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In 1955, Letsinger and Skoog reported that 
The Friedel-Crafts acylation with acid chlorides diarylborinic acids react with ethanolamine to 

and aluminum chloride was one of the first reactions form crystalline products.' Attempts in this laborsr 
to be carried out with ferrocene.' About a dozen tory to prepare such derivatives of several aralkyl- 
each of n-acyl- and n-alkyl ferrocenes with various borinic acids were not uniformly suocessful, and 
chain lengths have since been thus attention was turned to the problem of h d h g  

TABLE I 
PBOPEBTIES OF F'ERBOCENES 

M.P.' Calcd. Found 
Substituent Color Yield B.P. or Solvent or ng C H C H 

l-EthanOyl-b 
l-Butanoyl- 
1-Hexanoyl- 
l-octanoyl- 
1-Decanoyl- 

1,l'-Dihexanoyl- 
l-DodeCanoyl- 

1-Eth yl-" 
l-BUtyl-' 
1-Hexyl- 
l-octyl- 
1-Decyl- 
1-Dodecyl- 
1,l '-Dihexyl- 

Red 
Red 
Orange 
Orange 
Red 
Orange 
Orange 

Red 
Red 
Orange 
Orange 
Orange 
Yellow 
Orange 

- 
72 % 
88% 
91% 
%% 
79% 
67% 

67 % 
7% 

93% 
71 $$ 
90% 
96% 
ss% 

ACYL SWBSTIT~ED 
Methanol 81-83" 
144-146op.5 mm. 1.6073 
161-163"/1.5 mm. 1.5843 
Methanol 26-27" 
203-2Q4"/1. 6 mm. 1.5513 
Methanol 36-37" 
Methanol 38-39 " 

107-108"/5 111l11. 1.6011 

154-155"/1.0mm. 1.5490 

189"/1.6mm. 1.5320 

A w n  ~IJB~TXTUTED 

180°/3/5 mm. 1.5701 
139-40°/1.5mm. 1.5602 

183-184"/1.4mm. 1.5399 
Methanol 35-36" 

- - 
65.6 6 .3  
67.6 7.0 
69.2 7.7 
70.6 8.2 
71.7 8.6 
69.1 7.8 

- - 
- - 

71.1 8.1 
72.5 8.7 
73.6 9.2 
74.6 9.6 
74.6 9.6 

- - 
65.8 6.2 
67.4 7.0 
69.1 7.4 
70.8 8.2 
71.7 8.5 
68.8 7.7 

- - 
71.2 8.1 
72.6 8.7 
73.9 9.3 
74.6 9.6 
74.8 9.9 

' Uncorrected. From A. N. Neameyanov, E. G. Perevalova, R. V. Goloonya, and 0. A. Neameyanova, Doklady Akad. 
NaukS.S.S.R.,91,459(1954).CFromRef.3. 

To complete an even-numbered series of n-acyl 
and n-alkyl ferrocenes, eleven new ferrocenes 
through dodecyl were synthesized in good yields by 
the methods of Rausch.s After purification by either 
distillation through a 60 X 8-mm. spinning-band 
column or recrystallization from methanol, the 
products were red to yellow liquids and low-melting 
solids. Table I lists the measured properties. 

All of the acyl derivatives showed carbonyl in- 
frared absorption at  about 6 p. The monosubstituted 
ferrocenes showed infrared absorption bands at 9 
to 10 p.' 
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a suitable reagent for making derivatives of these 
acids. As ethanolamine and 8-quinolinol have in 

common the critical reactive grouping, HO-C- 

C-N=, the latter was considered as a possible 

reagent, and indeed it was found to react with 
both diaryl- and aralkylborinic acids to form yellow 
crystalline products (I) which are readily isolated 
and characterized.2Each of the reported compounds 
(Table I) shows an intense green fluorescence under 
ultraviolet light. 

I 
I I 
I 

$q 
0-B-R 

I 
CgHI 

I 

(1) R. L. Letsinger and I. Skoog, J .  Am. C h .  Sa., 
77, 2491 (1955). 

(2) R. Neu [Z. a d .  Chem., 142, 335 (1954)), in an 
article describing the use of diphenylborinic acid as a reagent 
for identifying certain Ehydroxytlavonea, mentioned that 
this acid also reacts with Squindinol. 
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TABLE I 
R 
I WUINOLINOL DERIVATIVES OF Cab-B-OH 

Carbonb 
R M.P." Formula Calcd. Found 

CGHi 87 C J I d N O  78.56 79.23 

CaCHz' 133-133.5 CaH&NO 81.75 81.27 

GI& 152-153 chHi&NO 78.21 78.09 

CC& 108-109 CipHIoBNO 78.91 78.65 

C a  204-205l GH&NO 81.47 81.84 

~ 

Hydrogenb 
Calcd. Found 

BoronC Neut. Equiv.d 
Calcd. Found Calcd. Found 

6.17 6.14 
6.60 6.58 
6.97 7.29 
5.62 5.66 
5.22 5.30 

4.14 4.10 261 262 
3.93 3.88 275 275 
3.74 3.70 289 291 
3.35 3.34 323 325 
3.50 3.48 309 308 

a Melting points are corrected. Analyses by Drs. Weiler and Straus, Oxford, England. Boron analyses by the method 
described by J. M. Thoburn, Dissertation, Northwestern University, 1954. By titration with perchloric acid in glacial acetic 
acid; eample diseolved in acetic acid-acetic anhydride (4  to 1). ' Thia compound does form a crystalline aminoethyl ester, 
m.p. 211-213"; reported' m.p. 208-212.5". 1 Reported* m.p. 203". 

The 8-quinolinol derivatives are stable in air 
(no indication of decomposition over a period of 
several months) and resist hydrolysis in neutral 
aqueous ethanol (as judged by the persistence of 
strong fluorescence for several weeks). 

Each of these compounds has an absorption 
maximum in chloroform in the region 397405 
mp ( E  2700-3100). These data, joined with those 
of Moeller and Cohen, who found that the 8- 
quinolinol chelates aluminum, gallium, indium, 
and thallium have A, in the same region (390- 
401 m ~ ) , ~  indicate that absorption near 400 mp 
is characteristic of the 8-quinolinol chelates of all 
the Group 111-A elements. 

EXPERIMENTAL 

Boronic ocids. The previously reported ethylphenylborinic 
acid4 and benzylphenylborinic acid6 were prepared aa de- 
scribed by Torssel14; the previously unreported isopropyl- 
phenylborinic acid was prepared similarly. Diphenyl- 
borinic acid was prepared by the method of Povlock and 

t-Buiylphmylborinie acid. As conventional methods for 
the preparation of unsymmetrically substituted borinic 
acids7 failed to give detectable amounts of this acid, ita 
syntheaia will be described in some detail. 

A solution of Gbutylmagnmium chloride (0.1 mole) in 45 
ml. of dry tetrahydrofuran was added dropwise to a well 
stirred solution of 10.4 g. (0.10 mole) of benzeneboronic 
anhydride (triphenylboroxinp in 150 ml. of dry tetra- 
hydrofuran cooled to 0' and under an atmosphere of dry 
nitrogen. After the addition waa complete (about 30 min.), 
stirring at 0" was continued for 1 hr. The mixture was then 
hydrolyzed with 100 ml. of 3M hydrochloric acid, the two 
layers were separated, and the solvent was evaporated under 
reduced preaaure from the organic layer to give 2.6 g. (16%) 
of crude product.0 
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8-&uinolinol derivatives. An equivalent amount of 8- 
quinolinol (in a 20% solution of 95% alcohol) was added to 
a solution of the crude borinic acid (about 0.5 g. of acid 
per 10 ml. of 95% alcohol); in most caaes the product 
crystallized immediately and in high yield. The crude 
derivatives were recrystallized from 95% alcohol, with the 
exception of the diphenyl derivative which was more con- 
veniently recrystallized from methanol-tetrahydrofuran (3 
to 1). 
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In the light of a recent investigation4 in which is 
described a concomitant addition and cyclization 
between acrylic esters and diethyl acetamido- 
malonate to form 2-pyrrolidinone derivatives, it 
became of interest to prepare various carboxylic 
acid derivatives utilizing one or both of the car- 
boxyl groups of the pyrrolidinone prepared from 
diethyl acetamidomalonate and ethyl methacrylate 
~ t s  indicated in Fig. 1. 

HCNHCOCH, 
I 

COOCzH5 
Figure 1 
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