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acetic aeidYgave 2.35 g. (71%) of fine white crystals, m.p. 
I i5-176 '. 

Anal. Calcd. for ClsHdkBr: C, 57.67; H, 3.94; Br, 23.98. 
Found: C, 57.91 ; H, 3.83; Br, 23.82. 

3-(6-Chloro-P-hyd~orcyphenl/l)phthalicl~. One and one-half 
gr:tms (0.01 mole) of phlhalaldehydic acid vias dissolved in 
18 ml. of 3:  1 coned. sulfuric acid-water. This solution ' i~as  
cooled in an ice-water bath, and 1.28 g. (0.01 mole) of p -  
chlorophenol was added. After mechanically stirring the 
mixture for 2 hr. the cooling bath \\-as rcrnoved and stirring 
w s  continued for an additional 2 hr. At this point the thick, 
niillry cmulsion was brought into a large volume of cold 
ivater, with vigorous stirring. d voluminous white solid sepa- 
rated and  gradually settled out. The crude product vas  rc- 
moved, \vashed t,horoughly with cold n-ater, and permitted to 
dry overnight. This gave a white powdery solid weighing 2.3 
g. (88%). Recrys1,allization from ethanol yielded 1.83 g. 
(iOcjoOj of soft, glistening needles. iPn analytical sample 
melted at 163.5--164". 

Anal .  Calcd. for CIsH,O8CI; C, 64.51; H, 3.48; C1, 13.60. 
Found: G, 64.64; H, 3.29; C1, 13.73. 

.S-(,~-_l.~etiLyl-8-?netho~yp~.e~l/~)phthulide. A solution of 1.5 
g. (0.01 inoli:) of phthalaldehydic acid in 24 inl. of 3: 1 coned. 
sulfuric acid--xya tcr mis prepared. This \vas cooled by im- 
meisioo in an ice-water bath, anci 1.22 g. (0.01 mole) of p- 
nielliylaniscle was thcn added. The mixture \vas mechani- 
cally stirred; after 3 hr. testing Ehov-ed that the brown oil 
xvhich hail separated as a top layer \;-odd solidify in water. 
The entire reaction nilxtsur.r \vas poured with stirring into a 
large voluriic of cold watrr. Thc gum ivhich separated soon 
hartieiietl to a ye!lon- solid; \\-hen firm it \\-as removed and 
tlioroughiy ~~-ashcd  Tvith cold 17-ater. Drying gave as crude 
product 2.55 g. (1007c) of light yello~r solid. Recrystalliza- 
tion from ethanol yieldec! 2.03 g. (80%) of n-hite crystals, 
in.p. 120.5--121.3". 

A.nnl. Caled. for C,CHt&: C, 75.57; H, 5.55. Found: C, 
io.34; R? 5.71. 

3-(6-~Zelhyi-kel~~o.rypheciUljphthalide. This phthaiide was 
synthesized by iising 1.5 g. (0.01 mole) of phthalaldehydic acid 
and 1.34 g. (0.01 mole) of p-methylphenetole with 24 nil. of 
3 :  1 co~ncd. sulfuric acid-water as the condensing agent. The 
procedure follon-ed  as essentially the same as outlined for 
3-( 5-iiicthyl-2-niethoxSphenyI)phthalide. The crude reaction 
product Tveighcd 2.42 g. (91%,)~ Recrystalliza.tion from 
ethanol garc 1.98 g. (74%) of white needles. An analytical 
sampk melted at 151-161.5". 

.4nai. C d d .  for C1;H,,OA: C ,  76.0'3; H, 6.01. Found: C, 
76.21; €1, 5.92. 

3-( 2,~,6-T~icf i loro-5-h,ydroxyphen~l  jphthalicle. One and one- 
half grams (0.01 mole) of phthalaldehydic acid \vas dissolved 
in 20 m!. of 1 : I  coned. sulfuric acid-207c fuming sulfuric 
acid. To this solution a,t room temperature was added 1.98 
g. (0.01 mole) of 2,4,6-t,richloro~henol~ and the mixture 
mechanica11~- stirred. The dispersed phenol reacted over a 
period of 3 hr. to give a yellom- solution. The reaction vessel 
\\;as rhen imiuererx! i c  a water bath maintained a t  60-70", 
alii1 stirring was continued for an additional 2 hr. The 
reaction iriixture vas poured into a large volume of cold 
nater.  T h e  giuni n hich separated hardened very s l o ~ l y ,  but 
bccaino Ilrittie after standing overnight. The crude product, 
nearly vhitc in d o r ,  weighed 3.0 g. (905;). Recrystalliza- 
tion from glaciai acetic acid gave 2.6 g. (80%) of nearly 
white cubic crystals, n1.p. 164.5-165". 

:Inal.  Calcd. for ClJI&C1,: C, 51.02; H, 2.14; C1, 32.27. 
Pound: C, 51.10; H, 1.98; Cl, 32.41. 

m..  ' 

A clinowledgment. Appreciation is expressed to 
TViIliniii I-. r;'lout,z, Wyandotte Chemicals Gorp., 
lor thr ii$rarecl clata, aiid its interpretation. 
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Unsaturated Lactanis. 11.' The Catalytic 
Dehydrogenation of Lu,P-Unsaturated Valero- 

lactams to Pyridones2 

The fact that a,p-unsaturated lactnriis of type 
(I) are now readily available' induced us to extend 
the method used by Spath and Galinovsky for the 
synthesis of pyridones. These two workers fourid 
that six-membered saturated lactams could be 
smoothly dehydrogenated l o  the corresponding 
pyridoiies by treatment with palladium. In thc 
present work, thc unsaturated lactams (11) and 
(111) were dehydrogenated to  the pyridoiici (I\-) 
and (V), respectively. 
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As indicated iii Table I, the dehydrogenation 
reactions were found to  be temperature dependent. 

TABLE I 

TO PYRIDONES WITH 5% PALLADIUM OK CARBOS 
DEHYDROGENATION OF a,&USSdTLRBTED ~ A L E R O L A C ' T A ~ I S  

C' /o C f  /c 
Yield Tield 
of IV of v Solvent B.P. 

~~ ~ 

- Benzene 80 30 
Xylene 1-10" 10 28 

49 p-( n-Propy1)aniuole 247" - 
____ -__ ~- - 

Catalytic dehydrogenation of a,C-unsaturatcd 
lactams can provide a route, therefore, to  a variety 
of substituted pyridones which n-ould be difficult to  
prepare by other routes. 

LXPERIJIESTAL' 

l , i i- l>z,i ielhyl-~-pyi.zdo?le (11-j. Method A .  h ne11 stirred 
suspension of 2 g. of 5 s  palladium on carbon, 50 ml. of 
xylene, and 10 g. (0.08 mole) of I,Ci-dimethg-l-j,B-dih~dro-2- 

(1) For paper I see Maurice Sharnina and Paul I ) .  

(2) This research vcas pupported in part by g r m t  KRF- 

( 3 )  Elemental anaiyaee werc carried out  by -L I3orn- 

Rosenstock, J .  Org. Chenz., 26,  718 (1961). 
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pyridone (11) was heat,ed under reflux for 2 days. At the end 
of this period the reaction mixture was filtered, the catalyst 
washed well with benzene, and the solvent removed on a 
steam bath under a stream of nitrogen. The residue was 
distilled in vacuo t o  yield 5.4 g. (52%) fraction of a colorless 
liquid boiling a t  60-64" at  less than 0.5 mm. and a 4.2 g. 
(40Yc) fraction of colorless liquid that crystallized in the 
receiver; b.p. 80-88" at  less than 0.5 mm. The former frac- 
tion  vas shown, on the basis of its infrared spectrum, to be 
starting material and the latter fraction mas the desired 
l,ij-diniethyl-2-pyridone (IT-). 

The solid distillate was purified by recrystallization from 
dry ether to yield 3.7 g. (94% recovery) of hygroscopic, white 
crystalline solid; n1.p. 54-56" in air or 55-57' in a sealed 
tube; reported4, b.p. 110" a t  2 mm. 

.Wethod B .  If the identical reaction were run employing 
benzene as a solvent, the yield of 1,6-dimethyl-2-pyridone 
(IV) was only 30%. 

1,6-Dimethyl-2--pyridone hydrochloride. A solution of 1.87 
g. (0.015 mole) of 1,6-dimethy1-2-pyridone (IV) in 10 ml. 
of dry ether was saturated 11-ith dry hydrogen chloride gas. 
The precipitate was filtered, washed well with ether, and 
dried. The yield of white solid was 2.25 g. (97%); m.p. 
138-168". The product vas  recrystallized from niethanol- 
ether to  yield 2.21 g. (96%) of white crystalline solid; m.p. 
198-201" in a sealed tube; reported4 m.p. 202-203". 

i-Piieiiyl-B-methyl-8-pyr~done (V). Xethod A. h well 
stirred suspension of 1.3 g. of 5% palladium on carbon, 50 
ml. of p-(n-propyl)anisole and 12 g. (0.064 mole) of 1- 
phenyl-6-meth>-l-5,6-dihydro-2-pyridone (111) was heated 
under reflux for 2 days. S t  the end of this period the reaction 
mixture n-as filtered and the catalyst washed well with ben- 
zene. The filtrate was then extracted with three 200-ml. 
portions of 10% hydrochloric acid. The combined acid ex- 
tracts were washed bite m4tjh 100 nil. of chloroform, made 
basic v-ith 50% sodium hydroxide solution, and the resulting 
basic solution extracted three times with 200 ml. of ether. 
The combined ether extracts were dried over anhydrous 
sodium sulfate, filtered, and the ether solution evaporated 
to 70 nil. on a steam bath. The solution was cooled to room 
temperature and filtered to yield 5.8 g. (497,) of white 
rhombic crystals; m.p. 136-139" in a sealed tube. Two 
additional recrystallizations from ether netted an analytic 
sample that exhibited a melting point of 136-139" in a 
sealed tube. 

Found: C. 78.21: H. 5.59: Ii. 7.82. 
Anul. Calcd. for CI,II,,OS: C, 77.81; H, 5.09; S, 7.56. 

. ~ e t / m c ~ ' ~ .  If i n  identical 'reaction were run according to 
Method A employing xylene as the solvent, the yield of 1- 
phenyl-6-methyl-2-pyridone (V)  was only 28%. 

1-Phenyl-6-methyl-2-pyridone hydrochloride.  A solution of 1 
g. (0.0084 mole) of l-phengl-6-methyl-2-pyridone ( V )  in 
1 ml. of dry methanol and 10 ml. of dry ether yas  saturated 
with dry hydrogen chloride gas. Twenty milliliters of ether 
was added to the solution TThich was then cooled for 2 hr. 
in an ice hath. The solution was filtered, the precipitate 
washed with ether, and dried to  yield 1.17 g. (98y6) of white 
crystalline solid; m.p. 172-179' in a sealed tube. The product 
was recrystallized from methanol-ether to give 1.06 g. 
(90%) of white crystals; m.p. 198-201" in a sealed tube. 
Three additional recrystallizations from the same solvent 
combination gave an analytic sample that exhibited a 
melting point of 201-204° in a sealed tube. 

Anal. Calcd. for C1,Hl2?;OCl: C, 65.01; H, 5.46; N, 
6.32; C1, 15.99. Found: C, 65.37; H, 5.78; N, 6.04; C1, 
15.46. 
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Only two satisfactory methods have thus iar been 
reported for the preparation of manganese car- 
bonyl. One invokes the use of the sodium benzo- 
phenone ketyl for forming a metastable manganese 
intermediate for ~arbonylat ion,~ while the other 
involves the use of an alkylaluminum compound as 
a selective reducing agent for the manganese sslt 
in the presence of carbon m ~ n o x i d e . ~ , ~  The latter 
reaction has been named reductive-carb~nylation.~ 
This paper deals with a third method which is much 
more conveiiieiit for preparing manganese cur- 
bonyl, based on reductive carbonylatioii with nietal- 
lic sodium. 

We hare found that manganese carbonyl can be 
readily prepared in 46-50% yields by reductively 
carbonylating n-methylcyclopentadienylmaiiga- 
nese tricarbonyl (I) with sodium in diethylene 
g l~7~0l  dimethyl ether (diglyme) solvent at  ahout 
125'. Highest yields were obtained when employ- - 

125'18 hr. 
C Na + CO MndCO)io 

1 
Mn(C0)3 

I 
ing three gram-atoms of sodium per mole of I in 
diglyme. Use of smaller quantities of sodium re- 
sulted in decreased yields, while a 507, increase in 
sodium resulted in an uncontrollable reaction which 
set in a t  122' and ruptured the safety disk of the 
reactor. The reaction mas found to be considerably 
slower in benzene, requiring a temperature of about 
200°, and gave only a 15% yield of manganese 
carbonyl. In  diglyme, on the other hand, under com- 
parable conditions, carbonylatioii set in at  100' 
or lower and resulted in a ;OY0 yield. It appears 
therefore that diglyme plays a very important role 
in this reaction. One possibility here is that the 
diglyme serves to stabilize a manganese carbonyl 
moiety such as Mn(C0)3 for carboiiylation. 

Use of other manganese salts in place oE 1 
resulted in decreased yields due to the formation of 
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