: 5.02, 7.16, 13.26, 13.49, and 14.2 p. 

B. With four equivalents of amide and alkyl halide. To a 
solution of approxiinately 0.1 6 mole of potassium amide's 
.in 300 ml. of liquid ammonia mas added 10.0 g. (0.037 mole) 
of bisacetylferrocene (IV) followed, after 30 rnin., by 16.7 
g. (0.148 mole) of benzyl chloride in 100 ml. of ether (tran- 
sient purple color). The reaction mixture wag worked up as in 
A to  give 9.4-10.4 g. (4242%) of IX. This material was 
shown to be identical with that formed in A by a mixed 
melting point. 

Independent synthesis of I X  f r o m  bisacet~lferrocene (IV). 
Bisacetylferrocene (IV) (5.4 g., 0.02 mole) was condensed 
with benzaldehyde by means of dilutte ethanolic-aqueous 
alkali and the resulting dibenzal derivative waa hydro- 
genated over 5% palladium on charcoal to  yield bis(w 
benzylacety1)ferrocene as described previously.6 

To a stirred solution of approximabely 0.008 mole of potas- 
sium amide13 in 100 ml. of liquid ammonia was added 1.9 g. 
(0.004 mole) of bis(a-bcnzylacety1)ferrocene to  produce a 
green suspension. After 10 min., 1.1 g. (0.008 mole) of benzyl 
chloride in 25 ml. of dry ether was slowly added to give a 
yellow-red suspengion. The ammonia was replaced by ether 
and the resulting ethereal suspension was treated with 
water. The aqueous ethereal mixture waa filtered and t.he 
solid on the funnel was recrystallized from chloroform-hexane 
to  give 1.25 g. (48%) of ketone IX. Infrared spectra and 
mixed melting points showed that this material waa identical 
with that obtained by the direct benzylation of bisacetyl- 
ferrocene (IV). 

Rmzylation of melophenme. A .  I n  liquid ammonia. To a 
stirred solution of 0.415 mole of potassium amide13 in 500 
ml. of liquid ammonia w a ~  added 50.0 g. (0.415 mole) of 
acetophenone in 100 ml. of dry ether followed, after 30 
min., by 52.0 g. (0.415 mole) of benzyl chloride in 100 ml. of 
dry ether. After stirring for 1 hr., the ammonia was replaced 
by ether, and the resulting ethereal suspension stirred for 
0.5 hr. Water was added and the mixture was worked up to 
give 76.7 g. of a mixture of bengyl chloride and acetophenone, 
b. p. 54-79' a t  9.3 mm., 3.5 g. (470) of a-benzylacetophenone 
(X), b.p. 100-125' a t  0.1 mm. (reportedgtlo b.p. 175-190' a t  
11 mm.), and 9.3 g. (7.5%) of a,a-dibenzylacetophenone 
(XI), b.p. 160-100" a t  0.1 mm. (reported:O b.p. 245-260' a t  
11 mm.). Derivntive X crystallized on standing to  give 
needles, m.p. 72-53' (reported9p10 m.p. 72-73"). A mixed 
melting point of X with an authentic sample gave no depres- 
sion. Derivat,ive XI crystallized to  give needles, m.p. 77-78' 
(reportedlo m.p. 78'). 

B.  I n  loZuae..A solution of 0.415 mole of potassium amide 
waa prepared in liquid ammonia and the ammonia was re- 
placed with 400 d. of dry toluene. To the resulting BUS- 
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pension was added, wit.h stirring, 50 g. (0.415 mole) of aceto- 
phenone followed, after 30 min., by 52 g. (0.415 mole) of 
benzyl chloride in 75 ml. of dry toluene. The mixture became 
warm reaching approximately 80". The euspension was 
stirred until it  had cooled to room ternpcrature (about 2 hr.) 
and worked up as in A to give 15.7 g. (31%) of acetophenone, (14) I. Heilbron, Dictionary of Organic Compounds, 
h.p. 75-77' a t  10.3 mm. (reported1' b.p. 83-85" a t  12 mm.), 

38.5 g. (46%) of X, and 32.8 g. (23%) of SI. Both of these 
derivatives crystallized, and were shown to be identical with 
those prepared in A by mixed melting points. 

D ~ ~ ~ ~ ~ ,  N, C. 
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Acetylferrocene was condensed with formaldehyde and dimethylamine hydrochloride or diethylamine hydrochloride to 
form Mannich type salts, which were converted to the free amines and to acryloylferrocene. One of the salts was cyclized with 
phenylhydrazine to form a pyrazoline. One of the free amines was hydrogenated to give the hydroxyamine. 

Rausch and Coleman4 have recently reported the 

aldehyde and dimethylamine hydrochloride to 
form salt I1 (Equation 1) ; this salt was pyrolyzed 
by steam distillation to give a polymeric ma- 
terial. 

Mannich reaction of acetylferrocene (I) with form- ~ c o c H z c H z N R 2  

CHOHCHzCH2N (CH3) 2 ? Fe 
I 

Fe 
I VI 

IV. R=CHB 
g C O C H 3  HCHO q C O C H z C H z N R z * H C l  V. R=CzH6 

Another reaction of salts I1 and I11 involved 
heating aqueous solutions of them on the steam 
bath for one hour, under which condition the ele- 
ments of the secondary amine were eliminate to 
form the a,$unsaturated ketone VII. Good yields 
of VI1 were isolated, however, only under carefully 
controlled conditions since this product tends t o  
undergo polymerization. The product was shown to  
have structure VI1 not only by analysis but also 

-b (1) 

I 11. R = CH3 
111. R=CzHs 

In  the present investigation, which was initiated 
some time ago,2 I was found to undergo the Man- 
nich reaction with certain secondary amines, and 
the products were shown to exhibit reactions that 
are typical of ordinary Mannich salts.5 Thus, salts 
I1 and I11 were prepared in good yields as indi- 
cated in Equation 1, and aqueous solutions of 
them were treated with sodium bicarbonate to 
liberate the free bases IV (80%) and V, respec- 
tively. The use of sodium hydroxide instead of 
bicarbonate brought about decomposition. Free 
base IT.' was then hydrogenated over Raney nickel 
to give the hydroxyamine VI in 80% yield. 

(1)  Supported in part by Grant CY-4455 from the Na- 
tional Institutes of Health. 

( 2 )  A portion of this work was completed in 1955 by 
I< L.1'. a t  I h d e  Air Products Company, Tonawanda, N. Y. 

( 3 )  l'wwnt address: Research Dept., Union Carbide 
C'liemicals Company, South Charleston, W. Va. 

(4 )  31. 11. Rausch and L. E. Coleman, Jr., J. Org. Chem., 
23, 107 (1958). 

( 5 )  I;. F. Blicke, Org. X~aclzons ,  1,303 (1942). 
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by its infrared Spectrum, which exhibited strong 
bands a t  6.04 and 6 . 2 2 ~  for the carbonyl group6 
and conjugated carbon-carbon double bond,7 re- 
spectively. 

n 

WCOCHiCHZ 
Fe 1 VI1 

Still another reaction of salt I11 involved its 
cyclization with phenylhydrazine to form the py- 
razoline VI11 in 49y0 yield. Two or more courses of 
reaction appear possible in the formation of such a 
compound.* The structure of the product was sup- 
ported by analysis and by its infrared spectrum, 

( 6 )  See L. J .  Bellamy, The Infrared Spectra of Complez 
Molecules, Wiley and Sons, New York, 1958, p. 136. 

(7) See Ref. 6 p. 24. 
(8) See Ref. 5, p. 320. 


