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1. iaU'ududim 

Recently, two methods have t~en repoaed for the 
preparation of (5-aryl-3-isoxazolyl)-ferroce~'s [1] 
and/or ( 3 - a r y l - 5 - i s o x a z o l y l ) - ~  [2], refened to 
as isoxazolyl-fe~rocenes. In the fixst method, (l-oxo-3- 
aryl -2~yl)- fe~oce~es  (cinnamoyl feneceaes) were 

~ h y ~  m ~ v e  1,2- and I , ~  
ditioe inedects that were then ~yclized m the isome~ 
dihydmiso~aTolyl-ferrocenes. The dihy~oisoxazolyl- 

" ~ m s p o u d ~  msdso~. 

~r~enes  ~ o ~ c d  to n ~ f m u u m ~  ~ h  
,~sc ~ t~ pscpm~vc TLC ( c ~ Z  wi~ lm-  
ze~) (Eq. (]). Mahod l). D m m  ~e ~ l l w  l i~ i c~  

ity of  m ~ s m l s  side n:ac~as,  low ~cWs w a c  a~l iazd 
by ~ p~xhn~.. This o v a d  n=ahad d lO.- -..,' 

ond m e d ~  ~svolves e d ~ ~  a,.. ~ 

for ,he ~ of ( 3 - a ~ , - ~ , ~ ~ m ~ ,  
wiach w ~  ~ e  ~mm i ~ e m ~  ( S - ~ - ~  
rocmes (Eq. (1), l de~d  2). W ~  d~s is ~ d ~h~ 
s , ~ h ~  availa~ for th~ ~ p m a m  d t = n ~ ' ~  
u n ~ m ~ c a ~  i s~azo~ [41, ~ use ~ a,," ~ 
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One o f  the favored traditional preparations of  unsym- 
metrical isoxazoles involves the condensation/cycliza- 
tion of  unsynmmtrical 1,3-diketones with hydroxyl- 
amine [6]. Even with this sWaightforward condensation 
procedure, the problem of  separating similar isomeric 
isoxazule products adds an additional task. Also, this 
preparative method has only been used for making 
isoxazolyl-ferrocenes, which have resulted from the 
c o n d e n s a t i o n  o f  ( l , 3 - d i o x o b u t y l ) - f e r r o c e n e  
(acetoacetyi-fermcene) with hydroxylamiue and two 
products resulted [7]. Other preparations of  (1,3-dioxo- 
3-arylpropyl)-ferrocenes (aroylacetyl-ferroceues) are 

known, such as the strong base condensation of  acetyl- 
ferroceue with benzoate esters [8], but their subsequent 
reaction with hydroxylamine has not been reported. 

An unequivocal strong-base method for the prepara- 
tion of  unsymmetrical 3,5-disubstituted isoxazoles has 
been developed where C( a ) ,O - ox imes  of  ketones, such 
as acetophenone, were dilithiated with excess lithium 
diisopropylamide (LDA) ( o x i m e : L D A =  1:3) or  an 
equivalent amount of  n-butyllithium (oxime:nBuLi = 
!:2). This was followed by condensation with esters, 
such as methyl 4-chlorobenzoate, to give C-acylated 
intermediates that were cyclod_ehydrated with dilute acid 

T~ble 1 
(5-A~l-3-isoxazolyl)-f~nes from dilithiated acetylferrocene ofime illustrated in Eq. (3) 

Prod. no. Ar Molecular formula Yield (%) M.p. (°C) Combust, Anal. 
Fe~l/(calc.) 

C H N 
1 C6H 5 C ,9H tsFeNO 53 179-181 ~.b __ - -  - -  
2 4-C1"!3C6H 4 C20H,sFeNO 76 184-185 69.41 5.16 4.00 

(69.79) (5.27) (4.07) 
3 3-CH3C~H 4 C20HIsFeNO 36 152-155 69.65 5.51 4.01 

(69.79) (5.27) (4.07) 
4 3.5-(CH 3)2Cell 3 C21HtgFeNO 29 132-134 70.24 5.60 3.82 

(70.61) (5.36) (3.92) 
5 4-(el l  3)3CC6H 4 C21H23FeNO 72 178-181 71.55 6.22 3.51 

(71.70) (6.02) (3.64) 
6 4-CH3OCoH 4 C2oHtTFeNO 2 46 163-165 66.74 5.16 3.79 

(66.88) (4.77) (3.90) 
7 3,4--(CH 30)2C6 H 5 C21HIgFeNO3 46 171-173 64.57 5.09 3.34 

(64.80) (4.92) (3.60) 
$ 3,4,5.(CH30)3CeH 2 Cz2H 2tFeNO 4 c 20 145-148 62.85 4.95 3,28 

(63.03) (5.05) (3.34) 
9 3-CICsH 4 C,gH t4CIFeNO 25 123-126 62.70 3.96 3.78 

(62.76) (3.88) (3.85) 
lO 3-BrCeH 4 CtgH,4BrFcNO 46 125-127 56.16 3.61 3.31 

(55.92) (3.46) (3.43) 
| |  CsH4 N d ClaHI4FeN20 62 183-185 65.50 4.34 8.33 

(65.48) (4.27) (8.48) 

M.p. 178°C [10.]. 
b FAB: (M + H) +, 329. 
c C-acyB~l oxin~ 12, 52% (M.p.) 172-174°C (e~mlol). Comlmst. ~ .  for C=Hz3FeNO s. Found (cak.): C, 60.33 (60.43); H, 5.32 (5.30); N, 
3.13 (3.20). 
d Es,~r urn: methyl nic~n~e. 
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tO unsymmetrical isoxazoles [9] (Eq. (2)). Since the 
regioselective condensation of the carbanion-type center 
with the ester formed the C-acylated intermediate, only 
a single bond was formed during the cycledehydration 
step resulting in one isoxazole. All of the isoxazoles 
synthesized were readily reorystallized from routine sol- 
vents. Another oxime strong-base preparation of unsym- 
metrical isoxazoles involved dilithiation of C(a),O- 
ox imes  wi th  n-buty l l i th ium,  fo l lowed  by 
condensation/cyclization using N,N-dimethylbenz- 
amides or N,N-dimethylformamide [10]. When substi- 
tuted N,N-dimethylbenzamides are used, chromato- 
graphic purification of products may be necessary, and 
these electrophilic reagents are not as readily available 
as carboxylic acid esters. 

~H3 21" 3LDA / CsH'CI 
4 -CIC6H4COOCH3 CsHs---C'~N--OH 3: 3N xcl- - ~ .5 

• / % ~ / u  ( 2 ) 
C6Hs 

There are a limited number of reports dealing with 
the preparation of isoxazolyl-ferrocenzs or related mate- 
rials in addition to those already cited [I I], and there are 
approximately 30 studies dealing with the preparation 
and use of acetylferrocene oxime. Acetylferroceue oxime 
metalation with strong bases, such as LDA, followed by 
condensation with electrophilic reagents, has not been 
reported. 

Z R e s u l ~  

The current investigation focused on the 
difithiation/condensation/cyctization of acetylfen'o- 
cene oxime with select esters to afford the desired 
isoxazolyl-ferroceues 1-11 (Eq. (3)). An excess of LDA 
(oxime:base:ester = 1:3:1) was used instead of n-butyl- 
lithium (oTfime:base:ester = i :2:0.5) for the dilithiation 
of acetylforroceue oxime. The overall experimental con- 
ditions were similar to those used with C(a),O-oximes 
of ketones [9]. Both the dilithiation and the subsequent 
condensation with an ester were performed in tetrahy- 
drofuran (THF) at 0°C. The cyclization was readily 

1T/ 

effected with 3 N hydrochloric acid. After woAnp, a 
single product resulted, wl,ch was r e ~ y s ~  from 
ethanol. There were several s u b ~  d~fferences 
this preparation and former Weper~ens with 
oximes used for the Ineparafien of other i soxaze~  [9]. 
The time of a~-id cyclizafien under reflux was l - 2 n n  
instead of 45-60rain. Apparently, the h e a ~  and stirred 
two-phase system conU~ing 3N HCI/THF atuw.ked 
the ferrocenyl moiety and merked.~y reduced the yiek], 
or destroyed the molecule ¢mirely. ALso. ~ wo~x- 
uD, a solution of the ~ which bed been ~ss~"~ed 
in ether and organic solvents after exw~tien, was ill- 
tered several times to remove insohthle material When 
the solid containing mostly isoxazolyl-fen~cem:s was 
reerystaliized from ethanol, it was hot filtered to remove 
any insoluble iron salt residue. 

AECOOCH 3 
OH 3N HCI 

1 - 1 1  

During the htitial ~ of the 
oxime with methyl 3 , 4 , 5 - ~ x ~  C-acylated 
oxime 12 (Table 1, footnote c) was isolated mtber thaa 
isoxazole g when 3 N acetic acid was used instead of 
3 N hydrochloric acid. When the pmcedme was re- 
peated ~th  caref~ s ~ i . g  fnltowing the admti~ of 
aqueous hydrochloric acid. the d e ,  red isoanzo~yl-fmw0- 
cane 8 was isolated. Surwis~ngly. when the dilithiated 
oxime was condensed with methyl 3 , ~ -  
benzoate followed by cyelizatioa, a mixtm~ of 
z o l y l - f ~  7 and C-acylated oxime ~ 
pleted cyclizatinn to 7 occuned in 46% yield upon 
recrystallizafion of the mixture. 

& Discmeien 

Some of the mechanistic details (Scheme 1) f ~  this 
~ee-s tep  oue-pot process can be envisioned as O- and 

0 

/CU~I 3 (_OCH-) .,cL't]~-..~ [J 

Q - e d 
Scheme I. 
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Table 2 
tH NMR dma for (5-mTI-3-isoxazolyl)-ferrocenes iflustrated in Eq. (3)." 6 ppm TMS reference ' 
Prod. no. (s. CsH 5) (t, CsH 4 ) b (S, C4-H) Other 
I 4.23 4.52. 4.93 6.73 
2 4.18 4.53, 4.93 6.63 
3 4.25 4.52, 4.90 6.73 
4 4.23 4.48, 4.88 6.70 
5 4,23 4.50, 4.90 6.73 
6 4.15 4.36, 4.78 6.50 
7 4.15 4.46, 4.78 6,50 
$ 4.23 4.50, 4.83 6.67 
9 4.20 4.47, 4.83 6.68 
I0 4.15 4-55, 4.90 6.65 
11 4.25 4.55, 4,90 6.83 

7.68-8.05 (m, AxH) 
2.45 (s, ARCH3); 7.40 (d, ArHb,  J = 8) and 7.80 (d, ArH,, J = 8) 
2.50 (s, AxCH3); 7.42-7.97 (m, ArH) 
2.47 (s, ARCH3); 7.25 (s, ArH at C4); 7.62 (s, ArH at C2-H and C6-H) 
1.40 (s, C(CH3)0; 7.74 (d, ArH b, J = 8) aad 8.04 (d, ArH=, J = 8) 
3.88 (s, AIrOCH 3); 7. |0 (d, ArHb, J = 8) and 7.85 (d, ArHa, J = 8) 
3.88, 3.97 (s, AxOCH3); 7.50-7.80 (m, ArH) 
3.98, 4.05 (s. ArOCH3); 7.23 (s, ArH) 
7.33-8.00 (m, ArH) 
7.22-8.08 (m, ArH) 
7A2-9.42 (m, CsH4N) 

CI~,I3 anlv~t for all comp~mm~" 
Two se~s of alpparem Iriplets, J =  I-2Hz. 

C-dil~iarlon of oxime with LDA, followed by a Claisen 
cumlansatiun of  the C(a)-carbanion-type center with 
the cadmmethoxy carbon of the ester, with expulsion of 
the metboxkie ion. The extra LDA reacts with one of 
the mine acidic methylene hydrogens of the C-acylated 

to give another dilithiated intermediate [12] 
that is quenched with acid, and the resulting C-acylated 
fenecenyl oxime is cyclodehydrated to the heteroam- 
matic i s o a n z o l y l - f ~  product. This last transfor- 
marion fi'om C-acylated oximes to products results from 
the formation of  a single bond. 

Isoxazolyl-ferrocen¢ 1 is the only known compound 
in this series, and it was isolated in 53% yield (m.p. 
179-181°(2, fit. 178°C) [1]. Its tH NMR specmun was 
very similar to that reporteA~ In this study C4-H was 
observed at 86 .73ppm (Table 2), and the fiteratore 
indicated that it was located at ~5 6.57 ppm. Usually, the 
C4-H appears for appropriate isoxazoles and related 
hetemammatic azoles as a distinct singlet upfield from 
the nm'mal: anmmlic re~.~:mce absorptions [4,9]. 

Isoxazolyl-ferrocenes 2 -11  are new, and C4-H ab- 
sorpduns for them w~e  noted as singlets ranging from 
86.50-6 .83ppm.  Other singlet pendant group absorp- 
tions wen~noted for AxC(CH3) 3 8 1 .40ppmin3;  ArCH 3 
62 .45-2 .50ppm in 2, 4, and 5; ArOCH 3 8 3 . 9 8 -  
4 .15ppmin  6 -8 ;  and 84 .15-4 .25ppm for the tmsobsti- 
treed cyclopantadienyl in all products. Also, two sets of 
doublet of  doublets for the monosobstimted ferrocenyl 
ring were displayed as apparunt triplets from 6 4 .36-  
4.55 and 4.78-4.93 ppm. Infrared speclra were ohialned 
from stat~ing materials and products, and they routinely 
distinguished between the two compounds. Additional 
support for slrucmres 2 -11  and 12 also resulted from 
combustion analysis (for C, H, and N). 

The yields of isoxazolyl-ferrocenes 1-11 ranged from 
20-76%, which indicates that the general experimental 
ptocedme is usually satisfactory for the expedient 
im~pmmiou of 1 .0-2 .0g of the desired products, that 
can be easily purified by recrystalllzatiun from a routine 

solvent, ethanol. The yields reported may not necessar- 
ily represent the optimum conditions for the preparation 
of an individual compound. 

4. Summary 

Multi-gram quantities of isoxazolyl-fexrocenes can be 
prepared from acetylferrocene oxime and aromatic es- 
tell. Acetylferrocune oxime can be dilithiated with ex- 
cess LDA, and the resulting C(a),O-dilithiated oxime 
can undergo a Claisen-type C-acylation with aromatic 
esters. The resulting intermediates can be acid-cyclized 
to (5-aryl-3-isoxazolyl)-ferrocenes. Several additional 
points are noted: ( ! )  the products are prepared from 
readily available starting materials; (2) a single product 
is isolable following crystallization and l't~rystnlliT~tion 
from a routine solvent; (3) the experimental procedure 
is straightforward so that someone not necessarily famil- 
iar with strong-base procedures can be successful with 
the reactions. 

5. Experim,~taz snetina 

~H NMR spectra were obtained with a Varian Asso- 
ciates EM 360L nuclear magnetic resonance spect~me- 
ter (60 MHz) and chemical shifts axe recorded in ~ ppm 
downlield from an internal teWamethylsilane (TMS) 
standard. Infrared specWa were obtained with a Mattsou 
Polaris FT-IR spectrometer or a Nicolet Impact 410 C 
Fr-IR spectrometer. Mass spectral measurement for 1 
was performed on a Jeol HX110/HX110 Tandem Mass 
Spectrometer. Combustion analyses for C, H, and N 
were perfmmed by Quantitative Technologies, Inc., PO 
Box 470, Salem Industrial Park, Bldg. 5, Whitehouse, 
NJ 08888, USA. Melting points were obtained with a 
Mel-Temp melting point apparatus in open capillary 
tubes and are uncorrected. THF was dried and distilled 
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from sodium ( ~ ~  ~WI). "BuLi (I.6M 
~xane) and other c ~  were purchased 
~ch ~ Co., USA. All glassware was ~ 
an oven (ca., 140°C), cooled, and kept under a dry 
nitrogen atmosphere. 

5.1. General procedure f o r  the preparation o f  isoxa- 
zolyl-ferrocenes 1 -11  

In a typical I~eparafion, a syringe was used to add 
n-butyllithium (0.032 tool) m a three-necked mund-het- 
tomed flask (ca., 50Oral), which was fitted with a 
s iC-ann  ~,~ilion funnel (ca. 125ml) and nitrogen inlet 
robe. After cooling the flask i ,  an i c e - w ~  bath, a 
sample of  di ianpro~lamine (0.032moi) taken up in 
~ of  dry ~ was added to the stirred n - ~ l -  
lithium at a fast dropwise rate (5-7ra in) .  The resulting 
LDA was stirred at 0°C for an additional 10-15rain 
before adding a 0.010tool sample o f  acetylftmrocene 
oxime dissolved in 30--40ml of  dry THF (5-Train).  
Dilithiafion, 45-60ra in  (0°C, N2) was followed by 
addition of  a 0.0105tool sample of  este~r dissolved in 
30--40 nil o f  dry THF over  5 rain. The coadeasafion 
limes varied and depended on the ester used (e.g. 
methyl 4-chlombenzoate,  4 5 - 6 0 m  in; methyl 4- 
methoxybenzoate and methyl 3,4,5-trimethoxybonzoate, 
75-90min) ,  (oxime:LDA:ester= 1:3:1). Condensation 
was followed by neulrnliT~fion and cyclodehydrafion. 
Acidification was aou3mplished by directly ~t,llng 
100ml o f  3 N  hydrochloric acid, and the mixawe was 
well stined overnight. The stirred two-phase mixu~re 
was then heated just to reflux, and pemed  into a large 
flask coBtaining ice (ca. 150g), and 100ml of  solvem- 
grade ether was added. The resulting mixUwe was new  
tralized with solid sodium bicarlxmme, followed by 
separation of  organic and aqueous phasas. Tbe aqueous 
layer was extracted ~th ~ (2 X 75 m~); the 
c o m ~ n m  were ~ ~ s e v ~  times 
through a Biichner funnel, and e v ~  A drying 
agent was unnecessary. The oil or  solid residue that 
n~tllted was ~g'y,~alliT~d and recrysul~ized from ethaDoL 
It was necessary to filter a hot solution o f  the ixeduct 
through a Biichner funnel lXior to ll~'rystalliT~lion. 
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