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C,, and C,, are the relative amounts of cis-cis- and cas- 
trans-isomer in the mixture, respectively. (IO/I),c and (Io/- 
I),, are the peak heightu of the cis-cas- and the czs-trans- 
isomer, respectively, as measured from the infrared spectrum 
of the mixture. 

At = - log ( Io/I)c  and A, = - log (I"/I)c xhere Cz 
= concentration of pure czs-trans-isomer, C, = concentra- 
tion of pure czs-cis-isomer, (I"/I) = the peak height of the 
cza-trans-isomer measured from the base line, and (Io/I)c 
= the peak height of the czs-cis-isomer. Thus A ,  and A ,  
represent constants 11 hich are determined from the spectra 
of the pure isomerq. The peaks found best suitedZog2G for 
the infrared analybis of mixtures %ere the follon-ing: cis- 

1 1 
Ct CC 

(26) J. J. Heigl, &I. F. Bell, and J. U. White, Anal. Chem., 
19,293 (1947). 

czs-, 10.52 p;  cis-trans-, 11.03 p ;  cis-cis-p-nitrobenzoate, 
10.74 p ;  cis-trans-p-nitrobenzoate, 10.54 p,  

Preparation of the samples f o r  infrared analysas. The 
cis-trans-isomer is relatively volatile a t  room temperature 
and noticeable amounts are lost if unstoppered samples are 
exposed to the air for several days. For this reason, con- 
siderable care had t o  be exercised in preparing samples of 
the free alcohols for analysis. Reproducible results could be 
consistently obtained by allowing an aliquot ether portion 
of the equilibrated mixtures to evaporate overnight from 
an open, tared test tube. The last traces of solvent mere 
removed by applying vacuum (water pump) for several 
minutes, and enough rhloroforni was then added to make a 
solution of the desired concentration for infrared analysis. 

Preparation of the czs-2-decalyl p-nitrobenzoate samples 
required no special precautions. 
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Dehydrations of aldoximes into isonitriles or nitriles by means of rnethylketene diethylacetal have been studied. ilddition 
compounds of aromatic-syn-aldoxime5 and methylketene diethylacetal decompose, in the presence of a catalytic amount 
of boron trifluoride and mercuric oxide, into corresponding isonitriles in good yields. On the other hand, adducts of methyl- 
ketene diethylacetal and aromatic-anti-aldoximes, as we11 as of methylketene diethylacetal and an aliphatic aldoximp, 
decompose to give corresponding nitriles under the same conditions. 

The decomposition of an adduct of p-tolu-syn-aldoxime in the presence of Lewis acids other than boron trifluoride, of 
mercuric salts and of protonic acid has been investigated. Except in the case of one equivalent of zinc chloride, however, 
there cannot be found any other effective catalyst for the rearrangement. Further, an intermediate, presumably methyl- 
ketene nionoethyl nionoaldiminoacetal, is obtained during the course of decomposing the adduct of p-tolu-syn-aldoxime. 
The mechanism of this reaction can be described in view of these results. 

Dehydration reactions of primary nitroparaffins 
and aldoximes by means of organic reagents have 
been described in preceding papers."* It was shown 
there2 that benzaldoxime is dehydrated with a 
ketene acetal in the presence of a catalytic amount 
of boron trifluoride and mercuric oxide to give benzo- 
nitrile and beiizisonitrile, both of these dehydrated 
products being nearly equal in amount. The course 
of this reaction invokes two stages, namely the 
initial formation of an addition compound (I) of 
an aldoxime and a ketene acetal, and the decompo- 
sition of the adduct which yields the dehydrated 
products along with an alcohol and a carboxylic 
ester. 
R--CH-KOET A ILCH=C(OR)2 ----f 

RCH,Y(OR)2 --+ 

I G=CHR 
RCHgCOOR + ROH + RCN + R-Ki=C 

(1) T. h1ukaiyama and T. Hoshino, J .  Am. Chem. Soc., 

12) T. Mriltaiy~ma arid T .  €lata, Bull. Chsni. Sac. of 

(3) T. ,Ifuliaiyama and 7'. Hata, Bull. Chejti. Soc. o.f 

82, 5339 (1960). 

Japan, 33, 1382 (lwl). 

Japan,  33, 1712 (1960). 

It has been confirmed that the initial formation of 
the adduct (I) is carried out readily in the absence 
of catalysts and it is believed that such catalysts 
as a mixed catalyst of boron trifluoride and mer- 
curic oxide used in the experiment are effective in 
the decomposition of the adduct. 

Since the formation of ai1 isonitrile by the reac- 
tion is considered to be the simplest model of the 
Beckman rearrangement, the dehydration of vari- 
ous aldoximes with methylketene diethylacetal 
has been studied in order to clarify the mechanism 
of this reaction. 

The Beckman rearrangement has been demon- 
strated to occur by the process in which the 
migrating group approaches the migrating ter- 
minus, the nitrogen atom of oximes, from the side 
trans to the leaving group. Aldoximes exist in two 
forms, syn and anti, in which the hydroxyl group is 
respectively cis or trans to the aldehydic hydrogen. 
In order to know the stereochemical course of this 
reaction, the dehydration of syn- and anti-aldoximrs 
with methylketene diethylacetal was tried first. 
Adducts were prepared from syn- and anti-al- 

(4) T. blukaiyama and T. Hata, Bull. Chem. Sot ol 
Jwpnn, 34, 99 (1961). 
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TABLE I 
THE YIELDS, PHYSICAL PROPERTIES AND ANALYSES FOR ADDWCTS O F  ALDOXIMES AKD METHYLKETENE DIETHYLACETAL 

Yield, B.P. Formula Analyses, % 
Aldoxime % M.P. (mm.) ny of Adduct Calcd. Found 

Benz-s yn- 83 

p-TollI-syn- 95 

123(4 8) 1.4890 C I~H~INO~ C, 66 90 C, 66 75 
H, 8.42 H, 8 25 
N, 5.57 N, 5 75 

122-123 (0.55) 1.4825 C16H23NOa C, 67 89 C, 68 29 
H, 8.74 H, 8 6Y 
h;; 5 . 2 8  N; 5.49 

H, 6.80 H, 6.81 
N, 9.45 N, 9.63 

Uenz-anti- 61 117-118 (2) 1.4850 CiaH21~03 C, 66.90 C, 66.89 
H, 8.42 H, 8.33 

p-Tolu-anti- 61 113 (0.4) 1.4865 CI&~T\TO~ C, 67.89 C, 68.18 
H, 8.74 H, 8.71 

p-Sitro-syn- 52 89-90.5 C14HzaT\’zOj C, 56.74 C, 56.78 

Heptm- 74 
K; 5.28 Ii, 5 40 

107-108 (4) 1.4338 C&z&08 C, 64.82 C, 65.06 
H, 11.27 H, 11 37 
N, 5.40 N, 5.69 

doximes and methylketene diethylacetal. The yields, 
physical properties, analyses, and infrared absorp- 
tion bands for these adducts are listed in Tables 
I and 11. The adducts were subjected to decompo- 
sition in the presence of a catalytic amount of boron 
trifluoride and mercuric oxide in dry ether. It 
was observed that adducts of syn-aldoximes de- 
composed into the corresponding isonitriles in 
yields ranging from 50 to 75% (see Table 111). 
On the other hand, adducts of anti-aldoximes 
decomposed to yield only the corresponding 
nitriles under the same conditions but no isoni- 
triles were obtained. Nitriles and isonitriles thus 
obtained were identified by their boiling points and 
the characteristic infrared absorption bands of 
benaonitrile and benzisonitrile a t  4.48 p and 4.72 
p, p-tolunitrile and p-toluisonitrile a t  4.48 p and 
4.71 p,  respectively. 

CH3CH,C(OC,H,), --+ 
I 
0 H 
\ /  

X=C 

CaHaCHz 
\ 

sYn 
CHaCsH&N=C + CzHsCOOC2Hs + CzH60H 

CH3CH&(OC*Hs), + 
CeH4C& 

I 
0 
\ /  

K=C 

antz ‘I3 
CH~C~HIC=I\: + CzHsCOOCzHs + C2H60H 

The formation of nitriles along with isonitriles 
by the decomposition of adducts of syn-aldoximes 
as shown in Table I11 is regarded as resulting from 
the rearrangement of the initially formed isoni- 
triles during distillation. This is confirmed by the 
fact that, whereas only p-toluisonitrile was obtained 
by decomposing an adduct of p-tolualdoxime and 
distilling it a t  a lower temperature, p-tolunitrile 

TABLE I1 
RECURRISQ BANDS IS INFRARED SPECTRA O F  ADDUCTS o r  

ALDOXIMES AND METHYLKETENE DIETHYLACETAL 

8~ 811 911 10 P 
Aldoxime (S)U (MS) (S) (31)~ 

Benz-syn- 8.12 8.69 9.41 9.99 
p-To1 y-s yn- 8.11 8.69 9.40 9 .76  
p-Xitro-s yn- 8.21‘ 8.68O 9.40c Y.!)Sc 
Benz-anti- 8.11 8.70 9.42 C1.8.jd 
P-Tolu-anti- 8.10 8.71  9 .40  T i ! j  
Heptan- 8.10 8.68 9.40 9.78 

a Strong. Medium. ‘ Weak. Broad. 

was obtained in addition if the same decomposi- 
tion products were distilled at  an elevated tem- 
perature. 

Further, it was observed that the decomposition 
of an adduct of an aliphatic aldoxime, heptanal- 
doxime, and methylketene diethylacetal gave 
heptanenitrile alone under the same conditions 
but no isonitrile was obtained. Accordingly, the 
formation of isonitrile by the present type of 
rearrangement seems to be characteristic of aro- 
matic-syn-aldoximes in which trans migration o; 
the phenyl group is involved in the process. The 
adducts of anti-aldoximes undergo decomposition 
by trans elimination of proton to yield nitriles. 

In  general, an aromatic-syn-aldoxime reacts with 
methylketene diethylacetal to form an initial 
adduct, which in turn decomposes to give an 
isonitrile. However, p-anis-syn-aldoxime did not 
react as readily with methylketene diethylacetal 
as the other aromatic aldoximes and, on prolonged 
heating, gave monoethyl di-p-anisaldimino ortho- 
propionate instead of the expected adduct. S o  
dehydrated product was obtained. 
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TABLE I11 
I ' ~ E  L)moiwowrIoN OF ADDUCTS OF syn- ASD U ~ ~ ~ - A L D O X I M E S  AND METHYLKETENE DIETHYLACETAL IN THE Paxs~sc  L 

OF A CATALYTIC AMOUNT OF BORON TRIFLUORIDE AND MERCURIC OXIDE IN DRY ETHER 

Nitrile .- Isonitrile 
Yield, B.P. Yield, B.P. 

Aldoxime 70 M.P. mm. % M.P. ( mm. 1 
Benz-syn- 50 64 ( 2 2 ) u  45 70 ( 9 ) b  
p-Tolu-syn,- 73 20-2 1 62 ( 6)c 23 27-28 52 (4)d 

p-l'olu-anfi- 80 27-28 60 (2) 

p-Kitro-8 yn- 70 119-120 
Bcnz-anti- 60 95-96 (35) 

Heptan- 67 59-60 f 21) 

a The infrared spectrum showed a characteristic absorption peakla a t  4.72 p. The infrared spectrum showed an absorp- 
The infrared spectrum showed an ab- tion peak a t  4.48 p. 

sorption peak a t  4.48 p. 
The infrared spectrum showed an absorption peak at 4.71 p. 

TABLE IV 

VARIOUS ACID CATALYSTS 
T H E  I)ECOMPOSITIOW O F  AN ADDUCT O F  p-TOLU-Sun-ALDOXIME AND METHYLKETEXE DIETHYLACETAL I N  THE PRESENCE O F  

- 

Catalyst 

Reaction Recovered 
Time, Yield, % Adduct, 

Amount Hr. Isonitrile Nitrile- % 
55 
47 
57 
88 

- - Mercuric acetate 0.01 g. 3 
Mercuric chloride 0.01 g. 3 
Mercuric sulfate 0.01 g. 3 
Mercuric oxide 0.02  g. 3 
Titanium tetra- 5 drops 3 

Zinc chloride 0.01 g. 3 Trace I 

Zinc chloride 0.05 g. 14 Trace 60 
Zinc chloride 1.55 g. 3 20 38 

33 Ferric chloride 0.05 g. 3 Trace - 
Aluminum chloride 0.05 g. 3 15 40 
Boron trifluoride 3 drops 1 48 38 
Boron trifluoride 3 drops 3 70 25 

p-Toluenesulfonic 0.05 g. 3 

Hydrogen chloride 5 bubbles 3 15 40 
Hydrogen chloride Saturated - - 40 ,c 

Hydrogen bromide 5 bubbles 3 23 33 
5 7 b  Boric acid 0.01 g. 3 

- -- 
- - 
- - 

- 75 - 
chloride 

53 - 
- 

- 
- 
- 

and mercuric oxide 0.01  g. 

acid 
50a - I 

- 
- 
- - 

A crystalline product, monoethyl dialdoximino orthopropionate, m.p. 11 1.5-1 13' was obtained. Monoethyl dialdox- 
p-Tolualdoxime hydrochloride, m.p. 146-150' dec. was obtained in imino orthopropionate was obtained in 30% yield. 

SOYo yield. 

As shown above, isonitriles mere obtained in 
high yields when the adducts of aromatic-syn- 
aldoximes were decomposed in the presence of a 
catalytic amount of boron trifluoride and mercuric 
oxide. However, only a 30% yield of isonitrile was 
obtained when the adduct of p-tolualdoxime was 
decomposed in the presence of a catalytic amount 
of boron trifluoride and mercuric acetate. I n  addi- 
tion, it  was found that the decomposition of 
the adduct of p-tolu-syn-aldoxime in the presence 
of a catalytic amount of boron trifluoride alone 
gave p-toluisonitrile in 38% yield along with tarry 
products. On the other hand, when the adduct was 
refluxed in the presence of a catalytic amount of 
mercuric oxide in dry ether, no reaction occurred 
and the adduct was recovered quantitatively. 

In  order to examine the possibility of using some 
other catalysts than those utilized in the above 

experiment, the decomposition of the adduct of 
p-tolu-syn-aldoxime in the presence of similar 
Lewis acids, such as aluminum chloride, titanium 
tetrachloride, zinc chloride and ferric chloride, 
and of mercuric salts, such as mercuric acetate and 
mercuric chloride, has been investigated. The 
results are summarized in Table IV. In  view of these 
results, i t  is concluded that a mixed catalyst of 
boron trifluoride and mercuric oxide is the most 
effective for decomposition of the adduct to form 
p-toluisonitrile. 

Besides, it was found that a hygroscopic crystal- 
line product which readily decomposes on heating 
to give isonitrile was obtained when the adduct of 
p-tolu-syn-aldoxime was treated in the presence of a 
catalytic amount of boron trifluoride in dry ether 
at loo for three hours. This crystalline product 
decomposed, when refluxed in the presence of a 
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catalytic amount of boron trifluoride and mercuric 
oxide in dry ether, to give a 60% yield of p-toluiso- 
nitrile, but only a 30% of p-toluisonitrile was ob- 
tained if the same product was refluxed in dry 
ether with boron trifluoride alone as the catalyst. 
It is noteworthy that these results are similar to 
those obtained when the adduct of p-tolu-syn- 
aldoxime and methylketene diethylacetal was de- 
composed under the same conditions as in the 
above mentioned experiments. Accordingly, it  is 
reasonable to consider the compound as an inter- 
mediate in the dehydration reaction. Since this 
was hydrolyzed readily to give oxime, however, 
this compound cannot be analyzed. 

It is now established that the intermediate was 
hydrolyzed to give p-tolu-syn-aldoxime in 80% 
yield along with ethyl propionate, and that i t  
reacted with p-tolualdoxime to  give monoethyl 
dialdoximino orthopropionate in 95% yield. 
[Intermediate] + HzO + 

[Intermediate] + CH3CaH4CH=NOH + 

OCzHs 

CHaCs&CH=NOH + CzHsCOOCzHs 

CzH&( ON=CHCeH&Ha) B 

I 

[Adduct] 

anti 

--f CH~CHCOOC~H,  + R-C=N + H+ 

It may accordingly be said that the intermediate 
is methylketene monoaldoximino monoethylacetal 
(11) which has been formed by eliminating one mole 
of ethanol from the adduct. The course of this 
rearrangement can therefore be shown by the fol- 
lowing scheme. 

The intermediate (11) shown in the above scheme 
is considered to be an unstable enol derivative of 
ethyl propionate, which readily decomposes with 
oxygen-nitrogen bond fission to form stable ethyl 
propionate by the shift of an electron pair. It has 
two pathways of decomposition, namely (a) the 
formation of isonitrile cation by the migration of 
the phenyl group and (b) the formation of nitrile 
by the direct deprotonation of (11), both of which 
take place along with the formation of the stable 
ester. Isonitrile cation produced in the first way 
loses its proton and becomes isonitrile. 

The course of the decomposition through the 
two pathways mentioned above seems to be de- 
termined either by the migratory aptitude of the 
substituents of aldoxiniino groups or by the kind 
of the catalysts used. 

EXPERIMENTAL 

Materials. Methylketene diethylacetal was prepared by 
the method of Walters and McElvain.6 Aldoximes used in 
this experiment were prepared from corresponding aldehydes 
and hydroxylamine hydrochloride.6-11 

Preparation of the addition compound of benz-syn-aldoxime 
and methylketene rlzethylacetal. A solution of 4.7 g. (0.038 
mole) of benz-syn-aldoximeR and 5.0 g. (0.038 mole) of 
methylketene diethylacetal in 20 ml. of dry ether pas  re- 
fluxed for 4 hr., and the solvent was then distilled. The 
residue was further distilled under reduced pressure and 
8.0 g. (837, of theoretical), b.p. 123" (4.8 mm), ny 1.4890, 
of an addition compound was obtained. The infrared 
spectrum of the adduct showed bands similar to those of an 
orthoester12 at 8.12 p, 8.69 p, 9.41 p, and 9.99 p. 

When benz-anti-aldoxime' p-tolu-syn-aldoxime,* p-tolu- 
anti-aldoxime,g and heptanaldoximell !$ere used in the 
place of benz-syn-aldoxime in the above experiment, adducts 
corresponding to each of them were obtained. The jield, 
physical properties, analyses, and infrared absorption bands 
for these adducts are listed in Table I and Table 11. 

When p-nitro-benz-syn-aldoximelO was used in the place 
of benz-sun-aldoxime in the above experiment, a crystalline 
product was obtained after the solvent was distilled. It was 
recrystallized from ligroin and 2.2 g. (52%) m.p. 89-90.5", 
of adduct was obtained. 

When p-anis-syn-aldoxime was used in the place of 
benz-syn-aldoxime in the above experiment, p-anis-syn- 
aldoxime was recovered quantitatively. When a solution of 
2.5 g. (0.016 mole) of p-anis-syn-aldoxime and 1.96 g. 

(5) P. M. Walters and S. M. McElvain, J. Am. Chem. 

(6) E. Beckmann, Ber., 23, 1684 (1890). 
(7)  E. Beckmann, Ber., 23, 1685 (1890); Ann., 365, 202 

(8, 9) A. Hantzsch, Z. Physik. Chem., 13, 510, 523 

(IO) 6 .  Gabriel and AI. Hwzberg, Ber., 16, 2000 (1883). 
(11) E. W. Bousquest, 018. Syntheses, Coll. Vol. 11, 313 

(12) S. hl. McElvain and R. E. Starn, Jr., J .  Am. Chem. 

Xoc., 62, 1482 (1940). 

(1909). 

(1894). 

(1943). 

Xoc., 77, 4571 (1955). 
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(0 016 mole) of methglketene diethylacetal in 20 ml. of dry 
ether p-as refluxed for 15 hr., and treated in the same man- 
ner, 2 2 g. of monoethj 1 di-p-anisaldoximino orthopropio- 
nate, b.p. 122-125" (1 mm.) was obtained. 

Anal. Calcd. for C21H26Xdh: C, 65.27; H. 6.78; N, 7.25. 
Found: C, 67.01; H, 7.07; N, 7.51. 

Decomposztion of the a d d u d s .  A solution of 8.0 g. (0.03 
mole) of the adduct of p-tolu-syn-aldoxime and methylketene 
diethylacetal in 20 ml. of dry ether was refluxed in the 
presence of a mixed catalyst of 2 drops of boron trifluoride 
(40% ether solution) and 0.01 g. of mercuric oxide for 3 hr. 
and the solvent was then distilled. The residue was distilled 
further under reduced pressure, and ethanol, 0 5 g. of ethyl 
propionate, 2.5 g. (73%) of p-toluisonitrile, b.p. 52" (4  mm.), 
and 0.8 g. (23%) of p-tolunitrile, b.p. 79-80' (6  nim.), were 
obtained. The infrared spectra of p-toluisonitrile and p-  
tolunitrile showed the characteristic bands'? at 4.71 p and 
4.48 9, respectively. 

The same reaction mixture, when distilled beloJ+ 100" 
under reduced pressure, J ielded ethanol, ethyl propionate, 
and 1.7 g. (57r0) of p-toluisonitrile, b.p. 42-43' (2  min.). 

\$.hen adducts of bene-syn-aldoxime and p-nitro-benz- 
s yn-aldoxime with methylketene diethylacetal were used in 
the place of the adduct of p-tolu-sun-aldoxime and methyl- 
ketene diethylacetal in the above experiment, corresponding 
isonitriles and nitriles vere obtained. The yields and boiling 
points are listed in Table 111. 

When adducts of bene-aiztz-aldoxime, p-t olu-anlz-aldoxime, 
and hcptanaldoxime qi th  methl lketene diethylacetal were 
used in the place of the adduct of p-tolu-sun-aldoxime arid 
methl ketene diethylacetal in the above experiment, ethanol, 
ethyl propionate, and corresponding nitriles were obtained. 
The yields and boing points are listed in Tahle 111. 

Decomposztzon of the adduct of p-tolu-syn-aldoxznie and 
niethylketene dzethylacdal with the other catalysts. A solution 
of 3 5. (0.011 mole) of the adduct in 3 nil. of dry ether was 
refluxed in the presence of 0.05 g of aluminum chloride for 
3 lir., and the solvent was then distilled. The residue was 
further distilled under reduced pressure and ethanol, 
ethyl propionate, 0.2 g. (15'3) of p-tolunitrile, b.p. 79-80' 
(6  mm.), were obtained, and 1 2 g. (40%) of the adduct was 
recovered. 

When other LQWS acids, such as 5 drops of titanium tetra- 
chloride, 0.01 g. of zinc chloride, or 0.05 g. of ferric chloride, 
protonic acids, such as 5 bubbles of hydrogen chloride, 
hydrogen hromide, 0 01 g .  of boric acids, or 0 05 g. of p-  
toluenesulfonic acid, and mercuric salts, such as 0.01 g 
of mercuric acetate, 0.01 g. of mercuric chloride, or 0.01 g. 
of mercuric sulfate, were used in the place of aluminum chlo- 

(13 j I, Ugi and R. ALeyr, Ber., 93, 239 (1960). 

ride in the above experiment, ethanol, ethyl propionate, 
and the corresponding nitriles were obtained, or the adduct 
was recovered. The yields are summarized in Table IV. 

?&%en one equivalent of zinc chloride (1.55 g.) was used 
in the place of the above catalysts in the above experimente, 
ethanol, ethyl propionate, 0.26 g. (20%) of p-toluisonitrile, 
b.p. 53-54' (4 mm.), and 0.5 g. (38y0) of p-tolunitrile, b.p. 
58-59' (2 mm.), were obtained. 

When a solution of 5 g. (0.019 mole) of the adduct of 
p-tolu-spn-aldoxime and methylketene diethylacetal in 
dry ether was saturated -ivith hydrogen chloride, a t  room 
temperature, 0.8 g. (40%) of p-tolunitrile, b.p. 86' (8 mm.), 
and 2 0 g. (607,) of p-tolualdoxime hydrochloride, 146- 
150" dec , were obtained. 
Isolatzon of the zntermedzate (11). A solution of 5.0 g. (0 019 

mole) of the adduct of p-tolu-syn-aldoxime and methyl- 
ketene diethylacetal in 5 nil. of dry ether was stirred in an 
ice bath in the presence of 1 drop of boron trifluoride (40% 
ether solution) for 3 hr , and the solvent mas then distilled 
under reduced pressure at room temperature to yield 4 5 g. 
of a crystalline product. 

Thermal decomposztaon qf the zntermedzate (11) A crj stale t' 
4.5 g. of the intermediate (11) was heated a t  120" for 5 min 
or 95' for 30 min. and distilled under reduced pressure 
Ethyl propionate 1.0 g. (4575), 0.9 g (41%) of p-toluisoni- 
trile, b.p. 53-54' (4  mm.), IO g. (4070) of p-tolu-sp+ 
aldoxime, b.p. 89-90" (0.4 mm.), n ip .  78', 1.0 g. were ob- 
tained. 

Reactzons of the anfermedzate (TI). A 0.9-g sample of the 
intermediate (11) and 0 3 g. of water weIe mixed and the 
reaction mixture mas left standing a t  room temperature for 
12 hr. A cr>-stalline product w a b  obtained after -miter and  
ethyl propionate were distilled under reduced pressure Khen 
i t  was recrystallized from ligroin, 0.65 g .  (80%) of p-tolu- 
syn-aldoxime, m.p. 78", nas obtained 

Reaction of the zntermedzate (JI) ,  11 zfh p-iolzc-syn-aldox/ me. 
A solution of 4.6 g. (0.019 mcle) of the intermediate (11) 
and 2.5 g. (0019 mole) of p-tolu-sin-aldoxime in 3 1111. of 
dry ether xvas leEt standing at  room temperature for 5 hr. 
A crystalline product n a q  obtained after the solvent was 
distilled under reduced pressure It was recrystallized from 
ligroin, and 6.4 g. (95y0) of monoethyl di-p-tolualdoximino 
orthopropionate, m p. 11 1.5--113°, was obtained. 

Anal. Calcd. for C21H2bN203: C, 71.16; H, 7.30, S, 7 90 
Found: C. 71.00; H, '7.53; S, 7.70. 
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