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anhydrous ether in a nitrogen atmosphere was added dropwise 
305.5 g.  (1.03 moles) of diethyl (3,4-methylenedioxyphenyl)- 
malonate over a period of 5 hr. The solution was refluxed for 
20 hr., cooled in an ice-salt bath, and decomposed with 770 g. 
of ammonium sulfate in 1500 in]. of water. The ether layer 
was removed, and the aqueous layer was extracted twice with 
ether. The ether extracts after drying and evaporation yielded 
25.40 g.  of an unidentified fraction, h.p.  160-165" (1.5 mm.).  
This contained some of the expected diol m shown by the forma- 
tion of a dinaphthylurethane derivative, m.p. 297-298'. How- 
ever, no diol could be crystallized by seeding the oil with pure 
diol. The diol was isolated by continuous extraction of the 
aqueous suspension from the reduction, with chloroform for 48 
hr., evaporation of the chloroform, and recrystallization from 
benzene. The yield was 62 E. 130%7,), m.o.  79-81'. 

Anal .  Calcd. for CllH1654: C, 62.25; H,  7.60. Found: 
C, 62.11; H ,  7.34. 

2-(3,4-Dimethoxyphenyl)propane-l,3-diol Ditosylate .-A so- 
lution of 40 g. (0.188 mole) of 2-(3,4-dimethoxyphenyl)propane- 
l,3-diol in 200 ml. of dry pyridine was cooled t,o 0" and 80 g. 
(0.5 mole) of p-toluenesulfonyl chloride was added keeping the 
temperature below 10". The solution was left overnight a t  20" 
and then poured into an ice solution containing 300 ml. of 
concentrated hydrochloric acid. The solid which separated on 
scratching was recrystallized from absolute ethyl alcohol to give 
72.5 g. (74%) of the ditosylate, m.p. 112.5-114.5°. 

Anal .  Calcd. for C&80&: C, 57.67; H ,  5.42. Found: 
C, 57.69; H ,  5.27. 

Diethyl 3-(3,4-Dimethoxyphenyl)cyclobutanedicarboxylate.- 
To a solution of 88.3 g. (0.17 mole) of 2-(3,4-dimet'hoxyphenyl)- 
propane-1,3-diol ditosylate and 30.20 g. (0.19 mole) of diethyl 
malonate in 600 ml. of dioxane a t  100" was added slowly (3 hr.)  
7.65 g. (0.17 mole) of 53.3% sodium hydride in mineral oil. 
The mixture was refluxed for 3 hr., and then an additional 0.17 
mole of sodium hydride was added. The mixture was refluxed an 
additional 15 hr., and the solvent was removed. The diester 
was extracted from the residue with ether, washed with water, 
and dried. It was purified partially before distillation by passing 
through an alumina column with ether. The diester (30.94 g., 
547,) was a colorless oil, b.p. 178-181" (0.2 nim.), and was iden- 
tified by its n.m.r. spectrum. 
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The platinum metals-rhodium, ruthenium, plati- 
num, and palladium-have been investigated as 
catalysts for the liquid-phase hydrogenation of aniline 
(I) to cyclohexylamine (11). A major objective was 
to determine the extent and mechanism of forniation of 
dicyclohexylaiiiine (111). The effects of the addition 
of ammonia and of I11 were studied. 

The literature indicates that ruthenium is the best of 
the platinuni metal catalysts for the hydrogenation of 
aromatic amines to alicyclic aniines. 1 - 4  Aniong the 
base metals. cobalt has been used with considerable 

(1) A .  E .  Barkdoll. D. C. England, H. W, Gray.  W .  Kirk, Jr.. and G. 

(2) G .  .If. \+ hitman,  U.  S. Patent  2,606,924 (Aug. 12, 1952); U. S. Patent  

(3) &I. Freifelder and G. R .  Stone, J .  A m .  Chem. Sac., 80, 5270 (1958). 
(4) hl .  Freifelder and G .  R. Stone, J .  Ow. Chem., 27 ,  3568 (1962). 

M .  Whitman.  J .  Am.  Chem. Soc..  7 6 ,  1156 (1953). 

2,606,925 (Aug.  12. 1952). 

success, although it requires rather high temperatures 
and  pressure^.^-^ 

The catalytic hydrogenation of I to I1 probably 
proceeds stepwise with the formation of enamine and 
imine intermediates (eq. 1). 

Ia I b  

The mechanism of formation of the major by-product 
(111) probably is the same as proposed for the produc- 
tion of secondary amines in the hydrogenation of 
 nitrile^.^ This involves the addition of I1 to the iniine 
Ib (eq. 2) .  IV then may undergo hydrogenolysis 

I1 4- Ib o N : H a  (2) 

Iv 
directly to I11 (eq. 3) or lose ammonia to  form a keti- 
mine (V) (eq. 4), which then is reduced to 111. 

Hz 
IV ----f I11 + NH3 (3) 

Iv -k NH, (4) 

V 

It also has been suggested'O that,  a t  sufficiently high 
temperatures ( >160-170°), the nickel-catalyzed hy- 
drogenation of I to I1 results in the formation of I11 
by the following reaction. 

211 + I11 + NHs (5) 

I n  addition to the formation of secondary amine, an 
important side reaction a t  very high temperatures is 
the production of cyclohexane. This reaction is 

I1 * CeHiz + NHI (6)  

noticeable below 300' but not important below 325' 
with nickel and cobalt  catalyst^.^ Cyclohexane forma- 
tion becomes excessive with the more active ruthenium 
catalyst at about 200° and is not diminished by the 
addition of I11 or ammonia." 

H2 

Experimental 

Each experiment on the hydrogenation of I w m  run in a 1-l., 
stainless steel, rocking autoclave with 186 g. (2.0 moles) of I 
and, unless otherwise specified, 1.86 g. of a dry 5% metal-on- 
carbon catalyst (Engelhard Industries, Inc.) at 800-1000 p.s.i.g. 

The effect of adding each of the following substances was 
studied: I11 (18.0 g., 9.10 mole, 5 mole based on I ) ,  concen- 
trated aqueous ammonia (14 ml., 0.2 mole, 10 mole "/b based on 
I ) ,  and ammonia (5 ml. as liquid ammonia, ca. 0.2 mole, 10 mole 

(5) C. F. Winans, I n d .  Eng. Chem., 32, 1215 (1940). 
(6) C. F. Winans, U. S. Pa ten t  2,129,631 (Sept. 6.  1938). 
(7) A. I. Naumov, 2. G .  Lapteva,  and M .  M. Shurnilina. U.S.S.R. Patent  

114.260 (July 30, 1958); Chem. Abstr . ,  63, 14.026e (1958). 
(8) P. Richter, .J. Pasek, V.  Ruzioka, and L. Jarkovsky. Czechoslovakian 

Patent  98,263 (appl. Nov. 17, 1959); Chem. Abstr., 66, 12,771i (1962). 
(9) J. yon Braun, G. Hlessing, and  F, Zobel. Ber. ,  66B, 1988 11923). 
(IO) C. F. Winans and H. Adkins, J .  A m .  Chem. Soc.. 64,  306 (1932). 
(11) G .  M .  Illich, Jr . ,  and R. XI. Robinson, U. S. Patent  2,822.392 (Feb. 

British Pa ten t  836,951 4, 1958); U. S. Patent  2,955,926 (Oct. 11. 1960); 
(June 9, 1960). 
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Catalyst  

TABLE I 
HYDROGENATION OF A N I L I N E ~  

Temp., Time,  Mole % yieldb 
Added 

( 111. 

. .  

R h  

Pd 
Pt 

O C .  hr. I1 I11 

120 11 71 5 15 5 
120 11 5 69 5 15 5 
145 2 73 15 5 
140 3 72 16 5 
145 2 25 75. 3 
145 18 82 6 5 
120 5 75 63 25 
120 12 65 25 
145 1 5 61 28 
145 4 5 h 
145 5 a 
145 5 j 

a Cnless otherwise specified, each experiment was run in a 
1-1, rocking autoclave with 186 g. (2.0 moles) of I and-1.86 g. 
of a 5% metal-on-carbon catalyst a t  800-1000 p.s.i.g. until the 
reaction was complet,ed. Determined by gas-liquid chroma- 
tography. Reactions that went to completion resulted in about 
0.5 mole % yields of cyclohexane and traces of benzene. 18 g. 
(0.10 mole). e 756 yield of cyclohexanol 
also was obtained. Liquid "3, ca. 
5 ml. (ca. 0.2 mole). Little or no reaction a t  1250 p.s.i.g. 

j Little or no reaction at  1200 p.s.i.g. 

14 ml. (0.2 mole). ' Used 3.72 g. of catalyst. 

Ca. one-third complete. 

yo based on I ) .  The liquid ammonia was added to the autoclave 
after the vessel, containing I and catalyst, had been cooled in a 
Dry Iceacetone bath. The autoclave then was sealed and purged 
with nit.rogen and then with hydrogen, and hydrogen was added 
while the vessel still was cold. 

At the end of each reaction the autoclave was cooled and depres- 
surized, and its contents were filt'ered to remove the catalyst. 
Methanol was used as a solvent to  assist in removing the reaction 
mixture from the autoclave and for washing t,he filter cake. The 
filtered reaction mixture, now containing methanol, was separated 
by distillation into several fractions that then were analyzed by 
gas-liquid chromatography. 

Except for the experi- 
ments with added liquid ammonia, duplicate experiments gave 
excellent reproducibility both of react,ion rates and product 
yields. Duplication of the experiment with the ruthenium cat- 
alyst and added liquid ammonia gave very good reproducibility 
of product, yields; however, the reaction rates were variable due, 
no doubt, to variable losses of the volatile ammonia during load- 
ing and purging operations. 

In  one experiment, 198 g. (2.0 moles) of I1 was treated with 
1.86 g.  of 5% ruthenium on carbon and hydrogen for 5.75 hr. 'at  
145' and 1075 p.s.i.g. After removal of the catalyst by filtra- 
tion, the reaction mixture was analyzed by gas-liquid chromatog- 
raphy. About 3'3, of I1 had been converted into 111. No 
other reaction was detected. 

The material balancesfor the experiments described in Table I 
are significantly less than quantitative. It is likely that this is 
due to mechanical losses, since no other products were detected. 

The results are summarized in Table I .  

Results and Discussion 

The palladium catalyst was severely inhibited and 
the platinum catalyst almost completely poisoned, 
presumably by the strongly adsorbed I1 initially formed. 
No further work was done with these catalysts. Simi- 
lar inhibitions of platinum catalysts have been re- 
ported.12 The use of an acid iiiediuni with platinum 
catalysts to convert toxic free bases to nontoxic ani- 
moniuni ions is well known. Such techniques mere 
not used in this study. 

Ammonia suppresses the formation of secondary 
amines during the hydrogenation of nitriles,13 and it 

(12) J .  M Devereux. K. R. Payne, and E. R. A. Peeling, J .  Chem. Soc. ,  

(13)  E. J. Schwoegler and H. Adkins, J .  Am. Chem. SOC., 61, 3499 (1939). 
2845 (1957). 

has been postulated that this effect is due to the reverse 
of eq. 4.13 The formation of an N-substituted imine 
and ammonia froni an iniine and a primary amine (eq. 
2 and 4) proceeds at room temperature, is not catalyzed, 
and should be suppressed by amnionia.'O Indeed, it 
has been demonstrated that the reaction sequence in 
eq. 2 and 4 is in fact re~ersib1e.l~ 

The use of dry ammonia resulted in considerable 
inhibition with ruthenium and coiiiplete inhibition 
with rhodium. The experinlent with ruthenium was 
carried to completion; although the reaction was im- 
practically slow, the ammonia significantly decreased 
the formation of 111. Water is known to eliminate the 
catalyst toxicity of ammonia by converting it to the 
nontoxic ammonium cation. 1 5 , 1 6  Predictably, the use 
of aqueous ammonia with the ruthenium catalyst did 
not cause any inhibition and still decreased the forma- 
tion of 111. However, there resulted the expected 
formation of cyclohexanone (and its subsequent reduc- 
tion to cyclohexanol) by hydrolysis of enamine inter- 
mediate~ '~~'* (eq. 7) .  Thus, the use of either dry or 

aqueous ammonia to decrease the formation of I11 is not 
feasible. 

The addition of 111 retards the formation of additional 
secondary amine in the n i ~ k e l - , ~ . ~  ~olsa!t-,~q~ and 
rutheniuni-cat'alyzedll hydrogenations of I a t  high 
temperatures (>ZOO'). This effect of added I11 
probably is due to the demonstrated rever~ibil i ty '~ 
of the reaction shown in eq. 5 .  KO such effect was ob- 
served in our experiments atj lomer temperatures with 
ruthenium and rhodium catalysts ; results of the t,reat- 
ment of I1 with a ruthenium catalyst at 145' in the 
presence of hydrogen indicated that the reaction shown 
in eq. 5 is of minor importance under our experimental 
conditions. Furthermore, t'he added I11 retarded the 
rate of the rhodium-catalyzed hydrogenation, although 
the rate with the ruthenium catalyst was little affected. 
An inhibitory effect of alkyl amines on a, rhodium 
catalyst previously has been reported.20 

There was very little formation of cyclohexane 
(<l%) with ruthenium or rhodium catalysts at  145'. 

I n  the range of 120-145O, temperature had little or 
no effect on the forination of I11 with either the rhodium 
or ruthenium catalyst (Table I). h 2-3y0 yield of I11 
has been reported a t  mild temperatures (25-90') 
with a rhodium catalyst at very high catalyst levels.21 

I n  the absence of added I11 or ammonia, the rhodium 
catalyst was more active than ruthenium, as has been 
previously reported.22 The rates of hydrogenation 
were quite temperature dependent with each catalyst, 
(Table I). 

(14) G .  Reddelien, Ber.. 64B, 3121 (1921). 
(15) E. B. Rlaxted and RI .  S. Biggs, J .  Chem. Soc.,  3844 (1957). 
(16) E. B. Maxted and A .  G .  Walker, r b d ,  1093 (1948). 
(17) G .  Stork and W. N. White. J .  Am. Chem. S o c . ,  78, 4601 (1956). 
(18) G. Debus and  J. C. .Junners, Bull. soc. chim. Beloes, 62, 172 (19531. 
(19) A .  I. Kaumov and E. I. Geidel'hprg. Zh .  F ? t .  Khim., 30, 9126 (1956): 

(20) R I .  Freifelder J .  Oro. Chem., 26, 1835 (1961). 
(21) Abbott  Laboratories. British Pa ten t  881.512 (NOT,. 1, 1961). 
(22) P.  N. Ryiander and D. R. Steele, Enoelhard Ind .  

Chem. A b s t r . ,  61, 6302n (1951). 

T e c h  Bull., 3 ,  
19 (1962). 



3084 NOTES VOL. 29 

The ruthenium catalyst was significantly superior to 
rhodium with respect to the selective formation of I1 
rather than I11 under all conditions studied. 
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The bicyclo [3.3.1 Inonane ring is interesting because 
the two “inside” hydrogens on C-3 and C-7 in the con- 
formation (I) must have a considerable interaction. 
As a part of a program of study of the chemistry of the 
bridged medium rings it was important to ascertain 
the effect of this interaction on the preferred conforma- 
tion of the ring. Until recently no information perti- 
nent to this problem has been available, but it has been 
shown’ via X-ray analysis that  the hydrogen repulsion 
is relieved by flattening each ring via spreading the 
ring angles to 114’. The preferred conformation is 
the double chair (I) where the “inside” atoiiis a t  C-3 
and C-7 are both hydrogen. 

This paper describes an attempt to solve the co - 
formational problem through the use of n.1n.r. spec- 
troscopy. Vicinal coupling constants are primarily 

I 
C-6 
I 

I 
&-6 
I1 

dependent on the dihedral angle,2 so that the bridge- 
head proton, HA,  should be nearly equivalently coupled 
to the two protons at  C-4 in I (e = e’), but unequally 
coupled to the same pair in I1 (e # e’). For confornia- 
tion I, HA is expected to exhibit a triplet (AX,) in 
t,he n.1ii.r. spectrum, whereas for I1 a quartet (doublets 
of a doublet, AXY with Jax # J A Y )  should appear. 
Thus the n.ii1.r. spectrum might be expected to dif- 
ferentiate between I and I1 in two ways: (a) the dif- 
ference in  the vicinal coupling constants and (b) the 
difference in the spectral patterns for the bridgehead 
proton, Ha. 

(1) W. A .  Brown, G .  Eylinton, J .  l l a r t i n ,  W. Parker,  a n d  G. A.  Sim, 
Proc. Chem. Soc.. 57 (1964). 

(2) hl. Karplus,  J .  Chem. Phus. SO, 11 (1959). I t  has been stressed re- 
cently$ t h a t  other factors may also influence the coupling constants. Reli- 
able results can be expected in a quantitative manner only n i t h  c los~ly  re- 
lated species. I n  the present application where a theoretical value of J is 
compared with a measured one to provide an  absclute test  for conformation. 
it seems safe to apply the method where the predicted difference of J ’ s  for 
the conformations is large, or where good experimental models are available 
to provide confirmatory evidence. 

(3)  hl.  Karplus. J .  A m .  Chem. Soc., 86, 2870 (1963). 

Actually the situation is considerably less favorable 
than this analysis would suggest. Unless the protons 
under consideration can be isolated from those in the 
remainder of the molecule, the spectrum would probably 
be too complex for analysis. Even then analysis would 
be troublesome unless the protons had a sufficiently 
large chemical shift difference. Distortion of the 
molecule froin the symmetrical conformations I and 
I1 might tend toward a coinnion spectrum intermediate 
between the extremes depicted above. Finally rapid 
interconversion of I and I1 would lead to  a pair of 
coupling constants which are a weighted average of 
those characteristic of the protons in each environ~iient.~ 
Thus it is possible that an unambiguous conforiiiational 
assignment might not be possible. Seeking a simple, 
readily accessible molecule to permit an *experimental 
test of n.ni.r. for conformational studies in this ring 
system we chose to study some 2,4-dioxabicyclo [3.3.1]- 
nonanes. 

All attempts to prepare a cyclic acetal from cyclo- 
hexane-l,3-diol (predominantly the cis isomer) and 
various aldehydes failed. Exchange methods utiliz- 
ing coniniercially available acetals or ketals fared no 
better. Apparently the equilibrium concentration of 
cyclic acetal is negligibly small, the reduced stability 
of the acetal undoubtedly being an effect of the hy- 
drogen repulsions mentioned earlier. Eventually we 
prepared a sample of 3-methyl-2,4-dioxabicyclo [3.3. I]- 
nonane (111), albeit in low yield, by the method of 
Croxall, Glavis, and ?;eher.5 I11 was clearly identi- 
fied by (a) its molecular weight, which eliminates poly- 
meric acetals, (b) its hydrolysis to give acetaldehyde, 
(c) its infrared spectrum which shows the absence of 
hydroxyl and carbonyl groups, and the presence of 

6 H  

a 5 p CHs 

I11 
H X  

ether links, and (d) its n.m.r. spectrum which is dis- 
cussed in detail below. 

The n.ni.r. spectrum of I11 exhibits peaks in three 
general groups, a sharp quartet a t  4.74, a poorly re- 
solved quintet a t  5.79, some 16-20 peaks between 7.2 
and 8.0 merging into a series of peaks between 8.0 and 
9.0, and a sharp doublet at 8.8, Some of the bands are 
iinmediately and unequivocally assignable. The sharp 
quartet (1H) at  r 4.74 is due to the C-3 proton which is 
uniquely coupled ( J  = 5.0 c.P.s.) to the methyl pro- 
tons as an AX3 set. Accordingly the methyl group 
shows up as a clean doublet (3H) a t  T 8.8 with the same 
coupling. The most important feature of the spectrum 
for our analysis is the incompletely resolved quintet 
(2H) a t  T 5.79. A repetitive spacing of 2.5 C.P.S. 
and a width at half-height of 9.0 C.P.S. characterize 
the peak. It is certainly due to the bridgehead protons. 
The remainder of the spectrum is complex. It is 
pleasing to note that the T 8-9 section of the spectrum 
bears a very strong resemblance to that of cis-l,3- 

(4) For a clear discussion of this pcint,  see .J. A .  Pople, W. G .  Schneider, 
a n d  H .  J .  Bernstein. “High Resolution Kuclesr M a m e t i c  Resonance.” 
MoCraw-Hill Book Co.. New York, N. Y., 1959. pp. 377-381. 

(5) W. J. Croxsll, F. T. Glavis. and  H. T. Neher, J .  A m .  Chem. Soc., 
70, 2805 (1948). 


