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The Beckmann rearrangement of 2,2-diniethylcyclopentanone, cyclohexanone, and cycloheptanone oximes has been ex- 
amined. With either phosphorus pentachloride or thionyl chloride these oximes were cleaved to unsaturated nitriles. 
Only in the rearrangement of 2,2-dimethylcyclohexanone oxime on treatment with benxenesulfonyl chloride or thionyl 
chloride was the lactarn expected from normal rearrangement obtained. With polyphosphoric acid, the oximes rearranged 
to a$-unsaturated ketones; 2,2-dimethylcyclopentanone oxime gave 3-methy1-2-cyclohexenone, 2,2-dimethylcyclohexanone 
oxime gave a mixture of 2-isopropyl-2-cyclopentenone and 24sopropylidene cyclopentanone, and 2,2-dimethylcyclohepta- 
none oxime yielded a mixture of 2-isopropyl-2-cyclohexenone and 2-isopropylidene cyclohexanone. In  the last case the 
product of polyphosphoric acid rearrangement was the saturated amide, 7-niethyloctanamide. The unsaturated nitriles 
were shown to cyclize under conditions similar to those use in the polyphosphoric acid oxime rearrangements to the a,&- 
unsaturated ketones. 

I n  several previous reports, the rearrangements 
of a series of ~piroketoximes~ and 2,2-diphenyl- 
cycloalkanone oximes4 have been described. Poly- 
phosphoric acid rearrangements of these oximes 
resulted in t'he formation of products usually not 
encountered in Beckmann rearrangements, For 
example, heating the oxime of spiro [4.5]decanone-l 
at 125' for ten minutes did not yield the subst'itut'ed 
lactam nor did this reaction result in the formation 
of the unsaturat,ed nitrile from oxime fragmenta- 
tioil. Rather Ag-octalone-l, an a,p-unsaturated 
ketone, was formed in high yield. L41ternat,ely, the 
at'tempted rearrangement of the oxime using phos- 
phorus pentachloride cleaved t'he oxime to  4-(1'- 
cyclohexeny1)butyronitrile. Heating the unsatu- 
rat,ed nitrile under the conditions utilized in the 
rearrangement in polyphosphoric acid resulted in 
the formation of the a,p-unsat,urated ketone. Ex- 
tensions of rearrangements of this type have been 
report,ed in which the spiro-substituted alicyclic 
ring has been replaced by gem-diphenyl groups. 
In  this latter s t ~ d y , ~  the size of t'he cycloalkyl ring 
was shown to  affect markedly the products of the 
oxime rearrangements. 

In  view of these results, it  was of interest to ex- 
t>end furt'her the study of abnormal rearrangements 
under a variet'y of catalytic conditions using simple 
2.2-dialkyl-sulistituted cycloalkanone oximes. It' 
was ant,icipatcd that. additional information con- 
cerning the effect' of Jraried subst'ituents and varied 
ring size would assist in the elucidation of t'he scope 
and limit'ations of these unusual rearrangements. 

(1) This work n a s  suyyurted by a Frederick Gardner Cottrell 
grant froill the Research Chryuration a id  grants 9B-2239 and B-3628 
from the Department of Health, Education, and Welfare. Public 
Health Service. 

(2) This a o r k  was presented in part  a t  the 136th National American 
Chemical Society Meeting, Atlantic City, New Jersey, 1959. 

(3) (a) R. K. Hill and  R. T. Conley, Chem. Ind. (London), 1314 
( 1 9 5 6 ) :  (h )  R. K. Hill and  R .  T. Conley, . I .  4m. Chem. Soc., 81, 64.5 
~ I N O ) ;  (c) R. T. Cunlt-y and AI. C. .innis, .I. Ow. Ciiem., 27, 1961 
(1962). 
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The study reported here was undertaken to ex- 
amine specifically the rearrangement characteristics 
of 2,2-dimethylcyclopentanone1 2,Z-dimethylcyclo- 
hexanone, and 2,2-dimethylcycloheptanone oximes 
under a variety of rearrangement conditions. 

The syntheses of the ketones followed previously 
reported All of the ketones were oxi- 
mated in high yield using pyridine-ethanol mix- 
tures, and only one pure oxime was formed from 
each ketone. The configuration with the hydroxyl 
trans to the gem-dimethyl group was anticipated 
for each on steric grounds and is substantiated 
by the products of the rearrangement. 

Rearrangement of the Oximes.-The rearrange- 
ment of 2,2-dimethylcyclohexanone oxime was 
&died most extensively. On treatment of this 
oxime with phosphorus pentachloride an almost 
quantitative yield of 6-methyl-5-heptenonitrile was 
obtained. The cyano group mas distinguished by 
its infrared absorption and the compound was 
identified by hydrolysis to the unsaturated acid 
followed by reduction to  the saturated acid and 
conversion of the acid to the known 6-methyl- 
heptanamide. The position of the double bond 
was determined by ozonolysis to give as one of the 
products acetone, identified by comparison of its 
dinitrophenylhydrazone with an authentic sample. 
U4ng thionyl chloride considerable tarring of the 
reaction mixture occurred. Rp chromatograph\- 
over alumina, the lactam, 2-ket0-7,7-dimethyl- 
hexamethyleneimine mas obtained. The unsatu- 
rated nitrile although present was not isolated 
from the remaining viscous black resin. Ai more 
suitable catalyst for the preparation of the lactam, 
although still contaminated with an appreciable 
amount of the unsaturated nitrile, was found when 

(a) R. T. Conley. Rec. trau. chim., 81, 198 (1962). 
(6) 11. J .  Cram and 1%. Steinberg, J .  .4m. Ciiem. Sw., 76, 277.,;1 

(1954). 
17) P. TI. Rart le t t  and .\, B a v l ~ y ,  i h i d . ,  60, 2416 (lM38). 
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benxenesulf onyl chloride and sodium hydroxide 
were employed to  effect the rearrangement. 6- 
Methyl-5-heptenonitrile was isolated from the 
crude yellow reaction product in 27% yield while 
the lactam could be obtained in 54% yield by 
chromatographic techniques. 

Since the lactam could be obtained effectively 
from both thionyl chloride and benzenesulfonyl 
chloride treatment of the oxime, it was anticipated 
that this product would also be found among the 
products of polyphosphoric acid rearrangement of 
the oxime. However, rearrangement with poly- 
phosphoric acid resulted in the formation in high 
yield of two a,@-unsaturated ketones, 2-isopropyl- 
2-cyclopentenone and 2-isopropylidenecyclopen- 
tanone. These ketones were characterized by their 
infrared spectra, ultraviolet spectra, and the forma- 
tion of 2,4-dinitrophenylhydrazone derivatives, 
identical in all respects with authentic samples. 

The oxime of 2,2-dimethylcyclopentanone be- 
haved in an analogous manner. Phosphorus penta- 
chloride transformed the oxime almost quantita- 
tively to 5-methyl-4-hexenonitrile. The identity 
of the nitrile was established by ozonolysis to ace- 
tone. The carbon skeleton of the nitrile was es- 
tablished by hydrolysis to  the corresponding acid 
which took up one mole of hydrogen on catalytic 
hydrogenation with Adams’ catalyst to  yield 5- 
methylhexanoic acid, identified by conversion to 
the known 5-methylhexanamide. Polyphosphoric 
acid rearranged the oxime in low yield to  3-methyl- 
2-cyclohexenone. No other products could be iso- 
lated from the reaction product mixture by column 
chromatography. The ketone was identified by 
its characteristic infrared spectrum, ultraviolet 
spectrum, and scarlet 2,4-dinitrophenylhydrazoiie 
whose identity mas confirmed by mixed melting 
point with a synthetic sample. 

Similarly, the rearrangement of 2,2-dimethyl- 
cycloheptanone oxime using thioiiyl chloride pro- 
duced a high yield of 7-methyl-6-octenonitrile 
which was characterized by conversion to  the 
known unsaturated amide. The structure mas 
confirmed, as well, by ozonolysis and reduction to 
the knon-n saturated amide. Polyphosphoric acid 
rearrangement of the oxime resulted in the forma- 
tion in low yield of two kctones xyhich were homo- 
logous to  those obtained from the rearrangement 
of 2,2-dimethylcyclohexanone oxime, namely, 2- 
isopropyl-2-cyclohexenone and 2-isopropylidene 
cyclohexanone. These ketones were characterized 
1)y their typical infrared and ultraviolet spectra 
and previously described 2,4-dinitropheiiylhydra- 
zone derivatives. In  contrast, however, the major 
product of the rearrangement was found to be 
7-methyloctanamide. The identity of the amide 
was established by mixed melting point determina- 
tions with both the unsaturated amide, obtained 
from the thionyl chloride oxime cleavage product, 
and its reduct>ion product. The former depressed on 
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Figure 1 

melting the mixture while the latter showed no de- 
pression. 

A reasonable mechanism for these reactions is 
illustrated for 2,2-dimethylcyclohexanone oxime in 
Fig. 1. As in all Reckmann rearrangements, the 
reaction is initiated by protonation or esterifica- 
tion of the oxime hydroxyl. Dissociation of the 
X-0 bond to form the azacyclopropeiie inter- 
mediate or transition state followed by collapse of 
this transition state in the normal rearrangement 
would be expected to yield the lactam. Compet- 
ing with this process, the stabilization imparted to 
a positive charge located on the a-carbon might be 
expected to promote dissociation of the inter- 
mediate to the nitrile and carbonium ion fragments. 
Loss of a proton from this ion forms the unsaturated 
nitrile. 

Since the rearrangement products formed are 
markedly dependent upon the environment, this 
mechanism seems most suitable since the processes 
described by nhich the nitrile and lactam are 
produced would be expected to be sensitive to  the 
environmental effects imparted to the system by 
both the catalyst and solvent systems. In  con- 
trast to  the two primary products of oxime rear- 
rangement, under appropriate conditions it might 
be expected that the unsaturated nitrile might 
react further. In  earlier studies the hydration of 
the cleaved fragment wa5 describedx; however, 
the relationship of the nitrile with the double bond 
if suitable could result in cyclization to an initial 
a,p-unsaturated imine.4 On hydrolysis, the for- 
mation of the ketone mm.ld be cxpected. In  fur-  
ther confirmation of the correctness of initial un- 
saturated nitrile formation, the unsaturated nitriles 
obtained from the thionyl chloride or phosphorus 
pentachloride rearrangements were cyclized in 
hot polyphosphoric acid (rearrangement conditions) 
t o  produce the a,p-unsaturated ketones. The 

( 8 )  (a) R T Conky and F. A AIikolski, T e f r a k e d i o n ,  3, YO (1038), 
(h) R T Conley and F. A Mikulski, I .  Org Chem , 24,  97 (1959). 
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possibility of initial hydration to the amide has 
been excluded previo~sly.~ This is even more 
reasonable if examples repopted earlier334 are 
considered together with the present results. Ex- 
amples of four-membered ring formation are notice- 
ably absent in these studies.’O Further, those 
reactions resulting in seven-membered ring forma- 
tion usually give minor amounts of a,p-unsaturated 
ketones3b or none at  Therefore, it is con- 
sistent to  propose the rather ready cyclizations of 
the unsaturated nitriles as an independent, me- 
dium-induced process which stems from the oxime 
cleavage product. 

These studies also cast some doubt on the validity 
of the accepted classification of normal and ab- 
normal Beckmann rearrangement” or analogous 
classifications.lZ Since the cleavage process is 
apparently dependent upon the structural charac- 
teristics of the oximino compound involved and the 
catalyst-solvent system as they affect the stability 
and direction of collapse of the transition state, it  
would seem far more realistic to  incorporate these 
ideas into a single mechanistic description of the 
reaction which includes such oxime behavior as ob- 
served in the Seber reactionl3!l4 and the Wolff 
aromatizationls of oximes. 

(9) R. K. Hill, J .  Org.  Chem., 22, 830 (1957). 
(10) I t  should be noted tha t  the  ketones isolated from unsaturated 

nitrile cyclization are the same as those obtained from the  correspond- 
ing unsaturated acid cyciizations b y  polyphosphoric acid. See ref. 
18b. Similar results have also been observed in correlative studies of 
the  Schmidt reaction; see R. T. Conley a n d  B. E. Nowak, ibid., 
26, 692 (1961). 

(11) A. H. Blatt. Chem. Rev., 12, 215 (1933). 
(12) (a) A. F. Ferris, J .  Ow. Chem., 24, 580 (1959); (b) L. G. 

Donaruma and  TV. Z. Keldt, Ory. Reactions, 11, 1 (1960). 

It should also be noted that in each case where 
the unsaturated nitrile cyclizations in polyphos- 
phoric acid are not particularly favorable-for 
example, in those cases where double bond migra- 
tion to an ezo position to  a six-membered ring or to  
a less stable chain position is required prior to 
cyclization-an unusual product for Beckmann re- 
arrangements has been observed repeatedly. I n  
these cases, a saturated amide has been isolated as 
the major reaction product. I n  this study, this 
amide was the major react)ion product from the 
polyphosphoric acid-catalyzed rearrangement of 
2,2-dimethylcycloheptanone oxime. Isolation of 
an amide under these conditions is not surprising; 
however, the amide should have been unsaturated. 
The manner by which this product arises is pres- 
ently under study. 

Experimental 
All melting points were taken using the capillary method 

and are uncorrected. The infrared spectra used for compari- 
son were recorded using a Baird, Model AB-2, or a Reckman 
IR-4 recording spectrophotometer with sodium chloride 
optics. The ultraviolet spectra were obtained using a Beck- 
man DK-2.4 recording spectrophotometer. All ultraviolet 
spectra were determined on samples in ethanol solution. All 
vapor phase chromatographic data were collected using a 
Perkin-Elmer, Model 154-C, Vapor Fractometer equipped 
with a Perkin-Elmer R-column (Ucon polyglycol LB-550-X). 

Reactants .-2,2-dimethylcyclopentanone was prepared by 
the pinacol rearrangement of 1-( 1’-hydroxycpclobuty1)di- 
methylcarbinol.6 Additional quantities were obtsined by the 
oxidation of 2,2-dimethylcyclohexanone t o  2,2-dimethyl- 
adipic acid using nitric acid followed by barium oxide cpcli- 
zation to the ketone6 and hy  the pinacol rearrangement of 
cis - 1,2 - dihydroxy - 1,2 - dimethylcyclopenta~ie.~ 2,2 - Di - 
methylcyclohexanone was obtained by the pinacol rearrange- 
ment of 1-(1’-hydroxycyclopenty1)dimethylcarbinol.~6 In 
similar fashion 2,2-dimethyIcycloheptanone was isolated 
from the acid catalyzed rearrangement of 14 1’-hydroxy- 
cpclohexy1)dimethglcarbinol .I7 All oximes were prepared 
by the method dewibed by Cram.6 

Beckmann Rearrangements. I. 2,ZDirnethylcyclopent- 
anone Oxime. (a)  With Phosphorus Pentachloride.-To a 
mixture of 2 .2  g. of phosphorus pentachloride and 32 ml. of 
anhydrous ether, 1 .OO g. (0.0076 mole) of 2,2-dimethylcyclo- 
pentanone oxime was added in small portions over a 15- 
min. period. During the addition the reaction vessel was 
cooled in an ice bath. After the addition of the oxime, the 
ice was allowed to melt and the mixture slowly warmed to  
room temperature. After 24 hr., the ether was evaporated 
and 50 ml. of water added to the residual oil. The aqueous 
solution was extracted five times with 25-ml. portions of 
ether. The ether extracts were combined, dried over an- 
hydrous magnesium sulfate, filtered, and evaporated to 
yield 0.80 g. (94%) of light yellow 5-methyl-+hexenonitrile. 
The infrared spectrum of the oil indicated the characteristic 

(13) For examples see: (a) P. IT. Neber and A. V. Friedholshein. 
Ann., 449, 109 (1926); (b) P. W. Neber and A. Uber, %bad., 467, 52 
(1928); ( 0 )  P. W. Neber and A. Burgard, i b d . ,  493, 281 (1932). 

(14) For a dlsclission of the mechanism see: D. J. Cram and AI. J. 
Hatch, J .  Am. Chem. Soc., 75, 33, 38 (1953). 

(15) For examplps see: (a) F. W. Semmler, Ber., 26, 3352 (1892); 
(b) L. Wolff, Ann., 322, 331 (1902); ( 0 )  G. Schroeter, Ber., 63, 1308 
(1930); (d) A. Hardy, E. R. R-ard, and  L. A. Day, J. Chem. Soc., 1979 
(1956); (e) H. E. Zaugg, 11. Freifelder, and B. W. Horrom, J .  Org. 
Chem., 15, 1197 (1950); M. V. Blatt, Ezrerenfia, 13, 70 (1957). 

(16) R. Kuhn and A. Winterstein, Ber., 67, 354 (1934). 
(17) 11. hIeernein and  J. Schafer, J .  p r a k t .  Chem., 104, 289 (1922) 



SEPTEMBER, 19G2 BECKMANS R E A R R A K G E M E S T S  IK ALICYCLIC SYSTEMS. 111 3199 

nitrile absorption a t  4.45 p .  The nitrile was purified by 
chromatography over nn alumina column in ether. Frac- 
tions 3-12 were combined and evaporated to  give 0.68 g. 
(80%) of pure 5-methyl-4-hexenonitrile, b.p. 89-91°/8 mm. 

Anal. Calcd. for CiHllS: C, 77.63; H, 9.89; N, 12.49. 
Found: C, 77.60; H, 9.87; N, 12.59. 

Hydrolysis of 5-Methyl-4-hexenonitrile.-A mixture of 
0.30 g. of 5-methyl-4-hexenonitrile, I g. of potassium 
hydroxide, 5 ml. of water, and 5 ml. of 95yo ethanol was 
heated a t  reflux for 16 hr. The ethanol was evaporated an 
DUCUO and an equal volume of water added to  the residual 
solution. The mixture was extracted once with 10 ml. of 
ether to  remove unchanged nitrile. The aqueous solution 
was cooled and acidified with cold 10% hydrochloric acid. 
The mixture was extracted five times with 10-ml. portions of 
ether. The ether extracts were dried over anhydrous mag- 
nesium sulfate, filtered, and evaporated to yield 0.24 g. of a 
crude yellow oil. The oil was transferred to a single bulb 
micro still and a few drops of 5-methyl-4-hexenoic acid dis- 
tilled for combustion analysis a t  98-100°/5 mm., n z o ~  
1.4462 (lit.lSa b.p. 9Y-99'/5 mm., %*OD 1.4470). 

-4naZ. Calcd. for CTH1202: C, 66.38; H ,  9.22. Found: 
C, 66.22; $1, 9.22. 

Ozonolysis of 5-Methyl-4-hexenoic Acid.-A solution of 
0.08 g. of 5-methyl-4-hexenoic acid in 15 ml. of glacial acetic 
acid was ozonized with a stream of oxygen containing 47" 
ozone. TVater (10 ml.) was added and oxygen bubbled 
through the solution for 10 min. The solution was made 
alkaline with dilute sodium hydroxide and extracted three 
times with 10-ml. portions of ether. The ether extracts 
were dried over anhydrous sodium sulfate, filtered, con- 
centrated, and treated with 2,4-dinitrophenylhydrazine 
reagent, yielding acetone 2,4-dinitrophenylhydrazone, m.p. 
124.5-126", undepressed by mixing with an authentic 
sample. 

Reduction of 5-Methyl-4-hexenoic Acid.-A mixture of 
0.08 g. of 5-methyl-4-hexenoic acid, 0.010 g. of platinum 
oxide (Adams' catalyst), and 20 ml. absolute ethanol was 
hydrogenated a t  60 p.5.i.g. for 5 hr. The apparatus was 
vented and the solution filtered and evaporated. The 
crude acid was taken up in 40 ml. of benzene. The volume 
was reduced to  20 ml. by distillation to be sure the ben-ene 
solution was dry. Oxalyl chloride (0.1 ml.) was added and 
the mixture refluxed for 1 hr. on a steam bath. On cooling, 
the benzene was evaporated in vacuo. The residue was dis- 
solved in anhydrous benzene, cooled, and treated with an- 
hydrous ammonia. After 20 min., the benzene solution was 
evaporated to dryness and the light brown solid residue re- 
crystallized from ethyl acetate-petroleum ether to  give 0.04 
p. of 5-methylhexanamide, m.p. 104-104.5" (lit.Ig 103.5- 
104"). 

(b)  Using Polyphosphoric Acid.-A mixture of 2.00 g. 
(0.015 mole) of 2,2-dimethylcyclopentanone oxime and 27 g. 
of polyphosphoric acid was heated with manual stirring a t  
125-130'. After 12 min., the contents of the reaction vessel 
were hydrolyzed over crushed ice. The aqueous mixture 
was made alkaline with 10% sodium hydroxide. The odor 
of ammonia was detectable above the alkaline solution. The 
mixture was extracted four times with 50-ml. portions of 
ether. The ether extracts were combined, dried over an- 
hydrous magnesium sulfate, filtered, and evaporated to 
yield a black semisolid tar. Column chromagraphy of the 
viscous tar over a petroleum ether packed, alumina column 
resulted in the isolation of a single component. Fractions 
7-13 were evaporated to yield 0.76 g. of a crude yellow 
oil which was identical in spectral properties to  3-methyl-2- 
cpclohexenone. The oil was distilled in umuo to  give 0.54 g. 
(32%) of the purified ketone, b.p. 69-73" /3 mm. (lit.20 b.p. 

(18) (a) hI. F. Ansell and S. S. Brown, J .  Chem. Soc., 1788 (19.57): 

(19) P. A. Levene and C. H. Allen, J .  Bid. Chem., 27, 433 (1918). 
(20)  C. R. Marvel and C. L. Levesque, J .  A m .  Chem. Soc., 60, 280 

(b) M. F. Ansell and  S. S. Brown, ibid., 29.75 (1958). 

(1938). 

68-71' /3 mm.), A,,, 224 mp, log E 4.12 (lit.lsb Amn, 224 mp, 
log. E 4.13). 

Anal. Calcd. for CiHloO: C, 76.95; H, 8.91. Found: 
C, 76.82; H, 8.70. 

The 2,4-dinitrophenylhydrazone was prepared using the 
sulfuric acid-ethanol procedure, to give a deep red precipi- 
tate. After two recrystallizations from chloroform-meth- 
and ,  scarlet plates were obtained, m.p. 180.5-181.5" 
(lit.3brlSb m.p. 178-179' and 181-182", respectively), with 
no melting point depression on admixture with an authentic 
sample. 

Cyclization of 5-Methyl-4-hexenonitrile in Polyphosphoric 
Acid.-A mixture of 0.30 g. of 5-methyl-4-hexenonitrile and 
8.0 g. of polyphosphoric acid was heated at  125-130° for 20 
min. The mixture was hydrolyzed and worked up as de- 
scribed previously. The crude products were treated with 
2,4-dinitrophenylhydrazine reagent directly to yield after 
three recrystallizations, 3-methyl-2-cyclohexenone 2,4-di- 
nitrophenylhydrazone, m.p. 180-181 .So undepressed when 
mixed with an authentic sample. 

2,2-Dimethylcyclohexanone Oxime. (a)  With Phos- 
phorus Pentachloride.-To a mixture of 2 .2  g. of phosphorus 
pentachloride and 32 ml. of anhydrous ether 1.00 g. (0.0071 
mole) of 2,2-dimethylcyclohexanone oxime was added in 
small portions over a 15-min. period. The reaction mixture 
was mixed by swirling and maintained at  0" during the atidi- 
tion of the oxime by external cooling in an ice bath. The 
mixture was allowed to  stand for 24 hr. a t  room temperature. 
The ether was evaporated and 50 nil. of water added to the 
residue. The aqueous solution was extracted five times with 
25-m1. portions of ether. The ether extracts were combined, 
dried over anhydrous magnesium sulfate, filtered, and eva- 
porated to  yield 0.86 g. (98%;) of 6-methyl-5-heptenonitrile. 
The nitrile was charact,erized by its typical infrared absorp- 
tion a t  4.45 p. The nitrile was purified by chromatography 
over alumina in ether. Freactions 2-15 were combined and 
evaporated to give 0.82 g. (947,) of pure 6-methyl-5-hepteno. 
nitrile, b.p. 93-95'/8 mm. 

Anal. Calcd. for CsH13?;: C, 77.99; H, 10.64; N, 11.37. 
Found: C,78.12; H ,  10.61; N, 11.45. 

Hydrolysis of 6-Methyl-5-heptenonitrile .--Using the pro- 
cedure outlined previously for the hydrolysis of 5-methyl-4- 
hexenonitrile, 0.50 g. of the unsaturated nitrile was con- 
verted to the unsaturated acid which waa purified by ether 
elution from an alumina column, 6-methyl-8-heptanoic acid 
(0.48 g.), n Z o ~  1.4500, was obtained (lit.'& n 2 0 ~  1.4502). 

Anal. Calcd. for CgH1402: C, 67.57; H ,  9.92. Found: 

11. 

C, 67.56; H ,  9.95. 
Ozonolvsis of 6-Methvl-5-he~tenoic Acid.-Usine the 

ozonolysis procedure prevjously hescribed, the unsatirated 
acid was ozonized to give, after the usual work-up, acetone 
2,4-dinitrophenylhydrazone, m.p. 124-126", undepressed 
by mixing with an authentic sample. 

Reduction of 6-Methyl-5-heptenoic Acid.--Using the 
procedure described for the reduction of 5-methyl-4-hexen- 
oic acid, 6-methyl-5-heptenoic acid was saturated with 
hydrogen. The crude acid was converted directly to the 
amide. After recrystallization from ethyl acetate-petroleum 
ether, the amide melted at  115-115.5° (lit.lg m.p. 114'). 

(b)  With Thionyl Chloride.-To an ice-cold suspension 
of 3.00 g. (0.021 mole) of 2,2-diniethylcyclohexanone oxime 
in 40 ml. of anhydrous, thiophene-free benzene 3 ml. of 
freshly distilled thionyl chloride was added dropwise. After 
standing a t  room temperature for 24 hr., the benzene was 
evaporated in vacuo. Water (40 ml.) was added to the resid- 
ual oil and the aqueous mixture extracted four times with 
30-ml. portionv of ether. The ether extracts were combined, 
dried over anhydrous magnesium sulfate, filtered, and evap- 
orated to yield 2.82 g. of a black viscons oil. The oil was 
chromatographed over alumina in chloroform solution. 
Fractions 5-12 on evaporation of the chloroform yielded 
0.75 g. (24%) of a white crystalline solid, 2-keto-7,7-di- 
methylhexamethyleneimine, m .p. 90.59 1 O ,  the melting 
point of which was unchanged after sublimation a t  reduced 
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pressure. The infrared spectrum in carbon tetrachloride in- 
dicated a sharp single S-H vibration at  2.95 p and amide I 
band a t  6.05 p .  

Anal .  Calcd. for C8H15NO: C, 68.04; H, 10.71; N, 
9.92. Found: C,68.01; H, 10.99; N,9.87. 

The residual material on the column was eluted with 
methanol. Concentration indicated a small amount of 
nitrile was also present by the weak 4.43 p hand iri the in- 
frared spectrum. 

(c) Using Benzenesulfonyl Chloride in Sodium Hy- 
droxide.-A mixture of 3 .00 g. (0.0071 mole) of 2,2-dimethyI- 
cyclohexanone oxime, I .10 g. of henzenesulfonyl chloride, 
0.25 g. of sodium hydroxide, 20 ml. of acetone, and 5 nil. of 
water was heated at  reflux for 4 hr. On cooling, the acetone 
was evaporated at  reduced pressure. Water (20 ml.) was 
added and the mixture extracted five times with ether to 
yield a light yellow oil. Chromatographic separation of the 
oil using an ether-filled alumina column as previously de- 
scribed yielded two products: 

6-Methyl-5-heptenonitrile.-Fractions 3-9, on evapora- 
tion of the ether eluents, yielded 0.23 g. (27%) of the un- 
saturated nitrile identical in all respects with the nitrile ob- 
tained ueing phosphorus pentachloride as the rearrangement 
catalyst. 
2-Keto-7,7-dimethylhexamethyleneimine, fractions 19-24, 

on evaporation of the chloroform-ether eluents, yielded 0.54 
g. (.547,) of the lactam, m.p. 90-91", undepressed on 
admixture with the lactam isolated in the thionyl chloride 
rearrangement mixture. 

(d )  Using Polyphosphoric Acid.-A well stirred mixture 
of 2.00 g. (0.014 mole) of 2,2-dimethylcyclohexanone oxime 
and 30.9 g. of polyphosphoric acid was slowly heated to 125- 
130'. After 10 rnin., the mixture was poured over crushed 
ice and the aqueous acid mixture made alkaline with cold 
10% sodium hydroxide solution. The alkaline solution was 
extracted five times with 100-ml. portions of ether. The 
ether extracts were combined, dried over anhydrous magne- 
sium sulfate, filtered, and evaporated to yield a light red oil. 
The infrared spectrum of the oil was indicative of an a& 
unsaturated five-membered ring ketone with an intense 
carbonyl band a t  5.90 p and a 6.13 p C=C stretching vibra- 
tion of almost equal intensity. The oil was distilled in vacuo 
to give two distinct fractions. Each fraction was further 
purified by vapor phase chromatography for refractive index 
and ultraviolet analysis. 

2-Isopropyl-2-cyclopentenone, b.p. 83-85'/24 mni. n% 
1.4720, A,,, 235 mp, log E 4.20 (lit.18n b.p. 84.5-85'/24 mni. 
nZon 1.4722, Amax 235 mp, log e 4.24). 

The 2,4-dinitrophenylhydrazone was prepared in the usual 
manner. After two recrystallizations from chloroform- 
methanol, the red needles melted a t  203.5-204.5' (lit.18b 
m.p. 202-203"), undepressed by admixture with an authen- 
tic sample. 

2-Isopropylidenecyclopentanone, b .p. 90-92 O /24 mm. 
TPD 1.4851, A,,, 253.5 mp, log e 4.10 (lit.lXb b.p. 91.5-92' 
/24 mm. n 2 0 ~  1.4855, A,,, 255 mp, log e 4.10). 

The 2,4-dinitrophenylhydrazone was prepared in the usual 
manner. After four recrystallizations from chloroform- 
methanol, the scarlet needles melted a t  227.5-228' (lit.lSb 
m.p. 226-227' ), undepressed by admixture with an authen- 
tic sample. 

In  a second experiment, the ketonic mixture was separated 
by vapor phase chromatography. At 175", a column pres- 
sure of 25 p.s.i.g. and a 45 ml. of helium flow per minute the 
retention time of 2-isopropyl-2-cyclopentenone was S.9 niin. 
and that of 2-isopropylidenecyclopentanone was found to be 
12 min. The total ketonic fraction (1.61 g.) gave 435(, of 
2-isopropyl-2-cyclopentenone and 57% of Z-isopropylidene- 
cyclopentanone, by peak area measurement, indicating a 
yield of 39% and 52% for each isomer, respectively. 

Cyclization of 6-Methyl-5-heptenonitrile Using Polyphos- 
phoric Acid.-A mixture of 0.50 g. of 6-methyl-5-heptenoni- 
trile and 9.5 g. of polyphosphoric acid was heated a t  125- 
130" for 15 min. The mixture was hydrolyzed and worked 

up as described previously for the Beckmann rearrangement 
of 2,2-diniethylcyclohexanone oxime. The red oil (0.42 9 . )  
was analyzed chromatographically to indicate u 43% yield of 
2-isopropyl-2-cyclopentenone and 51 cL  of 2-isopropylidene- 
cyclopentanone. 

111. 2,2-Dimethylcycloheptanone Oxime. (a) With 
Thionyl Chloride.-To a cooled suspension of 3.00 g. (0.019 
mole) of %,2-dimethylcycloheptanone oxime in 36 ml. of 
anhydrous, thiophene free benzene 3 ml. of freshly distilled 
thionyl chloride was added in a dropwise manner. The 
mixture was allowed to stand for 24 hr. a t  room temperature 
after which the benzene was evaporated in vacuo. Water 
(100 ml.) was added to the residual oil and the aqueous mix- 
ture extracted five times with 75-1111. portions of ether. The 
ether extracts were combined and dried over anhydrous 
magnesium sulfate, filtered, and evaporated to yield 2.8 g. 
of crude products. The infrared spectrum indicated the 
only major product to  be the unsaturated nitrile. The 
crude product mixture was distilled in vacuo to yield 2.47 g. 
(93yc7,) of i-methyl-6-octenonitrile, b.p. 99.5-101 "/8 mm. 

Anal .  Calcd. for C9Hl5X: C, 78.77; H,  11.02; S,  10.21. 
Found: C, 78.96; H, 11.17; S,9.98.  

Hydrolysis of 7-Methyl-6-octenonitrile.-Using the pro- 
cedure outlined previously for the hydrolysis of 5-methyl-4- 
hexenonitrile, 1.50 g. of the unsaturated nitrile was con- 
verted to the unsaturated acid. The crude acid was distilled 
in vacuo to yield 1.41 g. of 7-methyl-6-octenoic acid, b.p. 100 
-102'/0.8 mm. n20n 1.4519 (1it.lxa b.p. 99-101"/0.7 mm., 
n% 1.4513). 

Anal .  Calcd. for C9HI6OL: C, 69.19; H, 10.32. Found: 
C, 69.26; H, 10.49. 

7-Methyl-6-0ctenamide.-i-Methyl-6-octenoic acid (0.82 
g.) was treated in the cold with 1.0 g. of oxalyl chloride, 
slowly warmed to room temperature, then refluxed on a 
steam bath for 2 hr. The excess oxalyl chloride was evapo- 
rated at  reduced pressure. The residue was taken up in 30 
ml. of anhydrous benzene and treated in the cold with an- 
hydrous ammonia. The excess benzene was evaporated 
after 20 min. to yield a light brown solid. The crude amide 
was recrystallized from ethyl acetate-petroleum ether to 
give 0.51 g. of i-methyl-6-octenamide, m.p. 119-120". 

-4nal. Calcd. for C9H17NO: C, 69.63; H,  11.04; N, 
9.02. Found: C, 69.59; H,  11.18; N, 9.00. 

Reduction of 7-Methyl-6-octenamide.-Using the proce- 
dure described for the reduction of 5-methyl-4-hexenoic acid, 
7-methyl-6-octenamide was saturated with hydrogen. 
After recrystallization from ethyl acetate-petroleum ether, 
the amide melted a t  106.5-107" (lit.I9 m.p. 106.5"). 

Ozonolysis of 7-Methyl-6-octenoic Acid.-Using the ozon- 
olysis procedure previously described the unsaturated acid 
was ozonized to give after the usual work up, acetone-2,4- 
dinitrophenylhydrazone, m .p. 124-1 26 O ,  undepressed by 
mixing with an authentic sample. 

Using Polyphosphoric Acid.-A mixture of 5.00 g. 
(0.032 mole) of 2,2-dimethylcycloheptanone oxime and 65.0 
g. of polyphosphoric acid was slowly heated to  125-130'. 
After 10 min., the mixture was poured over crushed ice and 
the aqueous mixture made alkaline with cold 10yc sodium 
hydroxide solution. The alkaline solution was extracted four 
times with 200-ml. portions of ether. The ether extracts 
were combined, dried over anhydrous magnesium sulfate, 
filtered, and evaporated to yield 4.80 g. of a dark red viscous 
oil. Infrared examination of the crude product mixture in- 
dicated the product mixture contained both amide and 
ketone components. The mixture was chromatographed 
over 210 g. of alumina eluting first with ether followed by 
1 : 1 ether-chloroform, then chloroform alone. 

2-Isopropyl-2-cyclohexenone and 2-Isopropylidenecyclo- 
hexanone.-Fractions 8-21 were combined and evaporated 
to  give 1.60 g. (365)  of a mixture of two a,p-unsaturated 
ketones. The ketonic mixture was separated by vapor phase 
chromatography. At 175O, a column pressure of 25 p.s.i.g. 
and a 45 ml./min. helium flow, the retention times of 2-iso- 
propyl-2-cyclohexenone and 2-isopropylidenecyclohexanone 

(b) 



were 9.3 min. and 13.2 min., respectively. The yields, de- 
termined by peak area measurements and adjusted on the 
basis of the total amount of the ketonic material, were 30.2%) 
and 5.iyo for the respective isomers. The refractive index, 
ultraviolet spectra, and the 2,4-dinitrophenylhydrazone 
derivatives of each ketone were obtained on pure samples by 
trapping the helium off-gas from the fractometer. Twenty 
successive trappings of 8-microliter samples were sufficient to 
obtain enough material for these determinations. 

2-Isopropyl-2-cyclohexenone (30.2O; ), ~ * O D  1.4769; A,,, 
235 mp, log. E 4.20 (lit.lsb n 2 0 ~  1.4773; A,,, 235 nip, log E 

3 3 2 ) .  The 2.4-dinitrophenylhydrazone derivative after 
two recrystallizations from chloroform-riiethanol was iso- 
latcd as fine rcd needles, n1.p. lh6-187" (lit.'Sb l90-19l0). 

Anal.  Calcd. for CI,HlnSrOi: C, 57.31;  H, 3.77;  S ,  
16.55. Found: C, 57.30; H, 5.92; N, 16.49. 

2-Isopropylidenecyclohexanone (5.7 L;), n M ~  1.4920; 
XmX 254 mp, log E 4.02 (lit.lab ~ * O D  1.4922; Amax 254 mp, log 
E 3.80). The 2,4-dinitrophenylhydrazone derivative after 
two recrystallizations from chloroform-methanol was iso- 
lated as maroon needles, m.p. 181.5-182.5' (lit.lab m.p. 

Anal .  Calcd. for C1bH18Nd04: C, 57.31; H, 5.77; S ,  
182-183 "). 

16.55. Found: C, 57 .23;  H, 5.64; 1, 16.44. 

7-Methyloctanamide.-Fractions 48-59 were combined 
and the chloroform was evaporated to yield 2.90 g. (57.2%) 
of 7-methyloctanamidc which after a crystallization and 
sublimation (100' a t  0.05 mm.) melted a t  106.5-107.5" 
undepressed by admixture with an authentic sample pre- 
pared as previously described. 

Reduction of the Ketonic Mixture.-A mixturc, of 0.50 
g. of the crude ketonic mixture, isolated from the rearrange- 
ment, 0.1 g .  of Raney nickel, and 10 ml. of l,'-dichloro- 
ethane, was hydrogenated for 1.5 hr. at 60 p.s.i.g. Thc 
vessel was vented and the solution filtered and evaporated. 
The residue was treated with 2,4-dinitrophenyhydrazine 
reagent to give an orange precipitate. After two recrystalli- 
zations from chloroforni-riicthaiiol, cirangc. nrrdles of 2- 
isopropylcyclohexanone 2,4-dinitroplieiiylhydrazonr a w e  
obtained, m.p. 136.5-137", undepresseti by admixture with 
an authentic sample. 

Cyclization of 7-Methyl-6-octenonitrile in Polyphosphoric 
Acid.-The unsaturated nitrile (1.00 g.) and 17 g. of poly- 
phosphoric acid were heated a t  126-130" for 10 min. The 
ketonic component was isolated as previously described and 
the mixture analyzed chromatographically to give 31.5O; 
and 4.3yG of 2-isopropyl-2-cyclohexenone and 2-isopropyli- 
denecyclohexanone, respectively. 
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A general method for preparing hydantoins directly from a variety of carbonyl derivatives is reported. In  spite of the 
enhanced stability normally exhihited by such derivatives, the reaction appears to be equivalent to that observed \I ith the 
parent carbonyl compounds. As such, it provides a useful extension to the general route to a-amino acids from carbonvl 
compounds via a hydantoin intermediate. 

Hydantoins, because of their pronounced sta- 
bility and availability from a variety of carbonyl 
compounds, find general utility as precursors of 
a-amino a ~ i d s . ~ , ~  One limitation imposed on their 
use in this capacity stems from the fact that the 
carbonyl compound is not always readily accessible. 
Such is the case in the synthesis of tryptophan from 
5- (3'-indol ylmet hyl) hydant oin, the parent 3-in- 
doleacetaldehyde being difficult to prepare and 
handle because of its limited stability.*vj 

Recently reported work on the synthesis of tryp- 
tophan6 has demonstrated the feasibility of prepar- 
ing 5-(3'-indolylmethy1)hydantoin from 3-indole- 
acetaldehyde semicarbazone, a stable and readily 
accessible derivative of 3-indolea~etaldehydtl.~ The 
demonstration of this reaction has prompted the 
examination of various other carbonyl derivatives 
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as precursors of the corresponding hydantoins. 
It can now be reported that hydantoin formation 
has been observed with a sufficient variety of these 
derivatives to indicate the general nature of the 
reaction. Since carbonyl derivatives are inherently 
more stable than the parent carbonyl compounds, 
it is felt this provides a useful extension to the 
general method of preparing a-amino acids from 
carbonyl compounds via a hydantoin intermediate. 

Types of carbonyl derivative. found to be oper- 
able include semicarbazones, thiosemicarbazones. 
oximes, azines, phenylhydrazones, imidazolidines, 
and azomethines. Indications are that these deriva- 
tives respond in an equivalent manner whether 
they are derived from an aldehyde or ketone. The 
reaction conditions used parallel closely those nor- 
mally employed to prepare a hydantoin from a fret 
carbonyl compound, namely-treatment of the 
particular carbonyl derivative with an excess 
of hydrogen cyanide and ammonium carbon- 
ate. =1 reasonable rate of reaction was observed in 
most cases operating under oxygen-free conditions 
at  100' under autogenous pressure. The addition 
of sodium bisulfite (two to two hundred molar per 
cent based on the carbonyl derivative) frequently 
improved the yield of hydantoin but mas not es- 


