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‘I’.” I1 
‘YETRbSUBSTITUTED FERROCENES PREPARED I,ROM L)IAROYI~CTCLOPENTADIE~ES 

Found Yield, Calcd. - 
Compound 5% x p .  Forinula C H C H 

1,1’,2,2 ’-Tetrahenzylferrocene 

1,1’,2,2’-Tetralris(p-iiieth)-lbeiiz~l) - 

1,1‘,2,2’-Tetrukis(o-chloroi,enzyl)- 

1 ~ 1’,2,2’-Tetrakis(p-~hlorobenzyl)- 

1,1’,2,2’-Tetrakis(p-fluorobenzyl)- 

1,1’,2,2’-Tetrakis(m-bromobenzyl)- 

1,1’,2,2’-Tetrakis( p-hromohenzyl) - 

ferrocene 

ferrocene 

ferrocene 

ferrocene 

ferrocene 

ferrocene 

1 3 154.5-155.5 

25.5 1 0 1-1 0 2 a  

10.7 163.5-164.5 
1 1 7-118 

25.7 169-171 

30.5 142-143 

24.4 117.5-118 

0 .5  207-208 

CssH&e 83.51 6.27 83.20 6.22 
83.44 6.33 

Ci2H42Fe 83.71 i . 0 3  83.32 7.12 

C38H&14Fe 66.69 4.42 66.52 4.40 

CssH~oC1,Fe 66.69 4.42 66.75 4 33 
67 08 4.58 

C38H30FIFe 73.79 4.89 73.66 5.03 

C3aHaoBr4Fe 52 04 3 . 5 1  53.26 3.53 

C38H30Br4Fe 52 94 3 .51  53.11 3.85 

0 Compound nielts a t  lo lo ,  resolidifies at 102”, and melts finally at 117-118”. 

The other tetrahenzvlterrocenes were prepared by almost 
identical procedures froin diaroylcyclopentadienes prepared 
from the appropriatP1v s i i l d t u t e d  benzoyl chlorides. The 
recrystalllzatlon solvents lispd with the substituted corn- 
1,ounds were as follows: p-methyl, ethanol; o-chloro, ethyl 
acetate; p-chloro; acetone; p-fliioro, acetone-water; m-bromo, 
acetone; p-bromo, benzene. 
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Preparation of Heteroannular Disubstituted Ferrocenes from Fulvenes 
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J,ithiuiii : t I i i i i i i i i i i i i i  Iiydritle wis :tcltled to the ex0 double boiids of dirnctli,vlfiilvc~iie xud diphenylfulvcn~, followed by t.real- 
iiient with ferrous chloride to  produce heteroannular diisopropylferrocene and dibenzhydrylferrocene, respectively. Addition 
of phrnvllit,hium t,o dimethylfiilvene, followed by treatment with ferrous chloride similarly gave heteroannular bis( 0 1 , ~ -  
(limrthylbenzyl)ferrocciic. Phenyllithiuin addition to diphenglfulvene, howvevcr, did not givc tjhe expectled bis-triphenyl- 
iiic~thjdferrocene upon trorttment with ferrous chloride. The structure of the product obtained was not determined. Bistri- 
j i l i c , r i~ ln io th3l fe r ro~~n(~  W H S ,  Iiowovcr, obtained froin t r iphenyl ine th~~lc~cloper i t~dic~ic  :tnd ferrous chloride. 

’The aromatic nature of a cyclopentadienide iori 
cndows the ring with a stability that enables ful- 
venes to react with several reagents as pseudo 
ketones, the five-membered ring with its ability to  
accommodate a negative charge performing as the 
carbonyl oxygen. Figure 1 summarizes four reac- 
tions of fulvenes that are analogous to ketone reac- 
tions. Lithium aluminum hydride adds to the ex0 
double bond of alkyl- and arylfulvenes to yield sub- 
stituted cyclopentadienide ions’; phenyllithium 
likewise adds to fulvenes2 in an analogous maimer to 
carbonyl addition. With strong bases such as tri- 
phenylmethide or sodium amide, alkylfulvenes lose 
protons3 in a manner analogous to enolization; and 
with sodium nieta1,4 reductive coupling occurs, as in 
pinacol formation from ketones, to form dianions. 

(1) K. Ziegler, H. G. Gellet, H. Martin, and J. Schnider, 
.1 un , 589,91 (IM4). 

( 2 )  I<. %ir,glc*r tmd \V. Schnfer, A m . ,  511, 101 (1934). 
(.1) \V. hrhli~iil, :mtl  13. lkrgni~tnn, Ann., 479, 58 (1930). 

- 

All of these reactions offer routes to substituted 
ferrocenes, simply by treating the products with an- 
hydrous ferrous chloride. The purpose of the present 
communication is to present the details of the use of 
the first two of these reactions for the production of 
ferrocenes. Concurrently, the authors5 and Pauson6 
report,ed results of preparations of disubstituted 
ferrocenes by these routes in preliminary communi- 
cation form. Pauson also reported the use of po- 
tassium amide on dimethylfulvene for preparation 
of dialkenylfulvenes, and Pruett’ has found that the 
fourth reaction produced bridged ferrocenes whose 

(4) \I-. Schlenk and E. Bergmann, Ann. 463, 63 (1928); 
479,42 (1930). 

(5) It. C. Koestler and N. F. Little, Chem. &. Ind. (Lon- 

(6) P. L. Pnuson and G. R. Knox, I’roc. Chent. Soc., 280 

( i )  R. L. I’ruett, personal communication. 

don) ,  1589 (1958). 

(19.58). 
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bridged structures have been receiit,ly demoii- 
strat,ed by use of r\;MR.8 

The addition of lithium aluminum hydride to di- 
methylfulvene occurs readily in et,her, and, upoii ad- 
dition of the product t o  ferrous chloride in tetrahy- 
drofuraii, l,l'-diisopropylferrt,ccne (I) (Fig. 2 ) ,  wa,s 
obt,aiiied as a red oil9 in 2494 yield. Inverse addition 
of ferrous (ahloride tetrahydrofurnilate t o  the adduct' 
of diniethylfulvcne a i d  lithium aluminum hydridr 
iniprovcd the yicld ta 39yG. Pauson6 has rcport,ed it 
c*oirsidcrably highci, yield from this react'ion, but' 
w \ ~ ~ r d  vari:it,ioiis of' the roiidit.ions of our reaction 
f;tilcd t,o improve the yield. While lithium t.ri-t- 
hutoxyaluminum hydride failed to add to dimethyl- 
f d v e i ~ ,  it ww fouiid that sodium trimethoxy 
borohydride, whirh docs not iiormdly add t'o car- 
Imi-carbon double b ~ i i d s ' ~  does add to dimethyl- 
fulvene, though thc yields of diisopropylferroceiie 
\yere not, improved hy the use of t,his reageat'. Diaryl- 
fulvenes are also cwiiverted by lithium aluminum hy- 
dridc and ferrous rhloride to si~bst~itut~ed ferrocenes. 
1 , I '- r)ibeiizhydrylferrocciie, 111, was prepared iii 

L?ye yield from dipheiiylfulveiie. 
'Thr miooth additioii of phc~nyllithiuni to di- 

iucthylfulvc.iic resulted i n  high yields of 1,l'-bis- 
(cr,cr-dimet,hylbeii~yl)fcl.rocc~iie, I1 ; howevc'r, t,hc 
:tdditioii of phciiyllithium to dipheiiylfulveiie \ 

1101 so simple. Ai rcact'inii does o c ( w  between di- 
pheiiylful\wie aiid phciiyllithium, aiid from treat- 
niriit with ferrous chloride a product containing iroii 
was obtained, hut was difficult to purify. This 
(8) K. I,. Rinehxrt, Jr., A .  I<. Frrtlricks, P. A .  l i i t t lr ,  

1,. F. ll~pstiiinii,  I). H.  ~ ; l l S t ~ f S ~ J l i ,  I l .  T,. Priirtt, .I. . I t i t .  

C'hem. Soc., 82 ,  41 1 1  (1960). 
( 0 )  K.  I,. Iliiwhart, Jr., I<. I,. M o t z ,  arid 8. h I m i ,  . I .  

.lm. Chetrt. Soc.. 79, 27.50 (1957). 
(10) €I. C'. Brinvii : i i id  11:. *J. lIe:i(l,  .J, . L H L .  C'hftji.. Soc.. 75, 

. -. . . . . 

wi; (l!FJ3). 

\ I 

I1 

111 2 FeCI, 

I V  

product, IV, iiieltiiig iLt, 174- 175' \vas origiiially 
thought! to be bistriphenylll1ethylferrocene, V, al- 
though carbon analyses, co~isisteiitly about 1.5% 
high, cast doubt 011 the assigned structure. 

In  an attempt, t80 verify or discredit this struv- 
ture, another approach t,o the synthesis of 1,l'- 
histriphenylniethylferroc'fiic was employed. Tri- 
phenylmet~hylcyelnpent~~tdiri~c wts prepared by th(1 
method of Hartnii~n aiitl FI~i i i ier .~ I'siiig phenyl- 
lithium to generattf thc  triphciiylniet,hylcy(!lo- 
pentadienide ion, addit,ioii to  aiiliydrous ferrous 
chloride yielded a compouucl, Ir, melting at 280", 
which was uot identical to the, pi*odurt IT'. Coni- 
pound V gare carbon and hytlrogciii wialyscAs that' 
were in agreement with tmhc bistripheiiylniet hvl- 
ferrocene structure, and the correct assignment was 
facilitated by the timely report of Xesmeyanov'* 
t,hat mono(triphenylmethyl)fcrrn(~~r ran be prc- 
pared from dif~rroc~cnylmerc~~~ry :i,nd triplicnyl- 

(11) H. Hartinall ~ t i d  K ,  H .  Floiiiwr, 8. I ' h p .  ( ' h o i ~ . ,  
. ._____. 

194,278 (1950). 

.Ik(ctl. AV(ictk, S.S.S.R., 119, 21.5 (1933). 
(12) A.  s. Srslllc~~:illllv : l t l ( t  1 3 : .  ( ;. I'c~I.l'v:Llllv:l, I)ok/fIr l!)  



methyl chloride. R o s e i i b l ~ n i ~ ~  has called atteiitioii 
to the useful rule that the infrared spectrum of a 
heteroannular disubstituted ferrocene is identical to 
that of the corresponding monosubstituted ferro- 
cene, except that the peaks a t  I) aiid 10 p,  charac- 
teristic of an unsubstituted ring, are absent in the 
disubstituted derivative. Application of this rule to 
the infrared spectrum of Sesmeyanov's triphenyl- 
methylferrocene and compounds IV  and V showed 
that while the spectrum of IV was very similar to 
that  of triphenylmethylferrocene, there were dif- 
ferences betwcen 7 and 13 p and that the spectrum 
of TT wa3 identical to  that, of tripheiiylniethyl- 
ferrocene except for the absciicci of peaks a t  I) and 
9.95 p.  Thus, the structure of V is ronfirmed a \  bis- 
triphenylmethylferrocene. 

The structure of IV is yet unassigned. Attempted 
molecular \I eight determiiiations (camphor) rc- 
sulted in decomposition. Carbon and hydrogen 
analyses corrcspond to  a structure containing t k \  o 
more phenyl groups than bistriphenylmethyl- 
ferrocene. The determination of the structure of 
this compound will be the subject of a future inves- 
tigation. 

Several attempts to prepare fulvenes from acetyl- 
ferrocene and cyclopentadiene Lvere unsuccessful ; 
starting materials were recovered. 

EXPERIMENTAL 

All melting points are uncorrecked. 
Analyses were performed by Microterh I,:tl)or:ttorit:s, 

Skokie, Ill., and hy Kenneth 1,. Stiephwrd i n  this depart- 
ment. 

f , 1  '-L)iisopropglferloc.ene. To a stirred niixturc of 3.9 g. of 
lithiiim aluniinum hydride in 100 nil. of rt,her was a t i d ~ d  IO 
K. (0.039 mole) of dimeth~lfulvene." under nitrogrn. The 
rraction immediately gave a white precipitate, and the slurr?- 
wts added, with exclusion of air, to R cold niixturc: of 
:inhydrous ferrous chloride (0.0464 mole) in 100 rill. of 
trtrahvdrofuran. The ensiling react,ion brought the mixture 
to reflux, and the dark-colored mixture was stirred for 3 hr. 
Methanol was added to drconipose the excess hydridi., and 
filtration and stripping of the solvent yielded a rcsidue which 
was distilled at 3 mm. to collect the fract,ion hoiling over thc. 
range 101-125°. Redistillation a t  124-125" anti :3 i n n i .  

j.ielded 3.0 g. of a red oil (24Li;), n2'<' 1.5596. 
Ami. Calcd. for Cl,jHT?Fe: C, i l . 1 2 ;  H, 8.21. Foiind: C, 

Addition of fcrrous chloride teLrahydrofuraiiittc, prepared 
I)y evaporation of thr  tetrahydrtrfuran from the usual 
prc>paration of ferrous chloride,15 to the reaction product of 
tliinethylfiilvenc with lithium aluminuin hydride, followed 
I?!. a similar work-up was foiind to give a somewhat improved 
>+Id (35%). Cse of sodium trimethoxy borohydride in the 
place of lithium aluminum hydride was equally successfiil, 
hut offered 110 advantage. 

Diisopropylferrocene on standing, even in the dark, slowly 
decomposes to a dark amorphous solid and a red fluid 
supernatant that  retains the same refractive index. 

il.53; H, 8.19. 

(13) M. Rosenblum, Chein. &: Ind. (London), 953 (1958). 
(14) G. Crane, C. E. Boord, and A. L. Henne, J .  Ani. 

(1.5) G. Wilkiirson, O r g .  Syntheses, 36, 31 (19Fiti). 
(16) J. Thiele, Her. ,  33, 072 (1'300). 

('hem. Soc., 75, 5955 (1953). 

1 :l '-L)ibenzhytlr!/lfet,,.oce,ie. T o  a solution of 1.62 g. 
(0.427 mole) of lithium aluniinuni hydride in ether waa added 
10 g. (0.0427 niole of diphen$lfulveiie'bin 200 ml. of dry ether 
ivith stirring under nitrogen. The reaction was held a t  reflux 
for 2 hr., and the solvent was evaporated under nitrogen. 
The spongy yellow solid that  remained was taken up in 100 
inl. of tetrahydrofuran. This solution was slowly added under 
nitrogen to ferrous chloride (0.0213 mole) in 100 ml. of 
tetrahydrofuran. The black mixture was heated at reflux 
for 45 min., and after destroying the excess hydride with 
methanol the solvent was removed. The residue was ex- 
tracted with acetone, and the extract upon removal of the 
solvent yielded 5 g. of a yellon- crystalline solid (4556). 
After two recrystallizations from acetone, the product 
melted at 162- 163.5". lit." 163-163'. 

1, l  '-Zjis( a,a-di,rlsth!/lbe71zi/l)Serrocene. Phenyllithiuni (0.187 
inole) i n  ethcr  as added under nitrogen to a solution of 13.9 
g. (0.130 mole) of diniethylfulvenc in 100 nil. 01 dry ether. 
The rewtion ininiediately >+dded a white precipitate, ant1 
the slurry was added to a mixture of anhydrous ferrous 
chloride (0.0G mole) in 100 ml. of tetrahydrofuran. The 
oritnge mixture was stirred overnight without heat and was 
filtered. Evaporation of the solvent yielded a solid, whirh 
was washed with cold acetone. Recrystallization from 
acetone gave 20 g. (i3yo) of ormgc crystnls, m.p. 133.5- 
136". 

Anal. Calcd. for C2aHId?v: C, 79.62; H, 7.16. Found: 
C, 79.64; H, 7.04. 

Attempted reduction of the pheiiyl groups in bis(a,a- 
dirnethylbenzy1)ferrocene with rhodium on alumina a t  60 
p s i .  gave no rhangr. The reduction was allowed 24 hr. 

.ltte,npted preparation of bisfriphen!ilnieth!/iSerrocene ,ft.om 
diphxnqifirlvene and phen!lllithiirm. A solution of phenyl- 
lithium (0.064 mole) in rther n':ts addcd dropwise under 
nitrogen to a refluxing solrlt,ion of 15 g. (0.064 mole) of 
tliphenylfrilvene in 200 nil. of dry ether. The dark red solu- 
tion wts stirred for 1 hr. after the addition and \vas added 
sloivly to  ftxrroris chloride (0.032 niol(2) in :L niistiirrs of 100 
nil. of tetrahydrofuran and 200 n ~ l .  of c,ther. Thc mix- 
ture  turned yellow slowly, thvri bro~vn a i i d  fiiiallv black. 
After stirring 30 niin., diliitt. Iiydroc~hloric :ic*itl ~vits : t t l dd ,  
aiid an :v.lditional 200 ml. of ether was added. Thr organic 
layer was separated and washtd t h r w  tinirs with water, 
dried over magnesium sulfatv, and  thc solvcmt \vas stripped. 
The tarry residue was c.xtractet1 with :tceton(% i n  :t Soxhl(.l 
cxstractor, and froin the extract \vas nli taind 17 g. of :HI 
amorphous yclloa- powder, n1.p. 150-155", that  \vas soli~l)lc 
in benzene arid in inethylenr chloritic,! but insoluble in n o s t  
other organic solvents. Chroniatography in benzene on 
:tlumina failed to effwt, piirificatiori, hiit with difficulty, 
part of the p o d e r  \V:LS extracted unci recrystallized with 
acetonr to yield 4.3 g. of yellow crystals, m.p. 174-175". 
This product,, originally thoiight t o  be bistriphenylmethyl- 
ferrocene, did lint, analyze cwrrwtly for bistriphenylmethyl- 
ferrownc, sild its infrared spectrcim did not, correspond to 
th:tt, of t r iphen~l i i ie thyl f~r rocc~i i~~ I)rc,parcd by the method of 
Nesr~ieyanov.~~ Attempted inolwiilar wvighi drterminations 
(Rast)  resulted in decomposition. 

.trial. Calcd. for C4aH&e: C, 85.96; H, 5.71. E'oiintl: 
C, 87.49, 87.30; H, 6.07, 5.8-5, 

The structure of this compoiind remains unassigiicd. 
1.1 '-BistripenylniethglSerrocene. To a solution of phenyl- 

lithium (0.0179 mole) in 50 1111. of et,her was added, under 
nitrogen, 5 g. (0.0179 mole) of triphenylniethylcyclopenta- 
diene" in 350 ml. of dry ether. The result'ing light yellow 
solution was added rapidly to ferrous chloride (0.0875 mole) 
in 50 ml. of tetrahydrofuran. The mixture turned dark and 
was allowed to stand overnight. Ice and dilute hydrochloric 
acid were added, and the mixture was extracted with ether. 
After dryingwith magnesium sulfate, the extract was stripped 
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and th<. residue t a k w  up in ticnzcnr and chromatographed 
on alumina. Recrystallization from benzene yielded one 
gram of yellow crystals, 18%, m.p. 279-281'. 

Anal. Calcd. for C48H3EFe: C, 85.96; H ,  5.71. Found: 
C, 85.59; H, 5.96. 

The infrared spectrum of this product was identical with 
tha t  of triphenylmethylferrocene prepared by the method 
of Nesmeyanov,'* except for the absence of the monosubsti- 
tution bands a t  9 and 9.95 p. 

Spectra. The spectra used in this work were obtained with 
a Perkin-Elmer Model 137 Infracord instrument with 

sodium chloride optics, employing potassium bromide 
pe 1 lets . 

Acknowledgment. The authors would like to 
acknowledge financial assistance from the Univer- 
sity of North Carolina Research Council, the Du 
Pont Co., and the donors of the Petroleum Research 
Fund, administered by  the American Chemical 
Society. 

CHAPEL HILL, S . C .  

[CONTRIBUTION FROM THE ? r f O O R E  LABORATORY, ROYAL HOLLOWAY COLLEGE, UNIVERSITY OF LONDOX] 

Boron Ring Compounds. A New Series 

ARTHUR FINCH, J. C. LOCKHART,' A N D  JOY PEARNZ 

Received February 6 ,  1961 

The preparation and characterization ot the boron-containing heterocycle, 2-chloro-1,3,2-dioxahorinane, and of related 
compounds are described. Isolation of the mixed ester, 2-(3'-chloropropyl)-1,3,2-dioxaborinane, in addition to the eypectecl 
trie(3-chloropropyl) borate and boric oxide, from the  pyrolysis of 2-chloro-1,3,2-dioxaborinane, is discussed. 

Cyclic esters of chloroboronic acid are of interest 
because they are thermodynamically more stable 
than noncyclic esters, and yet contain a react,ive 
center, the B-Cl bond. Both the susceptibility 
of this B-CI link to nucleophilic attack, and its 
chlorinating function, enable the synthesis and 
study of new boron-containing heterocycles. I n  
this paper, a survey of reactions of 2-chloro-l,3,2- 
dioxaborinane and its pyrolytic decomposition is 
iiiadc. 

The react'ioii of Iioron trichloride and triruct hyl- 
ciic glycaol a t  low (ca. -80") temperatures, a i d  in 
\.arious proportions, has been investigated. 2-Chlo- 
ro-l,3,2-dioxaborinane I and diborate IIa were ob- 
tained using appropriate ratios of glycol to  boron 
trichloride. .I further excess of glycol produced 
IIiL hut 110 tris-(3-hydroxypropyl) borate 111 
\vas isolated. 

0 

I In  n = 3 
b . n = 2  

I was further characterized by the preparation of 
ihe anhydride IV, several esters V, and another 
(liborate IIb. 

( 1 )  Holder of an 1.C I. Itwearch Fcllow-shij~ 
( 2 )  Holder of a D.S.1.R. Postgraduate Studentship. 

0 0 
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[(CHz), B-190; (CHz)r B-(OR) 
\ /  

0 
\ /  

0 
I v v 

It is a. n-CaH, C .  Cl(CHz)z 
I ) .  n-C4€Is d .  Cl(CHz)r 

The ester 2-(~~'-c:liloropropyl)-l,~~,~-diosahori1 I : I  I i i s  

Vc is of special irit'erest, as  it was isolatcd froni t11v 
pyrolysis of I. Thc rcactioiw of this rstcr with tlw 
chlorinating species boron t richloridc, (3-chlorci- 
propyl) dichloroborinate, and di(3-chloropl.opyl) 
chlorohoronatc led to high yields of I, i i i  acc*ordniicv 
with the following eyu a t '  1011s: 

0 
/ \  

\ /  

/ \  

(CHz),g IA(0It) + BCI, + I((ji(%) + IU)l%(~l? ( I  ) 

0 

0 

(CH& H(O11) + (ltO)IK!l2 4 

I(lOOyo) + (I<O):I3CI (2) 
l o /  

0 
/ \  

\ /  
0 

(CH,)., n(oR) + (Ito)l13c1 ---+ 

I(lOOo/,) + ( I t0 )zU (:o 
These reactions presumably take place ria 

a 4-ceiit)er bridge coniplex involving the (vacant') 
boron P, orbital. For example, the transitioli 
state in Equation 3 is represented as shown below, 
with the direction of subsequent disproportiona- 
tion towards removal of the comparatively volatilr, 
I and simultaneous production of the thermo- 
dynaniically st,nblc ester, tris(3-chloropropyl) borat e 
VI. 


