
Aug. 5, 1958 IODO-N,N-DIMETHYLCYCLOHEXYLAMINES 4075 

Oxidation of Hydroxyketone IX to Geronic Acid.-A 
solution of 20.0 g. of hydroxyketone in 175 ml. of acetic acid 
containing 85 ml. of 30% hydrogen peroxide was maintained 
a t  60" for nine hours, after which time complete oxidation 
was indicated by complete solubility of a portion of the re- 
action mixture in saturated potassium carbonate solution. 
The cooled reaction mixture was poured into an aqueous 
solution of excess sodium carbonate which was extracted 
twice with ether, acidified with hydrochloric acid and then 
extracted four times with ether. The latter ether extract 
was dried over sodium sulfate and distilled to give 17.22 g. 
(78%) of geronic acid, b.p. 147-150" (3.3 mm.), nZ5D 

1.4472-1.447i; semicarbazone, m.p.  164.5165' (reportedzo 
m.p. 165'); 2,4-dinitrophenylhydrazone, recrystallized 
from ethyl acetate-hexane, m.p. 139.5-140" (reportedz1 
m.p. 135.5-137'). 
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Thermal Behavior of dl-trans- and dl-cis-2-Iodo-N,N-dimethylcyclohexylamines 
BY TANEZO TAGUCHI AND MORIFUSA E T O ~  

RECEIVED AUGUST 7,  1957 

dl-lrans-2-Iodo-N, N-dimethylcyclohexylamine (11) was obtained by the reaction of methyl iodide with either meso-cis- 
N-methylcyclohexenimine (I) or meso-cis-cyclohexenimine (111). The cis epimer V was prepared from 11-hydroiodide. 
The configurations assigned to I1 and V were confirmed by a number of reactions on stereochemical grounds. Under 
pyrolytic conditions the trans epimer I1 gave cyclopentanecarboxaldehyde (VI) and cyclohexanone (VII), while the cis 
epimer V gave only cyclohexanone (VII). The thermal behavior was not governed by cis elimination, which is generally 
accepted for pyrolysis, but by heterolytic reaction rules. This was attributed to the reactivity of the dimethylamino group, 
since in the case of the trans epimer I1 hydrochloride destruction of the reactivity of the dimethylamino group by salt forma- 
tion altered the reaction mechanism to cis elimination. 

The reaction of meso-cis-N-methylcyclohexen- 
imine (I) with methyl iodide a t  room temperature 
gave mainly dl-trans-2-iodo-N,N-dimethylcyclo- 
hexylamine (11) accompanied by a small amount 
of the methiodide of 11; I1 was also prepared from 
meso-cis-cyclohexenimine (111) and excess methyl 
iodide. The configuration assigned to I1 is based 
on the known trans opening of the imine ring3 and 
on the fact that treatment of the N-methylimine 
(I) with dimethyl sulfate gave dl-trans-2-dimethyl- 
aminocyclohexanol (IV) (see Scheme 1). The 
work of Winternitz and Mo~sse ron ,~  who con- 
cluded that the reaction of I with methyl iodide 
with heat yields d1-trans-2-iodo-NjN,N-trimethyl- 
cyclohexylammoniurn iodide, supports this con- 
figuration for 11. The following observations sup- 
ply even stronger evidence for the configuration 
of 11: boiling of the trans epimer hydroiodide 
11-HI with anhydrous sodium iodide in dry ethanol- 
acetone for many hours yielded the hydroiodide of 
dl-cis-2-iodo-N,N-dimethylcyclohexylamine (V), 
while all attempts to prepare V from esters of dl- 
trans-2-dimethylaminocyclohexanol failed. 

The trans epimer I1 reacted with silver nitrate a t  
room temperature to yield dl-trans-2-dimethyl- 
aminocyclohexanol (IV) and cyclopentanecarbox- 
aldehyde5 (VI), while the cis epimer V yielded only 
cyclohexanone (VII) .5 These results are stereo- 
chemically similar to those of b l o u ~ s e r o n ~ ~ ~  ob- 

(1) Studies in Stereochemistry. X V I .  
(2) The Department of Agricultural Chemistry, Agricultural 

Faculty, University of Kyushu. 
(3) (a) F. H. Dickey, W. Fickett and H. J. Lucas, THIS JOURNAL, 

74, 944 (1952); (b) R. Ghiradelli and H. J. Lucas, ibid. ,  77,  106 
(1955); 79, 734 (1957). 

(4) F. Winternitz, M. Mousseron and R. Dennilauler, Btrll. SOC. 
chim. France, 382 (1956). 

( 5 )  G. E. McCasland obtained essentially the same rearrangement 
products from epimeric dl-2-aminocyclohexanols on treatment with 
nitrous acid in tbe cold; THIS JOURNAL, 79, 2293 (1961). 

( G )  M. Mousseron and R. Jaquier, Compl. rend., 2a9, 216 (194Y). 
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tained by analogous treatment of dl-trans-2-iodo- 
cyclohexylamine- and dl-2-chlorocyclohexanols. 
Treatment of the epimers with water gave almost 
the same results. When I1 was warmed with 
water, dl-trans-2-dimethylaminocyclohexanol (IV) 
was obtained, and when i t  was heated with water 
a t  140' in a sealed tube, IV and cyclopentane- 
carboxaldehyde (VI) were formed; V gave cyclo- 
hexanone (VII) . Analogously, ethanolysis of TI 
a t  140-150° gave dl-trans-2-ethoxy-N,N-dimethyl- 
cyclohexylamine (IV'), a small amount of crude 
VI1 and a trace of crude VI, whereas V gave VII. 

The similarity of these results suggests that the 
mechanism for the formation of a particular product 
is the same under all these conditions. For details 
see Scheme 2. One would expect that I1 in the 
preferred diequatorial conformation would yield 
VI Wia the N,N-dimethylcyclopentylmethylidene- 
ammonium (VIII), and that IV (or IV') would be 
formed through the transition state with the mi- 
grating groups in axial positions followed by the 
formation of an intermediate, the meso-cis-N,N- 
dimethylcyclohexeniminium ion (IX) .' With the 
cis epimer VI cyclohexanone would be expected 

(7) For details of the original mechanistic explanation adapted for 
this case, see D. Y. Curtin and S. Schmukler, THIS JOURNAL, 77,  
1105 (1955). 
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SCHEME 2 dimethylcyclohexylidenammonium iodide (XI) as 
an intermediate is supported by the fact that the 
carbonyl compound (VI or VII) was not found in 
the washing ether, but in the aqueous ethanol from 

VI11 VI recrystallization ; this suggests that they were 
formed by the hydrolysis of an intermediate; see 

The results of the thermal treatment of I1 and I' 
have been interpreted as follows: In  the preferred 
conformation of I1 in which the two substituents 

R = C,H$ are equatorial, the coplanarity of C+21-Cz-I 
favored alkyl migration (i. e., ring contraction) to give 
cyclopentanecarboxaldehyde (VI) via VIII. IThen 

'1 (e-ai X XI the diequatorial form of I1 was converted to the di- 
v 1' /%O axial conformation in the transition state, C1-di- 

methylamino becomes coplanar with respect to  
Ca-iodine and in a favorable position for the 
participation to Cz; thus, cyclohexanone (VII) is 

N(CH,), formed via IX and XI. The possibility that VI1 
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from the conformation which favors the tram 
elimination of HI and iodine, i. e., from the struc- 
ture in which the iodine is axial and the dimethyl- 
amino group is equatorial, via N, N-dimethylcyclo- 
hex-1-enylamine (X) and N,N-dimethylcyclohexyl- 
idenammonium ion (XI). If the reaction is inter- 
rupted by the immediate addition of aqueous so- 
dium picrate to the clear solution obtained on warm- 
ing of I1 in water, meso-cis-N,N-dimethylcyclo- 
hexeniminium picrate which corresponds to the 
intermediate I X  can be isolated. Thus, reaction 
mechanisms consistent with the experimental re- 
sults serve to confirm the configurations assigned 
to the two epimers I1 and V. 

Compound V reacted with sodium ethoxide t o  
give VII, probably through the formation of X (due 
to the elimination of iodine and HI), followed by 
hydrolysis. Similar treatment of I1 with heat 
gave unidentifiable products, while in the cold 
i t  gave IV', presumably via IX. In  these cases 
dl-N,N-dimethylcyclohex-2-ene, which would have 
been produced by the elimination of HB and iodine. 
was not found. 

Pyrolysis of I1 gave a solid mass which was 
washed with anhydrous ether and recrystallized 
from ethanol to give dimethylamine hydroiodide 
almost quantitatively. Compounds VI and VI1 
were isolated as the 2,4-dinitrophenylhydrazones 
from the ethanolic solution. Similar treatment of 
V resulted in the formation of cyclohexanone (VII). 
Although the cis epimer V hydroiodide was stable, 
the free base V decomposed slowly a t  room tem- 
perature and rapidly at  100". In  these reactions, 
the formation of N,N-dimethylcyclopentylmethyl- 
denammonium iodide (VIII) or meso-cis-N,N- 

is formed by the isomerization of NT,N-dirnethyl- 
cyclohex-2-enylammonium ion, produced by the 
elimination of iodine and H3 to give X, was ruled 
out by the finding that the isomerization does not 
occur under these conditions. This fact also sup- 
ports our contention that the formation of VI1 in 
pyrolysis proceeds from the elimination of iodine 
and HI, rather than from iodine and H3. 

In  the cis epimer V the dimethylamino group is 
equatorial and the iodine axial (e-a), or less prob- 
ably vice versa (a-e). 1,3-Interaction in the cis 
epimer V in the e-a form, and even in the a-e form, 
would be stronger than in the t r a m  epimer I1 in 
the e-e form. This steric compression might ac- 
count for the relative instability of V. Presuni- 
ably it is due to the same reason that VI1 was 
formed at  a lower temperature from 1' than from 
11. Moreover, the formation of VI1 from I' tilay 
have been furthered by the trans elimination of HI 
and iodine (which are coplanar in the e-a form), the 
molecule itself acting as a base which catalyzed E2 
elimination; for \'-hydrohalide was much more 
stable to heat than V, a finding which suggests 
that in the case of the hydrohalide no catalysis mas 
involved. 

cis Elimination has been confirmed for the pyrol- 
vsis of a simple alicyclic chloride by BartonS and 
of alicyclic xanthates by several authorsg; in t.hesc 
cases no appreciable rearrangement occurs. ()ur 
pyrolytic results, however, cannot all be ex- 
plained in terms of cis elimination; for example, 
the ring contraction which occurred in the pyrolysis 
of I1 and the elimination of hydrogen iodide form- 
ing cyclohexanone faster from the cis epimer V 

(8) D. H. R. Barton, A. J. Head  and R. J. Williams, J .  C h c ~ ; .  .Sot., 
453 (1952). 

(9) (a) W. Huckel, W. Tappe and G. Legutke. A w n . ,  543, 191 ( l ! J l O ) ,  
(b) E. R. ,4lexander and  A. Xudrak ,  THIS JOURNAL, 72, 1810 (1850), 
73, 3194 (1950); 73, 59 (1951). 



Aug. 5, 1958 IODO-x, hi-DI?vIETHYLCYCLOHEXYLL4MINES 4077 

than from the trans epimer 11. In explaining the 
thermal behavior of these compounds, the influence 
of the dimethylamino group should not be neg- 
lected; presumably it is governed by antiparallel 
coplanarity rather than by cyclic coplanarity (cis 
elimination). The heterolytic elimination involved 
is made possible by the fact that the material 
undergoes fusion prior to decomposition. 

SCHEME 4 

If the reactivity of the dimethylaiiiiiio group is 
destroyed, the pyrolysis should follow the general 
law of cis elimination. To test this supposition, 
the trans epimer I1 hydrochloride was treated a t  
140' to give, as expected, cyclohexanone (VII) as 
the only carbonyl compound; apparently i t  was 
produced by the elimination of HI and iodine in the 
cis direction. In contrast to  the free trans epimer 
11. the nitrogen atom of 11-hydrochloride, due to  
the salt formation, becomes positively charged; 
this furthers the release of HI, and the nitrogen 
ceases to be anchimeric. Thus, the situation is 
favorable for cis elimination as in the case of the 
simple alicyclic halide studied by Barton.* In the 
pyrolysis of 11-hydrochloride, dL-cis-%chloro-N,N- 
dimethylcyclohexylamine (XII) also was obtained. 
XI  I - Hvdroiodide, however, remained unchanged 
under these conditions, showing that the for- 
ination of cyclohexanone (VII) from 11-hydro- 
chloride did not proceed through XII-hydroiodide. 
Pyrolysis of V-hydrochloride, like that of the free 
base V, gave cyclohexanone (VII), although more 
drastic conditions were required. 

In the course of this study, the interconversion 
o f  ionic and non-ionic halogen was observed in II- 
hydrochloride ; heating of 11-hydrochloride in 
ethanol gave partially dl-trans-2-chloro-N,N-di- 
inethylcyclohexylamine hydroiodide. 

Experimental'O 
mso-cis-N-Methylcyclohexenimine (I) was prepared from 

:3 1 g. of dl-trans-2-methylaminocyclohexanol and 28.2 g. 
of chlorosulfonic acid by the procedure of Paris and Fanta" 
for the synthesis of meso-cis-cyclohexenimine; b.p. 65" (100 
mm.) ,  yield 10 g. The picrate was recrystallized from eth- 
anol t o  give yellow needles, m.p. 128". 

Anal. Calcd. for C7H13N.C6H3N30i: C, 45.88; H ,  4.72; 
S, 16.47. Found: C, 45.81; H ,  4.81; N, 16.28. 
- 

(10) All melting points are uncorrected. 
(11)  0. E. Paris and P. E. Fanta,  THIS J O U R N A L ,  74, 3007 (1952) .  
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dl-li am-2-Iodo-N,N-dimethylcyclohexylamine (11). (a). 
--A mixture of 8 g. of meso-czs-N-methylcyclohexenimine 
(I) and 10.3 g. of methyl iodide in 25 ml. of absolute ether 
was kept for about 10 days a t  room temperature. The 
precipitate (yield 0.4 g.) was recrystallized from absolute 
ethanol as colorless needles, m.p. 107" dec. 

Anal. Calcd. for CgHlgN12 (iodomethylate of 11): C; 
27.35; H ,  4.81; N, 3.54. Found: C, 27.78; H ,  4.96; K,  
3.53. 

The picrate, m.p. 144' dec., gave a positive Beilstein test 
for halogen. 

4na l .  Calcd. for CgHlgNI.C6HgN30~: C, 36.29; H, 
4.23; N, 11.29. Found: C, 36.33; H ,  4.15; N, 11.01. 

The ethereal mother liquor was evaporated to dryness and 
the residue distilled a t  91' ( 5  mm.); yield 10 g. The addi- 
tion of alcoholic hydrogen chloride to  the distillate, whic? 
had been dissolved in ether, gave whitecubes, m.p. 123-124 , 
which were not recrystallized as recrystallization caused the 
intramolecular interconversion of halogens; see below. 

Anal. Calcd. for C8HI6NI.HC1 (11-hydrochloride) : C, 
33.16; H ,  4.84; N, 5.87. Found: C, 33.27; H,  4.72; N, 
5.89. 

The picrate which was recrystallized as usual from ethanol 
gave a positive Beilstein test for halogen; m.p. 15ti-157". 

Anal. Calcd. for C ~ H I ~ N I . C B H ~ N ~ O , :  C, 34.87; H ,  3.94; 
N, 11.62. Found: C,35.00; H,3.84; E, 11.43. 

(b) .--A mixture of 2.5 g. of nzeso-cis-cyclohexenimirie 
(111) and 3.6 g. of methyl iodide in 10 ml. of dry ether was 
kept for 24 hours a t  room temperature. The resulting pre- 
cipitate was recrystallized from alcohol; m.p. 153-154', 
yield 0.25 g. 

.-lnal. Calcd. for CsHIoNI.HI (11-hydroiodide) : C, 
25.17; H, 4.46; N, 3.67. Found: C, 25.01; H ,  4.59; N,  
3.51. 

The 
picrate obtained from the distillate, m.p. 153-154", was 
identical with that of I1 prepared by procedure (a) .  

dl-trans-2-Dimethylaminocyclohexanol (IV) from meso- 
cis-Cyclohexenimine (111) .-Dimethyl sulfate (6.53 g. )  was 
added dropwise to a mixture of 4.5 g. of I11 and 5.3 g. of 
sodium carbonate in benzene. .4fter the mixture had been 
warmed over a water-bath, water and sodium hydroxide were 
added. The benzene layer was dried over sodium hydroxide, 
evaporated to dryness and distilled a t  80-110' (80 mm.). 
The picrate, m.p. 146-148", was identified as that of I\' by 
a mixed melting point determination. 

Anal. Calcd. for C&I17ri0.C6H3i?r307: C, 45.16; H, 
5.38; N, 15.06. Found: C,45.40; H ,  5.36; N, 14.99. 

dl-cis-2-Iodo-N,N-dimethylcyclohexylamine (V) .-A mix- 
ture of 11 g. of the 11-hydroiodide and 10 g. of dry sodium 
iodide in 50 ml. of dry ethanol and 100 ml. of dry acetone 
was refluxed for 30 hours on a water-bath. The mixture 
mas evaporated under reduced pressure until the appearance 
of a precipitate while hot, and then cooled a t  room tempera- 
ture; 3 g. of starting material which precipitated was re- 
covered. To remove additional starting material the 
mother liquor was concentrated. This treatment was re- 
peated three times until sodium iodide finally precipitated. 

The ethereal filtrate was treated as described in (a). 
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A mixture of cubes and a small amount of needles, which 
separated from the refrigerated filtrate, was suspended in 
acetone, and the light needles were removed mechanically 
by decantation. The mechanical separation was repeated 
and the heavy crystals were recrystallized froin acetone as 
thick hexagoiial plates of V-HI, m.p. 123-124", yield 3 g. 

.4nal. Calcd. for C8Hl&1.HI: C, 25.17; 11, 4.4.6; K, 
3.fi7. Fouiid: C, 25.38; H, 4.47; N, 3.09. 

A mixture of the picrate (152-153n) ami the picratr uf the  
Irans epimer I1 melted at 142". 

Anal. Calcd. for C&lcNI.Cs&NaO; ('\--piem t e i  : C, 
31.87; H, 3.94; N, ll.fi2. Found: C, 3 5 , O i ;  11. 4.20; N,  
11.89. 

The free base (Vi: Tivo equivaleiits of pcotassiuiii c ' t r1)~i i i -  
ate was added to  the cold, aqueous solution of tlie 1 i ) ~ ~ I r ~ ) -  
iodide (\.-Hl) and the mixture extracted bvith ether. The 
ether extract which was evaporated to dryiiess in a V ~ C U U I I I  
desiccator gave crystals, m.p. 39.540.5". l 'he free base 
is so unstable that eveti in a desiccator a t  room temperature 
about 60% of i t  decomposed in two days. 

Reaction of the trans-I1 and cis Epimer V with Silver 
Nitrate. (a).-To a solution of 450 mg. of I1 in ether ivas 
added an aqueous solution of 360 mg. of silver nitrate at 
room temperature. After shaking. the ether layer was 
separated arid the aqueous layer was extracted three times 
with ether. The combined ether extract was evaporated 
to dryness. The residue, to  which aqueous alcohol had been 
added, was distilled. The 2,4-diiiitrophenylliydraz~~iie 
(yield 24c/c) obtained from the distillate melted at 156-158' 
after one recrystallizatiori; it was identified as cyclopentaue- 
carboxaldehyde ( X T j  2,4-dinitrophriiylhydrdzone by a iiiixerl 
melting point determination. The aqueous layer was made 
alkaline and extracted with ether. The ether extract 
yielded a picrate (yield 76%,) which melted a t  142-145' 
alone and 011 admixture with dl-tmns-2-dimethylami11orycln- 
hexanol (IV) . 

(b) To an ethereal solution of  Y, which was freshiy pre- 
pared from its hydroiodide, was added an aqueous solution 
containing 100 mg. of silver nitrate. After vigorous shak- 
ing, the silver iodide was removed by filtration. The sepa- 
rated ether layer yielded a 2,4-dinitrophenylhydrazorie 
(m.p. 155', yield 82%) which was identical with that of cy- 
clohexanone. The only picrate obtained from the aqueous 
la)-er was that  of dirneth$la~~iine. 

Treatment of I1 with Water. (a)  The Formation of 1V.- 
A suspension of 200 mg. of I1 in 2 ml. of water was heated 
i n  a water-bath uiitil a clear solution was ohtained icn. 3 
iiiiii.); then it was cooled with ice and washed with ether. 
Keither picrate nor 2,4-dinitrophenylhydrazone ivas ob- 
tained from the ether layer. The aqueous lager was made 
alkaline with sodium hydroxide and after two days ex- 
tracted with ether. This ether extract gave the picrate of 
Ii.~~ns-2-dimethylarniriocyclohexanol (IV); yield 66L;;, 1n.p. 
142-143°; m.p. of the pure compound 146-148'. 

Anal. Calcd. for CsH17X0.C6H31i307: C ,  45.1ii; 1 1 ,  
5.38; X, 15.06. Found: C, 45.45; H ,  5.20; S, 14.94. 

(b  I The Formation of vrcso-cis-N,N-Dimethylcyclohex- 
eniminium Salt (IX).--As soon as treatment of 0.3 g. of 11 
as described under (a) gave a clear aqueous solution, nn 
aqueous solution of sodium picrate was added gradually. 
At first there appeared an  orange-yellow precipitate which 
\\-as followed by pale yellow needles. The picrate was 
fractionally filtered. The first precipitate was recrystal- 
lized three times from acetone solution by the atidition of 
ether (heating should be avoided) to give short needles, 1n.p. 
153-154' dec. It showed a slight depression of melting 
point on admixture with an authentic sample of tlimethyl- 
ai i i i  riocyclohex-2-eiie~* picrat e ,  the structural is( imer n.hicli 
iilclls a t  170" m-ithout decoinp~~sition. 

;lnal. Calcd. for CSHI&.C6H3S307 (XI-picratc,'): C .  
47.33; H, 5.08; N, 15.77. Found: C, 47.75; I f ,  5.?(1; N? 
1 ti . 0 3  . 
characterized. 

l'he second precipitate (yield 300 nig.) has not 1)ecii 

Anal. Found: C, 38.45; H, 3.52; N, 15.49. 
(c) The Formation of IV and VI.-A sealed tube contain- 

ing 200 mg. of I1 suspended in 2 nil. of water \vas heated at 
140" in an oilzbath for 10 miiiutes. The resulting clfar 
siilution was cooled and aqueous sodium picrate added. 
- 

(12) 12. Willstatter and D. I Ia t t ,  Her . .  46, l4ti4 (1912). 

The picrate of IV was obtained, m.p. 146-147', yield 51%. 
When 2,4-dinitrophenylhydrazine was added to the solution, 
cyclopentanecarboxaldehyde 2,4-diiiitrophenylhydrazone 
was obta,ined, m.p. 149-151'. 

Treatment of V with Water. The Formation of VII.--An 
aqueous suspension of the free base V, freshly prepared from 
150 mg. of the hydroiodide, was boiled for 4 minutes. The 
resulting clear solution, after cooling, was extracted with 
ether, and tlie extract was evaporated to dryness. The re- 
sidud oil was distilled three times with aqueous alcohol. 
'rile distillate gave a 2,4-ditiitrophenylh)~d~dz~Jllc (1n.p. 
155-156", yield 64%), which was identical wit.11 the cycle)- 
liexanone derivative. 

The Formation of Crude VI, 
Crude VI1 and IV'.-A solution of 2.5 g. of I1 in 20 1111. o f  
absolute ethanol was heated in a sealed tube at 140-150" for 
30 minutes. A4fter evaporation to  dryness, water was 
added to the residue and the solution extracted with ether. 
The ether extract was distilled with alcohol. The distillate 
gave a 2,4-dinitrophenylhydrazone (1n.p. 123-128", yield 
5%), which melted at 130-134" after repeated recrystalli- 
zation. Further purification seemed hopeless. This tli- 
nitrophen)-lhydrazoiie gave a mixed m.p. of 125' with the 
2,4-ciiiiitrophenylhydrazone of cyclohexanone (VII) and a 
mixed m.p. of 137--147' with the cyclopentanecarbo?taIde- 
hyde (VI)  derivative. 

The precipitate, resulting from the addition of water to  
the recrystallization filtrate, melted a t  120' alone and at 
12.1' with the cycluhexanolie derivative. The aqueous 
layer, after saturation with sodium hydroxide, was extracted 
~ v i t l i  ether aiid dried over sodium hydroxide. After evapo- 
ration of tlie ether, the residue boiled a t  94.5-95.5' (27 iiim.), 
yield 58yc. 'The picrate, 1n.p. 125', was identical with d- 
Irans-L'-ethox~--S,S-din~etl~ylcyclohexylan~ine picrate pre- 
])ared by the action (Jf scidiuin ethoxide oil I1 as ineiitioned 
below. 

(a) The Formation of 
dZ-trans-2-Ethoxy-N,N-dimethylcyclohexylamine (IV') from 
11.-To a solution of 130 mg. of I1 in 1 ml. of absolute cth- 
aim1 was added sodium ethoxide prepared from 40 mg. of 
sodium metal and 0.7 ml. of ethanol. After standing for 3 
hours at room temperature,'3 the mixture was evaporated 
almost to  dryness. IVater and ether were added tu the 
residue. The ether layer yielded a picrate which after three 
recrystallizations melted a t  124-125'. The analytical data 
indicate that  this product is dl-trans-2-ethoxy-P1', X-dirneth- 
vlcvclohexvlamine (11.') picrate. 

The Ethanolysis of 11. 

Reaction with Sodium Ethoxide. 

~~ ,lnuI. Calcd. for C ~ O H ~ I N O . C ~ H ~ N ~ O T :  C ,  48.00; 11, 

6.00; N, 14.00. Foulld: C, 48.15; H, 6.11; S,  13.95. 
(b) The Formation of VI1 from V.-A mixture of the free 

base, freshly prepared from 200 mg. of V-hydroiodide, and 
2 ml. of alcoholic sodium ethoxide solution (40 mg. o f  ine- 
tallic sodium) was allowed to stand €or 1.5 hours at rooiii 
temperature; 2 nil. of water and 5 ml. cif ether were arllleil 
with shaking. The ether layer gave no picrate except that 
of the unchanged starting material. The ether solutioii 
after the removal of V-picrate was distilled with alcohol. 
The distillate gave a 2,4-dinitrophenyll~~drazone (rn.11. 
1,%-155', yield 68%) which was identical with tlie cyclo- 
hexanone derivative. 

Oiic gram of the trans epimer 11, which had been dried I'n 
V U C Z I O  over phosphorus pentoxide at room temperature for :i 
week was heated a t  140-145" in a sealed tube. The mate- 
rial first fused and then decomposed after 4 minutes of heat- 
i ng; it crystallized upon cooling. Washing with dr)- etlwr 
gave 0.94 g. of yellow powder. The powder was distilled 
with alcohol (dried over sodium once) and this treatment i vas  
i-cpeatrd. Thc distillate gave 260 mg. o f  a 2,4-dinitr<~- 
~~hcii~ll1ydrazone,'3 ii1.p. 125-128', which after thrce recrys- 
talii~ations from alcohol yieldcd orange plates, 1n.p. 154- 
155' alone and on admixture with the cyclopentaiicccir- 
hxaldchyde derivative. 

i lnul.  Calcd. for CI&~lr-?hOr: C, 51.70; H, 5.07; S, 
20.13. 

The distillation residue was recrystalhzed from alcohol 
and ether. The recrystallization filtrate gave 300 mg. of 
a 2,4-dinitrophenylhydrazone,'4 m.p. 128-129", which after 

Pyrolysis. (a) The Formation of VI and VI1 from 11:- 

Found: C, 52.00; H, 5.03; N, 20.47. 

f I :3) Heating should be avoided. 
( I  i) This is Ixubnhly a mixture of the derivatives irf V I  and \ ' II ,  11s 

t h r  1n.p. is l o v ;  these values, therefore, do  not  indicate tllc proiiortion 
uf the ketone to the aldehyde. 
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repeated recrystallization from alcohol gave orange plates, 
melting a t  152-154' alone a i d  on admixture with the cyclo- 
hexanone derivative. 

Anal. Calcd. for C12HldN40a: C, 51.79; H, 5.07; N, 
20.13. Found: C, 51.88; H, 4.89; N, 20.23. 

The recrystallized distillation residue was again recrys- 
tallized from alcohol to give colorless prisms of dimethyl- 
amine hydroiodide, m.p. 147-150". 

Anal. Calcd. for C2Hyi'i.HI: C, 13.87; H, 4.62; N, 
8.08. Found: C, 13.60; H ,  4.41; N, 8.21. 

(b) The Formation of VI1 from V.--\Yhen 130 mg. of the 
freshly prepared free base I' was heated in a sealed tube at  
loo", the material first fused and then decomposed after 30 
seconds. The resulting solid mass was washed with dry 
ether and distilled with aqueous alcohol. The distillate 
gave a 2,4-dinitrophenylhydrazone (yield lOO7,,  m.p. 155- 
156') which mas identified as the cyclohexanone derivative 
by a mixed m.p. determination. 

(c) The Formation of VI1 and dl-cis-2-Chloro-N,N-di- 
methylcyclohexylamine (XII) from 11-Hydrochloride.- 
Dried 11-hydrochloride (1.04 9.) in a sealed tube was heated 
in boiling xylene. It melted a t  once and then decomposed 
after about 7 minutes to give a solid mass, which was 
treated as described under (b) . The 2,4-dinitrophenyl- 
hydrazone of cyclohexanone was obtained ; yield E167~, 
m.p. and mixed m.p. 150". 

The distillation residue was dissolved in water. The 
oily layer which apeared on the addition of alkali was ex- 
tracted with ether. The ether layer yielded a picrate 
(yield 2470, m.p. 145-150') which was repeatedly recrys- 
tallized from ethyl acetate to give needles, m.p. 178', 
which were identified as dl-cis-2-chloro-N,X-dimethylcyclo- 
hexylamine (XII)  picrate by a mixed m.p. determination. 

Anal. Calcd. for C8H1&Cl.CcHSN307: N, 14.35. Found: 
N, 14.47. 

(dj  The Formation of VI1 and Crude dl-trans-2-Chloro- 
N,N-dimethylcyclohexylamine from V-Hydrochloride.-V- 
Hydrochloride (40 mg.) was heated in a sealed tube a t  125". 
When the decomposed material was treated as described 
in (b) ,  the 2,4-dinitrophenylhydrazone of 2yclohexanone was 
obtained, m.p. and mixed m.p. 152-154 . When the de- 
composed material was dissolved in water and extracted with 
ether after the addition of potassium carbonate, the extract 
gave a picrate which contained halogen; yield 45%, m:p. 
138-142'. This picrate showed no depression of melting 

point on admixture with an authentic sample of dl-trans-2- 
chloro-N,N-dimetliylcyclohexylarniite picrate and a de- 
pression of melting point on admixture with its czs epimer. 

dl-cis-2-Chloro-N,N-dimethylcyclohexylarnine (XII) was 
prepared by the Mousseron procedurels; b.p. 100' (25 
mm.). The hydroiodide, which melted at 168-169" after 
recrystallization from acetone-ether, was unchanged when 
heated in a sealed tube a t  140'. 

Anal. CaIcd. for CsHieNC1.HI: C, 33.16; H, 5.87; 5, 
4 3 3 .  Found: C, 33.28; H, 5.90; N, 4.65. 

Intramolecular Interconversion of solution 
of 1 . O i  g .  of 11-hydrochloride in 10 nil. of absolute ethanol 
nas  refluxed for 5 minutes and then kept at  room tempera- 
ture for 3 days. Ether (15 ml.) waz added and the mixture 
kept for 50 days. During this interval colorless needles 
appeared (m.p. 150-155", yield 520 mg.) which after three 
recrystallizations from ethanol melted a t  156-157' alone 
and on admixture with the hydroiodide of 11. The picrate 
was also identical with the picrate of 11-HI. 

Anal. Calcd. for CRHIONI.HI: C, 25.17; H, 4.46. 
Found: C, 25.47; H, 4.58. 

After 50 days different needles appeared (yield 120 mg.) 
which were recrystallized from ethanol as cubes, m.p. 184- 
1 8 5 O .  

Anal. Calcd. for C s H d C l . H I  (dl-trans-2-chloro-N,X- 
dimethylcyclohexylamine hydroiodide) : N, 5.84. Found: 
N, 5.78. 

The picrate (m.p. 166-168') gave a positive Beilstein test 
for halogen, but contained no iodine. Since the melting 
point of the picrate was depressed on admixture with au- 
thentic dl-cis-2-chloro-N,N-dimethylcyclohexylamine (XII) 
picrate (m.p. l W ) ,  it is probably the trans epimer. 

Anal. Calcd. for C8Hl&C1CeH3N40r (dl-trans-2-chloro- 
N,N-dimethylcyclohexylamine picrate): C, 43.02; H,  4.86; 
N, 14.35. Found: C,43.25; H, 4.94; N, 13.95. 
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The use of peracetic acid in an inert solvent mas investigated in the Baeyer-Villiger synthesis of lactones from cyclic 
Side reactions were minor with cyclopentanone and various cyclohexanones, and it was possible to isolate by dis- 

Several 
Extension of the reaction to  cyclo- 

ketones. 
tillation the corresponding 6-valerolactone and c-caprolactones in high yield as stable monomeric compounds. 
previously unreported alkyl-substituted e-caprolactones were prepared by this method. 
heptanone and cyclooctanone resulted in extensive ring cleavage to the corresponding dibasic acids. 

A previous contribution2 from this Laboratory 
described a new synthesis of peracetic acid-one 
which gave the product as a solution in an inert sol- 
vent. The present paper deals with the use of this 
reagent for the preparation of lactones by reaction 
with cyclic ketones. 

The limitations which have made the Baeyer- 

Villiger reaction3 and its various modifications un- 
satisfactory in the past for the preparation of 
many acid-sensitive products, such as b-valerolac- 
tone and e-caprolactone, have been noted.4 High 
yields of these products were obtained in the pres- 
ent study, and this was attributed to the type of 
peracetic acid solution used. The absence of inor- 

(1) Presented in part at the Atlantic City Meeting of the American (3) A. Baeyer and V. Villiger, Ber., 32, 3625 (1899); 38, 858 

(2) B.  Phillips, F. C. Frostick, Jr., and P. S. Starcher, THIS JOURNAL, (4) W. F. Sager and Alan Duckworth, THIS JOURNAL, 77, 188 
Chemical Society, September 1950. (1900). 

79, 5982 (1957). (19.55). 


