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The alkaline decomposition of l-acyl-2-arylsulfonylhydrazines to yileld
aldehydes was first described by McFadyen and Stevens (1) and & comprehen-

sive review of the reaction has since been published (2).
R—&NHNH-SOEAI- + OH- ——3> RCHO + ArS0z~ + Np + Hz0

The work of McFadyen and Stevens (1,2) established that the method was ap-
plicable, in varying yields, only to the preparation of aromatic and heter-
ocyclic aldehydes. Recently Sprecher (3) extended this reaction to the ali-
phatic series for compounds having no hydrogen atoms on the carbon atom al-
pha to the carbonyl group, the yields being highly dependent on the reac-
tion time. The reduction of N'-p-toluenesulfonylpivalhydrazide (I) resul-
ted in a 40% yleld of pivalaldehyde when the reaction time was limited to
30 seconds, but only a 12% yield when the contact time was extended to 120
seconds, under the usual McFadyen-Stevens conditions (2,3). Aldehydes
having & "neopentyl-type" structure should be less susceptible to destruc~
tion by secondary processes, than compounds having alpha hydrogens. This
suspicion was confirmed when a survey of the literature showed that in all
the aliphatic cases cited, the expected aldehydes contained an a-hydrogen

and would therefore be subject to self-condensation reactions in the hot
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alkaline medium. In addition, the factor that seems critical in the appli-
cation of the McFadyen-Stevens reactlon to the aliphatic series is the reac-
tion time.

In recent work on the decomposition of simple carbonyl derivatives of p-
toluenesulfonylhydrazide (PTSH) with base (4), we have demonstrated that the
reaction time as well as the nature of the solvent is critical in determin-
ing the nature and numbers of the products (5). We have applied the flash
pyrolytic technique* developed in this study to the McFedyen-Stevens reac-
tion for a number of simple aliphatic aldehydes.

The direct reaction of the aliphatic ‘actd chlori@e with PTSH in ether
solutior containing an excess of pyridine or triethylamine was found to be
superior (ylelds increased by 20-L0%) to the ususl route through the acyl-
hydra.z':lc’le‘, although both gave identical products. N'-p-toluenesulfonylpiv-
alhydrszide (I) (m.p. 158-160°), N'-p-~toluenesulfonyl-i-butyrylhydrazide
(II) (m.p. 130-132°), and N'-p-toluenesulfonyl-n-butyrylhydrazide (III)
(m.p..125~127°) were prepared in 75-85$‘yield,s from the appropriate scyl
balide, and then were decomposed under flash pyrolytic conditions as des-

cribed in Table I.

# Tne PISH derivative is added slovwly to a refluxing suspension or solu-
tion ¢of base and the products are distilled from the reaction mixture as
rapidly as formed. See reference L,
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TABLE I

Decomposition of PTSH® Derivatives of Aliphatic Acid Chlorides

Compound® Mole Ratio Solventd Total Yield Product Distribution®

(RCOTsH) RCOTsH:Base® Yield of A A B C

I 1:1 E.G. 829 Log 60 22 18

I 1:2 E.G. ™% 4% 61 21 18

I 1:2 E.G.{aq.) 81% 50% 62 21 17
II 1:1 E.G. usg 349 TL 17 12
Ir 1:2 E.G. 69% %3% L8 30 22
IT 1:2 E.G.(aq.) T3% 13% 18 Ly 35
III 1:1 E.G. 31% 19% 62 22 16
111 1:1 E.G.(ag.) 38% 22% 57 25 18
III 1:2 E.G. 48% 12% 25 L 31
11T 1:2 E.G.(aq.) T75%  10% 14 50 36

(a) p-Toluenesulfonylhydrazide. (b) Compounds (RCOTsH):I - p-toluene-
sulfonylpivalhydrazide, II - p-toluenesulfonyl-i-outyrylhydrazide, and
III - p-toluenesulfonyl-p-butyrylhydrazide. (c¢) The mono sodium salt
of ethylene glycol (prepared in situ). (d) Solvent: E.G. is ethylene
glycol(anhydrous), and E.G. (aq. ) ethylene glycol: containing an equiva-
lent of water for each equivalent of RCOTsH. (e) The distribution of
products was obtained on an SE-30 preparative column at 150° by v.p.c.
by consecutive analysis. The reaction products were found to be identi-
cal to authentic samples by I.R., N.M.R. and chemical analysis. A is
the aldehyde, B is the alcohol and C is the acid, all materials having
the same carbon skeleton. C was recovered from the alkaline residues
by acidification and extraction.
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It 1s evident from the results in Table I that aliphatic aldehydes,
regardless of the structure at the q~carbon atom, are formed from l-acyl-
2-arylsul.fonylhydrazines under flash pyrolytic conditions in ethylene gly-
col with sodium ethylenegiycolate as base. The reaction also results in a
mixture of the aliphatic alcohol and aliphatic acid having the same carbon
skeleton as the aldehyﬂe**. In additien to the results listed in Table I,
we have demonstrated that in agqueous ethylene glycol, under the normal re-
action conditions, n-butyraldehyde is converted to a 1l:1 mixture (after
correction for extraction losses) of n-butenocl and n-butyric acid. The ex-
traction procedure used to recover the aliphatic acid was tested with sam-
ples of a-butyric acid and pivalic acid in a reaction blank, and only T75-
85% of the acid was recovered from the alkaline reaction medium. The con-
version 2f I, II, and III to a mixture of aldehyde and Cannizzaro products
(6) further demonstrates the effect of reaction time on the pyrolysis of
PTSH derivatives and the general utility of the flash technique in the
preparation of sensitive compounds.

2 RCHO + OH" ——> R-CH20E + R-COx~

It 18 to be noted that the sensitivity of the aldehyde toward reaction
by secordary processes increases with the number of alpha hydrogens present
in the molecule. As the protonicity of the solvent 1s increased (added wa-
ter) the yleld of aldehyde falls off even though the overall yield of pro-
ducts increases. In the presence of excess alkali the yleld of aldehyde al-
so decreases. Extrapolation of our experimental results suggests that the
optimum conditions for the formation of aldehydes from l-acyl-2-arylsulfo-
nylhydrazines consist of the use of one equivalent of base and a relatively

aprotic solvent. Friedman (7) has reported verbally that good yields (TO-

** The Cannizzarc reaction is usually limited to aldehydes having no
alphe hydrogens. Reference 6.
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85%) of aliphatic aldehydes can be obtained by treatment of l-acyl-2-aryl-
sulfonylhydrazines with one equivalent of base in diglyme at 140°, We have
been unable to duplicate these results, under a varlety of reaction condi-
tions.

When the decomposition of IT and III was attempted in diglyme under a-
protic conditions using either sodium methoxide or anhydrous sodium.carbon-
ate as base, the evolution of nitrogen was extremely slow and no detectable
volatile products were formed. When a mixture of III and one equivalent of
sodium carbonate were refluxed for 8 hours, and the solvents and products
were analyzed by v.p.c., a 6% yield of p-butyraldehyde was obtained and
there was less than 1% gp-butanol in the reaction mixture. We are currently
investigating these anamolous results further, and also probing more deeply
i.nto the scope of the unusual Cannizzaro reaction reported here.
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