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earlier . 4 J 2 J 3  The physical properties of previously unre- 
ported free bases are given in Table 11. 
4-(4-Biphenylyl)-2-methyloxazole.-Acetamide (7.72 g.)  

and fi-phenylphenacyl bromide (35.7 g.)  were melted to- 
gether and heated for 4 hours at 165'. The acetamide was 
removed from the reaction mixture with water, and the re- 
maining solid was dried and extracted with boiling ethanol. 
The ethanol solution was taken to dryness, and the solid was 
triturated with boiling hexane. The product from the hex- 
ane was recrystallized twice to give 0.34 g. 

4- [5-Phenyl-2-( 1,3,4-oxadiazolyl)] -pyridine.-To a solu- 
tion of 4.1 ml. of benzoyl chloride in pyridine was added 5.1 
g. of isonicotinoyl hydrazide. The solution was heated for 
five minutes on a water-bath, cooled and poured into water. 
The solid was filtered off, dried (7  g.) and recrystallized from 
water t: give l-benzoyl-2-isonicotinoylhydrazine, m.p. 
232-234 . Anal. Calcd. for Cla?&Ii\'3On: C, 64.72; H, 
4.60; N, 17.42. Found: C, 64.77; H, 4.80; N, 17.62. 
A solution of 4.9 g. of the hydrazine in 25 ml. of phos- 

phorus oxychloride was refluxed for five hours. The excess 
phosphorous oxychloride was removed, and the residue was -- 

(12) V. N. Kerr ,  F. N. Hayes, D. G. O t t  and E. Hansbury, J .  

(13) V. N. Kerr,  F. N. Hayes, D. G. Ot t ,  R. Lier and  E. Hansbury, 
Org. Chem., in press. 

J .  Org.  Chem.,  in press. 

poured into water. The water was taken to p H  6 and the 
solid was filtered off, dried and recrystallized to give 2.8 g. 

4-(5-Phenyl-2-oxazolyl)-pyridine N-Oxide.-A mixture 
of I g. of 4-(5-phenyl-2-oxazolyl)-pyridine, 15 ml. of glacial 
acetic acid and 1.5 ml. of 30% hydrogen peroxide was heated 
on a water-bath for seven hours. The reaction mixture was 
taken to dryness and the residue was washed with ether. 
Recrystallization from acetone gave 0.46 g. 

The ultraviolet absorption spectra were taken with a 
Beckman model DK-1 recording spectrophotometer. The 
solutions were of 95y0 ethanol and the concentrations were ca .  
2.5 X mole/l. The infrared absorption spectra of 
these compounds may be found in the Sadtler Standard 
S p e ~ t r a . 1 ~  
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The first authentic synthesis of cis-decahydroquinoxaline (XI) (m.p. 56-58') is herein described. I t  was obtained in 
high yield by the hydrogenation of quinoxaline (X), or tetrahydroquinosaline, over 5% rhodium-on-alumina catalyst at 
100" and 136 atrn. or over freshly prepared Raney nickel W-6 under similar conditions. Evidence is presented supporting 
the stereochemical assignment and demonstrating that previously reported preparations of decahydroquinoxaline have 
yielded either tetrahydroquinoxaline (VII),  trans-decahydroquinoxaline ( V I I I )  or mixt.ures of the cis  and trans forms. 

Decahydroquinoxaline should exist in two geo- 
metrically isomeric forms, cis- X I  and trans- VI11 
depending on the manner of fusion of the cyclo- 
hexane and piperazine rings. The presence of the 
hetero atoms further introduces the possibility of 
molecular dissymmetry, the cis form being meso 
and the trans form the racemic (D,L) compound or 
mixture. Conformational variations involving boat 
or chair rings and equatorial or axial N-H bonds 
are also possible. 

In the first reported preparation of a decahydro- 
quinoxaline, Mousseron and Combes2 treated cyclo- 
hexene oxide (IV) with 2-aminoethanol followed 
by chlorination and ammonolytic ring closure. 
Neither yields nor physical constants were given 
for the decahydroquinoxaline. An N,N'-dinitroso 
derivative melting with decomposition at  160" 
was mentioned. This has now been shown to be 
N, N '-dinitrosotetrahydroquinoxaline. 

Later Beck, Hamlin and Weston3 prepared a 
decahydroquinoxaline, m.p. 150-151" (24%), by the 
action of ethylenediamine on cyclohexene oxide 
followed by catalytic dehydrative ring closure. 
I ts  hydrochloride melted a t  365" dec. Neither 
group discussed the problem of stereoisomerism. 

(1) Abstracted from the  M.S. Thesis, of E. L. A. (1955). C. W. W. 

(2) Ll. Mousseron and G. Combes, BIOI. SOL.  i l i i i i i  i 'rui ice ,  82 

(3) K. M. Beck,  K. E Hamlin and A I\' N'eston, THES J O U K N A I . ,  

(19R8) and L. P. (1958). 

(1947). 

74.  iiO5 (1952). 

\Ye have now succeeded in the complete hydro- 
genation of either quinoxaline (X) or of tetra- 
hydroquinoxaline (VII) directly to decahydro- 
quinoxaline by the use of the proper catalytic sys- 
tem, ah., either freshly prepared Raney \V-64 or 
5y0 rhodium-on-alumina5 (preferably the latter) 
a t  100" and 136 atm., to give virtually quantitative 
yields of pure material XI1 melting a t  56-58'. 
The reaction, however, is extremely sensitive to 
poisoning of the catalyst. The N,N'-dinitroso 
derivative was also prepared, m.p. S7-89". 

In view of the known stereochemistry of epoxide 
ring openings, catalytic hydrogenations and sym- 
metry-physical property considerations, we tenta- 
tively assigned the trans configuration to the high 
melting product of Beck, et al., and the cis con- 
figuration to the low melting, more soluble product 
we had obtained by hydrogenation. Later work 
has confirmed this assignment. 

Subsequently, Christie, Rohde and Shultz6 re- 
ported the hydrogenation of tetrahydroquinoxa- 
linium ion (VII) in ethanolic hydrogen chloride 
using platinum oxide a t  60" and 50-80 p.s.i.g. 
Despite a reported crude yield of 90% crude di- 
hydrochloride, the final yield of product melting 

(4) H. R. Billica and H. Adkins, "Organic Syntheses," Coll. Vol. 111, 
Tnhn Wiley and Sons, Inc , S e w  Pork ,  N. Y., 1955, p. 176. 

( 5 )  Baker and Co , Inc., "Engelhard Industries News-Letter,'' 
January,  1950 

( 8 )  W. Christie, W. Kohde and H P. Shultz, J .  Org. C h e m . ,  21, 243 
(19X). 



at 152.5-153" (from petroleum ether) mas as- ments on test mixtures of both for~ns together 
tonishingly low (12.8%). The N,N'-dinitroso demonstrated that recrystallization from petroleum 
derivative IX melted a t  110-111". Because of the ether results in the rapid isolation of t.he pure high 
method of preparation they provisionally assigned melting form only, in explanation of the work of 
to their product (and that of Beck, et al., which Shultz and co-workers. 
had the Same Properties) the Cis confii,ouratiOn. The technique of gas partition chromatography 
Since Mousseron's substance gave a different dini- likewise lnade possible a partial separation of the 
trow derivative, i t  was assumed to be trans. crude decahydroquinoxalines into the low and 

A vigorous investigation, which had been high melting forms a t  20s" on a 10-ft. silicone col- 
underway in our own laboratories to establish the umn. The two fractions collected melted a t  55-63 
configuration of the decahydroquinoxalines con- and 140-145", respectively. These were further 
ClUSiVely, was now directed also toward an eluci- Carbowax 
dation of the apparent discrepancies between the and diglycerol columns would not effect separation. 
reported data and our own. The results are given. An authentic specimen of N,N'-dinitrosotetra- 

hydroquinoxaline was prepared and found to be 
identical in behavior with that reported by Mous- 
seron as the N,N'-dinitrosodecahydroquinoxaline. 
Further the dinitroso derivative of the product of 

I1 111 Beck, et al., was prepared. A mixed melting point 
determination confirmed its identity with that ob- 
tained by Shultz, et al. 

", Two logical approaches were available for 
making the correct configurational assignments for 

a racemate of D- and L- forms could be resolved 
into its optical antipodes or either isomer could 
by synthesized by a stereospecific route. The for- 
mer approach utilizing seven different derivatives, 

13 E Ah *LOJ TO the mono-&tartrate, the di-d-tartranilate, the 
mono-1-malate, the di-d-10-camphorsulfonate, the a:] 7 aN) NgoT aN) mono-&camphorate, the niono-l-5-pyrrolidone-2- 

N HCI $ carboxylate and the 1,4-bis(-l-menthoxyacetyl), 
was tried and proved unfruitful in our hands. 

The latter approach was successful and the 
identity of the high melting isomer of dccahydro- 
quinoxaline as the racemic tram form VI11 was 
unequivocally established by its synthesis from 
trans-l,2-~yclohexanediamine~~~ (VI) prepared from - a'] ethyl 2-oxocyclohexanecarboxylate (I) as indi- 

r;J cated on the equation diagram. The trans- 
s XI1 SO cyclohexanediamine was condensed first with aq. 

glyoxal, yielding a highly labile hexahydroquinox- 
dine intermediate which could not be isolated but 

identified by analysis and derivatives. 

the two isomers : trans-decahydroquinoxaline, being 1 1 .  S ( ' t I .! C HZ N H, 

J I\' L' 
l 

H2 h-i f H2 

H 
, VI11 IX NO \'I1 

m,p, 108-11~o 

m.p. 86- 88 ' 
m.p. 57-,583 

The work of Shultz, pt al.,6 and of neck, et a1.,3 
was carefully repeated and confirmed; however, 
prior to  final purification the decahpdroquinoxaline 

which was hydrogenated giving a "% 
yield Of pure trans-decahydro- 
quinoxaline, m.p. 147-148"* A41ihough consider- 

prepared according to the former method melted able tar was formed no evidence of the low melting 
over a considerable range, 57-132'. This sub- cis isomer 
stance was separated by chromatography on a Dehydrogenation of cis-decahydroquinoxaline 
neutral (woelm, activity grade 1) col- to tetrahydroquinoxaline was accomplished in 

elution with alcohol-free ch~oroforln into substantial in the presence of 5% rhodium-alumina. Similar 
proportions of both the low and the high melting treatment of trans-decahydroquinoxaline caused no 
forms of decahydroquinoxaline. A similar proce- dehydrogenation. hloreover, during these investi- 
,jure revealed the presence of only a trace of the gations the curious fact was discovered that cis- 
high melting isomer in decahydroquinoxaline decahydroqunoxaline was dehydrogenated to tetra- 

photometric traces of tetrahydroquinoxaline ac- ether a t  Go" ,  diluting with ethyl ether, extracting 
companying the predominant low melting form of with acid and basifying. Other solvents such as 
decahydroquinoxaline. ~1~~ identity of all frat- chloroform, ethyl ether, benzene or isoiictane 
tions was confirlned by allalysis and ultraviolet showed no such property under similar conditions. 

product of Beck and co-workers, which was not liavior. 

be detected. 

umn by adsorption from ethyl ether followed 1)y refluxing fi-cynlene under a sloW stream of nitrogen 

prepared by our own method together with spectra- hydroquinoxaline merely 011 it in Phenyl 

spectra. By analogy it would appear that the trans-necahydrorluiiios;ili~ii: showed 110 SUCll he - 

chromatographically examined, was Predolni1lantlY 
the high melting form accompanied perhaps by 
Small amount of the low melting form. Experi- 

( i ,  F hl. ,Rebe: and J. A .  ,.an ~ i j k ,  prOc.  ~ b ~ , i  . ~ i .  .dj;2T,r2rd,,,,j. 39. 
:184 

:8)  1 7 .  M. Jaeger and L,. Rijkerk, i b i d . ,  40, 12 ( l W 7 ) .  
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Fig. 1 .--Infrared spectr~im of trans-decahydroquinoxaline (Nujol mull) 
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Fig. 2.-Infrared spectrum of ris-decahydroquinoxaline (Nujol mull). 

This study was greatly complicated by the fact 
that the low melting cis form very avidly absorbs 
carbon dioxide from the air changing melting point 
from 56-58 to 58-128'. The trans form absorbs Compound 
carbon dioxide very slowly and, if carefully puri- 
fied, not at all. Careful controls established that cis H2O 9.85,5.33 

the melting point change of the cis form was due 

show their similarity, although the cis form is some- 
what more basic for the 0 to +1 transition. 

TABLE I 
Solvent PKs's  

G67, aq. DMF 9 . 6 2 , 5 . 3  
entirely to this carbon dioxide formation and not Trans Hz0 9 . 6 6 , 5 . 3 3  

to oxidation which might be suspected in view of its 66% aq. L)MF 9 . 3 7 , 5  3 

Experimental9 
Quinoxdine (X).-The procedure of Cavagnol arid Wise- 

29-300, b,p. 105-110~ (11-12 mm.).  The procedure of 
Jones and McLaughlin," although more convenient, yielded 
a product which in our hands was very difficult to hydrogen- 
ate beyond the tetrahydro stage. This may be due to trace 
impurities which poison the catalyst. 

according to the procedures of Cavagnol and Wiseloglell 
or Shultz, et aL.,6 in yields, 8.5-95%, m.p. 96-98', b.p. 
124-127', GO p .  In most cases, however, the method of 
Morleyl* was employed. This method is inexpensive and 
convenient,, but since particular attention to detail is re- 
quired for success, the following well-proven procedure is 
given. A mixture of 48 g. (0.44 mole) of a good grade 
catechol (catechol from some sources did not work as well as 
others; Eastman Kodak Co. practical grade was satisfac- 
tory) and 40 ml. (0.49 mole) of ethylenediamine monohy- 

(9) All melting points were taken on a Vischer-Johns apparatus. 
All melting and boiling points are uncorrected. Pressure reactions 
were conducted in standard Parr and Aminco equipment. Elemental 
analyses were performed by Weiler and Strauss, 104 Ranbury Rd , 

very facile dehydrogenation (cf. above). 
Ultraviolet spectra of chromatographically puri- 

octane showed only continuously rising absorption 
in the short wave length end of the spectrum with 
no maxima down to the limit of the instrument (ca. 
210 nip with carefully cleaned optics), thus indi- 

of tetrahydroquinoxaline could readily be detected 
in the ultraviolet spectra of the decahydroquin- 
oxalines not especially purified. 

The infrared spectra Of both cis- and decu-hydro- 
quinoxaline represented in Fig. 1 and 2 show good 
N-H stretching bands at  3.1 p and demonstrate the 
absence of N=C and c=c groups. While it is not 
possible at present to differentiate the two isomers 
on the basis of infrared data alone, their spectra 

fied '''- and trans-decahydroquinoxalines in 13glelO was followed in detail. Yields were SO-QO%, m.p, 

eating the absence Of unsaturation. The presence Tetrahydroquinoxaline (VII) was occasionally prepared 

are consistent with the structure*proposed. 
fering spectra in &loroform and especially 

Dif- 

that the two (not 
forms differ molecularly in the manner of ring fusion 
and not merely in conformation or in crystalline 
form. 

Quantitative measurements of basicity for both 
stereoisomers of decahydroquinoxaline Table I ,  (12) J.  s. Morley, J .  Chem. SOC., 4005 ( 1 9 ~ .  

Oxford, England. 
(10) J. C. Cavagnol and F. Y. Wiselogle, TEIS JOURNAL, 69, 79G 

(1952). 

(1947). 
(11) R. G .  Jones and R. C. McLaughlin, Org.  S y n t h ~ s r s ,  SO, 89 



drate was heated at 200-210" in a glass liner in a high pres- 
sure rocking autoclave a t  200-220" for 15-60 hours. It is  
essential that  the reaction mass not come in contact with 
rnetal which appears t o  catalyze a reaction resulting only 
111 tars. Poor yields will also result if insufficient reaction 
time is employed. , The reaction mass was melted into 
water and the suspension extracted with three 75-ml. por- 
tions of benzene. The benzene solution was washed twice 
with 250 ml. of 57, sodium hydroxide and twice with water. 
After the benzene solution had been dried over anhy. sodium 
sulfate, filtered and reduced in volume, the product was pre- 
cipitated with Skellysolve B. Recrystallization gave 29 g. 
(50%), m.p. 93-95". The X,N'-dinitroso derivative was 
prepared by the addition of a cold aq. solution of 2.33 g. 
(0.033 mole) of sodium nitrite to a cold solution of 2 g .  
10.014 mole) of tetrahydroquinoxaline in 13 ml. of dilute 
hydrochloric acid. The precipitate was recrystallized from 
absolute ethanol, m.p.  157-1612' (dec.), i o %  yield; A,,, 
220 m p  ( e  10,020), 254 mp ( E  1298), 311 mp ( E  1324). 

cis-Decahydroquinoxaline (XI) (Rhodium Catalyst) .- 
Thirteen grams (0.1 mole) of quinoxaline (tetrahydroquin- 
oxaline was frequently similarly used), 1 g. of 5% rhodium- 
on-alumina catalysts and 30 ml. of absolute ethanol were 
placed in a glass liner and agitated in a stainless steel rock- 
ing bomb at 100' under 136 atm. hydrogen until the  theo- 
retical pressure drop had occurred (usua l ly ,46  hqurs!; 
(This reaction is extraordinarily sensitive to 
Unless the apparatus is scrupulously clean reduction of the 
hetero ring only will occur, which happens much more 
easily than reduction of the homo ring.) After the catalyst 
was filtered off, the  solvent was removed under reduced 
pressure and the residue distilled yielding 13 g. (93%) of 
white product boiling a t  85-87' (0.25 mm.), m.p. 56-58 , 

Calcd. for C8Hl,3Tu'2: C ,  68.52; H ,  11.50; mol. wt., 
140.2. Found: C ,  68.45; H ,  11.52; mol. wt., 145 (titra- 
tion). 

The dihydrochloride was prepared by precipitation from 
ether solution with anhy. hydrogen chloride; m.p. after 
recrystallization from abs. ethanol, 293-300' dec. 

poisoning. 

Anal. 

Anal. Calcd. for C8HI8S2Cl2: C, 45.08; H, 8.51. 
Found: C, 45.75; H, 8.37. 

The dipicrate precipitated from ethanol and recrystallized 
from ethanol-acetone melted a t  275" dec. 

.4nul. Calcd. for C ~ O H ~ ~ O ~ ~ N : ~ :  C ,  40.18; H, 3.71. 
Found: C ,  40.16; H ,  3.75. 

The N,N'-diacetyl derivative was prepared by refluxing 
with acetic anhydride, drowning, and recrystallizing from 
Skellysolve D; white crystals, m.p. 144-146'. 

Anal. Calcd. for C12Hzo02N2: C, 64.22; H, 8.98. 
Found: C ,  64.18; H, 9.32. 

The N,r\-'-dinitroso derivative XI1 was prepared by the 
dropwise addition of cold satd.  aq.  sodium nitrite to a cold 
solution of the amine in dil. hydrochloric acid. The pre- 
cipitate was recrystallized from ethanol-water giving a 
yellow solid, m.p.  86-88". 

Anal. Calcd. for C8HI4O2Hl: C, 48.47; H, 7.16; N, 
28.26. Found: C, 48.90; H, 6.78; E, 27.8. 

Other Catalysts in the Preparation of cis-Decahydro- 
quinoxa1ine.--A solution of 18.5 g. (0.142 mole) of tetra- 
hydroquinoxaline in 60 ml. of abs. ethanol was shaken 
overnight a t  93", 130 atm. hydrogen, with ca. 6 g. of fresh 
Raney nickel \V-6 ~ a t a l y s t . ~  After filtration and distilla- 
tion, 14.8 g.  (747,)  of white platelets was obtained, m.p. 
57-58O. 

Common catalysts such as platinum dioxide in ethanol 
or Raney nickel W-2 caused only hydrogenolysis and then 
unly under drastic conditions. Rhodium-on-alumina with 
acetic acid solutions of tetrahydroquinoxaline yielded only 
tars. 

t uns-Decahydroquinoxaline (VIII) (A)  .-The procedure 
of Beck, et ~ l . , ~  was followed essentially except that  by ex- 
tending the reaction time to  2 hr. and with careful recrys- 
tallization from ethanol-Skellysolve B the yield could be 
lnaterially increased; m.p. 150-151' (40-4570); lit.3 m.p. 
150- 1\51 ' (2570). 

The dinitroso derivativc IX \vas prepared in the sanic 
iiiaiiiier as for cis-decahydroquinoxaline, m.p. 108-110°. 

The diacetyl derivative prepared its for cis-decahydro- 
quinoxaline melted a t  03.5-94.5'. 

AILUI. Calcd. for C12H2002S2: C, 64.22; I f ,  8.98. 
I ? ( J I I I I ~ :  C, 64.18; H ,  9.82. 

(B).-The procedure of Shultz aud co-workers6 was 
followed in detail. The crude product melted at 57-13?,'. 
After repeated recrystallizations from Skellysolve B , 
0.2 g. (17,)  of trans-decahgdroquinoxaline was obtained 
melting at 146-148" (reported6 12.5%, m.p. 152.5-153'). 

A dinitroso derivative prepared as described above from 
the high melting fraction melted at 107-108° (reportedG 

A dinitroso derivative prepared from a low melting frac- 
tion (57-69') obtained from the crude hydrogenation mix- 
ture melted a t  85.5-87". 

Mixed Melting Points.-Mixed melting points on the 
AT,"-dinitroso derivatives of the decahydroquinoxalines 
obtained by the various methods established the identity 
of the high melting fraction obtained by Shultz method with 
the product obtained by Beck, et  al . ,  and the identity of the 
low melting fraction isolated by us from the crude material 
obtained by Shultz method with the decahydroquinoxaline 
obtained by us in essentially quantitative yield by hydro- 
genating quinoxaline over rhodium-on-alumina. 

Chromatographic Separations.-Five to  ten ml. of 3 
saturated ethereal solution of decahydroquinoxaline pre- 
pared by the hydrogenation of quinoxaline over rhodium-on- 
alumina was poured on the top of a 1 X 20 cm. column of 
neutral alumina (Woelm), activity grade 1, and eluted with 
chloroform previously rendered alcohol-free by distillatlor1 
from calcium shavings. Ninety-seven 1-nil. fractions of 
the eluate were collected, evaporated to  dryness, and the 
residues examined. The trans form was eluted first, t h e  
cis form much later. Quantitative estimates showed that  
<5% of the material was of the high (trans) melting form, 
the balance being the low (cis) melting form. 

A like separation was performed on the crude decahgdro- 
quinoxaline prepared by the method of Shultz and 70- 
workers.6 The results showed considerably more materlal 
proportionally in the high melting ( t rans)  fraction and con- 
siderably less, although a very substantial amount, in the 
low melting (cis) fraction. 

In  both separations both the high and low melting frac- 
tions were characterized by analyses, dinitroso derivatives, 
and by ultraviolet spectra which, incidentally, showed 
traces of tetrahydroquinoxaline accompanying the last frac- 
tions of the low melting (cis) form. 

Dehydrogenation of cis-Decahydroquinoxa1ine.-Two 
grams of cis-decahydroquinoxaline dissolved in 25 ml. of P -  
cymene was refluxed with 0.5 g.  of 5% rhodium-on-alumina 
for 2.5 hours under a slow stream of nitrogen. On filtering 
and cooling, tetrahydroquinoxaline, m.p. 95-96" (SO%), 
was obtained. 

A similar procedure failed to  dehydrogenate truns-deca- 
h ydroquinoxaline. 

'4 sample of cis-decahydroquinoxaline was dissolved it1 
phenyl ether warmed to 60" for 5 minutes, cooled, and ex- 
tracted with dil. hydrochloric acid. On basifying the ex- 
tracts, tetrahydroquinoxaline, m.p. 96-97", was obtained. 
Water, benzene, toluene or isooctane solutions had no such 
effect. trans-Decahydroquinoxaline was not affected by 
phenyl ether under these conditions. 

Attempted Aerial Oxidation of cis-Decahydroquinoxaline. 
-A 0.0714 M solution of pure cis-decahydroquinoxaline in 
spectrograde isooctane was prepared and poured through a 
calcium oxide column directly into a closed system to  re- 
move carbonate. While maintaining the solution a t  62- 
0 i o ,  carbon dioxide-free oxygen was bubbled through. .At 
intervals over a 23-hr. period, samples were withdrawn and 
ultraviolet spectra run. No trace of oxidation to  unsatu- 
rated products could be detected in the spectra. Evapora- 
tion of the solution recovered the cis-decahydroquinoxaline 
unchanged. 

Preparation of t~a~zs-l,2-Diaminocyclohexane (VI) .'a8- 

.4 mixture of 40 g.  (0.24 mole) of ethyl 2-ketocyclohexane- 
~arboxylate , '~  16.2 g .  (0.24 ml.) of sodium nitrite and 456 
g. (0.49 mole) of 670 potassium hydroxide solution was 
shaken in a sealed bottle for 48 hr., then slowly poured into 
320 ml. of cold (5-15") 30% sulfuric acid. The resulting 
mixture was extracted for 3 days with ether in a liquid- 
liquid extractor. The extract was evaporated leaving 21.5 
g. (72Oj,) of a viscous, tail oil assumed to be isonitrosocyclo- 
hexanone. This material was so labile that  it could not be 

110-1110). 

(13)  H. R. Snyder, 1,. A.  Brooks and S. H. Shapiro, "Orsanic Syn- 
theses," Coll. Vol. I1 John Wiley and Sons, Inc. ,  New York, N. Y . ,  
1043, p. 531. 
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distilled without decomposition even a t  50 ,K pressure. 
The yields in subsequent runs, 34,64,46,31,62,94 and 7 4 7 ,  
varied unaccountably. Jaeger and van Dijk,' who gave 
almost no experimental detail, did not give a yield for this 
preparation, but  did s ta te  that  the product was an uncrys- 
tallizable oil. Other workers14 have reported their inability 
to  repeat this preparation. 

The crude 2-isonitrosocyclohexanone was transformed 
into 1,2-cyclohexanedionedioxime in yields varying from 22 
to 58% by treatment with equivalent amounts of hydroxyl- 
amine hydrochloride and sodium methoxide in methanol. 
After recrystallization from methanol-water it melted a t  
190-1 95 O 

I n  a typical run 10 g. (0.07 mole) of the dioxime in 560 
rnl. of boiling absolute ethanol was reduced by the addition 
of 70 g. of sodium. After cooling and diluting with water 
the product was steam distilled into hydrochloric acid solu- 
tion. After concentration under reduced pressure the 1,2- 
cyclohexanediamine dihydrochloride crystallized (54 % 
yield). 

The dihydrochloride was converted to the free amine by 
dissolving in excess sodium hydroxide solution, extracting 
with ether, drying over sodium metal and distilling. The 
product boiled a t  79-81" (15 mm.) (82%), reported' b:p. 
79-81" (15 mm.). Over-all yields based on the starting 
ethyl 2-ketocyclohexanecarhoxylate varied from 0-2070. 

(14) E. G. Rauh, G. F. Smith,  C. V. Banks and H.  Diehl, J .  Org 
Chenz , 10, 199 (1945). 

The free amine absorbed carbon dioxide and water with 
great avidity. 

The configuration of the product as trans-l,2-cyclohexane- 
diamine has been established by resolution with d-tar- 
taric acid.8 

Preparation of trans-Decahydroquinoxaline from trans- 
1,Z-Cyclohexanediamine.-To 0.9 g. (0.008 mole) of the 
diamine was added 1.5 g. of 30% aq. glyoxal (0.008 mole). 
-4fter standing 5 min., 10 ml. of absolute ethanol and 0.4 
g. of 5% rhodium-on-alumina catalyst were added and the 
reaction mixture hydrogenated for 4 hr. a t  200" and 102 
p.s.1. After filtration, evaporation to  dryness and vacuum 
sublimation, 0.25 g. (20Y0J of authentic trans-decahydro- 
quinoxaline, m.p. 147-148 , was obtained. N o  low melt- 
ing isomer was obtained. Tar  accounted for the balance 
of the material. The dinitroso derivative and mixed melt- 
ing point comparisons further identified the product. 
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18-Oxostrychnine 
BY PAUL J. SCHEIJER~?~ 
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Oxostrychnine, a neutral by-product in the isomerization of strychnine-E-oxide to pseudostrychnine, is show1 to be the 
18-oxo compound. 

The transformation of cyclic tertiary amines to 
corresponding lactams has frequently been ob- 
served in the course of structural studies on alka- 
loids, particularly among those of the garrya group.3 
An analogous lactam was first observed in the 
strychnine series by Brehm4 as a by-product in the 
isomerization of strychnine-N-oxide (I) to pseudo- 
strychnine (11). In addition to pseudostrychnine, a 
neutral substance, m.p. 332-334', of the empirical 

I I1 

composition Cz1HzaN2O3 was isolated. Brehm, who 
named the neutral substance oxostrychnine, ob- 
tained pseudo- and oxostrychnine in a yield ratio 
of S0:20 when catalytic amounts of dichromate 
were used to effect the decomposition of the N- 

(1) University of Hawaii, Honolulu 14, Hawaii. From the Ph.D. 
Thesis of P. J. S., Harvard, 1950. 

(2) A summary of results of this work was published by H. L. 
Holmes in R. H. F. Manske and H. L. Holmes, eds., "The Alka- 
loids," Vol. 2, Academic Press, Inc., New York, N. Y., 1952, pp, 522- 
524. 

(3) K. Wiesner and 2. Valenta in L. Zechmeister, ed., "Fortschritte 
der  Chernie Organischer Naturstoffe," Vol. 16, Springer, Vienna, 1958, 
p. 26 if. 

(4) 1%' J .  Hrehm, Ph.D. Thesis, Harvard,  1948. 

oxide. It was later found that when equimolar 
quantities of dichromate are utilized, the two com- 
pounds are produced in an approximately equal 
ratio. 

Beside the likely (2-16 position which becomes 
hydroxylated in pseudostrychnine, the two most 
probable positions for the new oxygen atom in oxo- 
strychnine are C-18 or C-20. That the strychnine 
skeleton had indeed remained intact during the 
changes leading to the formation of the oxo com- 
pound-thus eliminating the C-16 position from 
further consideration-was shown by the con- 
version of oxostrychnine to dihydrooxostrychnine, 
m.p. 321-324', by means of catalytic hydrogenation 
and by further transformation of the dihydro 
derivative with lithium aluminum hydride to the 
known dihydrostrychnidine, m.p. 212-215'. 

A priori i t  might be argued that the most likely 
point of attachment of the new oxygen atom in 
oxostrychnine is a t  the allylic position, C-20. 
It may be noted, however, that the formation of 
the major reaction product, pseudostrychnine (11), 
involves placement of a new oxygen atom a t  the 
non-allylic C-16. Furthermore, spectral data in- 
dicated strongly that the 18-oxo structure is cor- 
rect. In  addition to the infrared band at  ca. 
6 p (5.97 p in potassium bromide, 6.03 p in Nujol), 
which is also present in strychnine and is assigned 
to the >Na-CO-grouping, oxostrychnine exhibited 
a second lactam band at  ca. 5.87 p (5.S2 p in 


