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A method for effecting the Schmidt transformation of ketones employing polyphosphoric acid as both the solvent and
catalyst is described. Rearrangement products have been obtained in a relatively pure state and in high yield from diaryl,
aryl-alkyl, and symmetrical and unsymmetrical alicyclic ketones, indicating that polyphosphoric acid may be superior to

other reagents as a catalyst in the Schmidt reaction.

Since the original observation by Schmidt! that
certain ketones were converted to the corresponding
amides on treatment with hydrazoic acid in the
presence of acidic dehydrating agents, extensive
studies of the scope, limitations, and mechanism of
this transformation have appeared. Applications of
the Schmidt reaction have been important in both
preparative and theoretical chemistry and many
different conditions have been developed for ef-
fecting the reaction between ketones and hydrazoic
acid. "These matters have been adequately discussed
in an excellent review by Wolfe? and more recently
by Smith? in a rather detailed series of papers.

In the course of an investigation of the abnormal
Beckmann rearrangement of certain disubstituted
ketoximes in polyphosphoric acid,%® it became of
interest, as a correlative study, to investigate the
similarity between the Beckmann and Schmidt
reactions in this medium. As a portion of this study,
it was found necessary to investigate the poly-
phosphoric acid catalysis on the reaction. Only two
examples of Schmidt reactions of ketones in this
medium have been reported. Elston® rearranged
benzophenone to benzanilide in 809, yield at 50°
in polyphosphoric acid. Recently, Arcus, Marks,
and Coombs” reported an unsuccessful attempt to
rearrange fluorenone by a method similar to the
procedure reported here. The latter report, has
prompted the author to report the initial results of
this investigation.

It has now been found that a variety of ketones
on treatment with hydrazoic acid using polyphos-
phoric acid as the solvent and catalyst results in
the isolation of the normal amide or lactam rear-
rangement products in high yield. It is felt that
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(2) H. Wolfe, Org. Reactions, IIT, 307 (1946).
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Soc., 72, 3718 (1950); (c¢) P. A. 8. Smith and B. Ashby, J.
Am. Chem. Soc., 72, 2503 (1950).

(4) R.K.Hilland R. T. Conley, Chem. & Ind. (London),
1314 (1956).

(5) R. T. Conley and F. A. Mikulski, Tetrahedron, 3, 90

. T. Elston, doctoral dissertation, University of
Illinois, 1954.

(7) C. L. Arcus, R. E. Marks, and M. M. Coombs, J.
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this method has certain advantages over previously
reported methods.? Since polyphosphoric acid is
a reasonably good solvent for organic materials,
the use of an organic solvent was eliminated. The
amide or lactam produets of the rearrangement are
not subject to further reactions due to the medium?®
or the catalyst, therefore many of the tarry by-
products which are often obtained using other
methods are reduced.

The method employs a 15 to 20 fold excess of
polyphosphoric acid to ketone. To this mixture,
while agitated, small portions of sodium azide are
added. The mixture is then maintained at a temper-
ature between 25 and 75° until the evolution of
nitrogen ceases. Generally, the products are iso-
lated by standard methods. However, when the
reaction products are soluble in the hydrolysis mix-
ture, extraction methods had to be employed and
the yields were slightly reduced. The ketones re-
arranged in this study are summarized in Table I.
The yields and the experimental conditions for the
rearrangements are those which were found to be
the optimum in this study. Examples of typical
rearrangement procedures are given in the experi-
mental section. The rearrangement products were
identified in all cases with authentic samples pre-
pared by reported procedures. The criteria of iden-
tity were two; no depression in mixed melting point
and identical infrared spectra.

The unsymmetrical alkyl substituted cyclo-
pentanones and cyclohexanones all yielded a single
rearrangement product. It was observed that the
yields obtained from the rearrangement of the sub-
stituted cyclohexanones were higher than those ob-
tained from the rearrangement of the corresponding
cyclopentanones. These results agree favorably with
the studies made by Shechter and Kirk® on these
compounds using other methods and also the anal-
ogous increase in yield observed in the Beckmann
rearrangement of the oximes of these ketones.?
2-Cyanocyclohexanone (I) on rearrangement
yielded two products, 7-Cyano-2-keto-hexamethyl-

(8) H. Shechter and J. Kirk, J. Am. Chem. Soc., 73, 3087
(1951).

(9) (a) J. L. Hildebrand and M. T. Bogert, J. Am. Chem.
Soc., 58, 650 (1936); (b) H. E. Ungnade and A. D. Mec¢Laren,
J. Org. Chem., 10, 29 (1945); (c¢) A. D. McLaren and G.
Pitzl, J. Am. Chem. Soc., 67, 1625 (1945).
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TABLE 1
SUMMARY OF ScHMIDT REACTIONS IN POLYPHOSPHORIC ACID
Yield, MP, Time, Temp.,

Ketone Product, % °C. Hr. °C.
Cyeclopentanone Piperidone 83 38.5-39.59 9.5 55
2-Methyleyclopentanone 6-Methylpiperidone 87 87880 12.5 50
2-Propyleyclopentanone 6-Propylpiperidone 82 91-93¢ 14.0 50
Cyclohexanone 2-Keto-hexamethylenimine &9 64-674 8.5 50
2-Methyleyclohexanone 2-Keto-7-methyl-hexamethylenimine 06 90-91¢ 9.0 50
2-Propyleyclohexanone 2-Keto-7-propyl-hexamethylenimine 95 97-987 8.5 50
2-Cyanocyelohexanone 7-Cyano-2-keto-hexamethylenimine 76 126-1277 10.0 25

7-Carboxamido-2-keto-hexamethylenimine 8 2392417
2-Carbethoxycyclohexanone 7-Carbethoxy-2-keto-hexamethylenimine 75 96.5-98% 12.0 25
Cyecloheptanone 2-Keto-heptamethylenimine 83 96.5-977 9.0 50
1-Hydrindone Dihydrocarbostyril 90 162-163% 10.0 50
1-Tetralone Homodihydrocarbostyril 95 141-142¢ 10.0 50
Acetophenone Acetanilide 98 113-114™ 7.0 50
p-Methoxyacetophenone p-Methoxyacetanilide 98 125-126* 7.5 50
Benzophenone Benzanilide 99 160-162° 8.5 50
p,p'-Dimethoxybenzo- Anisoylanisidine 91 2002037 8.5 50
phenone

Fluorenone Phenanthridone 92 286-288¢ 22.0 70
1-Acetonaphthone 1-Acetanaphthalide 72 158-159" 12.0 55
2-Acetonaphthone 2-Acetanaphthalide 81 132-134° 12.0 55
1-Benzoylnaphthalene 1-Naphthanilide 72 161-163¢ 10.0 50
o-Benzoylhenzoic acid N-Benzoylanthranilic acid 87 178-179% 10.0 50
Benzalacetone N-Methylcinnamamide 58 110-111° 8.0 25
Benzylacetone N-(2-phenylethyl)-acetamide 95 114-115% 7.5 25
Phenylacetone N-Benzylacetamide 50 53-54% 7.5 25

& Ref, 12, m.p. 39-40°. ® Ref. 8, m.p. 87.5-88.0°, Ref. 3a, m.p. 87.2-88.0°. < Ref. 8, m.p. 91.4-02.6°, Ref. 3a, m.p. 91.5~
92.5°, ¢ Ref. 12, m.p. 65-68°, Ref. 23, m.p. 68-70°, ¢ Ref. 8, m.p. 90.5-91.5°, O. Wallach, Ann., 346, 252 (1906) reports
m.p. 90.5-91.5°. / Ref. 8, m.p. 98.6-09.2°, Ref. 9¢, m.p. 100.5-101.5°. ¢ Ref. 8, m.p. 126.6-127.4°. » New compound. * Ref.
8, m.p. 97.2-98.0°. 7 O. Wallach, Ann., 312, 205 (1900) reports m.p. 95-96.5°. * Friedlander and Weinberg, Ber., 15, 1423
(1882) reporz m.p. 163°. ' L. H. Briggs and G. E. De Ath, J. Chem. Soc., 456 (1937) report m.p. 141°, ™ Ref. 12, m.p. 114°,
% Ref. 12, m.p. 127°. ° Ref. 12, m.p. 162-163°. ? Ref. 12, m.p. 202°. ¢ Ref. 25, m.p. 293°. 7 Ref. 3a, m.p. 160°, * C. Liber-
mann and F. Scheiding, 4nn., 183, 267 (1876) report m.p. 132°. * Ref. 3a, m.p. 162-163°. * Ref. 32, m.p. 179°. * L. H.
Briggs, G. C. Ath, and G. E. De Ath, J. Chem. Soc., 61 (1942) report m.p. 111°. ® Ref. 3a, m.p. 114-115°. ¥ Ref. 11, m.p.

51-55°.

enimine (II) and 7-Carboxamido-2-keto-hexa-
methylenimine (III). These products were sepa-
rated by elution chromatography over alumina.
The amido-lactam III product was found to be
formed by the hydration of the eyano group by the
polyphosphoric acid.!® The variation of the products
of the rearrangement of 2-cyanocyclohexanone with
temperature is tabulated in Table II. It was found

TABLE 1II
TyE VARIATION OF THE PRODUCTS OF THE REARRANGEMENT
oF 2-CyANOCYCLOHEXANONE WITH TEMPERATURE

Temp., Yield, Product
°C. % (-hexamethylenimine)
25 76 7-Cyano-2-keto-
8 7-Carboxamido-2-keto-
35 54 7-Cyano-2-keto-
30 7-Carboxamido-2-keto-
45 37 7-Cyano-2-keto-
15 7-Carboxamido-2-keto-
65 0 7-Cyano-2-keto-
83 7-Carboxamido-2-keto-

that the cyano-lactam II could be quantitatively
converted to the amido-lactam IIT by treatment

(10) See H. R. Snyder and C. T. Elston, J. Am. Chem.
Soc., 76, 3039 (1954) for discussion of nitrile hydration in
polyphosphoric acid.
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PPA.  60° ]‘
HN,
PP.A.  656°
Figure 1.

with polyphosphoric acid at 60°. These transforma-
tions are shown in Figure 1. The structure of the
amido-lactam was established by combustion
analysis, Rast determination of the molecular
weight, and by hydrolysis with 309, sulfuric acid to
2-amino-1,7-heptandioic acid.

Fluorenone, which has been observed to give no
rearranged product under conditions similar to
those used in this study,” has been found to rear-
range in good yield using more strenuous conditions.
A qualitative study of the temperature dependence
of this reaction has indicated that the rearrange-
ment proceeds extremely slowly below 50°. These
results can be correlated to those obtained in the
Beckmann rearrangement of fluorenone oxime in
polyphosphoric acid,!' in which it was observed

(i1) E. C. Horning, V. L. Stromberg, and H. A. Lloyd,
J. Am. Chem. Soc., 74, 5153 (1952).
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that the oxime could be recovered unchanged at
120°; however at 180° an almost quantitative yield
of phenanthridone was obtained. The rearrange-
ment of benzalacetone and phenylacetone pro-
ceeded smoothly, however, in low yield. In both
cases, an appreciable quantity of an intractable
black tar was formed. Further work was not at-
tempted in an effort to obtain an increased yield.

The general reaction conditions employed in this
study were found to differ from those previously
reported.? In this medium, in all the rearrange-
ments studied, the reaction proceeds at a very slow
rate. This appears to indicate that the polyphos-
phoric acid does not have as vigorous a catalytic
effect on the reaction as the other reagents usually
employed. This observation is in general agreement
with the role of polyphosphoric acid in the Beck-
mann rearrangement.!? While no detailed descrip-
tion of the mechanism can be advanced as yet,
since it is possible that the catalytic role of the
reagent may be through the formation of a phos-
phate ester type intermediate, similar to the inter-
mediate proposed for the Beckmann rearrange-
ment,!? the general mechanism appears to follow
the mechanism proposed for the general acid
catalysis of the Schmidt reaction, involving the
formation of a hydroxycarbonium ion!? (in this
case, a phosphate ester carbonium ion), followed
by the addition of hydrogen azide and subsequent
elimination of water (phosphate elimination), fol-
lowed by electrophilic attack on the nitrogen
through a Beckmann type intermediate,® which is
the major factor governing the course of the rear-
rangement. This mechanism has been supported in
this study as in those previously carried out by the
rearrangement of diaryl, alkyl-aryl, and unsym-
metricai cycloalkanones? It has been shown that
the amide and lactam products are stable in poly-
phosphoric acid; therefore, the absence of hy-
drolysis and dehydrated species in the reaction
products was not unexpected. While exceptions
may possibly be found to the generality of the
method reported here, our results indicate that
polyphosphoric acid may be the reagent of choice
for effecting this transformation.

Other special cases of the Schmidt reaction of
ketones are currently under investigation and while
these studies are not complete, it has been ob-
served that certain 2,2 disubstituted ketones un-
dergo abnormal rearrangements similar to those
observed in the Beckmann rearrangements of their
respective oximes in this medium. It is hoped to
report the results of these and the Schmidt re-
actions of acids in this medium in the near future.

(12) E. C. Horning and V. L. Stromberg, J. Am. Chem.
Soc., 74, 2680 (1952).

(13) M. 8. Newman and H. Gildenhorn, J. Am. Chem.
Soc., 70, 317 (1948).

(14) See R. K. Hill, J. Org. Chem., 22, 830 (1957) for
possible exceptions to this observation.
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All melting points are corrected. The infrared spectra used
for comparison were determined using a Baird, model 2-B,
double beam, recording spectrophotometer. Reactants: 2-
Methyleyelopentanone, ! 2-propyleyelopentanone, s 2-meth-
vleyclohexanone,?” 2-propylcyclohexanone,®18 2-cyanocyclo-
hexanone,’® 2-carbethoxycyclohexanone,® 1-hydrindone,?!
and 1-tetralone?! were prepared by reported procedures.
Benzylacetone was prepared from benzalacetone by reduc-
tion with Raney nickel according to the procedure outlined
by Cornubert.?? All other reactants were obtained from com-
mercial sources and purified by distillation or recrvstalliza-
tion where necessary.

2-Keto-hexamethylenimine from cyclohexanone. To a mix-
ture of 9.81 g. (0.1 mole) of cyclohexanone in 190 g. of polv-
phosphoric acid, 6.80 g. (0.105 mole) of sodium azide was
added in small portions over 1 hr. with slow agitation. The
temperature was slowly increased to 50° on a water bath.
The reaction temperature was maintained at the specified
temperature for 85 hr. and then poured into 1000 g. of
crushed ice and water. The solution was alkalized with cold
509, sodium hydroxide and the resulting solution extracted
5 times with 200-ml. portions of chloroform. The chloroform
extracts were combined, dried over anhydrous magnesium
sulfate, filtered, and evaporated to yield a mass of crystals,
2-keto-hexamethylenimine; wt. 10.1 g. (899). Recrystal-
lization from benzene-petroleum ether produced a colorless
product, m.p. 64-67° (lit., 65-68°,12 68-70°23),

7-Cyano-2-keto-hexamethylenimine from 2-cyanocyclohex-
anone. To a mixture of 12.30 g. (0.1 mole) of 2-cvanocyclo-
hexanone in 196 g. of polyphosphoric acid, 6.80 g. (0.105
mole) of sodium azide was added in small portions over 1
hr, with slow agitation. After stirring for 10 hr. at room
temperature, the mixture was hydrolyzed in 1000 g. of
crushed ice and water. The aqueous solution was neutralized
in the cold with dilute sodium hydroxide and extracted 3
times with 300-ml. portions of chloroform. The chloroform
extracts were combined, dried over anhydrous sodium sul-
fate, filtered, and evaporated. The light yellow residue was
dissolved in a minimum amount of chloroform and chro-
matographed over an ether packed alumina column. The
first cut, 7-cyanc-2-keto-hexamethylenimine was obtained
by elution with ether; wt. 10.4 g. (769%) m.p. 126-127°
(lit., 126.6~127.4°8). A second product was obtained from
the elution of the column with a 1:1 mixture of chloroform
and ether and identified as 7-carboxamido-2-keto-hexa-
methylenimine; wt. 1.24 g. (89;) m.p. 239-241°.

Anal. Caled. for C;H;;N,0,: C, 54.18; H, 7.15; N, 18.06;
mol. wt., 155. Found: C, 54.10; H, 7.14; N, 18.11; mol. wt.
(Rast), 151.

2-Amino-1,7-heptanedioic acid from 7-carboxamido-2-keto-
hexamethylenimine. The structure of 7-carboxamido-2-keto-
hexamethylenimine was established by hydrolysis to 2-
amino-1,7-heptanedioic acid, 7-Carboxamido-2-keto-hexa-
methylenimine (1.5 g.) was refluxed with 30% sulfuric acid

(15) F. H. Case and E, E. Reid, J. Am. Chem. Soc., 50,
3064 (1928); Van Rysselberge, Bull. sci. acad. roy. Belg.
(5), 11, 171 (1921) (Chem. Abstr., 21, 375 (1927)).

(16) G. Chuirdoglu, Bull. soc. chim. Belg., 43, 35 (1934).

(17) M. 8. Newman and H. M. Walborsky, J. Am. Chem.
Soc., 72, 4296 (1950).

(18) R. Cornubert and A. Maurel, Bull. soc. chim., (4),
40, 1498, 1506 (1931).

(19) M. 8. Newman, M. D. Farbmann, and H. Hypsher,
Org. Synthesis, 25, 22 (1945); R. E. Mever, Helv. Chim.
Acta., 16, 1291 (1933).

(20) H. R. Snyder, L. A. Brooks, and 8. H. Shapiro,
Org. Synthesis, Coll. Vol. II, 531 (1943).

(21) H. R. Snyder and F. X. Weber, J. 4m. Chem. Soc.,
72, 2965 (1950).

(22) R. Cornubert, Bull. chim. soc. France, 522 (1954).

(23) O. Wallach, Ann., 312, 187 (1900).
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(25 ml.) for 8 hr. The solution was diluted with water and
almost neutralized with hot, saturated barium hydroxide
solution. The mixture was centrifuged and the decantate
evaporated to dryness under vacuumn to yield white erystals
of 2-amino-1,7-heptanedioic aeid; wt. 0.72 g., (41%) m.p.
221-2923° (lit., 225°%4),

7-Carboxamido-2-ketohexamethylenimine from 7?-cyano-2-
ketohexamethylenimine, Two grams of 7-cyano-2-keto-
hexamethylenimine was added to 25 g. of polyphosphoric
acid at 65°, After 8 hr., the mixture was hydrolyzed and
extracted as described above to yield 7-carboxamido-2-keto-
hexamethylenimine; wt. 2.05 g. (91%) m.p. 239-241°, On
mixing with the product obtained from the Schmidt re-
action, no depression of the melting point was observed;
m.p. 239-241°,

?-Carboxamido-2-ketohexamethylenimine from 2-cyanocyclo-
hexanone. To a mixture of 12.30 g. (0.1 mole) of 2-cyano-
cyclohexanone in 192 g. of polyphosphoric acid, 6.80 g.
(0.105 mole) of sodium azide was added in small portions
over 1 hr. with slow agitation. The mixture was slowly
heated at 65° and the temperature maintained at the speci~
fied temperature for 8 hr. The reaction mixture was hydro-
lyzed and the products isolated in the usual manner to yield
12.87 g. (83%) of T7-carboxamido-2-keto-hexamethylen-
imine; m.p. 238-241°. No trace of the nitrile was detected
in the infrared spectrum of the crude produet.

Acetanilide from acetophenone. To a mixture of 12.10 g.

(24) W. Dieckmann, Ber., 38, 1654 (1905).
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(0.1 mole) of acetophenone in 225 g. of polyphosphoric acid,
6.80 g. (0.105 mole) of sodium azide was added in small

_portions over 1 hr. with slow agitation. After stirring at 50°

for 7 hr. the mixture was poured over 500 ml. of crushed ice
and water. The product was filtered from the solution to
yield 13.35 g. (98%) of acetanilide after air drying. The
acetanilide was once recrystallized from water; m.p. 113-
114° (lit., m.p. 114°12),

Phenanthridone from fluorenone. To a mixture of 18.10 g.
(0.1 mole) of fluorenone in 350 g. of polyphosphoric acid,
6.80 g. (0.105 mole) of sodium azide was added in small
portions over 1 hr. with slow agitation. The temperature was
cautiously raised to 70° and maintained at that temperature
for 22 hr. with constant stirring. The product was collected
on hydrolysis by filtration to yield 17.94 g. (92%) of phe-
nanthridone; m.p. 286-288° (lit., m.p. 203°%).

Acknowledgments. The author wishes to express
his gratitude to the Research Corp. for a Frederick
Gardner Cottrell grant in support of this study and
to Dr. Richard K. Hill of Princeton University for
his suggestions during the course of this investiga-
tion.

Burraro 8 N. Y.
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Derivatives of Piperazine. XXX. Reactions of 1-Arylpiperazines with Epoxides
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The search for new pharmaceuticals led to the
synthesis of 25 new compounds resulting from the
reactions of various l-arylpiperazines with sub-
stituted 1,2-epoxides.

Seven of the 1-arylpiperazines used in these syn-
theses were prepared by the method of Pollard, et
al.t? The method of Prelog, et al.>~5 proved more
satisfactory for the preparation of the alkoxypipera-
zines. The hydrobromide of 1-{2-methoxyphenyl)-
piperazine was reported by Prelog, Driza, and
Hanousek.? The free amines, 1-(2-methoxyphenyl)-
piperazine and 1-(2-ethoxyphenyl)piperazine were
prepared in this laboratory by the Prelog method.
The acetic acid salts of these amines were prepared
for analyses and subsequent identification.

The reactions of ammonia and amines with 1,2-
epoxides to form amino alcohols have been thor-

(1) C. B. Pollard and L. G. MacDowell, J. Am. Chem.
Soc., 56, 2199 (1934).

(2) C. B. Pollard and T. H. Wicker, Jr., J. Am. Chem.
Soc., 76, 1853 (1954),

(3) V. Prelog, G. J. Driza, and V. Hanousek, Collection
Czechoslov. Chem. Communs., 3, 578 (1931).

(4) V. Prelog and G. J. Driza, Collection Czechoslov.
Chem, Communes., 5, 497 (1933).

(5) V. Prelog and Z. Blazek, Collection Czechoslov, Chem.
Communs., 6, 211 (1934).

oughly investigated by Goldfarb,® Horne and
Shriner,” and Wurtz.! Krassousky® investigated
these reactions with unsymmetrical epoxides and
obtained secondary amino alcohols. Castro and
Noller® established that arylamines reacted with
epoxides to produce secondary amino alcohols. The
experimental work of Boyd and Knowlton,!
Boyd, 2 and Stephens'? also confirmed the secondary
aleohol formation from these reactions. Kitchen and
Pollard'* showed that piperazine reacts with
epoxides to produce mono as well as disubstituted
piperazines, both being secondary amino alcohols.
In view of the previous work establishing the for-

(6) A. R. Goldfarb, J. Am. Chem. Soc., 63, 2280 (1941).

(7) W.R. Horne and R. L. Shriner, J. Am. Chem. Soc., 54,
2025 (1932).

(8) A. Wurtz, Ann., 114, 51 (1860).

(9) K. Krassousky, Compt. rend., 146, 236 (1908).

(10) A.J. Castro and C. R. Noller, J. Am. Chem. Soc., 68,
203 (1946).

(11) D. R. Boyd and H. 8. Knowlton, J. Chem. Soc.,
1803 (1909).

(12) D. R. Boyd, J. Chem. Soc., 1791 (1910).

(13) D. W. Stephens, Chem. & Ind. (London), 51, 375
(1932).

(14) L. J. Kitchen and C. B. Pollard, J. Org. Chem., 8,
338(1943).



