
Ferrocene Derivatives 

-4s part of an in\.estigation dealing with the 
preparation of ferrocene analogues of pharmacologi- 
cally active substances, WP ham prepared ferro- 
cene derivatircs related t o  amphetnmiiie and di- 
phenylhydantoin. 

The amphetamine analogue \\'as prepared hy 
condelisation of ferrocenecarboxyaldehyde' with 
nitroethane, followed by reduction of the crude 
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condensation product with lithium aluminum hy- 
dride to give 2-aininopropylferrocene (I). The 
intermediate nitroolefin was very heat-sensitive, 
being thereby converted to a tar. 

Ferroceuecarbosyaldehyde was converted to 5- 
ferrocenylhydantoin (11) on heating with ammo- 
nium carbonate and potassium cyanide under pres- 
sure. Attempts to convert benzoylferrocene2 to the 
corresponding hydantoin (as a more exact analogue 
of diphenylhydantoin) under the same ronditions 
were unsuccessful. 

Compound I sho~ved very weak anorexic and 
central nervous system stimulant activity; com- 
pound I1 showed virtually no central nervous system 
depressant activity in mice. 

l~SI 'I .~ItIMENT.1L 

2-Amino-1-ferrocenylpTopane hydrobromide (I). .4 solution 
containing 10.2 g. (0.05 mole) of ferrocenecarboxaldehyde, 
11.25 g. (0.15 mole) of nitroethane, and 7 g. of ammonium 
acetate in 50 ml. of acetic acid was rrxfluxed for 2 hr. The 
solution was then riilutcd with ice wat,er and extracted with 
ether. Thc cthercd rxtrnct was dried and concentrated to  
give 10.7 g. (79y0) of l-frrroccnyl-2-nit~roproprn~~ as a dark 
purple oil. .in et>hereal solution of 6.8 g. (0.025 mole) of 1- 
ferrocenyl-2-nitropropenc was added to a suspcnsion of 6 
g. of lithium aluininuni hydridc in Pthw. Thc rtwilt,ing ycllow 
mixture was re f lusd  for 5 hr. 2nd t h m  t,rcvited with :10 r n l .  of 
water. The suspension wus filt,rrcd and t,hp filtratcx was con- 
centrated t,o give n dark oil wl~icli crystal1izc:d to a srmisolitl 
on standing. .ittempts to  purify tho frer base by rvcryst,al- 
lization werc unsuccessful. The hydrobromide sxlt \vas pre- 
pared and recrystnllizrd from methanol-thy1 rtcct;ttc!-cther, 
n1.p. 198-200" drc. 

( 1 )  G. D. Broadhead, J. 31. OsgerlJy, and P. L. I'auson, 
J. Chern. SOC., 650 (1958). 

(2) M. Rausch, M. Vogel, and H. Rosenberg, J. Org. 
Chem., 22,903 (1957). 
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11anl. C:ilcd. for C13HLsNBrFe: C, 48.18; €1, 5.60. Foiirld: 
C, 48.21, 48.22; H, 5.78, 6.00. 

6-Ferrocenylhydnntoilz (11). A mixture of 4.28 g. (0.02 
i t iok)  of ferrocen?lcarbosaldehyde', 2.09 g. (0.03 molt.) of 
pot;tssiiini cyanide, and 5 . i6  g. (0.06 mole) of ammoniiini 
carlionatc in 507; ethanol was heated at I 10" for 20 hr. in a 
prfwurc hot,ljlc. . I t  the end of this pr,riod more cyanide (O.O:{ 
mole) and carbonate (0.06 mole) were added and heating 
continued for 48 hr. A dark yellow solid separated and \vas 
filtcmxl. Itecrj-stallization from ethanol yielded 3.3 g. (58$;,) 
of .~-ferrocc,n).lh).d3ntoin, n1.p. 250-252'. 

.-Inn/. Calcd. for C13H12N?02Fe: C, 54.96; H, 4.20; S, 9.8.5. 
Found: C, 54.60, 54.68; H, 4.69, 4.68; N,  9.81. 
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The reaction of vicinal dihalides with trialkyl 
phosphites has been reported to proceed via the 
normal Arbuzov Reaction to yield the corre- 
sponding mono- and diphosphonates.1v2apb The for- 
mation of an olefin, as the major product, has been 
reported only in cases involving polyhalogenated 
 compound^.^,^ 

We have found that a vicinal dihalide, where one 
or both of the halogens is contiguous to a carbonyl 
function, is converted smoothly and in good yield, 
with one mole equivalent of trialkyl phosphite, t o  
the olefin. 

R CH-CH-R' + Mol (R0)sP + R CH = CH R' 
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Attempts a t  debromination in the usual manner 
led t'o: a) reduction of the double bond vhen zinc 
was employed; b) tars when sodium iodide was 
used. 

With two or more moles of trialkyl phosphite, the 
diphosphonate I11 is formed 
- ___ 

(1) G. &I. Kosolapoff, OrganoPhosphoms Compo?cdv,  
Wilry, Sew York, 1950; pp. 122. 
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Tekhnol. Inst. inr. S .  M .  Kirovn, 21, 1-11 (1956); Chem. Abstr., 
51, 11083b (1957). (11) A. s. Pudovik and b l .  G .  Imaev, 
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f ) d ) ~ ~ o i i i  ititiliclic qi' f i~ci i is-r / ibr~izo~jlIr ih!/ iP,zc  c l ihm/ / i  i t l t  ( ki j. 
.4 20-g. sample of / i ~ c r n s - t I i ~ ~ e ~ ~ z o ~ l c t h ~ l ~ ~ ~ ~ e  diliromidp ant1 5.5 
inl. of trimrthyl phosphite wcre dissolved in 150 nil. of drj, 
toluene and th r  solution was refluxed for 20 hr. Thr solvcnt 
was removed and th r  residue crystallized from ethanol. 
There was oht:tined 10.7 g. (92CG) of product, Imp. 108-10", 
which did not depress the melting point of an authentic 
sample of tmnx-dibenao~lethyleiie ( I Ia) .  

Dehromz'nntion qf chnlconr d i b m n i i d e  (111). A 5.0-p. sainlilr 
of rhalconr dit)romidt~ and 1 nil. of trinwthyl phosphit H 

w r c  dissolvrd in i 5  nil .  of dry  tohiene and thp solution TKIS 

refluxed for 2 hr. 'I'hr solvcnt IV:M re inovd ant1 t,he resiclric, 
was crystallized froin c\thnnol. There was olitained 2.3 g. 
(80');) of prodrict, 111.p. 55-50", irhich did not tlrprcss thc 
melting point of an aiith(Jiitic sample of chalcone (111)). 

Dehroniirrnfion o.f c.i/inniiil'c. cicirl N'ihrouiidc (IC). A 10.0-p. 
s:tn~ple of c~inii;~iiric acid dibroniirlt~ and 1.5 nil. of trimethyl 
phosphite wpre dissolved in 150 nil. of dry tolurw and the 
solution  as refluxed for 20 hr. The reaction inisture JVHS 

worked up itlcntirally to thc previous reactions nnd yicJldd 
1.4 g. (925;)) of cinnainic acid IIc. 

Reaction of lrrins-tlihcnzolllrihylen(. dibroiicitlr. ,with exccss 
phosphate ( I I Ia) .  A 10.0-g. saniplc of lraiis-diberizo!.leth!-lcri(. 
tlibroinide ant1 7.0 nil. ( 2 niolr equiv.) of t,rimeth)-l phos- 
phite n-ere dissolved in 75 inl. of dr!? tolurne and the solution 
n-as rr+inxcd for 20 hr. The so1yt:nt nxs reinovcd nnt l  t,hv 
rcsitluc was crystallize-il froin benzene-hexnnc:. T h r r c  IVM 

obtained 7 . 5  g. ((i5$,) of product, 1n.p. 131-134". Thrcvb 
rccrvstallizations from brnzcne-hcs~ne afforded the an:tlyti- 
cal saniplr, n1.p. 1:14-135". 

Forind: C, ,53.3. H, A.6. P, 1X.q. 
l n r t / .  Calcd. for C20112,0,P2: C, 53.9; H, 5 . 3 ;  T', 13.6. 

Reaction of Benzyl Rfethy-1 Ether 
with Sodium RTetal 

Shorigili' has d(>iiionst iatcd t h c x  rwrrniigcment of 
benzyl cthvi-\ i i p n i i  attempted indium c l e a ~ a g e  
whereby rc:ic*tinii of liriizyl ethyl t.thcr with incliiini 
:it 1'70-210" t o 1 3  f our  :nid one-half hour5 lcd t o  
I-phci~yI~,r~)p:iii~)l i i i  ?@& yield. Iii the caw of thr 
cvxrcspoirdiiig lwiizyl methyl et her, i to  itiidie\ 
with sodiiim mctul h:ii,r t)ccii rcymrtcd, although 
it ha i  hccii ~ho\vn that hcrizyl methyl cther (a) 
rearraiigcx to I-phcnyl cth:inol in X.S70 yield upo~i  

( 1 )  P. Shorigin. H c r ,  56, 176 (192:3): 57, 1627, 1634 
i 10"). 

trr.:itnic>iit with lithium phciiyl,' ( I ) )  foims L I I I  

i i i i c , h : i i , a c , t r , i , i ~ t , ~  piuduvt, 11.p. 18.'blYOo (12 i i m . ) ,  

i n  30% yield n-hen treat,ed with potassium amide:' 
in refluxing ether for iiinet~cwi hours, aiid ( ( 2 )  

undergocs cleavage t n lit h i i  i n i  h i izyl  iii 75-83 y.  
yield ( s w  hon-e\-cr r d .  5 i i i  \ v h i c a t t  ; I  yicilti ( 1 1  ( i i i i ~ .  

11% w:is o1)tained) with l i th i i in i  1vii.c in t(1lr:i- 
hydrofurair at +.is. 

We ha\-(\ i imv  i'oiiiltl t h a t ,  uiilikc> t h o  i~csults with 
lithiiuii n-hicsh app:ireiit 1y r~ lc~ i \~cs  t t i t> cqhci, \vithout 
r~carr~~iigcnic~iit, the ac+oii of sodirini 011 benzyl 
mcthyl cthcr leads cmsistciit Iy t o  1 -phmiylcthariol, 
the product of rcarrxiigcrnerit, 

111 a typical experiment, 1)cnzyl methyl cther 
was heated iinder nitrogeii at 1 15" for two hours 
wit'h sodium v-hirh under t h v  rcuc*tioii conditions 
was :L finely dispcrsd li(luid. 'l'hc purple-hiark 
i ~ w t i o l i  mixtiire led to :i prodiicat sho\vn by gas 
c~hroniatographi(~ ai1:ilysis to c ~ ~ i h i s t  of' t,hrcc 
compoiicwts: t o l i i c w  (23yo). lx~iizyl nictliyl cthrr 
( A I  '&)% :ind .i-phciiyletliaiioI ( l.jyc), idciitified 
by comparison of thrir rcteiitioii times with authtxii- 
tic ~.:~rriples : i d  by gas chronintngraphic aiialysis 
of samples to which uuthcnt.ic4 matrrial \vas added. 
Furt hci. mnfirmntion of the pre,wic*c of I-phciiyl- 
cthaiiol  vas ohtaincd in ii similar t~xpcrinient by 
fractiniiatio~i of the cwdc product :ind compnrisoii 
of the infrard spec~trmi of the :~ppropriute f'rac- 
tion with that of authciitic I-phcnylethaiiol. 
The amount of I-ph~iiylcthanol (5.5 g.) present 
i n  thv rrudc product cmrcspoiids to  :35Yc rwr-  
raiigcmciit ,fi 

.In esperinicwtl performed :it .ST," with the  same 
reactnuts \V:LS interrupted after partid ronipletioii 
(two aiid oiic-half hours) by destroyiiig uiirhangcd 
sndiiin r i t h  water xiid isopropaiiol. Xiialysis by 
gas chromatography of the isolated oigaiiic layer 
iiidicLatcd the prcsc~ic.c of toliienc~ ( 1  2yG) an t i  1-phcii- 

.I siiiglc attempt to  demonstrate thc p r t w i i c ~  
y le t h a11 01 (:<c/o) . 

of sodiiim 1wiizyI prior to the  hydro 
rwc~tinii c.oiidiic*tcd :it 115" was ~111  

.Ift vi, c~ompl(~t i o i  I of t h c  t wo-hour h c a t  i i  ig ptBriod, 
:i s:olut~io~i of hcwzophciroiir i i i  hi izyl mcthyl c>thcr 
\vas acldcd ai- ;I ecaairc'iigcr for eodiiini l~crizyl. 

of t he prnt1iic.t ,sho\vctl :i (i:3q& 
recovery of bf~nzophcnoiic~ :iiid 1 1 0  I ,  1.2-triphcnyl- 
(+hano1 could be isolat,ed froin t h  rcartinii mixt~uro. 

In ail effort to carry out t,hc cleavage rcwtioii 
under milder cniiditions, sodium dispcrsd i i i  

xylene was acldcd to bciizyl methyl cthcr cahillcd t o  
. .~ ~. 

( 2 )  (i, \Vittig a ~ i t l  T,. I,o11111:iti, . I / ( / / . !  550, 260 (1942). 
i:O (:, It, Ha1isc.r : i t i t l  S. Ti. I\xntor, . I .  . l j i c .  P h c i / i .  So:.., 

73, 1437 (1951 1. 
(4) H. (iilnian, 11. .\. NcNinch. and I ) .  IYittc~nlwrg, J .  

Or,g. C'hrjiz., 23, 2044 (1958). 
(5 )  J. F. Ensthnm ;ind I). k-. (::innon, , J .  O r u .  ('hetit.. 25, 

1 6 0 i  ( 1 !)A0 ). 
16) This is ii ininimum fiurire. Thc actual ainount of , ,  

rearrangement is undoubtedly highcr, as in t'he work-iili 
1-phenylethanol was not recovcrcd from tlic wssh(,s~-- s w  
Experinieiit:il. 


