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inp reaction of the phenoxazine type described above. The 
oily product was chromatographed over 60-100 mesh 
"Florid." Elution with benzene brought off unchanged 10- 
(2-chloroethy1)phenothiazine and %yo benzene-5% we- 
tone eluted t,he product, an oil weighing 5.95 g. (79yo). 

dnal. Calcd. for Cp,HTlN&S: C, 63.42; H, 6.72; S, 8.47. 
Found: C, 65.52; H, 6.84; N, 8.42. 

The hydrochloride melted a t  14;1--144". 
Anal. Calcd. for ClaHz3C1N20yS: C, 58.93; H, 6.05; N; 

7.63. Found: C, 59.01) 58.85; H, 6.02, 5.87; N, 7.Y4, 7.7'2. 
IO-{ 2-[Bis( Z-chloroeth~/Z)air~ir~o]e~h~/l Jphenothiazine. Pre- 

pared essentially in accordance with the procedure described 
above for the phenoxazine type, the product was a white 
crystalline solid (from petroleunl ether. b.p. 65-75"), n1.p. 
51.5-55.5'. The yield was 55%,. 

Anal. Calcd. for ClrHdX2N28: C, 5835: 13, 5.50: S, 7.62. 
Found: C, 58.99, 58.74; H, 5.44> 5.38; 3, 7.53,  7.58. 

The h y d r o c h l o d e  melted with decomposition a t  126-131' 
a t  atmospheric pressure but in an evacunted capillary t,ube 

Anal. Calcd. for ClsH?IC1&i2S: C, 53.54; H, 5.24; S, 
6.93 Found: C, 53.30, 53.30; H, 4.81, 4.99; N, 6.54, 6.59. 
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The Preparation of 
1,2-(a-ICetotetramethylene)ferrocene 
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In connection with some other work we had need 
of a considerable quantity of l,%(a-ketotetra- 
1nethylene)ferrocene. This compound has been 
previously reported by Itiiiehart,2 who prepared it 
from ferrocene and succinic anhydride3 by a modi- 
fication of the normal a-tetralone synthesis. A1- 
thoiigh the initial Icricdel-Crafts reaction of ferro- 
cene and siiccinic anhydride procecded smoothly in 
the manner reportcd, the hydrogenation of p-ferro- 
renoylpropionic acid to  y-ferrocenylbutyric acid 
failed repeatedly in our hands T n  an effort to cir- 
vumvent the hydrogenation a i l  attempt was made 
to  rpdii(*e thc keto acid by either thc Cleminensrii 
or lyolff-1iishnc.r mcthod. 130th t h w l  re:~c%ions re- 
+rilted iii  ext~iisivc> tl(.coiiipoiitioii of tlic iimfwial, 
; I I ) ~  fa i ld  t u  y ~ I d  ;illy Idrntibabl(~ wbstaiivei. 

In order to  resolve the difficulties cited, p-ferro- 
cenoylpropionic acid was reduced with sodium boro- 
hydride to y-ferroaenylbutyrolactone, which with 
no unusual purifiration was smoothly hydrogenated 
to -pferrocriiylbutyric acid. 

The overall yield for thrse two steps, based on 
wude p-fdrrocciioylpl.opioiiic arid is 710/,, which 
compares faiwrably with thr 93% reported by Itine- 
hart3 for the direct reduction if oiie takes into ac- 
count the loss of p-ferrocenoylpropionic acid in 
purification. 

The cyclization of' y-f~rrocenylbutyric acid to 1,2- 
(a-ketotetramethy1eiie)ferrocene n-as carried out 
with polpphosphorir acid as mentioned by Rine- 
hart. 

EXPERIMESTAI,~ 

S-Fer,.ocerzoylp,opionic wid. This material ~ : t s  prepa rcd 
from succinic anhydride and ferrocene, nsing essent,ially the 
procedure of Reinhart et a1.3 

From 20.0 g. of ferroct:ne : t r d  7.08 g. of siirciriic anhydritle. 
in the presence of 15.6 g. of aluminum chloride, 18.5 g. 
(Ylyo) of crude product, n1.p. 167-16Y" was olitnined. Thc 
melting point way not increased significantly by rwrystal- 
lization. Concentration of the nonacidic fraction of the rrac- 
tion mixture to dryrieps afforded 8.70 g. of recovered ferro- 
cene. 

r-Fe,rocer~ylbz~1yrolacto,Le. To a solution of 13.6 g. of p- 
ferrocenoylpropionic acid in 635 ml. of isopropyl alcohol u a s  
added 32.0 g. of sodium borohydride. The mixtilrr was henteti 
under reflux 2 hr., cooled, diluted with wtter, filtered through 
Celite, and cautiously acidified with dilute hydrochloric 
acid. The orange solution was extracted with chloroform, 
the extracts washed with water, 5y0 sodium carhonatc., :tncl 
dried over magnesium sulfate. Iternoval of the chloroform 
in z~acuo gave 12.7 g. of crude lactone. Recrystdlization from 
cyclohexane-ethyl acetate gave 9.3 g. (77%) of yellow c'rys- 
tals m.p. 130-132". The analytical sample was crystallizecl 
from cyclohexane, m.p. 132-133'. 

;Iiaal. Calcd. for Cl4Hl4FeO2: C, 62.26; H, 5.22. E'ound: 
C, 62.59; H, 5.47. 

The infrared spectrum of this compound (Xujol) slio\ved 
a single carbonyl band at 5.66 p.  

?-Ferrocenylbut!/rjc acid.  .4 solution of 10.6 g. of -1-ferro- 
cen\.lbutyrolactorie in 218 ml. of acetic arid was hydrogen- 
ated 16 hr. at 50 y.s.i. and room temperature, using 2.0 g. of 
platinum oxide catalyst. After filtering the  reaction mixture 
through Celite to remove the apcJnt catalyst and dilution 
with water, sufficient ascorbic acid \vas :~ddctl to discharge' 
thcs green color c:iusc:d I)y the preFence of a sni:~ll quantity of 
ferrocinium ion. The resulting pale orange solution was es- 
tracted lvith chloroform, mashed thorolighl?- ivith w:tter. 
and extracted with IOyG sodiiim c-arhonatv. Acidificatioii of 
the Ilasic extracts g;tve 0.8 g. (925;) of prodilct, 111.p. 11.3- 
117". This material w:w siitticicntly 1)iiro f o r  corrversioir t ( 1  

ol-kct,otr:tr:tniethyIcnefi,rrocellc. 
1,2-(ol-k'rfotelI.nrr~ethllic.ne)~/~rroctrLc. i\ niisturc of 9.8 p. of  

;-ferroceiiylt)ut?.ric' :wid :iird 150 g. of ])ol~yhosph~iric. :tcirl 
\\-as :tllowetl to st,antl a t  room trnlper:tti~rc:, nith oc~r*asiorrnl 
stirring for 2.5 h r .  'I'hc reactin11 niixt ~ r r t '  \\'its poiireti into 
water, allowed t,o stand several hours, and cJxtr:tc%ed \!-itti 
c.hloroforin. The extracts were washtd with water, !5% 
sodium carboilate, dried, :<id the solvent renloved at rediicetl 
pressure affording 4.01 g. (44(/c) of ketotetramethylerlc 



ferrocene. Itecrystallization from hexane gave red crystals 
m.p. 83-85'. Reported2 85'. Infrared maximum (carbonyl) 
6.03 p .  

Acknowledgment. We would like to  thank the 
Research Corp. for a Frederick Gardner Cottrell 
grant in support of this work. 

DEPARTMENT OF CHEMISTRY AND GEOLOGY 
CLEMSOX COLLEGE 
CLENSOX, S.C. 

SPHOOL OF CHEMISTRY 
GEORGIA ISSTITUTE OF TECHNOLOGY 
ATLASTA, Ga. 

Synthesis of Some F1eteroc;vclic Ketols by 
Ion-Exchange Resin Catalysis 

CYERSER R. BOEHME'* AND JOHS Koo'b 

Received February 8, 1061 

A series of heterocyclic ketols and their dehy- 
dration products, which were of interest to  us be- 
cause of their cardiovascular and tranquilizing 
properties, were prepared from the isomeric pyri- 
dinecarboxaldehydes and several o-hydroxyaceto- 
phenones. The use of conventional catalysts? such 
as sodium hydroxide3-5 or piperidine6p7 which have 
been employed in the coiideiisation of heterocyclic 
aldehydes and ketones generally gave rather poor 
yields of the pyridalacet'ophenones. Frequently, 
large amounts of intractable, oily by-products were 
formed and only occasionally could any of the 
corresponding ketols be isolated. It appeared prob- 
:tble that the use of a basic catalyst, such as an ion- 
exchange resin, in a heterogeneous reaction medium 
might provide a more selective control over the 
course of the reaction and permit isolation of the 
desired ketds  with a minimum of side reactions. In 
recent years a wide variet.y of reactions has been 
catalyzed by both anionic and cationic exchaiige 
 resin^^^^ and the absence of a large excess of strong 
alkali is sometimes advantageous when sensitive 
compounds are being prepared. 
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We have fouiid the strongly basic iuii-exchaiigc 
resin Amberlit,e IRA-400 (OH-) in ethanol to give 
primarily t,ha hct,eroc*yclic* ket,ols accompanied in  
some iiistaiic~es hy lcsscr :tJnount's of t'hc corre- 
spoiidiiig ~ ' -hydros! . - t , .cclas-p~ridaluc.etes .  
The krtols \vtiich lost thc c,lmient8s of water most, 
readily could i i o t  \ x i  iso1at.d aid w t w  obtained 
either as the kct801 1iytlroc:liloridcs or were con- 
verted dilectly t o  thcir dehydration products. The 
ketol hydrochlorides \v(=i~:  dehydrated in good yields 
tao the correspoiidiiig pyridalacetophenories by 
simply warming iii aqueous solution or, in other 
instances, hy wfltixiiig h ie f ly  iii coiicentrated 
hydroc~hloric~ :wid. IYl i ik~  this iitvrstigation10 \+-as 
under way lluut aiid \ V P I I ~ ( T ~ '  dtwribed the alp- 
unsaturated kctoiics dcrivcd from 2- and S-pyridine- 
carboxaldehyde aiid o-hydroxyacetophenone in thc 
presence of aqueous-ethaiiolic potassium hydroxide 
and Corvaisier arid TirouflctGh report'ed the forma- 
tion of the corresponding 2- :md 4-ketols in the 
presencc: of sodium methylate. 

Whcn :3-pyridiiieca1.l,oxnldcliyde aiid o-hydroxy- 
acetopheiioiic wr(1 cond(~iis:cd in the presence of 
Amberlite IHA-4IO (OH-) and ethanol both t,hn 
easily dehydrated ketol hydrochloride (2',3-dihy- 
droxy-3-(3-pyridyl)propiopheiione hydrochloride, 
I) and the a,p-unsaturated ketone (Bhydroxy- 
p(3-pyridyl) ncrylophciionc, Ia) w r e  obtained. 
Conipound I was dehydrated t'o I n  upon recrystal- 
lization froin warm water or upoii conversion t'o the 
ketol base :ind recryst'alliznt,ioii from methanol. 

The coiidcii,~atioii of 2-pyridinecnrboxaldehydc 
with o-hydroxyacetopheiloiie under the same (wn- 
dit'ioiis gave tlhe stablc ket,ol (2',3-dihydroxp-3-(2- 
pyridyl)propiopheiione, 11) and none of the dn- 
hydration product (2-hydroxy-~-(2-pyridyl)acrylo- 
phenone, IIa) was isolated. Compound 11, however, 
was dehydrated to I Ia  by refluxing for a few 
minut,es in colicwitrated hydrochloric acid. 4- 
I-'yridine(,arbo?taldehyde reacted like the 2-isomer 
mid with o-hydrosyacetopherioiie gave only thc 
ketol (2',:3-dihydroxy-3-(4-pyridyl)propiophenone, 
111). Thrlatter \vas dehydrated to the a,P-unsatu- 
rated ketone (2-hydroxy-@-(4-pyridyl)acrylophen- 
o i i ~ ,  I I Ia j  by refluxing in concentrated hydrochloric 
wid 0 1 '  hy 1ie:iting wit,h polyphosphoric acid. In t8he 
prrscnw of Ilon-ex-3 (OH-), a weakly basic ion-ex- 
c~haiigc i w i i i :  4-pyridineaarboxaldehyde and o- 
hydrosy~L~c.tophenonc gave only ~1 tracv of the 
kct,ol ( I  I I). LThc~ii :tqucous-c~thanolic: sodiuni hy- 
tlrositlo i v w  used :is t,hv c~o~id~:iisat~ioii catalystj t hc 
i h 1 ~ 3  isoiiwric* pyiidiiicc*rtrboxaldehydes and o- 
l i y d r o s ~ a c ~ c ~ t ~ o ~ ) h ~ n o ~ i ( ~  gave thc corresponding py- 
ridii1acet'ophciioiir.s. 

3 - Pyridineearboxaldeli~d~ aiid 2 - hydroxy - 3- 
iiiethoxyac.etopheiioiie in the presence of Amhcr- 


