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ately substituted benzoyl chloride to react with dibenzoj 1- 
methane in the presence of sodium ethoxide. The p-nitro- 
and p-methoxytribenzoylmethanc have been reported by 
Curtin and Russell6 and their results were iepeated. The p -  
chlorotribenzoylmethane seems to be new, and it ap- 
parently was obtained as a mixture of the enol and keto 
forms. I ts  melting point (uncorrected) remained at  189- 
204" after fivr recrystallizations from benzene-petroleum 
ether (b.p. 60-68"). 

Anal. Calcd. for C22HloC103: C, 72.83; H, 4.17. Found: 
C, 72.77; H,  4.35. 

Hydrolyszs of the  tribenxoylmethanes. A mixture of 150 ml 
of glacial acetic acid, to which a few milliliters of water had 
been added, and approximately 0.015 mole of the tribenzoyl- 
methane was heated at  reflux for 2 hr. The resulting solu- 
tion was poured into 1 1. of water and the precipitate was re- 
moved by filtration. The solid was stirred with sodium bi- 
carbonate solution to dissolve acidic materials, and the mix- 
ture of dibenzoylmethanes was removed by filtration. The 
combined filtrates, which were still acidic, were extracted 
ten times nith ether and the crude acids were obtained b j  
evaporation of the ethereal solutions under reduced pres- 
sure. 

The mixtures of dibenzoylmethancs were separated by 
fractional CI J stallization from methanol. The mixed benzoic 
x i d s  \ m e  dissolved in sodium carbonate solution and the 
solution u as washed with petroleum ether (b.p. 60-68'). 
The acids were rrprecipitated with hydrochloric acid and 
separated by fractional crystallization from mater. 

The mrlting points of the substituted dibenzoylmethanes 
and benzoic acids corresponded with those recorded in the 
literature. The percentage yields of the various cleavage 
products obtained are given in Table I. 
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(6) Curtin and Russell, J .  Am. Chem. SOC., 73, 5160 
(1951). 

Synthesis of DL-Threoninol 
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Ihr ing  the course of an investigation of the anti- 
coagulant activity' of synthetic sphingosineL and 
its derivatives we became interested in studying 
the behavior of both diastereoisomers of threoninol 
which is the lowest homologue of dihydrosphingo- 
sine. 

Carter and coworkers3 obtained the pure oxalate 
of allothreoninol by hydrogenation of allothreonine 
methyl ester with Raney nickel under high pressure. 
However, an attempt to  prepare threoninol simi- 
larly resulted in a mixture of the epimers. Recently 
threoninol has been prepared by reduction of 
threonine ethyl ester with lithium aluminum hy- 

( 1 )  E. Hecht and 1). Shapiro, forthcoming publication. 
( 2 )  D. Shapiro and K. H. Segal, J .  Am. Chenz. Soc., 76, 

(3) H. E. Cartcr, W. 1'. Piorris, and H. E. Roclrwell, J .  
5894 (1954 j. 

Bid .  Chem., 170, 295 (1917). 

dride14 and by hydrolysis of N-benzoylthreoninol 
obtaived by treatment of N-benzoylthreonine ethyl 
ester with lithium b~rohydr ide .~  In both cases, 
howeyer, the raw products were converted di- 
rectly into the dinitrophenyl derivatives without 
specification of yields. We wish nom to report a 
convenieiit synthesis of threoninol. 

Vhen the benzamido esters of allothreonine and 
threonine were reduced with lithium aluminum 
hydride and the resulting benzylaminodiols were 
debenzylated with palladium-on-charcoal the pure 
oxalates of both allothreoniiiol and threoninol were 
obtained jn excellent yields. The benzamido esters 
were prepared by selective reduction of ethyl a- 
benzamidoacetoacetate with sodium borohydride.2 

EXPERIMESTAL 

lieduction o j  ethyl cu-berLxaitzidoacetoacetate with sodium 
boiohydride. Ten g. of 2-phenyl-4-( 1-hydroxyethg1idene)- 
oxazolone-j6 ~vere refluxed for 2 hr. Tvith 100 cc. of absolute 
alcohol. The dark red solution was decolorized with char- 
coal and cooled to 20". A solution of 0.8 g. sodium borohy- 
dride in 20 cc. of methanol (stabilized n-ith a few drops of 
normal sodium hydroxide) was added d r o p h e  and the mix- 
ture left for 30 min. Twenty ml. of water were then added 
and a few drops of acetic acid to bring thc solution to pH 6. 
It was then evaporated in vacuo and the oil extracted with 
60 cc. of hot chloroform. After evaporation of the solvent 
the residue was taken up with 15 cc. of ether and left over- 
night a t  0". A crystalline precipitate (3.5 g.)  of m.p. 75-91' 
was collected which, after three crystallizations from ethyl 
acetate and petroleum ether (2 :3 )  gave 2.5 g. of N-benzoyl- 
allothreonine ethyl est,er, m.p. 101-102". From the col- 
lected mother liquors the threonine ester \vas obtained fol- 
loving the procedure of Elliott.' 

h7-benzyl-DL-al~othreoninol. To a stirred suspension of 2 g. 
of lithium aluminum hydride in 50 cc. of tetrahydrofuran 
(dist,illed over lithium aluminum hydride) was added slowly 
a solution of 4 g. of K-benzoylallot'hreonine ethyl ester in 50 
cc. of tetrahydrofuran and the mixture \vas refluxed for 2 
hr. dfter cooling in an ice bath 3 cc. of water was added 
follon-ed by 3 cc. of 207, sodium hydroxide and 6 cc. of water. 
The precipitated inorganic salts wcre filtered off and washed 
with ether. The combined filtrates ivere xvashed with 
sitturatcd sodium chloride solution and dricd over sodium 
sulfatc. Evaporation of the solvent left an oil Jvhich was di+ 
solvcd in  20 cc. of hot bcnzcnc and precipitated with 40 cc. 
of petroleuni ethcr. There was obtained 3.1 g. (YYC/c) of 
cryst'als m.p. 56--60". Crystallization from benzene-pctro- 
leum et,lier ( 2 : s )  yielded 2.3 g. of m.p. 62-63". 

9nal. Calcd. for Cl,H,iOzN: C, 67.6; H, 8.8; N, 7 . 1 .  Pound: 
C, 87.0; H, 8.7; S, 6.6. 

S-benzyl-DL-th~eoninol, prepared as above, >vas obtained in 
a 90% yield as an oil which could not be induced to crystal- 
lize and was used directly for debenzylation. 

nL-Allothreoninol. 2.3 g. of X-benzylallothreoninol dis- 
solved in 50 cc. of alcohol was hydrogenated Jvith 1 g. 
palladium-on-charcoal (10%) a t  50 p.s.i. and 40" for 15 hr. 
The oil obtained after evaporation of the filtrate was dis- 
solved in 30 cc. absolute alcohol and converted into the 

(4)  R'Iarian Jutisz, Michel Privat de Garilhe, Michel 
Suquet, and Claude Fromageot, Bull. SOC. chim. biol., 36, 
117 (1954). 

(5) J. C. Crawhall and D. F. Elliott, Biochem. J . ,  61, 
264 (1955). 

( 6 )  J. Attenburrow, D. F. Elliott, and G.  F. Penny, J .  
C h e m  SOC., 310 (1918). 

(7) D. F. Elliott, J .  Chetti. Soc., 589 (194!)). 
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neutral oxalate by adding R solution of 1 g. anhydrous oxalic 
acid in 10 cc. absolute alcohol. Yield 1.65 g. (93%). It  was 
recrystallized from 80% alcohol and had a m.p. 201-202'. 

Anal. Calcd. for C10H2408N~: C, 40.0; H, 8.0; N, 9.3. 
Found: C, 39.9; H, 8.1; N, 9.3. 

DL-Threonil~ol. Three and one half g. of raw N-benzyl- 
threonine was debenzylated as above and converted into 
the neutral oxalate. Yield 2.55 g. (947,). After recrystalliza- 
tion from 80% alcohol, it had m.p. 211.5' (dec.). 

Anal. Calcd. for CloHsaOsN~: C, 40.0; H, 8.0; N, 9.3. 
round: C, 40.0; H, 7.6; IY? 9.3. 
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C = N Stret,ching Frequency in 
Infrared Spectra of Aromatic Azomethines 
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In  conjunction with a study of the stereochem- 
istry of aromatic Schiff-bases, 17 compounds of 
this type have been synthesized by standard tech- 
niques' and their infrared spectra determined. 
Each compound was found to exhibit an absorp- 
tion band of medium intensity in the double-bond 
stretching region at 1613-1631 cm.-l, as shown in 
Table I. This band, which occurs in the spectra 
just to the high frequency side of the normal aro- 

n'-l.~rnxylitliricaiiilirie* 1631 
V-( 2-hydroxy b e n x  ylidi ncxnili ne * 
I--( 4-hydroxy)henzylidineanilinr 1 620b 

.V-( 2-nitro)benzglidineaniline lG2Jb 

1622 

V-( 4-metlnoxy)hen~:vlidineanilinr* 1 b:Kl 

AT-( 4-acety1amino)benzylidineariilinc 1629" 
'V-( 4-dimethy1amino)benzylidineanilinc * 1626 
,V-benxylidine-2-aminophenol 1629 
N-benzylidine-2-anisidine 1631" 

4-methoxy)benzylidine-2-anisidine 1627" 
.V-benzylidine-4-anisidine* 1629 
5-( 4-methoxy)benzylidine-4-anisidine 1626* 
Ar-bcnxylidine-4-toluidine 162SC 
N-benzylidine-N'-dimethyl-4-phenylenetlia1nine* 1627 
hr-( 2-hydroxy)benzylidine-2-aminophenol 1624b 
N-(4-dimethylamino)benzylidine-2-aminophenol 1613 
1%' ,Ar '-dibenzylidine-4-phenylenediamine 1628 

* indicates thr compounds r d u r e d  wing NaRHn. 

I 

a i n  CC1, solution; in CHCh solution; as KBr pellets; 

( I )  Cf. G. Smets and A. Delvaux, Bull. soc. chim. Uelg., 
56, 106 (1947). 

matic band near 1600 c n r ' ,  appears i o  be of coil- 
siderable diagnostic value. 

The absorption frequency characteristic of the 
stretching mode of the C=N group in compounds 
of this type has not been known with any degree of 
certainty.2 Therefore, in order to  ascertain whether 
the absorption band in this region was attributable 
to  the C=N group, i t  was necessary to  compare the 
infrared spectra of the Schiff-bases with those of 
similar compounds that do not coiitain this group- 
ing. Consequently, six of the azomethines listed in 
Table I mere reduced to  the corresponding sub- 
stituted N-benzylanilines by means of sodium boro- 
hydride, using a modification of the procedure of 
Chaikin and Bromu.3 Since this band is absent in 
the infrared spectra of these amines, this indicates 
that  the absorption bands shown by hr-benzylidine 
aniline and its ring-substituted derivatives are in- 
deed due to  the stretching mode of the C=N group. 

It is also worth noting that  the sodium boro- 
hydride reduction of aromatic azomethines usually 
proceeds very smoothly and results in fair yields 
(60-80% of theoretical). Consequeiitly this reac- 
tion may firid application in tlhe synthesis of 
secondary amines of this type. 
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(2)  1,. J. Bellamy, l 'he Infrared Spectra of Compim dlole- 
c d e s ,  John Wiley and Sons, N e w  York, N. Y .  (19541, pp. 

(3) S. \T, Chaikiii and IV. G. Brown, J .  Am. Chem. SOC. 
226-229. 

71, 122 (1949). 

Chloronlkyl and Chloroaryl 
Chlorome Lh ylphosphona tes 

111 1950, Iiahachnik and 3Iedred reported the 
preparation of chloromethylphosphorlic dichloride 
by the reaction of paraformaldehyde with phos- 
phorus trichloride.' We have prepared and charac- 
terized several chlorinated esters from this acid 
chloride. 

In  order to prevent alkyl halide formation when 
an alcohol reacts with a phosphonic chloride, i t  is 
generally necessary to use a tertiary amine to ab- 
sorb the liberated hydrogen chloride. We found, 
however, that  2-chloroethanol and 2,2,2-trichloro- 
ethanol could be successfully treated with chloro- 
methylphosphonic dichloride at reflux tempera- 

(1) bI. T. Kabachnik and 'r. Ya. JIedvrd, Izvest. Akad. 
A-auk S.A'.s.R., Otdel Khim h'aulc, 635 (1950); [Chem. Abstr., 
45, 8444 (1951)l. 


