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2-Hydroxymethyl-1,3-butadiene wm synthesized by two different routes involving the pyrolysis of an ester as the key 
The structure of the hydroxydiene wm established by analysis, ultraviolet and infrared absorption spectra, con- step. 

version to a solid 3,5-dinitrobenzoate, and conversion to a solid Diels-Alder adduct with 1,4-naphthoquinone. 

I n  conjunction with a research program on Diels- 
Alder polymers, we recently reported the synthesis 
of 2-~inyl-l,3-butadiene,~ which is the simplest 
bifunctional diene. I n  order to  produce a series 
of bifunctional dienes, we became interested in 
dienes with functional groups substituted in the 2- 
or 3-position. Although there are many dienes 
containing alkyl groups in the 2-position, very few 
compounds are known with functional groups in 
this position. The known compounds in this 
series include 2-cyano-1 ,3-butadiene6 and 2,3- 
dicyan0-1,3-butadiene.' Since a convenient syn- 
thesis had previously been developed for 2,3- 
di(hydro~ymethyl)-l,3-butadiene,~ i t  was of in- 

terest to extend this procedure to  the synthesis of 
2-hydroxymethyl-l,3-butadiene (I), The hydroxy- 
methylbutadiene was expected to  be useful not 
only for the production of bifunctional dienes 
through its reactive hydroxyl group, but also for 
the production of oil-resistant polymers. 

Dimethyl itaconate was reduced with lithium 
aluminum hydride to  produce a 16% yield of 2- 
methylene-1,4-butanediol (11). Since the isola- 
tion of the water-soluble glycol fom the mixture of 
salts was very difficult, the essentially one-step 
reductive acetylation procedure involving reduc- 
tion with lithium aluminum hydride, followed by 
direct treatment with acetic anhydride, which was 
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developed in this l a b o r a t ~ r y , ~ ~ ~  was used to  obtain 
a 16y0 yield of 2-methylene-l,4-diacetoxybutane 
(111). Even though this procedure was much easier 
to carry out, the yield still was low, presumably 
because of polymerization of the itaconate in the 
presence of the lithium aluminum hydride. The 
same diacetate 111 was obtained by esterification 

( 8 )  W. J. Bailey and W. R. Sorenson, J. A m .  Chem. Soc., 78, 2287 
(1956). 
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of the diol I1 with acetic anhydride. Pyrolysis of 
the diacetate 111 at  430°, under conditions that 
liberated 63% of one molar equivalent of acetic 
acid, produced a 41% yield of the 2-acetoxymethyl- 
1J-butadiene (IV). Even through the diacetate 
I11 contains two ester groups, one would normally 
expect elimination of only one molecule of acetic 
acid under the pyrolytic conditions used, since 
only one of these ester groups possesses a beta 
hydrogen. 

Since the starting diacetate I11 was not easily 
accessible, an alternative route for the production 
of the 2-acetoxymethyl-l,3-butadiene (IV) was 
investigated. Alkylation of diethyl malonate with 
an equivalent amount of ethyl chloroacetate gave 
a 62% yield of triethyl 1 , l12-ethanetricarboxylate 
(V), together with a 21% yield of diethyl 3,3- 
dicarbethoxyglutarate. The substantial yield of 
the dialkylation product is not unexpected, since 
the inductive effect of the carbethoxymethyl group 
tends to make the monoalkylated product quite 
acidic. The reductive acetylation procedure, which 
involved reduction of the triester V with lithium 
aluminum hydride, followed by direct acetylation 
with acetic anhydride, produced a 52y0 yield of 
1,4 - diacetoxy - 2 - (acetoxymethy1)butane (VI), 
along with a 16% yield of 2-methy1ene-ll4-diace- 
toxybutane (111). The formation of the unsatu- 
rated diacetate 111 during this reduction with 
lithium aluminum hydride is probably related to  
the work of Dreiding and Hartmanlg mho isolated 
2-methylenecyclohexanol and l-hydroxymethyl- 
cyclohexene from the reduction of 2-carbethoxy- 
cyclohexanone. The production of unsaturated 
alcohols from the reduction of malonic esters is the 
subject of a subsequent publication. 

When the triacetate VI was dropped through the 
pyrolysis tube a t  5 1 3 O ,  under conditions that 
liberated 71% of two molar equivalents of acetic 
acid, a 33% conversion to  2-acetoxymethyl- 
1,3-butadiene (IV) was realized. In  addition, a 
14% yield of a mixture consisting, presumably, of 
the two possible olefin diacetates, 111 plus %vinyl- 
l13-propanediol diacetate, was obtained, along with 
a 10% recovery of the starting diacetate VI. The 
yield of IV was, therefore, 44% based on unre- 
covered material. 

The structure of the 2-acetoxymethyl-1,3-buta- 
diene (IV) was indicated by analysis, ultraviolet 
and infrared spectra, and conversion to a solid 
Diels-Alder adduct. The ultraviolet absorption 
spectrum of IV showed an emsa at 222 mp of 14,200, 
in accord with Woodward's rules.'O 

The infrared spectrum indicated strong bands a t  
1737, 1226, 1600, and 906 cm.-', which indicated 
the presence of an acetate, an acetate, a conjugated 
diene, and external methylene group, respectively." 

(9) 1, S. Dreidlng and  J 1, Hartinan, J A m  Chem So: 75, 939 

(10) R .  B. Wocdnard, J .  4m. Chem. f loc . .  63, 1123 (1941); 64, 
(1953). 

76 (1942). 

The diene IV was further characterized by conver- 
sion to a solid Diels-illder adduct, 1,3-di(4-acetoxy- 
methyl-A4-tetrahydrophthalimido) benzene (1711) by 
treatment with N,N'-m-phenylenebismaleimide.12 
Since saponification of the ester IV gave only a 52% 
yield of 2-hydroxymethyl-l13-butadiene (I), a 
procedure involving ester interchange with a ten- 
fold excess of methanol plus a trace of sodium 
methoxide was investigated. This procedure gave 
a 70% yield of the diene I. The 2-hydroxymethyl- 
l,&butadiene (I) was characterized by its ultra- 
violet absorption spectrum, which indicated an 
emdx at 222 mp of 17,900. Treatment of the hy- 
droxymethylbutadiene I with 3,5-dinitrobenzoyl 
chloride produced a 43% yield of the solid ester, 
2-(3,5-dinitrobenzoxyrnethyl)-ll3-butadiene (VIII), 
while treatment of the diene I with 1,4-naphtho- 
quinone produced the solid Diels-Alder adduct, 
2-hydroxymethyl - 1,4,4a19a - tetrahydroanthraqui- 
none (IX), in a 46% yield. 

One must conclude from this work that the 
pyrolysis of esters is a very convenient route for 
the preparation of polyfunctional compounds. 
The chemistry of this interesting 2-hydroxymethyl- 
1,3-butadiene (I) will be reported in subsequent 
publications. 

Experimentall3 
2-Methylene-1,4-butaediol (11)-To a 5-I., three- 

necked flask, containing 98.6 g. (2.6 moles) of lithium alu- 
minum hydride and 4 1. of anhydrous ether at room tem- 
perature was added dropwise over a period of 3.25 hr. a solu- 
tion of 316 g. (2.00 moles) of dimethyl itaconate in 800 ml. 
of anhydrous ether. After the addition was complete, the 
slurry wa,s heated under reflux with stirring for an additional 
48 hr. After 100 ml. of water had been added cautiously 
to the coded mixture to decompose the excess hydride, 400 
ml. of a saturated pzkassium sodium tartrate solution 
was added rapidly to form a complex with the salts. -4fter 
the coniplex had been stirred for 1 hr., t,he mixture \vas 
filtered. S o  aqueous layer was observed in the filtrate. 
The precipitate was digested with 2 1. of absolute alcohol 
for 24 hr. a t  room temperature to extract any residual 2- 
methylene-1,4-butanediol (11). After the salts were re- 
moved by filtration, the alcohol solution was concentrated 
t,o approximately 100 nil. by distillation under reduced 
pressure to leave a heavy, dark brown polymeric residue. 
This residue was distilled under a reduced pressure of 0.3 t o  
0.4 mm. from an oil bath heated from 150' to 205" to yield 
23.4 g. of crude 2-methylene-1,4-butanediol (11) and 10.5 g. 
of a hard, brown polymeric residue. The original ether 
solution, after being dried over magnesium sulfate, was 
concentrated by distillation under reduced pressure to  about 
200 nil. and this residue was combined with the rpsidue 

(11) H. Gilman, "Organic Chemistry," Vol. 111, John Wiley and 
Sons, Inc., New York, 1953, p. 140. 

(12) The authors are indebted to  Dr. Eugene Krairnan of the 
LTnion Carbide Plastics Co., Roiind Brook, t". J . ,  for t h r  sarnrAe of 
the bistiialeitiiidr. 

(13) The aiithors are indebted to Dr.  Mary Aldricli. 111.6. Kathryn 
Baylouny, and AIrs.  Jane Ratka for the microanalyses. The authors 
are also gratrfiil to  3Irs. Kathryn Baylouny and Dr. E .  R. Lippincott 
for the infralril $ibsiirption spectrum and aid i n  its i n t w ~ r r t a t i o n .  
The infrarea spectrum u-as recorded on a Perkin-Elmer Model 12-C 
infrared spectrometer, modified for double-pass operation, for the pure 
compound. The ultraviolet absorption spectra were determined on 
a Beckrnan ,\Iode1 DU spectrophotometer in cyclohexane solutions. 
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from the alcohol extraction. The combined concentrates 
were fractionated through a 6-in., helix-packed column 
to yield 33.2 g. (16%) of 2-methylene-1,4-butanediol (11), 
a colorless, viscous liquid, b.p. 86" (0.3 mm.), n Z 5 ~  1.4680. 

Anal. Calcd. for C & , 0 2 :  C, 58.80; H, 9.87. Found: 
C, 58.64; H ,  10.06. 
2-Methylene-l,4-diacetoxybutane (111). A. By Acetyla- 

tion of 2-Methylene-1,4-butanediol (II).--hfter a solution of 
87.2 g. (0.658 mole) of 2-methylene-1,4-butanediol (11), 620 
ml. (6.58 moles) of acetic anhydride, and 114 ml. of acetic 
acid had been heated under reflux for 48 hr., the excess 
acetic anhydride and acetic acid were removed by distilla- 
tion under reduced pressure. The residue was dissolved in 
500 ml. of ether, and the ether solution was washed consec- 
utively with three 250-ml. portions of water, three 250-nil. 
portions of a saturated sodium bicarbonate sslution, and, 
finally, with 250 ml. of a saturated sodium chloride st)lu- 
tion. After the solution waa dried over magnesium sulfate, 
the ether was removed by distillation under reduced pres- 
sure. The residue, to  which had been added a trace of 
.V-phenyl-8-naphthylamine, was fractionated through a 6-i11., 
helix-packed column to yield 90.8 g. (74y0) of %methylene- 
l,.l-diacetoxybutine (111), a colorless liquid, b.p. 86.0" 
(2.3 mm.), n 2 [ ~  1.4351. 

Anal. Calcd. for C9HI4O4: C, 58.05; H, 7.58. Found: 
C, 58.00; H, 7.65. 

B. By Reductive Acetylation of Dimethyl 1taconate.- 
To a 12-I., three-necked flask, containing 83.5 g. (2.2 moles) 
of lithium aluminum hydride and 4000 ml. of anhydrous 
ether, maintained a t  -IO", was added with stirring over a 
period of 10 hr. 316 g. (2.0 moles) of dimethyl itaconate dis- 
solved in 1000 ml. of anhydrous ether. After the mixture 
had been stirred for :t week at OD, 4000 ml. of n-butyl ether 
was added. The ethyl ether was removed by distillation 
through a Dean-Stark trap until the temperature of the 
mixture increased to 120". After the residue had cooled to 
room temperature, 458 nil. (8.0 moles) of acetic acid was 
added dropwise to destroy the excess lithium aluminum 
hydride. Stirring had to be discontinued during the addi- 
tion because the salts became quite thick. Without further 
heating or stirring of the mixture, 1400 ml. of acetic anhy- 
dride was added and the mixture was heated under reflux 
with stirring for a week. After the salts had been removed 
by filtration, the acetic acid, acetic anhydride, and n-butyl 
ether were removed by distillation under reduced pressure. 
The distillation residue was dissolved in 1 1. of ether, and 
the ether solution was washed consecutively with three 
250-ml. portions of water, three 250-ml. portions of a satu- 
rated sodium bicarbonate solution, and 250 ml. of a satu- 
rated sodium chloride sdution. After 0.2 g. of .Y-phenyl-p- 
naphthylamine had been added to the dried ether solution, 
the ether was removed by distillation under reduced pres- 
sure. The residue was then fractionated through a 6-in., 
helix-packed column to yield 61.5 g. (16%) of 2-methylene- 
1,4-diacetoxybutane (111), b.p. 68.5" (0.5 mni.), n Z 5 ~  1.4325. 
2-Acetoxymethyl-l,3-butadiene (IV). A. From 2- 

Methylene-1,4-diacetoxybutane (III).-By the apparatus 
and procedure described p rev io i~s ly ,~~  90.9 g. of 2-methylene- 
1,4-diacetoxybutane (111) was dropped through the hot tube 
a t  430" while the pyrolysis system was continuously flushed 
with a stream of oxygen-free nitrogen. I n  order to mini- 
mize charring, 0.01 g. of hydroquinone was added to the 
diacetate 111, and the pyrolysis tube n-as changed four times 
during the total addition. The clear, pale yellow pyrolysate, 
which weighed 84.2 g., \vas dissolved in 300 nil. of ether, and 
the ether solution wits washod cwwxutivcly with threc! 
250-1111. portions of watrr, thrce 250-nil. portions of a, 
saturated sodium t)icwbonate s,)lution, arid thrw 200-1111. 
portions of a saturated sodium chloride solution. (Titrat,ion 
of an aliquot of the aqueous extracts with a standard solutioi] 
of sodium hydroxide indicated the liberation of 63y6 of 1 
mol. equiv. of acetic acid.) After the ether extract was 

(14) \V, J. Bailey a n d  .J. 3. Heai t t ,  .I. O r y .  Chem.,  21, 5.U (1056). 

dried over magnesium sulfate and 0.2 g. of X-phenyl-8- 
naphthylamine had been added, the ether was removed by 
distillation under reduced pressure. The residue was then 
fractionated through a 6-in., helix-packed column to give 
19.4 g. (32T0) of 2-acetoxymethyl-1,3-butadiene (IV), b.p. 
51" (35 mm.), n Z 5 ~  1.4515, and 21.6 g. of recovered 2- 
methylene-l,&diacetoxybutane (111). ?'he yield, baaed on 
unrecovered starting material, was, therefore, 41 yo. 

Anal. Calcd. for C;Hl0O2: C, 66.64; H, 7.99. Found: 
C, 66.59; H, 8.09. 
B. From 1,4-Diacetoxy-2-( acetoxymethy1)butane (VI).-- 

By use of the pyrolysis apparatus previously described, 67.0 
g. (0.272 mole) oi 1,4-diacetoxy-2-( acetoxymethy1)butane 
(VI) was pyrolyzed a t  515" a t  the rate of 1 ml./min. To the 
orange-colored pyrolysate was added 50 ml. of ether and 
0.01 g. of ~\-phenyI-p-naphthylamine. This solution was 
extracted with seven partions (total 250 ml.) of water. 
(I'itration of an aliquot of these aqueous extracts showed 
that 0.384 mole or 71% of 2 mol. equiv. oi acetic acid had 
been eiiminated.) 

'The ether solution was dried over anhydrous sodium sul- 
fate, and, after the ether was removed a t  atmospheric 
pressure, the residue was fractionated wider partial vacuum 
through a 6-in., helix-packed calumn to yield 11.38 g. (33%) 
of 2-acetoxymethyl-l,3-butadierie (IL 1, b.p. 60-65" (a0 
mm.), ~ L Z ~ D  1.4515. 

Continued distillation gave 7.25 g. (14%) of a mixture 
consisting of, presumably, the two passib,e olefin diace- 
tates, 2-methylene-1,4-butanediol diacetate and 2-vinyl- 
1,3-propanediol diacetate, b.p. 82-85" (2.2 mm. ), n i 5 ~  
1 .4121-1.4465, and 6.8 g. (10%) of recovered l,il.diacet>xy- 
&(acetoxymethyl)-butane, b.p. 124" (U 2 rnm.). l'he 
yield of 2-acetoxymethyl-l,3-butadiene ( l V ) ,  based U I I  

unrecovered material, was 444/,. 
Vapor phase chromatography of the 2-acetJxymethy1- 

1J-butadiene ( IV)  a t  128" with the A column of the Perkin- 
hlmer hIodel 154 v a p x  phase fractometer gave only one 
peak. Similarly, chromatographic analysis of the mixture 
o i  olefin diacetates on an i,,strument constructed in these 
lab~rator ies '~  and a column made by the absorption of siti- 
cone grease on Chromossrb a t  170" gave two peaks whose 
area ratios were about 3 :  1, the peak with the larger area 
corresponded in retention time with an authentic sample 
of 2-niethylene-l,4-butanediol diacetate. 

Triethyl 1,1,2-Ethanetricarboxylate (V).-To 1600 ml. of 
anhydrous ethanol (dried by treatment with sodium metal, 
followed by addition of diethyl phthalate) contained iii a 
5-l., three-necked fiask fitted with a reflux condenser, a 
dropping funnel, and a stirrer was added 92 g. (4.0 g.-atoms) 
of sodium at a rate such as to  maintain reflux. Heating 
was necessary to effect the reaction of the last few pieces of 
sodium. To the sodium ethoxide solution was added 
quickly 704 g. (4.4 moles) of diethyl malonate. The yellow 
d u t ' i o n  became cloudy with the diethyl sodiomalonate 
format,ion. 

To the resulting solution was then added 488 g. (4.0 
moles) of ethyl chloroacetate dropwise over a 6-hr. period. 
'4fter the reaction mixture was heated under reflux for 11 hr. 
and then cooled, the sodium chloride was removed by fil- 
tration. Ethanol was removed by distillation and the 
residue was fractionated through a 12-in., helix-packed 
column to yield 604 g. (sac/,) of triethyl l,l,%ethanet,ri- 
carboxylate (V) ,  b.p. 111' (0.7 mm.), 13% 1.3263 (reported,16 
n% 1.4215), and 188.5 g. (2l%:,) of diethyl3,3'-dicarbethoxy- 
glutarute, b.p. 143 ' (0.5 mm.), n2%) I .A368 [reportcd'' b.p. 
178-180' (12 mm.)].  
1,l-Diacetoxy-2-(acetoxymethy1)butane (VI).-A slurry 

of lithium alrc~ninnm hydridts was prepared by the addition 
of 55.3 g. (1.47 moles) of the hydride to 2000 nil. of dry 

(15) \V. J. Bailey and R'. F. Halr, J .  A m .  Chem. Soc., 81, 647 

(16) C. .i. Bisclioff and .1. \-on Kulllhrrr ,  Ber. .  23, 631 (1890). 
(17) H. Liinii, i t , r d . ,  67B, 9 X i  (1!u4). 

( 1  9x4). 
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ethyl ether in a 5-l., three-necked flask equipped with a 
condenser, a Hershberg stirrer, and a dropping funnel, 
protected from atmospheric water by drying tubes con- 
taining Drierite. A solution of 159 g. (0.65 mole) of tri- 
ethyl l11,2-ethanetricarboxylate (V) in 400 m]. of dry ether 
waa added to the flask a t  a rate such as to keep the ether 
refluxing briskly. After the 5-hr. addition period, the 
dark gray mixture was heated under reflux for 8 days. 

Ethyl ether was removed by distillation through a 
Dean-Stark separator and 1600 ml. of dry di-n-butyl ether 
waa added. This distillation was continued until the 
temperature of the reaction mixture reached 120". After 
the reaction mixture waa allowed to cool, 120 ml. of glacial 
acetic acid waa slowly added. The reaction mixture heated 
spontaneously and the solvent refluxed without external 
heating. Following this addition the reaction was stirred 
at 100' for a day. 
As 1600 ml. of acetic anhydride was added slowly, the 

solvent again refluxed spontaneously and, as the addition of 
the anhydride was nearly completed, the reaction mixture 
became very pasty and difficult to stir. By switching to a 
heavy duty Bodine motor and working the stirrer through 
the pasty mass from the top down, along with strong heating, 
it was possible to loosen this mass so that i t  flowed quite 
freely and was easily agitated. 

After the mixture wm heated under reflux for G days, it 
was cooled and filtered to remove the precipitated salb. 
The salt cake was triturated with about 400 ml. of dry di-n- 
butyl ether and the resulting slurry was filtered. Butyl 
ether, acetic acid, and acetic anhydride were removed by 
distillation from the combined filtrates under partial vac- 
uum. Distillation of the residue through a 12-in., helix- 
packed column gave 82.5 g. (52%) of 1,4-diacetoxy-2-(ace- 
toxymethy1)butane (VI), b.p. 132-133' (1.0 mm.), n Z 6 ~  
1.4390, and 19 g. (16%) of 2-methylene-1,4-butanediol 
diacetate (III), b.p. 80-82' (1 mm.), n 2 6 ~  1.4346. 

Anal. Calcd. for CllH180e: C, 53.65: €1, 7.36. Found: 
C, 53.88; H, 7.28. Calcd. for C O H I ~ O ~ :  C, 58.05; H, 7.58. 
Found: C, 58.14; H, 7.67. 

1 ,J-Bis( 4-acetoxymethyl-A4-tetrahydrophthalimido)ben- 
zene (VII).-To a solution of 0.606 g. (0.00226 mole) of 
N,N'-m-phenylenebismaleimidelz in 90 ml. of toluene was 
added 0.57 g. (0.0045 mole) of 2-acetoxymethyI-l,3-buta- 
diene (IV). After the solution had been heated under reflux 
for 3 hr., i t  was cooled to -20" and filtered. The filtrate 
was then heated under reflux for an additional 10 hr., cooled, 
and filtered to yield a total 0.21 g. (18%) of the crude Diels- 
Alder adduct, m.p. 500' dec. Recrystallization of this 
crude adduct from 10 ml. of nitrobenzene and 30 ml. of 
toluene gave an analytically pure sample of 1,3-bis(4-acet- 
oxymethyl-A4-tetrahydrophthalimido)benzene (VII), m.p. 
500" dec. 

Anal. Calcd. for Cz8HzsNzOs: C, 64.61; H, 5.42. Found: . .  ~. ~~ ~ . 

C, 64.70; HI 5.22. 
2-Hvdroxnnethvl-1.3-butadiene (IL-To a 100-ml. flask 

were idded -20.0 9. (0.159 mole) of' 2-acetoxymethyl-l,3- 

butadiene (IV), 60 ml. of methanol, 0.43 g. (5 mole %) of 
commercial sodium methoxide, and 0.1 g. of N-phenyl-@- 
naphthylamine. By use of a 1 O : l  reflux ratio, 14.6 g. of a 
methanol-methyl acetate azeotrope, b.p. 54-63" (reported, l8 

b.p. 54'), was removed through a 6-in., helix-packed column. 
The excess methanol was then removed a t  room tempera- 
ture under reduced pressure until the weight of the residue 
waa 14.7 g. This residue was flash distilled under 6 mm. of 
pressure from an oil bath a t  100" into a 50-ml. receiving 
Bask immersed in a Dry Ice-methyl Cellosolve bath to 
yield 9.3 g. (70%) of crude distillate. After the addition of 
0.2 g. of N-phenyl-@-naphthylamine, the crude product was 
fractionated under nitrogen through a 24-in. Podbielniak 
column to  yield an analytically pure sample of 2-hydroxy- 
methyl-1,3-butadiene (I), b.p. 56-57' (30 mm.), n Z 6 ~  
1.4777. 

Anal. Calcd. for C6H80: C, 71.40; H, 9.58. Found: 
C. 71.58: H. 9.87. 

'2 - (3,s - Dhitrobenzoxymethyl) - 1,3 - butadiene (VIII).- 
After a mixture of 8 g. (0.095 mole) of 2-hydroxymethyl-l,3- 
butadiene (I), 0.1 g. of N-phenyl-@-naphthylamine, 10 g. of 
dry pyridine, 26 g. (0.1 13 mole) of 3,5-dinitrobenzoyl 
chloride, and 300 ml. of dry benzene had stood a t  room 
temperature for 12 hr., an ether solution of the mixture was 
washed consecutively with three 100-ml. portions of a 5% 
hydrochloric acid solution, three 100-ml. portions of a 
573 sodium hydroxide solution, and three 100-ml. portions 
of distilled water. After the solvents were removed from 
the ether solution by distillation under reduced pressure, the 
residue was recrystallized from 800 ml. of petroleum ether 
(b.p. 30-CO') to  give 11.3 g. (437&) of 2-(3,5-dinitrobenz- 
oxymethyl)-l,3-butadiene (VIII)  in orange, needlelike 
crystals, m.p. 89-90'. 

Anal. Calcd. for ClnHloNzOe: C, 51.81; H, 3.62. Found: 
C, 52.07; H, 371. 

2 - Hydroxymethyl - 1,4 - 4a,Qa - tetrahydroanthraquinone 
(IX).-A mixture of 0.24 g. (0.00152 mole) of freshly sub- 
limed 1,4-naphthoquinone and 0.20 g. (0.00238 mole) of 2- 
hydroxymethyl-1,3-butadiene (I) in 75 ml. of toluene was 
heated under reflux for 12 hr. Since no solid separated when 
the reaction mixture was cooled, the mixture was concen- 
trated to  about 5 ml. by distillation under reduced pressure. 
When this residue waa cocled, a crop of finely divided, light 
tan crystals, m.p. 80°, wab collected. Further cooling of 
the mother liquor gave a second batch of white, needlelike 
crystals. The combined crops were recrystallized from a 
mixture of ether and petroleum ether (90-100') to  yield 
0.16 g. (46%) of 2-hydroxyrnethyl-l,4,4a,Sa-tetrahydro- 
anthraquinone (IX), m.p. 87". 
Anal. Calcd. for C&1&: C, 74.38; H, 5.82. Found: 

C, 74.08; H, 5.85. 

(18) L. H. Horsley, "Azeotropes," American Chemical Society, 
Washington, D. C., 1952, p. 29. 


