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I: INTRODUCTION

The decahydroquinoxalines comprise a class of compounds, the chemi-
stry of which is very recent and new, Since 1947 four different reports of
the preparation of decahydroquinoxaline have appeared, Two of the methods
utilize the ring closure of saturated, substituted cyclohexanes (1,2), while
the other two methods of preparation were by catalytic hydrogenation of the
well known parent compound, quinoxaline (3,Lk). Physical property data and
diacetyl and dinitroso derivatives of these purported decahydroquinoxalines
indicated at least one of these four methods of preparation of decahydro-
quinoxaline did not give the presumed product, and further indication was
that two of the methods of preparation gave the same decahydroguinoxaline,

Previous to the most recently developed method of preparation of
decahydroquinoxaline by Dr, He S. Broadbent and C, Whittle (L), no more than
a mere mention of the possibility of stereoisomerism in the decahydroquin-
oxalines was made (3), The work of Broadbent and Whittle indicated strongly
that decahydroquinoxaline existed in the theoretically possible cis and trans
forms. These workers tentatively made the configurational assignment of cis
to the low melting isomer which they were first to prepare., Before absolute
assignment of configuration could be made more positive evidence, such as the
resolution of the theoretically possible optical isomers of the trans-
decahydroquinoxaline, needed to be made,

The melting point of the low melting decahydroquinoxaline increased
greatly with time and material presumed to be the high melting isomer was
found to decrease in melting point on standing (L), Further evidence obtained
by Broadbent and Whittle indicated the two geometrical isomers of decahydro-
quinoxaline isomerized on standing, yet other evidence did not complefely sub-
stantiate the supposed isomerization, Difficulty was encountered ih obtaining
ultraviolet spectra of both the isomers of decahydroguinoxaline which were
free of indications of unsaturation., The possibility was present that a dif-
ferent hydroquinoxaline, such as octahydroquinoxaline, had been obtained

(1) Beck, Hamlin and Weston, J. Am. Chem. Soc., 7h, 607 (1952).

(2) Mousseron and Combes, Bull, soc., chim. France, 1947, 82,

(3) Christie, Rhode, and Shultz, J. Org. Chem., 21, 2h3 (1956).

(4) wWhittle, Master's Thesis, Department of Chemistry, Brigham
Young University, Provo, Utsh, 1956,

1



rather than the deca form, This possibility became more evident when hydrogen
analyses of some samples of the decahydroquinoxalines were slightly inaccurate
for the deca form,

The research outlined in this thesis was concerned with the solutions
to the preceding problems, Both cis= and trans-~-decahydroquinoxaline were pre-
pared by the available known m.eth33§9 the trans was also prepared by a new
stereospecific synthetic route, and assignment of configuration was made, It
was established that the two isomers of decahydroquinoxaline did not isomerize,
Pure trans-decahydroquinoxaline was found not to change melting point with time
and the cause of the change of the melting point of the cis-decahydroquinoxaline
with standing was found to be due to absorption of carbon dioxide from the air
to give the carbonate salt, By fractional sublimation and crystallization tech-
niques both isomers of decahydroquinoxaline were purified from the various pre=-
parations of decahydroquinoxaline, the ultraviolet spectra of which were free
from evidence of unsaturation confirming the assignment of structure, In addi-
tion various new derivatives of decahydroquinoxaline were prepared and submitted
for testing of physiological activity, These last results will be reported
elsewhere,



IT: LITERATURE REVIEW

A review covering the chemistry of the quinoxalines up through 1949
is available (5), Recently two theses (L,6) covering briefly some aspects
of the stereochemistry and pharmacological possibllities of decahydroguin-
oxaline were written., This present review covers the chemistry of the quin-
oxalines, and more specifically the preparation and physical properties of
the derivatives of quinoxaline, for the period 1950-1955, 1955 being the last
year for which the index to Chemical Abstracts was currently available, The
chemistry of the hydroquinoxalines was further covered from 1955 to the present
by scanning the organic sections of Chemical Abstracts for this period.

A. Quinoxaline.

Quinoxaline, the parent compound, is a weak base, pK, ca. 0.8 in water
at 20° C, (7)e It is conveniently prepared according to equation 1 by the
condensation of sodium glyoxal bisulfite and o-phenylenediamine

NHz Nasoa?HOH (1)
T — 2N
NHy  NaSO;CHOH AP HENalt30; =

(5) Simpson, "Condensed Pyridazine and Pyrazine Rix{gs" s Interscience
Publishers, Inc., New York, 1953, ppe 203~366,

(6) Allred, Master's Thesis, Department of Chemistry, Brigham Young
University, Provo, Utah, 1955.

(7) Albert, Goldacre and Phillips, J. Chem. Soc., 1948, 2240,
3



(8<11), and under proper conditions (8) may be obtained in 937 yields,

Bes Quinoxaline Derivatives,

The condensation of primary o=-phenylenediamines with 1,2=dicarbonyl
compounds according to equation 2 has long been recognized as a convenient

/NNH,  0-C-R, 20
R %% ] ——5 2HOF R | J (2)

method of identification of these two types of compounds, The chemistry in-
volved in the preparation of these derivatives has seldom been investigated
as previous interest in these compounds has only been for purposes of identi-
fication, Consequently, the only information available on most of the deri-
vatives is physical property data, Most of the information in this review
is presented in the form of tables with information, as available, on methods
of preparation and properties, No attempt has been made to present the
pharmacological properties or spectral data of these derivatives,

1, Alkyl, Aryl, Aralkyl, Alkenyl or Acyl Substituted Quinoxalines,
The preparation of this group of compounds is almost exclusively by

the condensation of primary o=phenylenediamines with 1;2-dicarbonyl (equation
2) or x=bromo carbonyl compounds according to equation 3. The reaction

A I N N\ M,
Rlﬂ + Rf
N “NHz 0:=C-Ra

\/ / H202

(8) Billman and Rendall, J. Am, Chem. Soc., 66, 540 (19klL)
(9) Cavagnol and Wiselogle, J. Am. Chem, Soc., 69, 795 (1947).
(10) Hinsberg, Ber., 17, 320 (188L),

(11) Jones and McLaughling Org. Sym., 30, 86=90 (1950),



is usually run in aleochol, acetic acid, or water, the products generally
being readily crystallizable solids, Table I lists the quinoxaline deri-
vatives in this group, and, from the substituents present in the quinoxaline
nucleus, the substituted dicarbonyl orcX=bromo carbonyl and substituted
primary o-phenylenediamine compounds used in preparing the derivative may
be deduced,

Table I, Alkyl, Aryl, Aralkyl, or Acyl Substituted Quinoxalines,

Rs
R // N\ R Rp,R3,Re,Rg,Re,Rg are Hydrogen except as indicated dif-
7 I 2  ferently by the table,

i

Re X\ N7 H3
R¢
Xtalzn
4 Sol-

No., R Group Yld vent M, P,°C, Remarks Ref,
1. 2 =CHyCHOHCC14 93 105,5=106 12
2 2  <CHCHCO2H 70 219-220 dec, from1l 12
3 2 =CHpCHyCOoH 92 115<115.5 From 2 12
L 2 <CHaCHpCO,CHj5 3940 by esterifi- 12

cation of 3
5 2  =CHpCH>CONHs 152-152,5 ammonolysis 12
of 4
6 2 =CHyCHoNH, from 5 and NaOCl, compound not isolated 12
7 2  =CHpCHpNHpe2HCL 76 184=186 dec, salt of 12
6
8 2 <CHoCHNHoCOoH 20 19, by hydrogenation 13

of Et 3-(2-quinoxalinyl) pyruvate oxime hydrochloride salt

( (12) Jones;, Kornfeld and McLaughlin, J. Am. Chem, Soc., 72, 353942
1950). il A e

(13) Ried and Schiller, Chem. Ber., 86, 730-L (1953).




Xtalzn
£  Sol- o
Noe R Group Yld vent M, P, C, Remarks Ref,
9 2  =CHoC(NH)COoEt Lo 122 ammonolysis of 8, 13
picrate derivative, m, 146°
10 2  =CHCHOHCOoH 90 22} 9 and NaOH 13
11 2 2-thienyl EtOH 118 p 1
12 2  p-aminophenyl no constants 15
13 2  p-N-(p-aminophenylsulfonyl)aminephenyl No constants 15
i1 2 m-nitrophenyl 100 196 15,16
15 2  m-aminophenyl 165 redn of 1} 15
16 2 m~(2,5~diMe~1-pyrryl)phenyl 11 15 and (CHyAc), 15
17 5 N EtOH 176-8 17
18 2  p-nitrophenyl 191=2 16
19 2  o-nitrophenyl 114,8-15.2 16
20 2  p-=hydroxyphenyl 204 18
21 2  m-methoxyphenyl 85 methylation of 19

2=(m=hydroxyphenyl)quinoxaline

(155 (14) Musante and Parrini, Sperimentale Sez, chim, biole, 3, 140=53
1952), -

(15) Buu-Hoi and Khoi, Bull, soc. chim, France, 1950, 753=7.

(16) Steinbach and Becker, J. Am. Chem. Soc., 76, 580810 (195L).

(17) Landquist, J. Chem., Soc., 1953, 2816-21,

(195 )(18) Fodor, Beke and Kovacs, Magyar Kem., Folyoirat, 56, 24=30
1950),

(19) Kovacs and Tombacz, Acta Univ. Szeged., Chem, et Phys,, 3,
35"7 (1950)0




Xtalzn

% Sol- o
Noe R Grouwp Yld vent M. P, C. Remarks Ref,
22 2 m-acetoxyphenyl 207 acetylation of 19

2-(m~hydroxyphenyl )quinoxaline
23 2  m-benzoyloxyphenyl 118 ©benzoylation of 19

2~(m~hydroxyphenyl )quinoxaline
2l 2  p-methoxyphenyl 102 compounds 24-30 19

prepared by methods similar to those used for the prep-
aration of compounds 21-23

25 2  p-acetoxyphenyl 125 19
26 2  p-benzyloxyphenyl 130 19
27 2  p-benzoyloxyphenyl 152 19
28 2  3,4~dimethylphenyl 120 19
29 2  3,3-dibenzoyloxyphenyl 172 19
30 2  3,h=dibenzyloxyphenyl 118 19
31 2  p-acetamidophenyl 218<20 20
32 2  p=aminophenyl 167-=9 Hydrolysis of 31 20
33 2  p-benzylideneaminophenyl 140 benzaldehyde and 32 20
3L 2  p-fluorophenyl 121.8-2,3 21
35 2  3=fluoro-l=hydroxyphenyl 221,8<2,9 21
36 2 S~fluoro=2-methoxyphenyl 117 22

(20) Musante and Parrini, Gazz. chim, ital., 81, L51-63 (1951).

(21) Minor and Vanderwerf, J. Org. Chem., 17, 1425-30 (1952).

(22) Buu-Hoi, Lavit and Xuong, J. Org. Chem., 19, 1617-21

(195h4).



Xtalzn
% Sol-~ %
No. R Group Yld vent M, P, C, Remarks Ref,
37 2  3=hydroxy-L-methoxyphenyl EtOH- 142-3 23,2
water
38 2  p~(N-tolyl)iminomethyl 120-1 25
39 2  p-(N-carboxyphenyl )iminomethyl 288 25
Lo 2  p~(N-carboxyphenyl)aminomethyl 160-190 25
41 2 phthalimidomethyl 60  EtOH 227-8 26
42 2 1l-phthalimidoethyl 66 ~ EtOH 1245  from nitrone of 26
0-CgHj, (CO),NCH,COCHN(0) -p~CgHy, MMey and o-phenylenediamine
43 2 (+) l-phthalimidoethyl EtOH 119 from (-) l-phthal- 27
imidoethyl glyoxal and o-phenylenediamineg réﬂg 9.38 * (0.,1°)
by 2 2-phthalimidoethyl 70  EtOH=Bt,0 194=6 prepared by 26
same method as compound 42
45 2 2-phthalimidopropyl no constants 26
L6 2 L-biphenylyl 128<30 27
L7 2  l'~chloro-L-biphenylyl  no constants 27
48 2 1,5-di-p-bromophenyl-1,2,4,5=tetra~ 208-12 28

aza=-l,3~-penta-1,3-dienyl-2

(23) Fodor, Kovacs and Mecher, Acta Chim, Acad. Sci. Hung., 1, 395-
Lo2 (1951).

(24) Kovacs and Fodor, Chem, Ber., 8L, 795-801 (1951).

(25) Leese and Rydon, J. Chem., Soc., 1955, 303-9,

(1951 (26) Borkovec, Michalsky, Rabusic and Hadacek, Chem, Listy, 48, 717-21
1954 ). =

(27) Balenovic, Cerar and Filipovic, J. Org. Chem., 18, 868-71 (1953).

(28) Ried and Hoffschmidt, Amn., 581, 23-9 (1953),



Xtalzn
% Sol-
Nos R Group Y1d vent M,P,°C.  Remarks Ref,
49 2  6-methylthio-2-naphthyl 179 29
50 2  3-phenanthryl EtOH 189-90 30
51 2 Ah-l'ZO( ~hydroxy-ll-oxoandrostene~ 2h2=3 dec, 31
174

52 5 methyl 20-21 17
53 5 ethyl beDs 97-100/3 mm. 32
54 5 nitro 70 93-h 33
55 2 3-sulfanilamidophenyl 233 3L
5 2 m-(W-acetylsulfanilamidophenyl) 255 3
57 2 Et us 32

3 n-Pr
58 2 isoPr 7h 32

3 isoPr
59 2 Et 35-7 (bop. 149/16 mm) 35

3 Et

(29) Buu-Hoi, Hoan and Lavit, J. Chem. Soc., 1953, L85-9.

(30) Meadow and Whaley, J. Chem, Soc., 195k, 1162-3,

Leansa, Conbere, Rogers and Pfister; J. Am, Chem., Soc., 76, 1691-

(31)
L (1954).
(32) Landquist and Stacey, J. Chem, Soc., 1953, 2822-30,

(33) Schultz, J. Am. Chem, Soc., 72, 3824 (1950),

(34) Bower, Stephens and Wibberly, J. Chem, Soc., 1950, 33L1-33Lk,

(35) Landquist and Stacey, Brit. 668,412, Mar. 19, 1952.
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Xtalzn
% Sol- 5
Noo R Group Yid vent M, P, C, Remarks Ref,
60 2 Pr L3=5 (b.p. 172-L/22mm) 35
3 PBr
61 2 Me 60-1 35
3 Pr
62 2 Me 40-2,5 (bep. 130-2/12mm) 35
3 isoPr .
63 2 Me Skelly- 100=1 X7
3 Me solve C
6l 2 Me 30 251-2 dec. 28
3 1l-thia-3,4-diaza-
2-aminopenta-1,L-dienyl-5
65 2  p-chlorophenyl 225 36
3  p-chlorophenyl
66 2  p-bromophenyl 2Ll 36
p-bromophenyl
67 2  p-methoxyphenyl 192 36
p-methoxyphenyl
68 2 l-naphthyl 251 36
3 l-naphthyl
69 2 2=-naphthyl 227 36
3 2~naphthyl
70 2 isobutyl 7 36
3 isobutyl
71 2 dimethyl methyl phosphonate 70,8 115-16 37
3  dimethyl methyl phosphonate

(36) Keglevic, Malnar and Tomljenovic, Arkiv. Kem,, 26, 67-9 (195L).

(37) Arbuzov and Zoroastrova, Izvest, Akad, Nauk, Ss So So Re, Otdel.
Khim, Nauk, 195, 806-11,




Xtalzn
%  Sol-

Noe R Group Yld wvent M, P,°C, Remarks Ref,

72 2 methyl phosphonic acid 234 dec, 37
3 methyl phosphonic acid

73 2 diethyl methyl phosphonate 92-3 37
3 diethyl methyl phosphonate

Th 2 diisopropyl methyl phosphonate 102=3 37
3 diisopropyl methyl phosphonate

75 2 di-n-propyl methyl phosphonate non-crystalline 37
3 di-n-propyl methyl phosphonate

76 2 methyl 136 38
3  p-nitrophenyl

77 2 bromomethyl 200=-1 from o-phenylene-
3  p-nitrophenyl diamine with either p-nitrobenzoyl acetyl or

1-(p~nitrobenzoyl)l~acetamido~2~bromoethyl-
ene

78 2  phenylmethyl 167 39
3  p-nitrophenyl

79 2  p-nitrophenyl 148-9 39
3  p-methoxyphenylmethyl

80 2 methyl 131 from o-phenylene- LO
3  p-nitrophenyl diamine and p-nitrophenylmethyl glyoxal or

from o-phenylenediame and p-nitrobenzoyl
acetyl 39

Com:mms, yis 317-29 (19510

(38) Sicker, Svoboda, Farkas and Sorm, Collection Czechoslove Chem,

(39) Petrov, Stephenson and Sturgeon, J. Chem, Soc., 1953, L066-75,

(40) Alverti, Bernardi, Camerino, Redaelli and Vercellone, Gazz. chim,
ital., .83, 922-9 (1953).



Ltalzn
% Sol- 8

No. R Group Yld vent M, P, C, Remarks Ref,

81 2  methyl 243-h L1
3 2-benzsuberonyl ethylenyl=-l

82 2 methyl 217-19 L2
3 2-(4~-ethoxy=-3-methoxy-benzoyl)-l~

ethoxy-5-methoxyphenyl

83 2 cyano ™ 225 L3
3 phthalimidomethyl

8l 2 cyano 70 20, L3
3 phthalimidoethyl

85 2 cyano 65 180 L3
3 phthalimidopropyl

86 2 cyano 78 183 L3
3 1l-phthalimidoethyl

87 2  cyano Th 196 43
3 2-phthalimidopropyl

88 2 phenyl 268~70 hh
3 -CH2NHC(O)NHC(O)CH3

89 2 phenyl EtOH 131-2 L5
3 3=thienyl
(4k1) oOtt and Tarbell, J. Am. Chem, Soc., 7k, 6266-72 (1952).

(15 )(b,2) Muller, Toldy, Halni and Meszaros, J. Org. Chem., 16, 481-91

1951), - & -

(b3) Michalsky, Borkovec and Hadacek, Chem, Listy, L9, 1379-8h4 (1955).

(L) Szekeres and Fodor, Izvest, Akad, Nauk S. S. 8. R., Otdel. Kim,

Nauk, —19533 996‘1002 °

(L5) Campaigne and Burgeois, J. Am. Chem, Soc., 75, 2702-L (1953).
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Xtalzn
y 4 Sol-
No. R Group Yld vent M, P.°C. Remarks Ref,
90 2 3-thienyl EtOH 134-5 L5
3 3e«thienyl
91 2 o-methylphenyl 135 L6
3 o-methylphenyl
92 2 phenyl 12}4-5 L7
3  o-chlorophenyl
93 2 phenyl 96=T L8
3  Phenylmethyl
ol 2  benzoyloxymethyl 137 49
3 benzoyloxymethyl
95 2  5-bromo-2-hydroxyphenyl 225 from 5,5t~dibromo- 50
3 5-bromo-2-hydroxyphenyl salisil and o-phenyl-
enediamine; boiling the quinoxaline with Ac,0 gave the di-
acetate, m. p. 193-4° C. An isomeric diacefate, m, p, 147-8°
C., was obtained by the reaction of o-phenylenediamine with
(5,2-Br(AcO)06H3GO)2. The latter diacetate was converted to
the former diaceétate by refluxing acetic acid.
96 2 2'-ethoxyethyl 67 32
3 methyl
97 2  methyl 156-6,5 32
3 2%'-phenoxyethyl
98 2 3;methozqr-h-hydrowpheny1 228,2=9,5 51
3  3=methoxy-L-hydroxyphenyl
2
(47) Shapiro and Becker, J. Am. Chem. Soce., 75, 4769=75 (1953).
(48) House, Jo Am. Chem, Soc., 76, 1235-7 (195h). |
(49) Lederer, Ann., 583, 29-36 (1953).
(50) Kuhn and Birkofer, Chem., Ber., 84, 659-66 (1951).
(51) Johnson and Marshall, J. Am. Chem. Soc., 77, 2335-6 (1955).



Xtalzn
% Sol=
No. R Group Yld vent M, P,°C, Remarks Ref,
99 2  phenyl 198-9 148
3 benzhydryl
100 2 2«thienyl 170-1
5 nitro
101 2 2~thienyl 2Li5=7 1
7 nitro
102 2 2-(6-methylquinolyl) 202-3 52
3 2=(6-methylquinolyl)
103 2 S-chloro-2-methoxyphenyl 215=16 53
3 5-chloro-2-methoxyphenyl
0Lk 2  methyl 72=3; bep. 13L~7/10mm 32
3 methyl
7 methyl
105 3 methyl 116 32
6 methyl
7 methyl
106 2 phenyl 100 EtOH 136-7 5k
3 phenyl
6 isopropyl
107 2 phemnyl 139 55
3 phenyl
5 trifluoromethyl
(52) Buehler and Edwards, J, Am, Chem, Soc., 7k, 977-9 (1952).
(53) Deliwala and Rajagopalan, Proc, Indian Acad. Sci., 314, 107-16

(1950).

( (54) Biekart, Verkade and Webster, Rec, trav. chim., 71, 340-2
1952), -

(55) Sykes and Tatlow, J. Chem. Soc., 1952, L078-9,




A5

Xtalzn
% Sol-

No, Group Yld wvent M, P.OC. Remarks Ref,

108 methyl 93 32
methyl

trifluoromethyl

109 phenyl 127 56
phenyl

trifluoromethyl

N N oW N w

110 phenyl 196-8 acetate, m, 215-7 57
phenyl

p-N-methylaminophenyl

111 methyl 199-200 35
methyl

cyano

112 5=chloro=-2-methoxyphenyl 165-6 53
5=chloro=2-methoxyphenyl

methyl

113 p-acetamidophenyl 198-9 3L
p-acetamidophenyl

cyano

p-aminophenyl 280=2 34
p-aminophenyl

cyano

115 p-acetamidophenyl 25k 34
p-acetamidophenyl

amidino

(0,3 VI o] W N N N OV N AW N Vtw N

116 p-aminophenyl 190 3L
p~aminophenyl

amidino

N N

117 2=thienyl AcOH  245-7 I
nitro

nitro

~3 UL N

(56) Whalley, J. Chem, Soc., 1950, 2792k,

(57) Clemo and Lee, J. Chem, Soc., 1954, 2417-19.
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Xtalzn
% Sol- &
Group Yild vent M, P, C, Remarks Ref,

Phenyl ]-h205-3-5 58
phenyl
methyl
methyl

Nos

=)

118

119 2-thienyl 185 1
methyl

nitro

nitro two nitro groups in thienyl ring, one in quinoxaline

nitro ring

3 vy w3 ONIV ooVvlw N

N as® o

2, Quinoxaline N-Oxides.

The quinoxaline N-oxides are readily prepared by the oxidation of the
quinoxalines with peroxy acids according to equation L. Negative substituents

Ry N Rz 9 Rq'/\ ANEH Rv'/\TN§ R
opbdon— s T I T oA L (4)
RG'\/\N71>R3 pe\/ //RE Re’\/\N/ R3
Rs Rs Rs 6

(If excess oxid. agent used)

promote the simultaneous formation of 2,3-dihydroxyquinoxalines, and resistance
to N-oxidation, due to steric and/or polar influences, is encountered in 5~
and 8-substituted quinoxalines (17). The reaction of phosphorous oxychloride
on the mono- and di-N-oxides of unsubstituted quinoxaline gives 2-chloro and
2,3-dichloroquinoxalines, respectively, The N-oxides of 5-methyl and 5,6=
benzoquinoxalines similarly give chloroquinoxalines (17).

Landquist (59) reported the photochemical decomposition of quinoxaline
l-oxide to give 2=hydroxyquinoxaline, Other oxides also decomposed under

(58) Helden, Verkade and Wepster, Rec. trav. chim., 73, 39-59
(195h4)e .

(59) Landquist and Stacey, J. Chem. Soc., 1953, 2830-3.
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the same treatment, but a complex mixture of unidentified products resulted.

Tables IT and III list the quinoxaline oxides prepared.

Table II, Quinoxaline N-Oxides,

O
s are hydrogen except as indicated
2 4¢\\’hJQl? ngfegent by th ’ta le, Recrystallization solvent,
l 2 when given, is in parentheses following the melting
point,
R v N
Rs
No. R Substituent Mo P.‘Ce Remarks Ref,
1 8 hydroxy 132 60
2 3 ethyl carboxylate 156-7 (MeOH) Yield 80,.1% 61
3 3 carboxylic acid 180-2 (EtOH) | 61
230-30,5 (EtOH), amide of 3
216-7 (EtOH-water), hydrazide of 3
185-6 (water), potassium hydroxamate
of 3
h 3 phenyl 137-8 32
5 2 methyl 92~3 32
3 methyl
6 2  methyl T2=3 32
3 isopropyl
7 2 acetyl 238 32
3 methyl
8 2 phenyl 197 32
3 phenyl

(60) Evans and Linsker, U, S, 2,518,130, Auge 8, 1950,

(61) Elina and Magidson, Zhur. Obschchei Khim., 25, 161-8
(1955).
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No. R Substituent M. P.°C, Remarks Ref,
9 2  methyl 98-9 32
3 methyl
5 methyl
10 2 methyl 133-5 32
6 methyl
7 methyl
11 2  methyl 169-71 32
3 methyl
6 cyano
12 2 methyl 157-8 32
3 methyl
5 nitro
13 2  p-methoxyphenyl 156 32
3  p-methoxyphenyl
i1 2  methyl 1146 32
3 methyl
5 ehloro
15 2 methyl 238 32
3 methyl
6 chloro
7 chloro
16 2 methyl 100-120 32
3 methyl
5,6 benzo
17 5 methyl 131-2 62
18 5,6 benzo
19 5 ethoxy 114=6 62
20 3 chloro 150-2 62
21 5 chloro 177-9 62
22 6 chloro 151-2 62

(62) Kyryacos and Schultz, J. Am. Chem, Soc., 75, 3597-8 (1953).
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No. R Substituent M. P.°C. Remarks Ref,

23 5 acetamido 175-8 62

24 5 methoxy 138-L40 62
6 methoxy

25 6 chloro 1668 62
7 methyl

26 6 bromo 1678 62
7 methyl

27 5,6 benzo 243l 62

7,8 benzo

Table ITT, Quinoxaline N,N'-Dioxides.

g 2
R, 4 ” N§ R, &Ei-fgéén:ﬁ E?tﬁ?ta lg.:z-e hydrogen except as indicated
Re XA N7 R3
4
No. R, Substituent M, P,°C. Remarks Ref,
1 2 ethyl 150-2 32
2 2 phenyl 202-3 32
3 2 carboxaldehyde 189-90 32
L 2 carboxylic acid 208-9 32
5 6 amino 245 dec, 32
6 5 methyl 192 62
7 6 methyl 218-9 62
8 5 methoxy 222 62
9 6 methoxy 227-8 62
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No, R Substituent M, Ps“Ce Remarks Ref,

10 6 ethoxy 1924 62

11 6 chloro 211-2 62

12 6 bromo 223=5 62

13 5 acetamido 230-2 62

1 6 acetamido 2456 62

15 6  =NHCOCH,CH,CO,H 22 62

16 3,4 Dbenzo 215-6 62

17 2 methyl 189-90 32
3 methyl

18 2  methyl 139-h0 32
3 ethyl

19 2 methyl 108-110 32
3 n-propyl

20 2 methyl 193-h 32
3 isopropyl

21 2 methyl 193-L 32
3 phenyl

22 2 benzyl 155 32
3 methyl

23 2  methyl 168-9 32
3 2-p_=-chlorophenylethyl

2k, 2 methyl 6 32
3 2t'=phenoxyethyl

25 2 methyl 117 32
3 2t'=ethoxyethyl

26 2 ethyl 108 32
3 ethyl

27 2 ethyl 85=7 32
3 n-propyl
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Noe R Substituent Mo P.OC. Remarks Ref,

28 2 n-propyl Th=6 32
3 n=-propyl

29 2 phenyl 216 60, 32
3 phenyl

30 2 p-methoxyphenyl 183-h 32
3  p-methoxyphenyl

31 2  2-p-chlorophenylethyl 150-1 32
3 Z-B-chlorophenylethyl

32 6 methyl 220 32
7 methyl

33 5 methoxy 220=2 32
6 methoxy

3, 6 methoxy 2645 32
7 methoxy

35 6 chloro 2068 32
7 chloro

36 6 chloro 227 32
7 methyl

37 6 bromo 222 32
7 methyl

383 2 methyl 165=6 32
3  methyl
6 methyl

39 2 methyl 185-7 32
6 methyl
7 methyl

Lo 2 methyl 206-8 32
3 methyl
5 methoxy

W1 2 methyl 197-8 32
3 methyl
6 methoxy

42 2  methyl 160~2 32
3 methyl
6

ethoxy



Noo

=)

Substituent

22

Mo P,OG. Remarks

Ref,

L3

L5

L6

L7

L8

L9

50

51

52

53

5k

AW N NN [0 S VT I V] W N ANw NN NN

R N (o, PL I \b) Nw N

~NAWN SN N W N

methyl
methyl
chloro

methyl
methyl
trifluoromethyl

methyl
methyl
bromo

methyl
methyl
cyano

methyl
methyl
nitro

methyl
methyl
amino

methyl
methyl
acetamido

methyl
methyl
diethylmalonimido

methyl
methyl
p-toluenesulphonanido

propyl
propyl
chloro

methyl
methyl
methyl
methyl

methyl
methyl
methoxy
methoxy

175=6

155<6

186-8

216-18

192

268 dec,

259-60

198-201

276 dec,

275=7

32

32

32

32

32

32

32

32

32

32

32

32
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Noe Substituent Mo P.OC. Remarks Ref,

55

methyl 2502 32
methyl
methyl
chloro

=W |

56 methyl 242 32
methyl

bromo

methyl

57 bromo 222-) 62
methyl

58 chloro 227 62
methyl

59 chloro 206-8 62
chloro

60 methoxy 26,4=5 62
methoxy

61 methoxy 220-2 62
methoxy

62 methyl 220 62
methyl

- O oMUl N0y NN IO NN NN

The preparation of one salt of the quinoxaline oxides has been re=-
ported by Landquist (32), This salt is 2~amino-l 6~d1methy1-h (21,31=di-
methyl—é'uquinoxalinyl)amnopynda.nlmn jodide, m. p. 240° C. dec.

3¢ Hydroxyquinoxalines,

This group of compounds may be prepared by the following general
methods

(a2) Decarboxylation of the corresponding acids as in equation 5.

éf\w44§,OH 4%\\/N§WOH (5)

Aefgoz 3 R{_ U)

NANZ

\/‘N//I.COZH
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(b) Reduction of the appropriately substituted 2-nitrophenyle-
glycine with subsequent oxidation of the initially formed 3,l4-dihydroquin=
oxaline according to equation 6.

H
7 NHCH,C O,H /\J N H2 /\/ N\\
R ‘ W R‘l‘ | HWRP" “ lH (6)
\/'NOZ Hydrogen %/\N//O H, O, \/\Néo

(¢) Interaction of an o-phenylenediamine with bromoacetic acid,
equation 7, If the amine is substituted at position 3 or L an isomeric mixture
will result,

/\'NHz_ /\/ N\,

N
Ha BrC 02\ H2 di‘~ N N
R@l-w;u;‘”_—' HBr + RK/UN/JOH rvosdl |N/J~OH(7)

(d) Condensation of an o-phenylenediamine with an ester of glyoxylic
acid, equation 8, As in the 3rd method of preparation of hydroxyquinoxalines,

Z\NH,  0:CH AN ,
Lot —— r D o o
\/'NHZ 0:COR \/\N/OR

an isomeric mixture may result if the o=-phenylenediamine is substituted at
position 3 or L.

(e) Reaction of alpha-keto acids with an o-phenylenediamine gives
2-hydroxy-3-alkylquinoxalines according to equation 9.
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ZN\NH,  0:C-R’ 7Ny OH
R'i_ ” + ' e - Rti J / (9)
X VHa 0:=C-OH \NEL

(f) Reaction of an o-phenylenediamine with phthalimido-N-alkyl-2,3-
diketopropionitrile to give ?ehydronqr-Bmo-phthallmdoqulnoxallnes according
to equation 10,

/\ N H, “ ‘p N OH C\/\
R{ kh =} | NRCC—»R [ l%Jum

In the preceding methods, if the diamine contains a hydroxy or other
substituent in the benzene ring, then the corresponding hydroxy substituted
( or alkyl substituted) quinoxaline will result.

Hinsberg (63, 64, 65) early reported the preparation of 2-hydroxy-
3, 7T=dimethylquinoxaline and the isolation of another hydroxyquinoxaline.
His synthesis route, however, was not unambiguous, Marks and Shultz (66)
have now prepared both 2-hydroxy=3,6=d1methy1qu1noxallne and 2=hydroxy-
3,7~dimethylquinoxaline by unequivocal methods. The ethyl ester of N-(2-
acetamido~5-methyl-phenyl)=dl-o&alanine was treated with water and concen-
trated sulfuric acid for L hours on the steam bath, cooled, neutralized,
precipitate filtered, heated 2 hours on the steam bath in 8% sodium hydroxide
solution and 3% hydrogen peroxide, cooled, brought to a pH of 4, and the

(63) Hinsberg, Ann., 237, 351 (1887).
(64) Hinsberg, Ann., 248, 77 (1888).
(65) Hinsberg, Ann,, 25, 2419 (1892).

(66) Schultz and Marks; J. Am. Chem. Soc., 73, 1368~70 (1951).
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yellow crystals of 2-hydroxy=3,6-dimethylquinoxaline, m. po 254-5° Cey Ob= o
tained in 9% yield., The 2-hydroxy=-3,7-dimethylquinoxaline compound, me. p. 2L3-4
C., was obtained in 43% yield from N=(2-nitro-li-methylphenyl-dl-e¢-alanine,

Table IV lists the hydroxyquinoxaline compounds prepared since 1950,

Table IV, Hydroxyquinoxalines,

Rs
R_,ANQ Ra By, R3, Rg, Rgs Ry, Rg are hydrogen except as
indicated differently by the table,
Re X\ AN 7R3
Rs
% 0
No, R Substituent Yld Me Pe Co Remarks Ref,
1l 6 hydroxy Compounds 2=9,
yields averaged 67
2 5 hydroxy 80% 99.5 Compounds 2~9 prepared 68
from alpha=keto acids
3 2 hydroxy 198 and o-phenylenediamine, 69
3 ethyl The yields and m, p.S
given in parentheses are
N 2  hydroxy 250 for the preparation of 69
3 methyl the same compounds, but
from the 2-halo acids and
5 2  hydroxy (15) 182-3 o~-phenylenediamine, 70,69
3 n-propyl (184=5) Teference T0.
6 2  hydroxy (1) 228,5 70,69
3 isopropyl (233=4)
7 2  hydroxy (3h) 153.5<L 70,69
3  butyl (154-5)

(67) Sorkin and Roth, Helv. Chim, Acta, 3L, L27-30 (1951).

(68) Albert and Hampton, J. Chem, Soc., 1952, L985-93,

(69) Morrison, J. Am. Chem, Soc., 76, LL83 (195L).

(70) Goldweber and Schultz, J. Am, Chem. Soc., 76, 287-8 (195k4).
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2

No. R Substituent Yia M, p,°C, Remarks Ref,

8 2 hydroxy 186-7 69
3 isocbutyl

9 2  hydroxy above 300, dec. 69
3 tert-butyl

10 2  hydroxy 180=1 69
3 sec-butyl

11 2  hydroxy 83 315 L3
3  phthalimidomethyl

12 2  hydroxy 76 307-8 L3
3 phthalimidoethyl

13 2  hydroxy 82 286-8 43
3 phthalimidopropyl

1 2  hydroxy 87 225-6 L3
3 phthalimidoethyl-1

15 2  hydroxy 88,5 235-6 L3
3 2=phthalimido-2methylethyl

16 2  hydroxy 9 254-5 L3
3  methyl
6 methyl

17 2 hydroxy b3 2L3-h L3
3 methyl
7 methyl

18 2  hydroxy 151-2 70
3 amyl

19 2  hydroxy 31 140-1 70
3 hexyl

20 2 hydroxy 225 dec, 25
3 bromomethyl

21 2 hydroxy 200 dec, 25
3  p~carboxyaminomethylphenyl

22 phloroglucinol 131=2 Salt of quinoxaline, 71

(71) Verkade and van Leeuwen, Rec. trav. chim., 70, 142-5 (1951).
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%
No, R Substituent Yld M, P,°C. Remarks Ref,
2:1 mole ratio of hydroxy
compound to base
23 2 hydroxy 160 [o]30 -1° 72
3  -CHOHCHOHCHOHCH5OH

2l 2  hydroxy above 350 73
3 2,h4,5=trihydroxyphenyl

25 2 hydroxy 75-80 210 Th
3 n-3-oxa-2-oxopentyl

26 2  hydroxy 100 160=2 Th
3  -CH(CH;)CO,Et

27 2 hydroxy 75 198 monohydrate; by hydroly- 7h
3 ethyl sis of ethyl alpha=(2-hy-

droxy-=3-quino-x3%ﬂ:)propio-
28 2 hydroxy 80 327 nate
3  2'<(3=hydroxyquinoxalyl)ethyl

29 2 h;;rdronqy' 90 250 by condensing o=-phenyl- 76
3 carboxyureide enediamine and alloxan

30 2 hydroxy by hydrolysis of com- 76
3 carboxylic acid pound 29

31 2  hydroxy 2745 dec. from k,5-dimethyl- 7
3 carboxyureide o-phenylenediamine
6 methyl and alloxan
7 methyl ‘

(72) Ettel, Liebster and Tadra, Chem. Listy, 46, L5-8 (1952).
(73) Ralph and Robertson, J. Chem, Soc., 1950, 3380-3.

(7h) L'Ttalien and Banks, J. Am, Chem, Soc., 73, 3246~7 (1951).
(75) Kuhn and Dury, Ann., 571, LL-68 (1951). |
(76) King and Clark-Lewis, J. Chem, Soc., 1951, 3379-82,

(77) Haley and Lambooy, J. Am. Chem. Soce., 76, 2926=9 (195L)s



No, R Substituent Yld M, P, Co Remarks Ref,
32 2  hydroxy 343=5 from 5-hydroxycanthi- 78
3 1-(2~azacarbazole) none and o-phenylene-

diamine

33 2  hydroxy 82 312 79
3  2<hydroxy-li-methoxyphenyl

3L 2  hydroxy 78 277-8 79
3 h-ethoxy=2=hydroxyphenyl

35 2 hydroxy 73 29L4=9 79
3 h-hydroxy-2-methoxyphenyl

36 2  hydroxy 73 287-8 79
3 2=hydroxy-k,5-dimethoxyphenyl

37 2  hydroxy 70 above 340 79
3 L-hydroxymaphthalens =1

38 2  hydroxy 68 332-3 19
3  1-hydroxynaphthalene=2

39 2 hydroxy 201 =2 80
3  =C(Et),CHoCOoH

Lo 2  hydroxy 29l dec. 81
6 nitro

Il 2  hydroxy 248 from N=(2-nitro=3-methyl- 80

42 2 2Z-thienyl U
3 hydroxy

563-9 (1952 )e

(1953).

(78) Haynes, Nelson and Price, Australian J. Sci. Research, A5,

(79) Chatterjea, J. Indian Chem, Soc., 31, 194=202 (195h).

(80) Bhattacharyya, Current Sei., 21, 312-13 (1952),

(81) Horner, Schwenk and Junghanns, Ann., 579, 212-3k
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No, Substituent Yld M. P.°C. Remarks Ref,

1)

IJ-B hYdI‘OXY 2560 5"705 62
methyl

methyl

hydroxy 34 256,5=T45 62
methyl

methyl

L5 hydroxy 252 dec, 81
methyl

nitro

hé hydroxy 1 17
hydroxy

methyl

W N ~ W oW N Ul N

L7 hydroxy 30 17

hydroxy

chloro

148 hydroxy 15-30 Compounds L47-55 obtained by the 17

hydroxy oxidation of the guinoxaline with

chloro peroxy acids. No melting points
given for these compounds,

hydroxy 28 17

hydroxy

bromo

L9

50 hydroxy 65 17

hydroxy

hydroxy L3 17
hydroxy

chloro

chloro

o1

52 hydroxy 10 17

hydroxy
chloro
methyl
53 hydroxy 12-16 17
hydroxy

bromo

methyl

L AR W ~NAWN WD W W N DWW Wi
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%

No. Substituent Yid M. P.Co Remarks Ref,

5k

o

hydroxy 50 17

hydroxy
cyano

hydroxy 60 355 6L, 17

hydroxy
nitro

55

56 hydroxy 270 6L
hydroxy
nitro

nitro

@ ONw oW N W N

i . Quinoxalinealdehydes,

The syntheses of two gquinoxaline aldehydes by the selenium dioxide
oxidation of 2,3-dimethylquinoxaline were reported during the period 1950-
195L (82), The products obtained were: 3-methy1-2-qulnoxallnecarboxalde-
hyde, m. p. 138° C,, p-nitrophenylhydrazone derivative, m. p. 250° Ce; and
2,3-quinoxalinedicarboxaldehyde. no melting point given, 2,L-dinitrophenyl-
hydrazone derivative, m, po 279 C. No yields or other properties were given
for these compounds,

5. Quinoxalinecarboxylic Acids and Quinoxalinecarboxylic Acid Derivatives.

The preparation and properties of several new compounds of this group
are given below,

(a) The condensation of 1,3-dimethylalloxazine with o-phenylene-
diamine gave the methyl amide of 3=hydroxy-2-quinoxalinecarboxylic acid, m.
p. 305-12° C, dec., (83). Recrystallization solvent was water.

(b) The condensation of ethyl 3,Li~diaminobenzoate with glyoxal
sodium bisulfite in water solution gave 5L4% yield of ethyl 6-quinoxalinecar-

(82) Seyhan, Chem. Ber., 8L, L77 (1951).

(83) Bredereck and Phleiderer, Chem. Ber., 87, 1119-23 (195k).
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boxalate, m. p. 66° C. (84)e The free acid melted 266° C, In a similar man-
ner ethyl 2,3-diphenyl-6-quinoxalinecarboxylate was prepared in L0% yield.
The hydraz1de of this ester was prepared and melted, 235 Ce

(¢) The condensation of i, 5-diaminosalicylic acid and benzil in
acetic acid solution gave 7-carboxy-6-hydroxy-2 3-diphenylquinoxaline, m. p.

252-4° ¢, (85).

(d) The condensation of 2-thienylglyoxal with l-methylmo-phenylene-
diamine and oxidation of the product gave 2=(2~thienyl)~7=-quinoxalinecar=
boxylic acid, m. p., 288=90" C, (1h).

(e) The condensation of 2-thienylglyoxal with 3-hydroxy-lLi-carboxy-
o=-phenylenediamine Jgave 3=(2=thienyl)=-6-hydroxy-7-quinoxalinecarboxylic
acid, m. p. 213-15° C. dec. (14).

6. Haloquinoxalines.
These compounds were prepared by either the action of phosphorous
oxychloride and phosphorous pentachloride on hydroxyquinoxalines or by
the condensation of halo substituted o-phenylenediamines with a dicarbonyl

compound,

Table V lists the halo compounds prepared.

Table V, Halogquinoxalines,

ted diffefently by the table.,

&
R7//\\/|VT]RE Ry, Ro, Roy Ry, R7 Rg are hydrogen except as indica-

ng\
Ry
% o
No.” R Substituent Yid M, P Ceo Ref,
1 2 chloro 60 2567 43

3 phthalimidomethyl

(8L) Birkofer and Widmann, Chem, Ber., 86, 1295-1302 (1953).

(85) Voorspuij and Nauta, Arzneimittel-Forsch., L, 5LL-8 (1954).
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y 4
No, R Substituent Yld M, P.OC. Remarks Ref,
2 2 chloro 76 155-6 L3
3  phthalimidoethyl
3 2 chloro 68 195 L3
3 phthalimidopropyl
L 2 chloro 63,5  152-5 L3
3 1l-phthalimidoethyl
5 2 chloro 70 158 L3
3 2-phthalimidopropyl
6 2 chloro 188 81
7 nitro
7 2 chloro 202 81
6 nitro
8 5 chloro 60=2 17
9 6 iodo 114-5 17
10 6 Ybromo 148-9 be pe 146~9/18nm 17
11 6 chloro 120=2 17
7 methyl
12 6 bromo 127-8 17
7 methyl
13 2 2-thienyl 119-21 1
6 chloro .
14 2 phenyl 191-5 86
3 phenyl
5 fluoro
8 fluoro
15 2 phenyl 137-8 86
3 phenyl
5 fluoro
7 fluoro

(86) Finger, Reed, Burness, Fort and Blough, J. Am. Chem., Soc., 73,
W5-9 (1951), —



No. Substituent Y1d M. P.°C. Ref,

16

phenyl 75 169,5=170 86
phenyl
fluoro
fluoro
fluoro
17 chloro 78-80 b, ps 158/10mm 32
methyl
methyl
18 chloro 91-2 32
methyl
methyl
19 bromo 186-8 35
methyl
methyl
20 chloro 13 35
propyl
propyl

iodo 75-75.5 32
methyl
methyl

21

22 chloro 154 32
methyl
methyl

methyl

bromo 145 32
methyl
methyl
methyl

23

2L methyl 188-90 53
S5=chloro-2-methoxyphenyl

S=chloro-2-methoxyphenyl

25 chloro 198-9 53
h~chloro-2-hydroxyphenyl

S~chloro-2-hydroxyphenyl

26 chloro 123k 53
phenyl

phenyl

WY WY WO WMoY JWNOY LY WY WY WNOY WDV COOVWIWN b=
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No. Substituent Yld M. P.°C. Ref.

chloro 91-2 53
methyl
methyl

27

28 chloro 123l 53

2=chlorophenyl
2-chlorophenyl

chloro 210 17
chloro

29

chloro 205=7 17
chloro

30

31 chloro 153 87

chloro
phenyl
phenyl

chloro 14,6-8 32
chloro
methyl
methyl

32

33 chloro 191-2 32

chloro
methyl
methyl

WRNION WNhOWVL WY OVl ~0h WO WO |3

7. Aminoquinoxalines.
(a) Primary Amino Compounds.
The compounds in this group are prepared by various procedures, The

individual methods of preparation, the compounds prepared and their properties
are given below,

(87) Davis and Ross, J. Chem. Soc., 1951, 3258,
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1. Ring closure of N-{o-aminophenyl)glycinenitriles with strong
bases and then oxidation of the resulting 2-amino-3,L-dihydroquinoxalines
gives the follow1ng amlnoqulnoxallnes with yields and melting points when
given (88): 2-amino, m, p. 154-4° C.; 2-am1no-6—chloro, 2-(aminomethoxy),
Me Do 211,‘5o Ces 2-aminomethyl, m, p. 136° C.; and 2-am1no-7-chloro.
Similarly (88), 2-amino-8-methoxyphenyl, m. p. 129-131° C,, was obtained in
51% yield,

2, The reaction of 2,}-diamino-l-nitrosobenzene and cyanoacetic
acid gives 3,6-diamino-2-quinoxalinecarboxylic acid (89,90). Decarboxy=-
lation of 3,6-diamlno=2-qu1noxa1inecarboxyllc acid (90) gives the diamino
analog, m. p. 204° C, Simjlarly (89), 3,6=diamino-7-methyl-2-quinoxaline=-
carboxylic acid, m. p. 248 C., is obtained, This acid is decarboxylated
by b0111ng it in nitrobenzene to give 3,6ndlamlno=7wmethquulnoxallne, e
p. 221° C., picrate derivative, m. p. 288° C, dec, The diacetamidogquin-
oxaline is prepared by heating 3,6—d1amino-7-methquuinoxaline with acetic
anhydride, By using cyanoacetamide in place of cyanoacetic acid (89), 3,6~
diamino-2-quinoxalinecarboxamide, m. Do 295° C, is obtained, Treatment of
3,6-d1amnnoqu1noxaline with hot acetie anhydride gives the diacetamido=-
quinoxaline, me p. 302 Co3 picrate derivative, m, Do 200° G, dec, Similar-
ly, 3,6-diamino-2-quinoxalinecarboxamide, m. Do 295" Co3 3,6=diacetamido-
2-qulnoxallnecarboxamlde, softening above 260° C.; and, 6-acetamido-3-
amino-7 methylquinoxaline-2-carboxamide, m. p. 315° C. is prepared, (90).
The reaction of 6-am1noqu1noxallne with acetic anhydride gives the acetamido
derivative, m. p. 217° C. dec. (17).

3. The condensation of 3,l,5-triaminonitrobenzene hydrochloride
with oxalic acid gives a product presumed to be 6-amino-1,2-dihydroxy=-8-
oxalamidoquinoxaline, which decomposes on recrystallization from water (81).
Careful hydro%y31s of the product gives the free diaminodihydroxyquinoxaline,
m. p. ca. 300 C, (blackening),

., Treatment of 6-amino-2,3-dihydroxy-8-methoxyquinoxaline with hy-
driodic acid gives 2,3, 5-tr1hydroxy-7-amlnoqulnoxallne, darkening ca. 300°
C, (81).

(b) Secondary Aminoquinoxalines,

1, Brederech and Pfleiderer (83), by treatment of 1,3-dimethylalloxa-
zine with hot sodium hydroxide, obtalged 3-methylamino-2-quinoxalinecarbox-
ylic acid methyl amide (I), m. p. 171 C, (I) and ethyl chlorocarbonate
gives 3-(carbethoxymethylamino)-2-quinoxaline carboxylic acid methyl amide

(88) Pfister and Weijlard, U. S, 2,650,221, Auge 25, 1953.

(89) Osdene and Timmis, Chemistry and Industry, 1954, L05-6.

(90) Osdene and Timmis, J, Chem. Soc., 1955, 2027-31.
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(II), mo pe 1,8° ¢, By heating (II) with sodium hydroxide, then treating
with sulfuric acid, 3=-methylaminoquinoxaline-2-carboxylic acid (III), m,
p. 156-8° C,, is obtained, Treatment of (III) with diazomethane gives
methyl 3-methylaminoquinoxaline-2=carboxylate,

2, The reaction of 2~-chloroquinoxaline w%th p-aminobenzoate gives
ethyl L~ [(2-quinoxaly)amino|benzoate, m. p. 220-1" C.” The free acid melts
340° C, dec. (91).

3s Succinic anhydride and 6-aminoquinoxaline gives the N-6-succin-
amic acid derivative of the aminoquinoxaline (17).

(¢) Sulfaquinoxalines,

1. Sulfaquinoxaline salts in yields of about 93% are prepared by
refluxing sulfaquinoxaline with alkanolamines in aqueous alcohol solution
(92). The alkanolamines used and the m. p. of the salts are given in
Table VI, :

Table VI, Salts of Sulfaquinoxaline.

Alkanolamine M. P.°%C,
NHoCHoCHoCHpOH 150 dec.
CH,OHCHoNHCH,CHo0H above 270
N(CH,CHpO0H) 4 140 dec,, melts 182
(CH4)2C (NH )CH20H 255 dec., melts 257

2, The reaction of p-(p~tolyloxy)phenylsulfonyl chloride with 6-
aminoquinoxaline gives the corresponding sulfonamide, m. p. 178,5-9.5° C.,

(91) Drumheller and Schults, J. Am. Chem, Soc., 77, 6637-8 (1955).
(92) Sweet and Benson, U. S. 2,578,761, Dec, 18, 1951,
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hydrolysis of which gives p~hydroxysulfaquinoxaline in 31% yield, m., pe
232,5-34,5° C. (93,94)s In a similar manner the 6-methyl analog was also
prepared (9L).

8s Alkoxy and Aryloxyquinoxalines.
(a) Methods of Preparation.

1. Condensation of alkoxy or aryloxy substituted o-phenylenediamines
with diketo compounds according to equation 11, Other substituents may also

/NN Hs 0:C-R" NNy R”
ROUNH ® sew : RO-F ” J ’ (11)
NS -~ - \/\N/R

be present in either the benzene or the hetero rings.

2, Treatment of the corresponding hydroxy compound with diazo=
methane, equation 12,

2\ Ny 7 Ny
{ OH + CH,N, —> Q—! OCHy  (22)
\/\'\lé \/\N;

3e Treatment of a chloroquinoxaline with a sodium alkoxy=- or

(93) Hultquist, Germann, Webb, Wright, Roth, Smith and SubbaRow,
io é-_m-_o Chem, SLcog Eg 2558=66 (1951)0

(94) Hultquist and SubbaRow, U. S. 2, 572,728, Oct. 23, 1951,
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aryloxy=- compound in alcohol solution, equation 13.

é\/N /\/N§
’HJF | + NagOR —> ‘ l >—\—0R (13)
\/\N N N7

Table VII lists the compounds in this group.

Table VII. Alkoxy and Aryloxyquinoxalines,

Ro
R //”\K/N§ R Roy R3, Ro, Rgs R7s Rg are hydrogen except as indi-
"7 ’ 2 cated”differently by the table,

Re %/\Nf
R5

Ry

% o Method of

No. Substitnent Yiad M, P. Co Preparation Ref.

methoxy 226=7 1 95
methoxy

phenyl

phenyl

methoxy 229-30 1 96
methyl

phenyl

phenyl

acetamido

(V)
oW UVl wihhoown |l

methoxy 82 92-3 3 96
methoxy

ethoxy 70 77-8 3 96
ethoxy

W N W N

(95) Kawai, Kosaka and Hatano, Proc. Japan., Acad., 30, 77L4=80 (195L).

(96) MacMillan, J. Chem. Soc., 1952, L019-2li,
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4 Method of

No, R Sunbstituent Yid M. Po 0C.. Preparation Ref,
5 2 propoxy 71 53=L 3 96
3 propoxy
6 2  isopropoxy 55 93= 3 96
3  1isopropoxy
7 2 butoxy L5 50=-1 3 96
3 butoxy
; 25 25
8 2 isobutoxy 76 d)” 1,0405 np” 1.5370 3 96
3 isobutoxy
9 2 a-“w'low 68 le 022; 10530)4 3 96
3 amyloxy
10 2 isoamyloxy 79 1,01l 1.5290 3 96
3 isocamyloxy
11 2  hexoxy 60 60=5 3 96
3  hexoxy
12 2 methyl 170 1 97
3 methyl
5 methoxy
8 methoxy
13 5 ethoxy 63=] 1 98
1 6 methoxy 162=3 1 99
2  p-methoxystyryl
15 6 methoxy 137-8 1 929
2  3,Lh-dimethoxystyryl
16 6 methoxy 278-80 1 99
2  2,3-dimethoxystyryl-l-hydroxy

(97) Shinichi, Tanaka and Ichikawa, J. Chem. Soc. Japan, 75, LO=
3 (1954).

(98) Easley and Sullivan, J. Am. Chem, Soc., Th, Ll50 (1952),

(99) Towle, Iowa State Coll. J, Sei., 26, 308-9 (1952).
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y 4 Method of

No. Substituent Y1d M. Po°Ce Preparation Ref,

17 methoxy 140-1 1 99
2, 3=-methoxystyrylpyridine
2,3-methoxystyrylpyridine
18 methoxy 225 1 76

carboxyureide

MW WO f=o)

methoxy 8h 130 by hydrolysis of 18 76
carboxylic acid

19

20 methoxy 118 1 32
methyl
methyl
21 ethoxy 90=2 1l 32
methyl
methyl
22 ethoxy 107-9 1 32
methyl
methyl

methoxy 105-7 1l 32
methoxy

methyl

methyl

23

2 methoxy 173=h 1 32
methoxy

methyl

methyl

25 methoxy 212 2 81
phenyl

phenyl

nitro

26 methoxy 285 dec. 1 81
phenyl

phenyl

amino

methoxy 215 3 81
methyl
nitro

27

~WwnN AW WM WY WOV WOy wihdvl wmrounl wm



Method of
Noe R Substituent Y1d M, P,°C, Preparation Ref,
28 8 methoxy 276 dec, 1 81
2  hydroxy
6 nitro
29 8 methoxy 22y, treatment of 28 with 81
2 chloro P0013 and P015
6 nitro
30 8 methoxy 168 by chlorination of a 81
3 chloro mixture of compounds of
6 nitro indefinite composition
31 8 methoxy 276=8 by hydrolysis of 81
6 nitro compound 30
3 hydroxy
32 5 methoxy 318-20 by reduction of com- 81
7 amino pound 31
2 hydroxy

Quinoxaline Quaternary Salts.

The compounds of this group are of two types:

(1) quaternary salts

of the nitrogen in the quinoxaline nucleus, Table VIII, and (68) quaternary
salts of the nitrogen contained in substituents attached to the quinoxaline
nucleus, Table IX.

k.

Compounds of the first type are prepared by the following methods:

(a) Direct quaternization of N-unsubstituted quinoxalines, equation
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(b) Condensation of variously substituted N=-alkyl o=-phenylenediamines
with substituted <halo keto compounds in ethanol followed by addition of
alcoholic hydrogen chloride and acetate, equation 15,

P\ NN Y
R,-E I‘::‘Jr R3ch><R+—-> R ‘— H ]R3 HC: R ( \Nj e (15)
\V/lﬁz \V/\Q4 ke SL

(¢) Condensation of variously substituted N-alkyl o-phenylenedia-
mines, in ethanol containing a slight excess of alcoholic hydrogen chloride,
with substituted 1,2-diketo compounds, equation 16, or with the monoxime

/\NH 00 /\/NW
R A 6
.t/l[g; 3CC Ry R;UN[RE, > RUj X" (16)
.

of 1,2-diketo compounds, equation 17,

.
@)

‘4¢\\quz O N Z 3N\ Ny Ry

Ll wfer — wC LI

am
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Compounds of the second type are prepared by the condensation of a
1,2-diketo bromoalkyl substituted compound with o-phenylenediamine in the
presence of pyridine or by the condensation of anc<~halo keto compound con-
taining a quaternary group with o-phenylenediamine,

Table VIII. Quinoxaline Quaternary Salts,

- Ry, R3, Rg, Rg Are hydrogen except as indicated differently
X by the table, The melting points given in parenthesis

ReX\ A NZ R3 are for the pseudo base, The solvent used (when stated
5 R l‘2+ in the literature) is indicated by numbers following the
- T method-of-procedure letter: 1,
Pseudo base chloroform; 2, nitrobenzene; 3, no
% 7 \ N§" R solvent,
| e,
Rs N\ ANAOH
R7 Ru
" % o Method of
No. R Substituent X Yld M, Po Co Preparation Ref.
1 L 2-phenylethyl iodide 7 146-8 a3 100
2 L4  phenacyl bromide 28 177 al 100
3 L p-chlorophenacyl bromide 27 202.5 a2 100
I L  p-bromophenacyl bromide 27 206 a2 100
5 L menitrophenacyl  bromide 72 181 a2 100
6 i p-methoxyphenacyl bromide 25 182.5 a2 100
7 L  2-naphthacyl bromide 73 182 al 100
8 N,N' dimethyl sulfate 17 -5 al 100
9 N,N' diethyl sulfate 11 171 al 100
10 L methyl iodide 88 1745 a3 100
5 methyl

(100) Easley and Bahner, J. Am. Chem. Soc., 72, 3803-5 (1950).
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methyl

y 5 Methed

No. R Substituent X~ Yld M. P, C, Preparation Ref,

11 L  p-methylphenacyl bromide 69 192-3 a3 100
5 methyl

12 4,  p-fluorophenacyl bromide 5h 211 a2 100
5 ‘methyl

13 i p-chlorophenacyl bromide 29 226-7 al 100
5 methyl

1, L p-bromophenacyl  bromide = 32 226 al 100
5 ‘methyl

15 i p-methoxyphenacyl bromide 89 198 a2 100
5 ‘methyl

16 i methyl iodide 9l 190 a3 100
5 chlero

17 L ethyl iodide 17 171 a3 100
5 chloro

18 4 methyl iodide 214-15 a 98
7 ethoxy

19 L ethyl iodide 14,6=8 dec, a 98
7 ethoxy

20 4 N,N-diethyl-2-amino-

ethyl chloride 1846 asb 101

2  phenyl (93=5)

21 L methyl methyl sulfate 150=3 a 101
2 methyl
3 methyl

22 L ethyl p-tolylsulfonate 180-2 a 101
2 methyl
3 nmethyl

23 L4 2<-hydroxyethyl chloride 194=7 a 101
2
3

methyl

(101) Druey and Huni, Helv, Chim, Acta 35, 2301-1L (1952).
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% o. Method of
No. R Substituent x= Yld M, P, C. Preparation Ref,
2L 4 methyl methyl sulfate 156-8 a 101
2 phenyl
25 L4 methyl p-tolylsulfonate 209-11 a 101
2 phenyl
26 L methyl methyl sulfate 232-l a 101
2 phenyl
5 chloro
27 h ethyl iodide 188=90 a 101
2 phenyl
28 L4 ethyl p~tolylsulfonate 187-8 a 101
2 phenyl
29 L 2-hydroxyethyl Chloride 189-90 a,c 101
2 phenyl
30 4 2-hydroxyethyl chloride 199-201 a 101
2 phenyl
5 methyl
31 L  2-hydroxyether chloride 169-71 a 101
2 phenyl
5 chloro
32 i 2,3-dihydrexyprepil chloride 191-3 a 101
2 pheryl
33 h N,N-dimethyl-2-amino-
ethyl chloride 191-3 c 101
2 phenyl
3L L N,N-dibutyl-2-amino-
ethyl chloride 140-2 c 101
2 phenyl
35 L4 2-piperidinoethyl chloride 179-80 c 101
2 phenyl
36 i N,N-diethyl=3-amino-
propyl chloride 192=4 c 101
2

phenyl
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% Method of

No. Substituent x~ Yld, M, P.°C. Preparation Ref.

37 N,N-diethyl=5-amino-
3=thiapentyl iodide 128=30 c 101

phenyl

phenyl chloride 210=13 b 101
phenyl

38

39 N,N-diethyl-2=

aminoethyl iodide 182=3 c 101
phenyl

methyl

ho 2-hydroxyethyl chloride 188-9 b,¢ 101

p-chlorophenyl (202-3)

N,N=dimethyl=2-
aminoethyl chloride 186-8 c 101
p-chlorophenyl
L2 N,N-diethyl-2-
aminoethyl chloride 192-Y b 101
p-chlorophenyl

ST~ N Y~ K -l o N0 B o O3~ (U N i =

L3 N,N-diethyl=5-a~
mino-3-thiapentyl iodide 165-8 c 101

p-chlorophenyl

N,N-diethyl-2-

aminoethyl chloride 191-3 ¢ 101
p-chlorophenyl (122=3)

methyl

L5 N,N-diethyl-2=~

aminoethyl chloride 176-8 b 101
3,4-dichlorophenyl

L6 N,N-diethyl-2-

aminoethyl chloride 177-8 c 101
p-methylphenyl

L7 2<hydroxyethyl chloride 194-5 a 101
2-thienyl

L8 2-hydroxyethyl chloride 194=5
phenyl

phenyl

101

o

whoE nE N FE VIR S LW I~ B~
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% Method of

No. Substituent X~ Yld M. P.°C. Preparation Ref,

L9

N, N-dimethyl-2-

aminoethyl chloride 1856 c 101
phenyl

phenyl

50 N,N-diethyl-2-

aminoethyl chloride 181=2 bye 101
phenyl (119=2)

phenyl

wnNn FowhN f=s)

Table IX. Quinoxaline Quaternary Salts of the Nigrogen in a Substituent
attached to the Quinoxaline Nucleus )

No.  Compound M, P.°C. Ref,
1 (3-hydroxy-2~quinoxalyl)methyl pyridinium 255 L9,102
bromide
2 N-(2=-quinoxalyl )methyl pyridinium 201 102
bromide

3 N=-(3-hydroxy=6,7-dimethyl-2-quinoxalyl)
methyl pyridinium bromide 273 102

b N-(6,7-dimethyl=2-quinoxalyl) methyl
pyridinium bromide 234 102

5 N-(6,7-dichloro=3=hydroxy-2~-quinoxalyl)
methyl pyridinium bromide 235 102

6 N-(6,7=-dichloro=2=-quinoxalyl)methyl
pyridinium bromide 218 102

7 N=(3=hydroxy-2-quinoxalyl)methyl-l-methyl-
5=(2-hydroxyethyl)thiazolium bromide 227 102

(102) Green and Delaby, Bull, soc. chim. France, 1955, 704=7.
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No. _ Compound M, P, Ce Ref,

8 N=( 3=hydroxy-6,7=dimethyl~2-quinoxalyl )methyl-
l-methyl-5-(2-hydroxyethyl)thiazolium bromide 2Ll 102

9 N-(6,7-dichloro=-3=hydroxy-2-quinoxalyl)methyl-
h-methyl-5-(2-hydroxyethyl)thiazolium bromide 22} 102

10 quaternary picolinium compound of 2~(5-fluoro-
2-methoxyphenyl )quinoxaline 117 22

10, Reduced Quinoxalines.
(a) 1,2- and 3,L4~Dihydroquinoxalines.

The methods of preparation of this group of compounds vary and are
summarized as follows:

l. Condensation of an N=substituted o-phenylenediamine with ethyl
oxalate, equation 18,

/\'NHZ 0-C-0OR /\/NkaH
R,{- | + | > R |\ J (18)
X~ NH 0-C-OR NANAO
R, R

2, Condensation of alloxan with an N-substituted o-phenylenediamine,
equation 19,

0
OH '
7 ¢ NH, HMA\OH /A\/N\/ﬁVH
RITC \\NH g 4 Rf\Jf l ) (19)
N R, NNV NZNH O~N~0
H Ry M
N
rolysis 7 'l _ ‘ |
ydroly SoAAO CO, ’\ s
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3e

sulfate or methyl iodide and alkali, equation 20,

R

Ny

|

N N~

7 OH twqﬂsc

i
7

Table X lists the 1,2= and 3,4~dihydroquinoxalines prepared, the

method of preparation, and their properties,

Methylation of 2-hydroxyquinoxalines with diazomethane, methyl

Table X, 1,2- and 3,4-Dihydroquinoxalines.
" Method of
No. Compound Yld M, P, C. Preparation Ref,
1 3,~dihydro-3-keto-L-methylquin= 2 76
oxaline-2-carboxyureide
2 methyl 3,L-dihydro-3-keto=-l=-methyl- 126 treatment of 76
quinoxaline-2-carboxylate 1l or 3 with
diazomethane
3 3,4=dihydro-3~keto=l-methylquin=- 173=4 1 76
oxaline-2-~carboxylic acid
i 3,4~dihydro=~3-keto=l-methylquin=- 194 treatment of 76
oxaline-2=-carboxydimethylureide 1 with MeI and
potassium car-
bonate
5 3,4=dihydro-3-keto=lj~phenylquin~ 50 2Lh 2 76
oxaline-2-carboxyureide
6 3,=dihydro=3-keto=l4=-phenylquin- 43 158-60 by hydrolysis 76
oxaline-2-carboxylic acid of 5
7 3,i=dihydro=3=-keto=l=(D=-lkribityl)=- 2 7

6, 7=dimethyl=-2=quinoxaline carboxy-
ureide
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% Method of
No. Compound Yld M, Po Co Preparation Ref,
8 1,2-dihydro-1, 3-dimethyl=-2-oxo~ 85=6 3 103
quinoxaline
9 12-dihydro-l-methyl~2=oxo=quin=- 120-1 3 103
oxaline
10 1,2=dihydro-3=hydroxy=-l-methyl- 286=7 1 103
2-oxoquinoxaline
11 3-chloro=-l,2-dihydro-l-methyl- 131-3 treatment of 10 103
2-oxoquinoxaline with phosphorous
trichloride
12 1,2~dihydro=3-methoxy-1l-methyl=- 122-3 treatment of 11 103
2-oxoquinoxaline with sodium
methoxide in
alcohol
13 1,2~dihydro-l-methyl-2=-0x0-3- 170-2 3 103
phenoxyquinoxaline
1 3-amino-1,2-dihydro-l-methyl-2- 273,5 treatment of 11 103
oxoqulinoxaline with amonium
acetate at 200~
215°C,
15 li~methyl=-3-quinoxalone-2=-carbox= 167-8 3 83
lic acid methyl amide
16 Li-methyl-3-quinoxalone=~2=-carbox=- 171-3 by hydrolysis 83
ylic acid of 15
17 2-hydroxy-3-methyl=7~-nitro=3,4=di- 225 1l 81
hydroquinoxaline
18  2-hydroxy-7-nitro-3,L4-dihydroquin- 1 81
oxaline
19 2-hydroxy=-5-methoxy=7-nitro-3,4=di- 262 dec, 1 81
hydroquinoxaline
(103) Cheeseman, J, Chem. Soc., 1955, 180L4-9.
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% - Method of
No. Compound Yld Mo, P» Co Preparatien Ref,
20 tetraethyl 1,4=dihydro-2,3-quin=- 168-70 treatment of 37
oxalinebis(methyl phosphonate) quinoxaline with

ethyl phosphate and
sodium ethoxide in

alcohol
21 1,2-dihydro~6,7-dimethyl-2-oxo~ alkaline hy- 0L
1-D-ribityl=3-quinoxaline car- drolysis of
boxylie acid riboflavin, or
thermal hydrol-
. ysis of ribo-
flavin 105

(v) 1,2,3,4=Tetrahydroquinoxalines,
The methods of preparations of this group of compounds are as follows:

1. Catalytic hydrogenation of the quinoxaline analog, or reduction
with sodium and alcohol.

2, Condansation of N,N'-disubstituted o-phenylenediamines with ethyl-
ene dibromide or ethyl oxalate,

3. By addition of organo-lithium compounds to the two double bonds
of the hetero ring of quinoxaline followed by the addition of water.

4o Alkylation of 2,3-dihydroxyquinoxalines,

During the period covered by this review no attempts were reported
at resolution of the stereoisomers when positions 2 and/or 3 carried sub-
stituents,

Shipichi, Tanska and Ichikawa (97) reported the catalytic reduction
of 2,3-diphenyl-5,8-dihydroxyquinoxaline and 2,3-diphenyl=5,8-dimethoxyquin-
oxaline to the tetrahydro state, but the compounds dehydrogenated on working

(104) Surrey and Nachod, Jo Am. Chem, Soc., 73, 2336-40 (1951).

(105) Euler and Hasselquist, Arkiv. Kemi 2, 373-81 (1950).
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up, By careful acetylatien, immediately after hydrogenation and under an
atmosphere of hydrogen, 1,4-diacetyl-2,3-diphenyl-5,8-~dimetnoxy-1,2,3,4~
tetrahydroquinoxaline was obtained,

Morley (106) reported some effects of solvent, pH and acetylating
agent-solvent on the preparation of N-substituted and N,N!-disubstituted
1,2,3,h~tetrahydroquinoxalines, Table XI summarizes these findings.

Table XIT lists the compounds of 1,2, 3,4-tetrahydroquinoxaline
reported the method of preparation being designated by numbers correspond-
ing to the methods of preparation given above. The number 5 indicates
preparation of 1,2, 3,L-tetrahydroquinoxaline compounds by application of
the findings of Morley.

Some salts of 1,2,3,4-tetrahydroquinoxaline compounds have been
reported, These were prepared as follows:

(1) Hydrogenation of the unsaturated counterparts.
(2) From the 1,2,3,4-tetrahydroquinoxaline compound,

Table XIIT lists these compounds.

Table XI. Solvent, pH and Reagent Effects on the Preparation of N-Substi-
tuted and N,N'-Disubstituted-l,2,3,h~tetrahydroquinoxalines, (105)

Effect of Solvent in Carbethoxylation of 1,2,3,L-Tetrahydroquinoxaline,

4 of Product Isolated

Solvent N-Substituted N,N!-Disubstituted
pyridine 54 Lé
acetone 50 50
ethanol 50 50
acetic acid 33 67

(106) Morley,.J. Chem, Soc., 1952, L0028,
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Effects of Selvent and Reagent in Acetylatien ef 1,2,3,4~Tetrahydroquin-
oxaline,

% of Preduct Isolated

Reagent Selvent N-Substituted N,N!'=Disubstituted
acetic anhydride ethanel 100 0
acetic anhydride acetic acid 72 28
acetyl chloride ethanel 38 62
acetyl chloride acetic acid 32 68

Effect of pH in Carbethexylatien ef 1,2,3,4-Tetrahydroquinoxaline Using
Ethyl Chlerecarboenate,

% Yield Based on
1,2,3,4-Tetrahydroquinoxaline Used

pH N-Substituted N,N!-Disubstituted
7 75 0

6 75 0

5 75 trace

I 30 53,

3 20 58
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Table XII, 1,2,3,L-Tetrahydroquinoxaline Compounds,
% Method of
No.  Compound Yld M, P.°C, Preparation Ref.,
1 l-acetyl-1,2,3,4-tetrahydro- 108-9 5 106
quincxaline
2 l-carbethoxy-1,2,3,k-tetra- 151-2 5 85
hydroquinoxaline
3 1-benzoyl-1,2,3,4-tetrahy- 17-8 5 85
droquinoxaline
I 1,4-diacetyl-1,2,3,4-tetra- W34 5 85
hydroquinoxaline
5  1,i-dicarbethoxy-1,2,3,4=- 5 85
tetrahydroquinoxaline
6 1,4-dibenzoyl-1,2, 3, ~tetra- 204-5 5 106
hydroquinoxaline
7 1,4-dimethyl-2, 3-dioxo- 252-3 2 103
1,2,3,4-tetrahydroquin-
oxaline
8 2-methyl-1,2,3,L~tetra 65  70-71 1 107
hydroquinoxaline
9 5-methyl-2~oxo0-1,2, 3,4~ 177-8 i 17
tetrahydroguinoxaline
10  2-(2-diethylaminoethyl)- 74 (b.p. 120-L/ 1 108
1,2,3,h-tetrahydroquin- 0. 2mm)
oxaline
11 2-(2-dimethylaminoethyl)- 85 (b.p. 140-=2/ 1 108
1,2, 3,4=tetrahydroquin=- 902mm)
oxaline n, 1.5750

(107) Munk and Schultz, J. Am. Chem, Soc., 7k, 3433-h (1952).
(108) Wiley, io A_lna E_hﬂo _S_og_o, ﬁ, }492)4_5 (195h)-
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% " Method of

No. Compound Yid M, P. C, Preparation Ref,

12 2-(2-benzylethylamino- 28 (b.p. 178-85/ 1 108
ethyl)-1,2, 3,4~tetrahy- Qp2mm)
droquinoxaline n5°1.59h3

13 1,L4~dicarbethoxy-2(2- 81 treatment of 108
dimethylaminoethyl)=- 11 with ethyl
1,2,3,Lk~tetrahydro- chlorocarbonate
quinoxaline in pyridine

1, 1,4-dicarbethoxy-2(2- 4o  (bepe. 160=L) treatment of 108
diethylaminoethyl)- 10 with ethyl
1,2,3,h-tetrahydro- chlorocarbonate
quinexaline in pyridine

15 1,4-bis(ethylcarbamyl)- 127-9 treatment of 108
2-(2~-dimethylaminoethyl 11 with EtNCO
-1,2,3,4-tetrahydro- in benzene
quinoxaline

16 1,4-bis(ethylcarbamyl)- 51.5 138-40 treatment of 108
2-(2-diethylaminoethyl)- 10 with EtNCO
1,2,3,4-tetrahydroquin- in benzene
oxaline

17  1,L-bis(phenylcarbamyl)-  L7.7 191-2 treatment of 108
2-(2-diethylaminoethyl)- 11 with PhNCO
1,2,3,h-tetrahydroquin- in benzene
oxaline

18 1,l-bis(p-methylphenyl- 77 162 2 109
sulfonyl)-1,2,3,4-tetra-
hydroquinoxaline

19 1,2,3,L-tetrahydroquinoxa 98 treatment of o-2- 110
line (new method of prep- hydroxyethylamino-
aration) aniline with HC1

at 150-160 C,

(109) Stetter, Chem, Ber., 86, 197-205 (1953).

(1.10) Ramage and Trappe, Je. Chem, Soc., 1952, LL06-9,
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% o Method of
No. Compound Yid M, P, C. Preparation Ref,
20 2-methyl-1,2,3,h~tetra- 71 similar proce- 110
hydroquinoxaline dure used as
for compound
19
21 6-nitro-1,2,3 li~tetra=- 116 similar proce- 110
hydroquinoxaline dure used as
for compound 19
22 2,3-dimethyl=-1,2,3,4= 99-100 3 111
tetrahydroquinoxaline
23 2,3-diphenyl-1,2,3,i-tetra- 105 3 111
hydroquinoxaline
Table XIII., Salts of 1,2,3,L4=Tetrahydroquinoxaline.
" Method of
No. Compound M. P. Co Preparation Ref,
1 1-(N,N-diethyl-2-aminoethyl)- 212-) 1 101
3-phenyl-~1,2,3,4=tetrahydro-
quinoxaline dihydrochloride
2 1-(N,N~diethyl=-2-aminoethyl)- 212-5 1 101
3=(p-chlorophenyl)-1,2, 3,4~
tetrahydroquinoxaline dihy-
drochloride
3 1-(N,N-diethyl-2-aminoethyl)- 158-60 1 101
3-(3,4=dichlorophenyl)=1,2,3,k4-
tetrahydroquinoxaline dihy-
drochloride
4  1-(2-hydroxyethyl)-3-phenyl- 170-2 1 101

1,2,3,h=tetrahydroquinoxa~-
line hydrochloride

(111) Lane and Williams, J. Chem. Soc., 1954, 4106-8.
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" Methed of

No. Componnd Mo Po Co Preparation Ref,

5 1-(N,N~-diethyl~2~-aminoethyl)- 220-4 1 101
2,3~diphenyl-1,2,3,h-tetra~
hydroquinoxaline dihydro-
chloride

6  l-acetyl-li-methyl-1,2,3,L4- 154=5 2 106
tetrahydroquinoxaline hydro-
chloride

7 l-acetyl-L h~-dimethyl-1,2,3,4- 184-5 2 106
tetrahydroquinoxalinium iodide

8  l-carbethoxy-li-methyl-1,2,3,4- 133-L 2 106

tetrahydroquinoxaline hydrochloride

(¢) Decahydroquinoxaline,

Three'reports of the preparation of decahydroquinoxaline have been
reported in the literature.

1, The first report of the preparation of decahydroquinoxaline (I)
appeared in 1947 (2), equation 21, during the period covered by the review
of Simpsen, However, this preparation was not listed by Simpson. Neither

H
mNHCHZCHon ZNNCH,CH,C /\rN
—_— - (21)
\/‘OH pCIS e lC] NH3 ) I 30°C., \/\N]
8Hrs.

yield nor melting point wgs listed for this compound. A dinitroso deriva-
tive of melting point 160 C, dec, was, however, reported,

2, In 1952 (1) decahydroquinoxaline (I) was prepared as indicated
by equation 22 by heating 2-(J -aminoethylamino)-cyclohexanol at 200° C,
and 200 psighydrogen in the presence of Raney Ni catalyst. 4 yield of 2L%,
Me Pe 150=1 C., was obtained. The dihydrochloride melted 365° C, No
consideration of cis and trans sterecisomerism was given,
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7 N; NHCH, C HyNH; NN
‘ | 200ps1 Hz ,200°C., l l (22)
2 6Hrs, RaneyNi - '
0
N H ) hJ/
(1)

Carbethoxylation of I using ethyl chlorocarboante gave N-carbeth-
oxydecahydrequinoxaline (II), b. p. 107=9° at 0.6 mm, Alkylation of IT
using formic acid and formalin gave l-methyl-li-carbethoxydecahydroquin-
oxaline (III), b. p., 103-4° C. at 0.6 mm. Hydrolysis of ITI gave N-
methyldecahydroquinoxaline (IV), b. p. 88-90° C. at 8 mm, Klkylatien of
IV with p-chloerobenzhydryl chloride gave h-E-chlorobenzhydryl-l-msthyl—
decahydroquinoxaline, b. p. 196° C, at 0.6 mm. The dipicrate of the final
product melted 263° C, dec,

3 The preparation of decahydroquinoxaline according to equation
23 by the catalytic low pressure hydrogenation of the tetrahydroquin-
oxalinium ion was reported in 1956 (3). The yield obtained was 12,5%,

4 Ho |7 F [ H, J++

72 N Pd N~

OL W ZEI" gf > J 2cr Ry [I (23)
NN Hy N N

i Hg A i Hz (I)

m. pe 152,5-153° C, The dinitroso derivative was prepared and found to
melt at 110-111° C, These workers conjectured the decahydroquinoxaline
they had prepared was the cis isomer while the decahydroquinoxaline report-
ed under (1) preceding was the trans isomer,

1l. Condensed Quinoxalines,

The compounds in this group, reported during the period covered by
this review, were prepared by the following general procedures:

(a) The condensation of 2,3-diaminonaphthalenes with glyoxal.

(b) Ring closure of 2-aminocarbonyl-3-alkylamidoquinoxalines to
yield pteridines,
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(c) The condensation of 3-bremoacenaphthoquinene and e-pherylene-
diamines,

(d) Ring closure of alkyl 2-hydroxy-3-quinoxalinecarboxylates,
(e) The condensation of substituted 5,6~quinones and cyanogen,

(£f) Reaction of ethyl orthofermate with substituted quinoxalines
to yield imidazogquinoxalines,

(g) Reaction of cyanoethylene with 1,2,3,4~tetrahydroguinoxaline
to give l,h-gis(2-cyanoethy1)~1,2,3,h-tetrahydroquinoxalines in 80% yield,
m. pe 88.5-9 C., from which by various reactions, derivatives of 1,2,2a,3,
4,5,8,9,10,10a~decahydro=5,48~diketo-2a,10a~diazapyrenes were ebtained,

Table XIV lists the compounds prepared, the method of preparation,
and the properties of the compounds,

Table ¥XIV, Condensed Quinoxalines,

4 5 Method of
No, Cempound Yid M. Po Co Preparation Ref,
1 2-chloro=-T7,8-benzoquinoxaline 128-9 a 75
2 2-0x0-7,7-benzo-1,2, 3,j~tetrahydro- 197-8 a 75
quinexaline
3  2-hydroxy-T,8-benzoquinoxaline 275-5.5 a 75
L 2-piperidino-7,8-benzoquinoxaline 177-8 a 75
5 2-piperidino-5,6~benzoquinoxaline 12}-5 & 75
6 5,6-benzequinoxaline l-oxide 120.5 a 17
7 (?)=-dichloro-5,6-benzoquinoxaline 187-8 treatment of 6 17
with chlorine
8 2,3=-dimethyl-5,6-benzoquinoxaline 101 a 17
9 3=hydroxy-2-methyl~6,7=-benzoquin=- 295 dec. a 75
oxaline
10 3'=acetamido=li=hydroxy-2-methyl- above 280 b 83

6,7=benzopteridine dec.
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% Methed ef

Ne. Compsund Yld M, P,°C. Preparation Ref,

11 3'-acetamido-l~hydroxy-6,7=-benzo- abeve 300 b 83
pteridine

12 3'=amino=h=hydroxy-6,7=benzopteridine above 34,0 b 83

13 3'=acetamido-l-acetoxy-2, 2'-dlmethy1-
6,7=benzopteridine 2hhy-5 b 83

1y  37-acetamido=l-hydroxy-2,2'-dimethyl- above 300 b 83
6,7~benzopteridine

15 3-bromoacenaphtho(1,2~b)quinoxa~ 276=7 c 112
line

16 3-hydroxyacenaphtho(1,2-b)quin= hydrolysis of 15 112
oxaline

17 acenaphtho(1,2-b)quinoxaline hydrolysis of 15 112

18 di r(cyclopenta) ['b] (qulnoxallno)] [ [1,2,3- treatment of 17 112
cd=1* 2",,3“-1m] perylene with KOH and KOAc

with heating

19 3-piperidinoacenaphtho(l,2-b)= 159 treatment of 15 112
quinexaline with piperdine

20 S-bromeaceanthra(l,2<b)quin- 112
oxaline

21 5<hydroxyaceanthra(l,2=b)quin- 320 ¢ 112
oxaline

23 3=methyl-2-furo(2,3=b)- 60 310 d Th
quinoxaline

24 2-furo(2,3-b)quinoxalone d h

25  5,6-7,8-dipyride(5t,61-20 3")- 270 e 113
quinexaline _

(1312) Bradley and Pexton, J. Chem. Soc., 1954, Lh36-9.

(113) Druey and Schmidt, U, S, Patent 2,590,075, Mar, 25, 1952,
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Z ° Method of
Noo.. Cempound Yld M. P, Ce Preparatien Ref,
26 5,6=748=dipyrido(57,6!=2%,3")~ 187 e 13
1,2, 3,i=tetrahydrequinoxaline
27 5,6=7,8~dipyrido(57,6¢=5%, 6")= 302=3 e 113
qulnoxaline
28 5,6=7,8-dipyrido(5i,67=5",6%)= 171 e 113
1,2,3 h=tetrahydrequ1nexa11ne cmpds, 29=55, pre-
pared by Meth, f.
Ring closure reagent.
29 imidazo(b)quinoxaline L1 286 formic acid 1L
86 trimethoxymethane
30 2-methylimidazo(b)quin- 30 322 triethoxymethane 114
oxaline 86 acetyl chleride
96 acetic anhydride
31 2-ethylimidazo(b)quin- 77 313 propoyl chleride 114
oxaline 61 propionic anhy-
dride
32 2-n=-propylimidazo(b)quin~ 68 286 butyreyl chleride 114
oxaline
33 2-n-butylimidaze(b)quin=- 60 250 pentanoyl chle- 11
oxaline ride
3k 2=n=-pentylimidazo(b)quin- L7 22 hexanoyl chleride 114
oxaline
35 2~(3~pentyl)imidazo(b)quin= 37 246 2-ethylbutanoyl 11}
exaline chloride
36 2-isoamylimidazo(b)quin- L5 223 l-methylpentanoyl 11l
oxaline chloride
37 2-(5-ethylheptyl)imidaze(b)- L2 221 6-ethyloctanal 114
quinoxaline
38 2=(methoxymethyl)imidazo(b)- 56 233 3=oxa=butanoyl 11
quinoxaline chloride

(m) Shipper and Day, t_J:o &o Chem, _Slc-og ;7_3-9 5672"‘5 (1951)0
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% . Method ef
No, Compeund Yild M, Po Co Preparation Ref,
39 2-n-heptylimidaze(b)-quin- 60 324 oectanal 11l
oxaline
4O  2-bengylimidazo(b)quinexa= 52 276 2-phenylacetal-~ 114
line dehyde
Ll 2<styrylimidazo(b)quinexa= 32 311 2-styrylacet- 11
line aldehyde
65 styrylmethanoyl
chloride
42 2=phenylimidazo(b)quinoxa= 58 324 benzaldehyde 11l
line
L3 2~(2=-carboxylethyl)imid- 87 28L sucecinic anhy- 11y
aze(b)quinoxalins dride
Ll 2=hydroxyimidaze(b)quin=~ 65 hh7 diketodichlero=- 11
oxaline ethane
86 urea
L5 6-methylimidaze(b)quin- 7h 246 trimethoxymethane 11k
oxaline
46  2,6~dimethylimidazo(b)- 8L 305 acetic anhydride 114
quinoxaline
L7 2=ethyl-6=methylimidazo= 67 273 propanoyl chleride 115
(b)quinexaline
L8 6-methyl=2-n=-propylimid=- 88 271 butanoyl chloride 11l
azo(b)quinexaline
L9 2=isopropyl-6-methylimid- 54 250 isobutanoyl chlo- 114
azeo(b)quinexaline ride
50 6-methyl-2-n~pentylimid= 55 224 hexanoyl chloride 114
azo(b)quinoxaline
51  6-methyl-2=(3-pentyl)imid- 52 247 2-ethylbutanoyl 11
azo(b)quinoxaline chleride
52 2=(2=carboxylethyl)=6- 65 283 acetic anhydride 11
methylimidazo(b)quinoxaline
53 2=hydroxy-6-methylimidazo(b)~ 96 Loo urea 11,

quinoxaline




6L

% . Method of
No, Compeund Yld M, Po Co Preparation Ref,
Sh 6=chloro-2-methylimidazo(b)=- 77 34k acetic anhydride 11}
quinoxaline
55 6=chlero-2-hydroxyimidazo(b)~ 65 362 urea 114
quinexaline
56  1,2,2a,3,4,5,8,9,10,10a=deca~ 2456 g 115
hydro=5,8=~diketo-2a,10a~diaza= bisphenylhydrazone
pyrene derivative, m, p.
2h2<,
57 1,Li=bis~2!=carboxyethyl-=1,2,3 L=
tetrahydroquinexaline 71 272-l g 115
58 1,2,2a,3,10,10a<hexahydrodiin- 50  L438=9 g 115
d°1°(3 . 92 ?%95)(2“33" ““899)’“23.-
10a-diazapyrene .
59 1,2,2a,3,10,10a=hexahydrodiquino=-
11no(3“ 2“-h 5)(2"93“~8 9)=2a,10a~
diazapyrene ~=u v it =dicarboxylic
acid L8 85 2426 g 115
60 1,2,2a,3,10,10a=hexahydrodi=- 156-8 g 115
quinoline(37,2°0=l,5)(2",3"=8,9)=
2a,10a~-diazapyrene
61  1,2,2a,3,10,10a-hexahydro=3,10- 1428=30 g 115

diketo~qu1n011no(3“ 21y 5)(2“,3"
99)=2a,103=dlazapyrene (yleld L1%),

12, Miscellaneous Quinoxaline Compounds.

A few compounds not of any previous classification have been reported,
These compounds and their preparation follow:

(a) Dihydroxy=-6,6¢!-azoquinoxaline, Prepared by condensing 3,3',h,L'-
tetraaminoazobenzene with butyl hydroxyacetate in aleohol solution (116),

(115) Mann and Almond, J. Chem. Soc,, 1951, 1906~9.

(116) McIntyre, Atkinson, Brown and Simpson, J. Chem, Soc., 195k,

2023=T7.
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(b) Treatment of dihydroxy-6,6'-azoquinoxaline with phosphorous
oxychloride and phesphoreus pentachloride giveaﬁ;-dichloro-6‘6'-azo-
quinoxaline and/4 -dichlero-6,6'=azoquinoxaline, m. p. 232-45 (116).

(¢) 2-Quinoxalinylisothiuronium chloride. Prepared by the reaction
of 2-chloroquinoxaline with thiourea, yield 97%, m. p. 159-60 (117).

(d) 2-Quinoxalinethiol, Treatment of 3 with sodium hydroxide,
yield 73%9 M, po 20&"5 (Il?)'

(e) 2uQuinoxaliﬁylfé-nitrophenyl sulfide, Prepared from 2-chloro-
quinexaline and bis(E-nitrophenylzdisulfide by treating with sodium sulfide
and sodium hydroxide, m, p, 151-2° (117).

(f) By methods similar to those used in preparing compounds 3-5
the fellewing compounds were prepared (117): di-2-quinoxalinyl sulfide,
me pe 196%; 2-quinoxalinyl-p-nitrophenyl sulfone, m, p. 197-9‘; and, di=-
2~-quinoxalinyl sulfone (117),

(g) 2,3-Diphenyl=-6-(trifluoromethylthio)quinoxaline. Prepared by
the condensation of benzil and 3,4-diaminophenyltrifluoromethyl sulfide,
yield 66%, m, p. 140-1 (85),

(117) Wolf, U. S. Patent 2,537,870, Jan. 9, 1951.




IIT: EXPERIMENTAL

The reactiens requiring high temperature and/or pressure were
performed in either of two apparatuses: a Parr Instrument Co., No. LOll-H
High Pressure Reaction Apparatus (Parr High Bomb) or an Autoclave Engineers,
Inc. Magne Dash Autoclave (Magne Dash Bomb). The Parr High Bomb has a fixed
agitation rate of 37 cycles per mimute, The agitation rate of the Magne
Dash Bomb is variable. Reactions requiring low pressure and/or tempera-
ture under hermetical conditions were performed in a Parr Instrument Co.
Series 3910 Low Pressure Shaker Type Apparatus (Parr Low Bomb),

A1l melting points were taken with a Fisher Scientific Co,, Fisher-
Johns Melting Point Apparatus. All melting and boiling points are reported
uncorrected,

Analyses were performed by Straus and Weiler, Microanalytical Lab=-
oratory, 16l Banbury Road, Oxford, England,

A, Preparation of Catalysts.
1. Rhodium Catalyst.

This catalyst consists of 5% rhodium on alumina and was commercially
available from Baker and Co., Inc., Newark, New Jersey.,

2, Raney Nickel W-2 Catalyst.

This catalyst was prepared by the method of Mozingo (118). To a
selution of 380 g. of sodium hydroxide in 1.5 liters of water was added,
in portiens and with stirring, 300 g. of nickel aluminum alloy. The tem-
perature was maintained below 25° ¢, After the evolutien of hydrogen
became slew the solution was allowed to come to room temperature and, when
the evelution of hydrogen again became slow, the solution was heated on a
steam bath for 12 hours, water being added as necessary te maintain volume.
The nickel catalyst, being very pyrophoric, was stored under absolute alcohol,

A’ second preparatien of this catalyst was carried out using the same
procedure, In this preparation, however, 328 g. of nickel aluminum alley
and the corresponding quantities of other reactants were used.

3, Platinum Oxide (Adam's Catalyst).

(118) Mozingo, Organic Syntheses, Coll, Vol, III, 181 (1955).
66
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This catalyst was commercially available from Baker and Co.,, Inc.

B, Preparation of Quinoxaline,

Four preparations of quinoxaline were carried out according to the
method of Cavagnol and Wiselogle (9). The following procedure was typical.

To a solution of 108.1 g. (1.0 mole) of o-phenylenediamine in 500
ml. of 2 molar acetic acid was added 250 ml. of L molar sodium acetate sol-
ution. The mixture was heated to 60 C. and poured rapidly into a solution
of 298.L4 g. (1.05 mole) of sodium glyoxal bisulfite in 1500 ml, of water
previously heated to 60°C, After stirring for one hour the solution was
cooled to below 10° Ce, neutralized with 120 g. of sodium hydroxide pellets
and 500 g. of potassium carbonate added, Mechanical extraction with 500 ml.
of benzene removed most of the product, Extraction was completed by extract-
ing the aqueous layer further in a liquid-liquid extractor for 2L hours with
benzene. The combined extracts were dried over anhydrous mgenesium sulfate,
the benzene stripped off and the residue distilled at Lh-li5 C. and 1 mm,
pressure to give quinoxaline in 8L% yield, m. p. 30-31® C., Cavagnol and
Wiselogle reported an 85% yield, m. p. 30.5-31.5° C.

In three other preparations of guinoxaline results were as follows:
m. p. 27-30° (L6%); 30-31° (73%); 30-31° (73). The low L6% yield was due
primarily to loss of product by foaming when the potassium carbonate was
added to the reaction mixture. This foaming was not experienced in the other
preparations.

One preparation of quinoxaline was carried out according to the
method of Jones and McLaughlin (11), To a solution of 135 g. (1.25 mole)
of o-phenlenediamine in 2 liters of water heated to 70° C, was added a solu-
tion of 3hl g. (1.29 mole) of sodium glyoxal bisulfite in 1.5 liters of
water heated to 80° C, After standing 15 minutes the solution was cooled to
room temperature and 500 g. of sodium carbonate added. The dark oil which
separated out was extracted three times with ether, the extracts dried over
anhydrous potassiBm carbonate, the ether stripped off, and the product dis-
tilled at 105-110" C. and 11-12 mm. pressure to give 132.3 g. of quinoxa-
line, 82% yield, m. p. 29-30° C. Jones and McLaughlin reported a yield
of 85-90%, m. p. 29-30° C., b. p. 108-111" C. at 12 mm, pressure,

C. Preparatien of 1,2,3,4-Tetrahydroquinoxaline,

Two methods were employed in the preparation of tetrahydroquinoxa-
line,

1, Method of Christie, Rhode, and Shultz (3).

Three preparations of tetrahydroquinoxaline were carried out. The
following procedure illustrates the preparations,.
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A mixture of 35 g. (0,27 mole) of quinaxaline, 125 ml. of 95%
ethanol, 2 g. of potassium hydroxide pellets, and 3 g. of Raney nickel
W-2 caxalyst was placed in the Parr Low Bomb at 30° C. and 80 psi hydrogen.,
Over 36 hours a pressure drop equivalent to 100% reduction had occurred,
The reaction mixture was heated on the water bath, thus effectimg solution
of the tetrahydroquinoxaline, The catalyst was removed by filtering and
the ethanolic solution gave crystals of product on cooling, Yield 35 g.,
97%, me R. 94=6° C. Recrystallization from 95% ethanol gave a product, m.
P 96=98" C, Shultz reported after purification by recrystallization,
a yield of 86%, me p. 99-99.5" C.

The results for the other two runs were as follows: m. Pe 97-9@
(50%); 96-~7° (86%). The low 50% yield was due in part to loss of product
caused by a plugged line in the hydrogenation apparatus. It was thought
all pressure in the reaction flask had been released but on opening the
flask considerable product was blown out of the flask by the remaining
pressure.

2, Method of Morley (106).

Tetrahydroquinoxaline was prepared numerous times with the condi-
tions varying somewhat. A typical preparation is outlined in detail but
table XV gives the information on the other preparations.

A mixture of L8 g, (0O.LL mole) of catechol and 4O ml. (0.49 mole)
of ethylenediamine monohydrate was heated at 200-210 C. in a glass liner
in the Parr"High-Bomb for 15 hours. The reaction mass was melted into wa-
ter and the water suspension extracted with three 75 ml. portions of ben-
zene, The benzene solution was washed twice with 250 ml. of normal sodium
hydroxide solution and twice with water., After drying the benzene solutien
over anhydrous sodium sulfate and filtering to remove the drying agent, the
benzene was reduced in volume by boiling and petroleum ether, b. p. 60-70° Cey
added to precipitate the tetrahydroquinoxaline. Recnystalllzation from ben-
zene-Skellysolve B gave 29 g. of product, 50% vield, m. p. 93-4 C. Morley
reported an average yield of 47%, m. p. 97-98°'C

A comparison of the results obtained under the varying conditions
as indicated in Table XV indicates that a longer reaction time favors in-
creased yields. Further, the low yields seem to be characteristic of the
catechol received from the Fluka Chemical Company of Switzerland. This
catechol was much darker in appearance than the catechol received from
Eastman, Also the tetrahydroquinoxaline prepared from Fluka catechol re-
quired more purification. Two attempts were made to prepare tetrahydro-
quinoxaline using the Magne Dash Bomb with no glass 11ner. In both cases
only tar was obtained, even at temperatures as low as 185° C. Tt was re-
peatedly observed that in the preparation of tetrahydroquinoxaline using the
Parr High Bomb with a glass liner that usually a little of the reaction
mixture slopped out through the small pressure equalization hole in the
liner., Whenever this occurred and the material came in contact with the
metal of the bomb, a black gummy tar resulted. It appears quite evident
that the metal of the bombs initiates the formatien of tar,
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Under the conditions of the reaction the glass liners were greatly
affected, Much etehing and corrosion of the glass occurred, It was ex-
perienced that a liner would withstand about six runs after which it became
very brittle and on one occasion was found broken while still in the bomb,

Table XV, Preparations of 1,2,3,4-Tetrahydroquinoxaline by the Method of

Morley.
g Aqueous Reaction

Catechol Ethylenediamine  Averag Time in Mg Po %
Amt., go Supplier 4mt,, ml, Con.p Temp, C, Hours C. Yield
72 Eastman 60 7648 207 15  95<6 35
L8 Eastman Lo 7648 210 36 95-6 60
u8 Eastman 40 76.8 220 15 93<L 50
L8 Eastman Lo 70=75 200 L8  9h=6 Lo
L8 Eastman Lo 70-=75 200 48 95-6 Lo
L8 Fluka ) 70=75 190 15  97-8 16
2l Fluka 20 70=75 210 15 968 19
L8 Fluka 30 98-100 205 36 968 L1
96 Fluka 96 76.8 205 68 92=6 Lo
72 Eastman 18 100 200 Lo  95-7 W6
118 Eastman 33 98-100 205 36 96-7 36
18 Fastman u0 7648 217 38 96=T7 36
48 Pastman Lo 76.8 210 2y  9h=6 L2
4y Eastman 40 76.8 220 15 Magne Dash Bomb used
L8 Eastman 40 76.8 185 15 for these last two

runs, Only tar ob-
tained,

D. Preparation of 2-(f -Aminoethylamine)-cyclohexanol.

Six preparatiens eof 2-Qé ~-amineethylamine )=cyclohexanol were car-
ried eut accerding to the procedure of Beck, Hamlin and Weston (1). The
folleowing precedure is representative,

A solutien of 1200 g, (1L moles) of ethylenediamine (69% aqueous)
in 1 liter of methanel (99%) was stirred and maintained at a temperature
of 115-60" C. by external heating as necessary while 200 g. (2 moles) of
cyclohexene oxide in 100 ml, of 99% methanol was added dropwise over a
period of L hours., The mixture was fractionally distilled and the 2-
(AB-am;noethylamino)cyclohexanol collected as a colorless liquid, b. pe
135- g C. 1,5-2 mm, Yield 298 g., 90%. Beck reported an 84% yield, b. p.
122-3" C./1.2 rm, On standing, the liquid solidified,
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The results of the other preparatiens of 2=(ﬁgwaminoethy1amino)w
cyclohexanol follows be po 150<2%/3=h mm, (88%)5 135°/3 mm. (82%)3 130~
40%/1-2 mm, (80%)s 130-40%°/1-2 mm, (85%); 125-30°/1-1,5 mm. (BL%).

B, Preparation of Decahydroquinoxaline,
1., Method of Broadbent and Whittle (L).

cis=Decahydrequinexaline was prepared numerous times fellewing the
procedure of Breadbent and Whittle, The fellewing precedure, belew, illus-
trates the method of preparation, Some of the other preparations of cis=
decahydrequinoxaline, b=k below, are outlined in seme detail, These prepara-
tions are given when the results obtained er the procedure fellowed was ether
than that ef Breadbent and Whittle, Table XVI gives data on other prepara-
tions of cis=-decahydroquinoxaline,

(a) A mixture of 15,0 go (0¢ll mole) of tetrahydroquinexaline, 1 g
ef 5% rhodium on alumina and 4O ml, of absolute alcohol was placed in the
Parr High Bomb at 2000 psi hydrogen. Reduction of the hetere ring occurred
at room temperature in 1 hour. The benzene ring was reduced in 6 hours at
100°® C. The reaction mixture was filtered to remove the cat st, the
ethanol stripped off and the residue vacuum distilled at 85-90° C. and 0,25
mm, pressure to give 1 g, of product, 89% yield, m. p. 55-60° C. Whittle
reported yields of 70-90%, m. p. variable, 52-62° range.

(b) A mixture of 13 g. (0.1 mole) of quinoxaline, 1 g, of 5%
rhodium on alumina and 50 ml, of absolute alcohol was placed in the Parr
High Bemb at 100° C. and 4050 psi hydrogen., After 17 hours a drop in pres-
sure equivalent to 60% reductien to cis-decahydroquinoxaline was observed,
The catalyst was removed by filtratien, the solvent removed under reduced
pressure, and the residue vacuum distilled at 104® C. and 0,25 mm, pressure
to give 8,5 g. of preduct, m, p. 57-59® Co, yield 61%. This was the first
preparatien ef cis-decahydrequinexaline carried out during the course of this
present research, With subsequent preparations and more experience better
results were oebtained,

(¢) A mixture of 10 g. (0,077 mele) of quinexaline, 0,68 g, of
5% rhodium en alumina, and 40O ml. of abselute alcehol was placed in the
Parr High Bemb at 3150 psi hydregen and room temperature, The hetero ring
reduced at room temperature and the temperature was increased to 100° C, for
16 hours during which time a further pressure drep was observed, Filtra-
tien removed the catalyst and the solvent was removed under reduced pres-
sure to give 8.5 g., 81% yield of crude preduct, After standing 2l heurs
the.product was vacuum distilled to give a material ef melting point, 60-
105" Co The melting point indicated carbonate salt formation ef the cis-
decahydroquinexaline during the time peried before distillation, o

(d) A mixture of 10 g. (0,077 mele) of quinoxaline, 0,68 g, of 5%
rhodium on alumina, and 30 ml, of abso%ute alcohol was placed in the Parr
High Bomb at 3000 psi hydrogen and 100” C, A pressure drep equivalent te
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100¢ reduction to eis-decahydroquinoxaline was observed, The product was
worked up in the usual manner to give 5 g, of cis-decahydroquinoxaline,

Me Do 55=60° Co, 47% yield. The low yield was accounted for in part by

the presence of 2,1 go of light brown material insoluble in alcchol, water,
ether, benzens, hot dilute hydrochloric acid, hot sodium hydroxide, acetene,
concentrated sulfuric acid, carbon tetrachloride, toluene, dioxane, Skelly-
solve C, pyridine and nitrobenzene, This light brown material was found to
contain nitregen, but no further identification was made, In three subse-
quent runs this same material was encountered,

(e) A mixture of 13.L g» (0.1l mole) of tetrahydroquinoxaline, 1 g.
of 5% rhodium on alumina, and 35 ml, of absglute alcchol was placed in the
Parr High Bomb at 3000 psi hydrogen and 100 €, No pressure drop occurred
and the tetrahydroquinoxaline was recovered. Previous to this run the bemb
had been used to prepare tetrahydroquinoxaline by the method of Morley (106).
As the tetrahydroquineoxaline prepared by this method leaves considerable
decomposition products it is possible that the bomb was poisoned, A thor=
ough cleansing of the bomb with boiling alcehol was carried out before the
next attempt to prepare cis=decahydroguinoxaline, The following reduction
was successful, indicating that the bomb had been poisoned. Subsequently,
similar poisoning occurred and was similarly corrected by cleansing with
beiling alcohol,

(f) A mixture of 20 g, (0,15 mole) of tetrahydrequinoxaline, 1.5 g.
of 5% rhodium on alumina, and 4O ml, of absolute alcohol was placed in the
Parr High Bemb at 3000 psi hydrogen and 100° C, No reduction occurred and
the tetrahydroquinoxaline was recovered, The tetrahydroquinoxaline used
in this preparation had been prepared a year previous to its use in this
reaction and was quite dirty in appearance, Previously tetrahydrequinoxa-
line that was quite dark in appearance had been successfully used in the
preparation of cis-decahydroquinoxaline. The tetrahydroquinocaline from
this run was recovered; purified by recrystallization, and subsequently
cis-decahydroquinoxaline was prepared from it,

(g) A mixture of 13 g. (0.1 mole) of tetrahydroquinoxaline, 1 g.
of 5% rhodium on alumina, and 30 ml, of absolute alcohol was placed in the
Magne Dash Bomb at 3000 psi hydrogen and 100° C. No reduction occurred
and the tetrahydroquinoxaline was recovered, No reason was established
for the failure of the reduction to proceed but undoubtedly poisoning of
some nature was responsible,

(h) A mixture of 13 go (0.1 mole) of tetrahydroquinoxaline, 1 g,
of 5% rhodium on alumina, and 4O ml. of absglute alcohol was placed in the
Parr High Bomb at 3000 psi hydrogen and 100° C. The theoretical pressure
drop equivalent to 100% reduction to cis~decahydroquinoxaline was observed,
The yield was 85%, The product was purified by fractional sublimation.
The last material sublimed contained gonsiderable tetrahydrogquinealine as
evidenced by the melting poigt, 6593 C. The melting point of the first
fraction collected was 48«55 C, It was fognd that tetrahydrequinoxaline
could be vacuum distilled easily at 100-110" C./0,080 mm, and sublimed un-
der conditions similar to those used for the sublimation of cis~-decahydro-
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quinexaline, Thus, it weuld be difficult by vacuum distillatien te purify
cis-decahydrequinexaline free ef tetrahydrequinexaline, if in the reductien
of tetrahydroquinexaline te cis-decahydroquinexaline, the reduction was net
1004, The ebtaining of ultravielet spectra of cis-decahydrequinexaline

free of indicatiens of unsaturatien would be difTicult teo achieve, especially
in view of the much greater melar extinctien ceefficients of tetrahydrequine-
xaline ever cis-decahydrequinexaline.

(1) A mixture ef L g. ef tetrahydrequinexaline (0.03 mele), 0.3 g.
ef 5% rhedium en alumina, and 20 ml. ef absglute alcehel was placed in the
Parr High Bemb at 2500 psi hydregen and 100 C. for 5 heurs. The catalyst
was removed by filtratien, the selvent stripped eff under reduced pressure,
and the preduct purified by vacuum sublimatien. Preduct melted 53m58 Cep
yield 90%. An ultravielet spectrum of this cis-decahydrequinexaline was
made and foeund te be free ef indications ef unsaturatien, This preduct was
used in chremategraphy studies of cis-decahydrequinoxaline,

(3) A mixture ef 10 g, (0,075 mele) of tetrahydrequinexaline, 0,75
go of 5% rhedium en alumipa, and 50 ml., ef abselute alcehel was placed in
the Parr High Bemb at 100° C. and 2860 psi hydregen fer 6 heurs. The pro-
duct was purified by vacuum sublimation. A yield ef 569 gey 56%, Me Ps 55
59® Coy was ebtained, The sublimation was purpesely stepped befere all
crude product had been sublimed, This was dene te aveid as much as pes-
sible any centaminatien ef the preduct by traces ef tetrahydrequinexaline,
This preduct was used fer chremategraphy studies ef c¢is=decahydroquinexa=
line,

(k) A mixture of 60 go (0.46 mele) of quinexaline, 3.5 g. of 5%
rhodium en alumina, and 4O ml. ef abselute alcehol was placed in the Parr
High Bemb at 2750 psi hydregen and reom temperature, After reduction ef
the hetere ring the bemb was heated te 100® C, The theeretical pressure
drop equivalent te 100% reductien was ebserved, The preduct was vacuum
distilled te give Ll g. ef product, m. p. 57-59° C., yleld 68%. The lew
yield was attributed te slepping ef preduct eut ef the glass liner during
the hydregenatien.

2, Preparatien ef Decahydrequinexaline by the Methed ef Christie,
Rhede, and Shultz (3).

A mixture of 18 g. (0,13 mele) ef tetrahydrequinexaline, 1 g. ef
Adam's catalyst and 125 ml, ef 3 nermal ethanelic hydrochleric acid was
placed in the Parr Low Bomb at reem temperature and 50 psi hydrogen fer
2l heurs. A pressure drep equivalent to 100% reductien te decahydrequin-
exaline was ebserved, Water was added te effect selution and the catalyst
was removed by filtratien. The selvent was removed by evaperation, the res-
idue disselved in 80 ml, of water and 18 g, of sedium hydroxide pellets
added. The selution was extracted with benzene three times, the extracts
dried ever sodium hydrexide pellets for 2L hours and the benzene reduced
in velume leaving a residue which was taken up in het Skellyselve B, On
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Table XVI., Preparatiens of cis-Decahydrequinexaline,
QH = Quinexaline
QHl4= Tetrahydrequinoxaline

Ameunt,
Grams ef M. P, of

Starting Starting Preduct,

Material Material 00 Yield Remarks

QH 13 5962 61

QH 10 5l4=59 39 Sl g. of insoluble brewn material
ebtained as in preparatien b abeve,

QH 13 53=60 57 2.5 go of insoluble brown material
ebtained as in preparation b above,

QH i 55<60 64 1l g, of insoluble brewn material
ebtained as in preparatien b abeve,

QH 13 55-60 66 Some preduct decemposed by heat in
distillatien precess,

QH 10 55=60 78

QH 10 55=60 77

QHl 20 55-60 96

QHl 17 56=59 87

QHl 15 55-60 95

QHl 15 57=62 91

QHl 13 No preduct obtained, Bomb peisened by QHlL preparatiens

QHL 13 Ne preduct ebtained. Bemb poisoned by QHL preparatien,

QHL 13 No preduct ebtained, Bomb poisoned by QHL preparatien,

QHL 12 55=65 80

QHL 25 55-65 96

QHL 15 55=60 92

QHL 10 55=60 86

QHL 10 52-60 81

QHL L6 Ne preduct, Bemb peisened.

QH 18,5 No preduct. Bemb peisened,

QH 18 Mixture of QHi and cis-decahydroquinexaline ebtained.

Partial reductien.
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cooling, L.5 g. of crystals depesited, m. po 0° €. After repeated re~-
crystallization 1 g, of material, m. p, 135-40 C., yield 9.4%. was obtain-
ed. Further recrystallization from Skellysolve B gave 0.2 go of trans-
decahydroquinoxaline, m. p, 1L6-8° Co, Shultz reported a 12,5% yield of
decahydroquinoxaline, m, p. 15265<153 Co,

Three other preparations of decahydroquinoxaline by the method
of Shultz and co-workers were carried out, Data on these preparations are
given in Table XVII,

Table XVII, Preparations of Decahydroquinoxaline by the Method of Shultz.

Yield 5
Size Run, g. Product Isolated grams 2 M, P, C,
9.h impure trans-decahydroquinoxaline 1 10 90~135
impure cis-decahydroquinoxaline 2 20 57<69
9.2 impure trans-decahydroquinoxaline 2 19 110-115
impure cis-decahydroquinoxaline 0.5 5 55=75
13,3 Starting material, No pressure drop observed over 48

hours, Reaction flask inlet plug-
ged three times. Following the
last unplugging the reaction mix-
ture was subjected to 75 psi hy-
drogen and 60° C. for 36 hours.

No pressure drop observed, Bomb
was apparently poisoned,

3. Preparation of Decahydroquinoxaline by the method of Beck, Hamlin
and Weston (1),

Numerous preparations of decahydroquinoxaline by the method of
Weston, et. al., were carried out, One preparation is listed in detail
while the data on the other preparations is given in Table XVIII.

A mixture of 52 g. (0.33 mole) of 2-( ﬂ naxnlnoethylamlno)mcyclohex-
anol and 10 oBe of Raney nickel W-2 catalyst was placed in the Magne Dash
Bomb at 200° C. and 200 psi hydrogen for 12 hours, After cooling, the
reaction mass was disselved in a minimum of alcohol, filtered to remove the
catalyst, and an excess of Skellysolve B added, The solution was reduced
in volume by beiling. If, after the volume had been concentrated to about
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250 ml,, crystallization had not started, more Skellysolve B was added and
the procedure repeated. Once crystallization had commenced; the solution
was cooled in an ice bath, After filtration, the mother liquors on further
concentration, gave a little more product. The product was recrystallized
by dissolving the trans=-decahydroquinoxaline in a minimum of hot alcohol

and repeating the above procedure. Yield was 41%, m. p. 148-150° C., Westen
reported a yield of 24%, m. p. 150-1° C, This preparation when run using the
Parr High Bomb gave consistently yields of 25-30%. The increase in reaction
time, being 12 hours instead of the 6 hours reported by Weston, and the dif-
ferent purification procedure are thought to be responsible for the yields
obtained in excess of those obtained by Weston,

Table XVIIT., Preparations of Decahydroquinoxaline by the Method of Beck,
Hamlin and Weston,

2=~ -aminoethylamino)- Bomb z
cyclohexanol used, g. Used M. P.°C, Yield
35 Parr High 148-150 11
32 Parr High 11,9-150 22
30 Parr High 148-~149 20
Lo Parr High 149-150 20
38 Parr High 149-150 23
38 Parr High 17-148 26
Lo Parr High 149-150 23
81 Parr High 148-150 25
80 Parr High 17-149 30
50 Parr High 151-152 2l
60 Parr High 150-151.5 30
72 Parr High 150-151 28
L1 Parr High 148-150 25
50 Parr High 1),8-150 33
80 (aged) Parr High No Product., After 2nd failure cat-
Lo (fresh) Parr High No Product. alyst found ineffective.
Lo Parr High No Product. Defective equipment,
L0 Parr High No Product. temperature too high.
90 Magne Dash 18-150 | il
75 Magne Dash 148-150 i

69 Magne Dash 1,8.5-151 Lk
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F. Identification of the Two Geometrical Isomers of Decahydroquinoxaline.

In view of the discrepancies regarding the reports of the preparation
of decahydroquinoxaline, see introduction, the preparation of derivatives of
the reported decahydroquinoxalines and the preparation of the N,N!'=dinitroso
derivative of tetrahydroquinoxaline for purposes of identlflcation was desired,
A mixed melting point of Weston's decahydroquinoxallne (me Pe 14,7-8° ¢, ) and
Shultz's decahydroquinoxaline (m. p. 146-8° C.) was 147.5-1)8.5° C, Deriva-
tives would further substantiate that the decahydroquinoxaline of Weston and
Shultz was identical.

1. Preparation of the N,N'-Dinitrese Derivative of Shultz's Decahydro-
quinoxaline, .

To a solution of 0.7 ge of Shultz's decahydroquinoxaline, m. pe.
140-48° C., in dilute hydrochloric acid was added dropwise a cold solution
of 3 ge of sodium nitrite in 10 ml, of water. After the evolution of gas
ceased, the precipitate was filtered and recrystallized four times from
ethanol-water to glve a product, m. pe. 107-8° C, Shultz reported a melting
point of 110-111° ¢, for the dinitrose derivative of his decahydroquinoxaline,

2, Preparation of the N,N'-Dinitroso Derivative of Weston's Decahydro-
quinoxaline, - -

To a solution of 1 g. of Weston's decahydroquinoxaline in cold dilute
hydrochloric acid was added a cold solution of L g of sodium nitrite in wa-
ter. After the evolution of gas ceased, the precipitate was filtered and
recrystallized from ethanol-water to a meltlng point of 108-110 C. The
mixed melting point of this dinitroso derivative and the dlnltroso deriva-
tive of Shultz's decahydroguinoxaline prepared above was 106-9 Cey thus
indicating the two dinitroso derivatives were the same,

3. Preparation of the N,N'~Diacetyl Derivative of Weston's Decahydro-
quinoxaline, %

A solution of 0.6 g. of Weston's decahydroquinoxaline in 0.9 g. of
acetic anhydride was refluxed for one hour, The solution was poured into
5 ml. of water and neutralized with sodium hydroxide solution. The aque-
ous solution was extracted with benzene in a liquid-liquid extractor for 2l
hours and the benzene removed by evaporation leaving a solid material, m.
Pe 85-90° C., Recrystallization from benzene—cyclohexane was carried out un-
til a constant melting point of 93.5-94,5° C, was obtained.

Anal, Cale'd for CyoHpoOoNp: C, 6h.22; H, 8.98, Found: C, 6L.08; H,

L] L

L. Preparation of the N,N'-Dinitroso Derivative of Broadbent's and
Whittle's Decahydroquinoxaline, Freshly Prepared, M. P, 55-60% C..

A cold solution of 2,5 g, of sodium nitrite in 5 ml., of water was
added dropwise to a cold solution of 0.85 g, of decahydroquinoxaline in
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dilute hydrochloric acid., After evolution of gas ceased, the precipitate
was f%ltered and recrystallized from ethanol-water to a constant m., p. of
86-88° C,

Anal, Calc'd for CgHy),0oM): C, LB.LT; H, 7.165 N, 2826, Founds C,
L9.02; H, 6.84s N, 27.8.

5. Preparation of the N,N'-Dinitroso Derivative of Broadbent's and
Whittle's Decahydrequinoxaline, Aged, M, P, 60-100° C. :

To a cold solution of 0.4 g. of decahydroquinoxaline in dilute hy-
drochloric acid was added dropwise a cold solution of 2.3 g. of sodium ni-
trite in water., Purification of the precipitate by recrystallization from
ethanol-water gave a product, m. p. 85=86,5° C,

Anal. Cale'd for CgHy)0oNj: C, LB.LT7; H, 7.16. Found: C, h8.91; H, T.55.
Mixed melting point of this derivative and the N,Nf-dinitroso der-

ivative of Broadbent's and Whittle's freshly prepared decahydroquinoxaline

(see Ui preceding) was 85-86,5° C., thus indicating the two derivatives to

be identical.

6. Prep%ration of the N,N'-Dinitroso Derivative of Decahydroquinoxaline,
M. P, 90-110" C., Isolated in the Preparation of Shultz's Decahydroquinoxa=-
line, _ -

A cold water solution of 0.6 g. of sodium nitrite was added drop-
wise to a cold solution of 0,25 g. of decahydroquinoxaline in dilute hydro-
chloric acid. Purification of the precipitate by recrystallization from
ethanol-water gave a derivative of m. p. 87-88° C. The mixed melting point
of this derivative with the N,N'~dinitroso derivative of freshly prepared
Broadbent's and Whittle's decahydroquinoxaline (see li preceding) was 86-87°
C. The mixed melting point of this derivative with the NyN'-dinitroso deri=-
vative of aged decahydroquinoxaline prepared by the methed of Broadbent and
Whittle (see 5 preceding) was 85.5-87° C,

7« Preparation of the N,N'-Diacetyl Derivative of Brgadbent"s and Whit-
tle's Decahydroquinoxaline, Freshly Prepared, M. P, 55-60 C.

A solution of 1 g, of decahydroquinoxaline in acetic anhydride was
refluxed for 13 hours. After neutralization of the reaction mixture with
sodium hydroxide solution, extraction with benzene in a liquid-liquid ex-
tractor was carried out for 2L, hours. Evaporation of the benzene gave
crystals, m, p. 142-4}® C., which were purified by recrystallization from
benzenecyclohexane to give a product, m. p. 1L5-T  C.

8 Preparation of the N,N!'-Diacetyl Derivative of Aged Decahydroquin=-
gxaline, M, P, 60-100° C.; Prepared by the Method of Broadbent and Whittle.

A solution of 1.5 g. of decahydroquinoxaline in acetic anhydride was
refluxed for 12 hours, neutralized with ammonium hydroxide and extracted
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with benzene in a liquid-liquid extracter fer 5 hours. Evaperation of the
benzene and recrystallizatien of the residue from cyclohexane, followed by
recrystallization from Skellysolve D, gave crystals, m. p. 1hh=L6° C.

Anal, Calc’d for Cy HynOpNy: C, 6L.225 H, 8,98, Found: C, 6L,18; H,

o L[]

The mixed melting point of this derivative with the N N'=diacetyl
derivative of Broadbent's and Whittle's freshly prepared decahydroquinoxa-
line (see 7 preceding) was 145-7° C, .

9, Preparation of N,N'-Dinitroso-1,2,3,4~tetrahydroguinoxaline,

Te a cold solution of 2g, (0.0l mole) of tetrahydroquinexaline
in 13 ml, of dilute hydrochloric acid was added a cold solution of 2,33 g.
(0,033 mole) of sodium nitrite in water, The precipitate was filtered and
found to melt at 130® C, (dec.). One recrystallization from absolute
ethanol gave a melting point of 155-65° C. (dec.). A second recrystallizatien
gave a melting point of 156,5-64° C. With purification the decompesitien
on melting became much less evident, Yield was 2 g., 70%,

It is evident from the results ebtained from the preparatien of the
dinitroso and the diacetyl derivatives of the various decahydroquinoxalines
and the analyses of these derivatives that the two dinitroso and the two
diacetyl derivatives, corresponding to the cis and trans isomers of decahy-
droquinoxaline;, have been prepared. Further, the preparation of decahydre-
quinoxaline by the method of Shultz gave a mixture of both isomers, while
from the aged decahydroquinoxaline prepared by the method of Broadbent and
Whittle only one dinitroso and one diacetyl derivative were isolated, indi-
cating, thus, that the change in melting peint characterizing the aged deca-
hydroquinoxaline of Broadbent and Whittle was not, as previously thought by
these workers, due to isomerization of the cis isomer into the trans isomer,
Apparentlg the dinitroso derivative reported by Mousseron and Combes (2),

o P. 160° C, (dec.), was not the derivative of decahydroquinoxaline. This
derivative was the enly evidence offered by Mousseron and Combes that they
had prepared decahydroquinoxaline, It is quite pessible that the dinitroso
derivative reported by these last workers was the dinitreso derivative of
tetrahydroquinoxaline. This possibility is supported not only by melting
point data but also the observation that decahydroquinoxaline under some
conditions (cf. page 86) readily dehydrogenates to give tetrahydroquino-
xaline,

G, Studies en the Change of Melting Point, Isomerization, and Structure
of cis= and trans-Decahydroquinoxaline,

These experiments are delineated belew. ZEach experiment is fol-
lowed by a brief conclusion er cenclusiens drawn from the ebservations,

1. Chromatography of Aged cis-Decahydroquinoxaline, M. P. 55-117° C,



17

This chromatographic separation of aged cis-decahydreoquinoxaline
was a repetition of work reported by Whittle (L). A saturated solution
of the aged cis~-decahydroquinoxaline in sodium dried ether was passed over
a colum of barium oxide to remove any carbonate present then poured on a
nitrogen flushed 1 by 20 cm. column of neutral aluminum oxide (Woelm)
activity grade 1. The column was eluted with alcohol-free chloroform (pre-
pared by distillation of the chloroform ever calcium turnings) and 95 one ml,
fractions were collected under nitrogen. The fractions were examined by
evaporating the chloroeform under a stream of nitreogen and taking melting
peints of the residues. Table XIX summarizes the data on the fractions se
examined,

Table XIX. Chromatography of Aged cis-Decahydroquinexaline.

Fraction No. M. P, Oc.
5 trace of material, insufficient for melting point
7 trace of material, insufficient for melting point
8 little material, very slightly celored 139-143
9 material, slightly gummy, no melting point taken
10 material 80-125
11 material 80125
20 material 58-107
30 material 52-T73
Lo material 55.5-63
50 little material 52-60
80 very little material L8-60
90 trace of material, insufficient for melting point

The results obtained above are in essential agreement with those of
Whittle, Fractiens corresponding te the two isomers of decahydroquinoxa-
line were separated from aged cis-decahydroquinoxaline, This does net
necessarily indicate isomeriza®ion of the cis form inte the trans form
however, as conjectured by Broadbent and Whittle (4). The possibility of a
small amount of the trans isomer being formed during the hydregenation of
quinoxaline or tetrahydroquinexaline to cis-decahydroquinoxaline was still
open,

2, Gas Chromatography of Aged cis-Decahydroquinoxaline,
Results substantiating those obtained in 1, preceding were obtained

by gas partition chromatography. An Aereograph Gas Chromatographic Instru-
ment, Master Model A-100, Wilkens Instrument and Research, Inc., Berkeley,
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California was used., A sample of aged c1s-decahydroqu1noxa11ne in ethanol
was chromatographically separated at 208®7C, using a 10 ft. 51licone column
and helium gas as the carrier, Products of melting points 55-63° C. and
1,0-,8° Ce, corresponding teo cis- and trans-decahydrequinexaline, were sep-
arated,

¢ 535 Chromatography ef Freshly Prepared cis-Decahydroqulnoxaline, M, P.
5"9 co

A selution of 3 g. of ecis-decahydroquinoxaline in anhydrous ether
was peured on a nitrogen-flushed 4 by 18 cm, colurmn of neutral aluminum
oxide (Woelm), activity grade l. The column was eluted with ninety 15 ml,
fractions of chloroform. The fractions were examined by evaporation of the
chleroform under a steam of nitrogen and taking melting points and ultra=-
violet spectra of the residues, Table XX lists this data,

Table XX, Chromatography of Freshly Prepared cis-Decahydroquinoxaline, M.

55-59° C, and Ultraviolet Spectral Data.
Spectral Data

Fraction No, M. Po °C.  A(mu) Max, €

10 no material

20 little material 115-135

30 material 55-115 310-12 0,0

Lo material 55100 310-12 0,0

50 material 52=57 310-~12 0.0

60 material 53-57 310-12 206,7

70 material 52-5) 310-12 215,5

80 material 5255 310=12 17he5

90 very little material 53-58 310-12 158,3

91 (30ml) ne material

Ultraviolet spectra, free of indications of unsaturation, were ob-
tained for fractiens 30, 4O, and 50. Ultraviolet spectra of subsequent frac-
tions indicated unsaturation indicative ef tetrahydrequinoxaline contamination.
The ultraviolet spectrum of tetrahydroquinoxaline has a maximum at the same
wave length as the maximum obtained in the ultraviolet spectra of fractiens
60-90, Tetrahydrequinoxaline would be expected te be more strongly adsorbed
than decahydroquinoxaline, and any tetrahydroquinoxaline present in the cis-
decahydrequinoxaline, prier to chromatographic separatien, would be expected
te be present in the latter fractions of the eluent., Its much greater molar
extinction coefficent at 310-12 mu, as compared to the molar extinction ce=-
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efficient of decahydrequinoxaline at this same wave length, weuld make miner
contamination by tetrahydroquinoxaline evident.

This chremategraphic separation showed that in the reduction ef quin-
exaline or tetrahydroquinoxaline te c¢is-decahydroquinexaline by the methed
of Broadbent and Whittle a little trans-decahydroquinoxaline was ebtained,
This explains the results of these workers wherein they obtained by chroma-
tographic separation both cis and trans isomers ef decahydroquinexaline frem
aged cis-decahydroquinoxaline, The pessibility, however slight, still remain-
ed that the cis form isomerized te give an equilibrium mixture of both ise-
mers.

ho Bechromategraphy of Chromatographed Eig—Decanydroquinexaline, Me
P, 53=57 C,., Evidence that cis-Decahydroquinexaline Dees Not Isomerize,

Fractions 50-90 from the preceding chromatographic separation
were combined, the solvent removed under a stream of nitregen, and the
cis-decahydrequinoxaline obtained, stored under nitrogen for 15 days.
During the storage the melting point did not change, This material was
chromatographed in a manner similar to the previous separatiens, Sixty
10 ml, fractions of eluent were collected and examined. The data on these
fractions is given in Table XXI,

Table XXI, Rechro?atgggaphy of Chromatographed cis-Decahydroquinoxaline,
Mo Po 3- 7 CO -

Fractien No, M. P, °C,

10 no material

20 trace of material, insufficient fer melting peint

21 little material 53-60
22 material 53-60
2L material 53=59
25 material 53=57
30 very little material 53=57
50 very little material 53-57
60 very little material 53-57

No high melting isomer was iselated. Fraction 26 after storage
for twe menths under nitrogen had not changed melting point, indicating
further that ne isomerization had eccurred,
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5. Subjecting cis=Decahydroquinoxaline te the Conditiens Used in
Preparing Decahydrequinoxaline by the Method of Christie, Rhode, and Shultz.

If cis-decahydroquinexaline were labile te any extent and did isem-
erize to the trans isomer then the subjecting of cis-decahydroquinoxaline to
the conditions under which trans-decahydroquinoxaline had been prepared
should hasten the isomerization, With this in mind the follewing experi-
ment was conducted,

A mixture of 4.6 g. of decahydroquinoxaline, m. p, 55-60% C., 37.5
ml, of 3 N ethanolic hydrochloric acid and 0.2 go of Adam's catalyst was
placed in the Parr Low Bomb at 70 psi hydrogen and 60° C, for L hours.
The dihydrochloride which formed was dissolved in water and the catalyst
filtered off, The solvent was removed by evaporation, the residue dissolved
in 20 ml, of water, 4.5 go of sodium hydroxide pellets added, and the solu~-
tion extracted with one 25 ml, and two 10 ml, portiens of benzene, The
benzene extracts were dried over sodium hydroxide pellets for 24 hours, the
benzene removed under reduced pressure, and the residue taken up in 5 ml, of
Skellysolve B, The solution was coeled, the precipitate filtered and rinsed.
The product obtained was very colered (red-orange) and melted at 60-70° C,
Several recrystallizations from Skellysolve B gave 0,1 g of preduct, m. p»
135-140®, yield 1.1%. Further recrystallization would have given the pure
trans-decalydroquinoxaline, but in less than 1%, The amount of trans-deca-
hydroquinoxaline obtained was no more than the amount already present prior
to this treatment, judging from the amount of trans-decahydroquinoxaline
separated from freshly prepared cis-decahydroquinoxaline by chromatographic
means, No evidence of isemerization of the cis isomer into the trans isomer
was obtained by this experiment, It did illusfrate that by crystallizatien
the low melting isomer can be separated frem the high melting isomer,.

6o Subjecting trans-Decahydroquinoxaline to the Cenditiens Used in
Preparing Decahydroquinoxaline by the Method of Breadbent and Whittle,

A mixture of 3,0 g. of trans-decahydroquinexaline, m. p. 148-9° C.,
10 ml, of abselute ethanol and 0,25 g. of 5% rhodium on alumina was placed
in the Parr High Bemb at 2500 psi hydrogen and 100° C, for four hours. The
catalyst was remevgd by filtration and the selvent evaperated to give a white
solidy, me po 1iB=9 C. Ne change occurred in the trans-decahydroquinoxa-
line, No isomerization was evident, i

7o Preparation of the Carbonate Salt of cis=-Decahydroequinoxaline.

All evidence thus far accumulated indicated that cis-decahydro-
quinoxaline did net isomerize. The change of melting point of the cis
isemer on standing was caused by something else. Realizing many amines
abserb carben dioxide frem the air forming salts, Whittle (L) stered samples
of cis-decahydroquinoxaline under nitrogen, but still changes in melting
point were noted with the passing of time. The results obtained under L
preceding indicated that cis-decahydrequinoxaline when stored out of contact
with the air did not change melting point, Faulty experimental technique
was possibly responsible for the change in melting point observed by Whittle
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of the cis=decahydroquinexaline he had stored under nitrogen, To determine
further the effect of carbon diexide on cis-decahydroquinoxaline the fol-
lowing experiments were carried out,

A solution of 5,5 g. of cis-decahydroquinoxaline in 50 ml, of toluene
was prepared, Carbon diexide was bubbled through water and then threugh the
toluene solution of the amine, Within several minutes a precipitate had
begun to form, m, p, 65-80® C, After 2l hours and again after 60 hours
of bubbling carbon dioxide through the solution, samples of the precipitate
were removed, dried and melting peints taken, Both samples melted 65-125° C,
Yield of the salt was 6.8 g.

A second preparation of the carbonate salt was carried out, but in
this preparation exygen-free carbon dioxide (by passing the carbon dioxide
through a copper tube heated te L475<500° C.) was used, After 22 heurs of
passing oxygen-free, water-saturated carbon diexide threugh a solution of
3 go of cis=decahydroquinoxaline in toluene, the precipitate which had formed
was filtered, dried and weighed to give l.1 g, of salt, m. po 67<100° C.

The increase in the melting point of cis=decahydroquinoxaline on
standing, though on occasien reached 125° C,, was never noted to go beyond
this, While this agreement of melting points of the prepared carbonate
salt and the aged cis~decahydroquinoxaline does not have great significance
in and of itself, yeT considered in view of the other evidence given concern-
ing the change of melting point of cis-decahydrequinexaline, it further
substantiates that cis~decahydroquinoxaline does not isomerize and that the
change in melting peint is due solely to carbonate salt formatien.

Purification and analyses of this carbonate salt was desired, bubt
ne solvent was leocated that was suitable for recrystallizatien. The
following solvents and solvent systems were tried but found unsuitable:
isopropyl alcohol-ethanol, ethyl acetate, chloroform, acetone=ethanel,
Skellysolve B-ethanol, and toluene, Dissolution in ethanel and precipi-
tation by the addition of ethyl ether was tried and failed. Vacuum subli-
mation was carried out at 60-70° C. and 0,250 mm, pressure, but the lower
Yimit of the melting point range became lower while the upper range did net
change, This indicated some of the salt had been decomposed to give a great-
er portion of the low melting free amine, Treatment of a sample of the salt,
M, po 68-125°% C., with boiling alcohel followed by several washings with
cold absolute alcohol gave a product of melting point 86-125® C, A sample
of this purified salt was thoroughly dried and submitted for analyses. No
compound of definite constitution could be ascertained from the carbon and
hydrogen analyses obtained,

That the aged cis.decahydroquinoxaline was a carbonate salt was
supported further by infrared spectra (119), see figures 2 and 3 (cf,

(119) Kindly run by Dr. Harold Boaz through the courtesy of Dr.
Reugen Jones, Research Division, Eli Lilly and Company, Indianapolis, In-
diana, Appreciation is expressed for their assistance,
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pp.912)s Indicatiens of HCO3 and NH} bands were found te be present in the
aged cis-decahydroquinoxaline., If the sample of cis-decahydroquinoxaline were
passed over a calcium oxide column prier te making the spectrum, the HCO3

and NH3 bands were absent from the spectrum.

8, Preparation of the Carbonate Salt of trans-Decahydroquinexaline,

A solution of 1.8 g. of trans-decahydroquinoxaline, me p. 148-150°
Coy in 150 ml, of toluene and sufficient alcohol to effect solution was
treated with water saturated carbon dioxide. Within 6 hours the solution
had become milky in appearance, and after 20 hours a precipitate had formed,
M. Po 148-153% C, After bubbling carbon dioxide through the solution for
3 days, the precipitate was filtered and dried to give 2.3 g. of salt;, ms
po 149-185% C, The slowness of formation of the carbonate salt under these
conditiens is consonant with the failure of the carbonate salt to form under
atmospheric conditions., No purification or analyses of this salt was ob-
tained and no more work was done with it,

9, Effect of Time on the Melting Peint of trans-Decahydroquinoxaline.

Samples of trans-decahydroquinoxaline M, P. 149-50° C., were stored
both under nitregen and at room conditions. Melting points taken periodi-
cally over a seven month period showed no change in melting point in any of
the samples, Whittle (L) reported that trans-decahydroquinoxaline changed
melting point with standing. The material Tor which he ebserved the melting
peint change was very probably not pure trans-decahydroquinoxaline, The
failure of trans-decahydrequinexaline to change melting point indicates no
isomerization.

10. Dehydrogenation of cis-Decahydroquinoxaline to 1,2, 3,4~Tetrahydro-
quinoxaline, > &

A mixture of 2 g, of cis-decahydroquinoxaline, 0.5 g. of 5% rhodium
on alumina, and 25 ml, of p-cymene was refluxed under a slow steam of nitregen
for 2% hours. During the refluxing the mixture bumped and some product was
lest out of the top of the condenser. The catalyst was removed by filtratien
and the solution on coeling deposited crystals of tetrahydroquinoxaline, m. p.
95-6® C, The mixed melting point of this product with a known sample of
tetrahydroquinoxaline, m. p. 97-98® C., was 96-7% C, No other preducts were
found,

The cbtaining of tetrahydroquinoxaline by the dehydrogenation of
cis=-decahydroquinoxaline showed conclusively that cis-decahydroquinoxaline
was cyclic in structure and not in any way an open chain isomer, The pre-
vieus failure te obtain ultraviolet spectra of cis-decahydroquinoxaline free
of indications of unsaturation had given rise to the possibility that the
compound might be an isomeric substituted cyclohexane compound containing

unsaturation in the substitutents. This work eliminated this latter peossi-
bility.
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11, Attempted Dehydrogenation ef trans=-Decahydroquinexaline,

A mixture of 2 g, of trans-decahydroquinoxaline, 0.3 g. of 5% rhodium
on alumina, and 25 ml, of p-cymene was refluxed under a slow stream of nitre-
gen for 2 hours, The trans-decahydroquinoxaline was recovered unchanged
from the reaction mixture by removal of the solvent by filtratien and then
evaporation of the solvent. The residue was recrystallized once from Skelly-
solve B-ethanol,

12, Ultraviolet Spectra of 1,2,3,L-Tetrahydroquinoxaline, cis-Decahydro-
quinoxaline and trans-Decahydroquinoxaline, Figure 1,

(a) A sample of tetrahydroquinoxaline was recr,gstallized several
times from benzene to a constant melting peint of 96-97° C., A final re-
crystallization from spectrograde issectane was carried out. The spectrum
was scanned from 340 mu to 206 mM en the Beckman DK-2 Spectrophotometer
using spectregrade isooctane as the solvent., The concentration was o,00008
molar, Table XXII gives the ultravielet spectrum data, A plot of leg €
VvSe A is given in Figure 1.

Maxima were found at 311 mu, log€ = 3.153; at 254 mu, logé = 3,113;
and at 220 mu, loge = 4,001,

(b) The preparation of cis-decahydroquinoxaline for ultraviolet
analyses has been given befere (cf. pp. 72)s The spectrum was scanned from
340 mp te 225 mu using spectrograde iscoctane as the solvent. The concen-
tratien was 0,001 melar., No maxima were found., Table XXIII gives the
ultraviolet spectrum data. A plet of leg € vs.A is given in Figure 1,

(¢) A sample of trans-decahydroquinexaline was prepared for ultra-
vielet analyses by recrystallizing it several times from Skellysolve B-
ethanol te a censtant melting peint of 152,5-153® C. A final recrystallizatien
was carried out using spectrograde iscoctane as the solvent, The spectrum
was scanned from 340 m to 228 m using spectrograde isooctane as the sol-
vent, Ne maxima were found, Table XXIV gives the ultravielet spectrum data,
A plot of leg€ vs. A is given in Figure 1.

13, Infrared Spectra and Physical Preperty Data eof cis- and trans-Deca-
hydroquinexaline (119),

(a) Infrared Spectra.

Infrared sprectra of cis- and trans- decahydroquinoxaline were run
by Boaz using both the mineral oil mulls (fig. 2) and chloroform solutions
(fige 3)s The spectra indicated the two compounds differed molecularly -=-
not simply in crystalline form. The NH% and HCO3 bands previously men-
tiened (cf, p. 83) indicated carbonate salt formation, Ceonsideration of the
NH stretching frequencies and intensities at 2.7u for both isomers (the cis
isemer having a very narrow but much more intense band than the trans iso-
mer) and the hydrogen bonded bands at 3.0 and 3.1 gave evidence, based
on present understanding of infrared spectra, that the high melting isomer
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(Westen's preoduct) had the trans configuratien, The spectra at 7.5/
indicated that, perhaps, as much as 10% of the trans isomer was present in
cis=-decahydrequinoxaline prepared by Breadbent’s and Whittle’s procedure,
thus substantiating the chremategraphic separatiens of cis- and trans-
decahydrequinoxaline that had been carried out (cf. ps 78)s Ne Indicatien
of aromatic abserption between 6.2 and 6,94 was present in the spectra.
The bands indicative ef the carben-exygen double bend, the carbon-nitregen
deuble bend, and the carben-carbon double bond were absent.

(b) Physical Property Data,

Table XXV gives data on pKa's and molecular weights, as determined
by Boaz, of beth isomers of decahydrogquinoxaline in water and dimethylferm-
amide, The upper pKa of the cis isomer was found to be consistently abeut
0.2 unit higher than that of The trans isomer. The slightly high molecular
weight results obtained for cis-decahydrequinoxaline was probably due to
abserbed carbon diexide and wafer,

Cenclusiens te be drawn from the infrared spectra and physical
preperty data cencerning the structure and nature of decahydrequinoxaline
are consonant with the conclusions derived frem the other phases of the re-
search dene on decahydrequinexaline,

1. Aerial Oxidatien of cis-Decahydrequinexaline,

A solutien of 5 g. of cis-decahydroquinoxaline; m, p. 55-60° C., in
50 ml, of phenyl ether was prepared. The phenyl ether was maintained at an
average temperature of 60° C, while oxygen was bubbled through the solution
with the aid of a gas dispersion tube., After 1 hour a 10 ml, sample of solu-
tien was withdrawn, diluted with ethyl ether to 25 ml., extracted with dilute
hydrechleric acid, and the aqueous layer basified with 50% sodium hydroxide
solutien. On basifying, a precipitate formed; was filtered; washed and dried
to give a preduct, m, p. 80-85° C. This sample was recrystallized frem benzene
to give a preduct identified by melting peint and mixed melting peint data as
tetrahydrequinexaline, A second sample taken after 3 heurs time and precessed
as abeve, except for the recrystallization from benzene; gave a preduct ef
melting point 83-88° C, The balance of the phenyl ether solutien of cis=
decahydrequinoxaline was treated in a manner similar to that of the two
samples which were withdrawn, The tetal yield of tetrahydroquinexaline ise-
lated was 2,2 g., 46%. A sample of this product was converted to the di=-
hydrochleride by dissolving the tetrahydroquinoxaline in ether and bubbling
through hydrogen chloride gas. The precipitate which formed was recrystallized
from ethanol-Skellysolve B to give a preduct, m, p, 162-4® C., Literature val-
ue is 167-9° C, (106). The dihydrochloride turned a pale pink coler on ex-
posure to the air, which characteristic is alse recorded in the literature
(106). The aqueeus layer from which the tetrahydroquinoxaline had precipitated
on basifying was poured into cencentrated sedium hydrexide solutien, With
standing mere crystals formed en tep of the aqueous layer. These crystals
were alse identified as tetrahydrequineoxaline, The enly preduct iselated in
this experiment was tetrahydrequinexaline, It seemed, at this peint, that cis-
decahydrequinexaline was easily air exidized te tetrahydroquinexaline, e
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Table XXII, Spectrephetometric Abserption ef 1,2,3,L-Tetrahydrequinexa-
line, 0,00008 Melar in 2,2,li~Trimethylpentane,

Almu ) Absorbancy € Log &
336 0 0 undefined
332 2006 75 1,875
326 050 625 2,796
320 0092 1150 3,060
314 0113 112 3,150
312 011N 2k 3,153
310 o11L 2 30153
308 0110 1374 3,138
304 0092 1150 3,060
300 0073 912 2,960
29) 0041 512 2,709
290 .028 350 2,54l
286 ,016 200 2,300
283 .012 150 2,176
280 2010 125 2,097
277 2013 162.L 2,210
270 «0LO 499.9 2,699
26l .080 99909 3,000
256 0104 1298 3,113
253 010k 1298 3,113
250 .101 1262 3,101
243 091 1137 3,055
240 «091 1137 3,055
237 «0908 1134 3,054
235 «115 1437 3,157
233 0160 2000 3,301
230 «290 3624 3,558
226 «6h0 7992 3,902
223 o 7h5 9310 3,969
221 «795 9938 3.997
220 «802 10020 4,001
219 . 786 9821 3,992
215 o640 7998 3,903
212 0527 6582 3,818
209 o5L8 6847 3,835

205 855 10685 L. 029
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Table XXIII, Spectrophetemetric Abserptien ef cis-Decahydroquinexaline,
00001 Melar in 2,2,L~Trimethylpentane,

Almu ) Abserbancy ¢ Log €
340 0 0 undefined
330 0 0 undefined
320 0 0 undefined
310 0 0 undefined
300 0 0 undefined
290 0 0 undefined
280 0 0 undefined
270 0 0 undefined
265 0 0 undefined
260 .015 15 1,176
256 .050 50 1,699
252 »105 105 2,021
2h5 0290 290 2,162
240 0505 505 2,703
235 2840 8L0 2,92
233 : 0990 990 2,996

Table XXIV. Spectrephetometric Abserption ef trans-Decahydroquinexaline,
0,001 Melar in 2,2,L=Trimethylpentane,

Almu ) Abserbancy é Leg €
340 0 0 undefined
330 0 0 undefined
325 . 001 ¥ 0

310 .00L N 0,602
300 0007 7 0,845
290 o011 11 1.041
280 »015 15 1,176
270 0020 20 1,301
260 o0L5 L5 1,653

250 0099 992 1,996
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A (md) Absorbancy - Log &

245 166 166 2,220

210 274 27h 2,138

235 243hL L3l 2,637

230 +660 660 2,819

227 0830 830 2,919
Table XXV. Physical Property Data of Decahydroquinoxaline.

pKa's Apparent

Isomers Solvent Molarity +1 +2 Mol, Wt.
trans water 0. 0050 9,66 5.33 10
trans 66% aq, DMF 0,0063 9037 5«3 Ua
cis water 0,0050 90,85 5.33 7
cis 66% aq, DMF 0,0060 9462 563 164
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The aerial oxidation of cis-decahydroquinoxaline was repeated using
benzene as the solvent. A solution of 9 go. of cis-decahydroquinoxaline in
60 ml, of benzene at room temperature was prepared, Oxygen was bubbled through
the solution with the aid of a gas dispersion tube and samples were with-
drawn periodically and evaporated to dryness to obtain the product, Melting
points of the regidues were taken, Table XXVI gives the data on this experi-
ment,

Table XXVI, Aerial Oxidation of cis-Decahydroquinoxaline, Benzene Solvent,
Using Carbon Diexide=Free Oxygen.

Duration of Reactign
Sample No, Aderial Oxidation Temp, Co M, P, °C,
1 5 mine 30 90-120
2 10 min, 30 85-120
3 15 min, 30 90-120
l L5 min, 30 90-120
5 1 hr. 4O min, 30 90-120
6 20 min, 50 75=102
7 4O min, 50 75100
8 6 hrs. 50 75=100
9 18 hrs. 50 75=105

Sample 5 was withdrawn, extracted with dilute hydrochloric acid,
basified, extracted with ether and the ether evaporated to dryness, In the
preceding aerial oxidation employing phenyl ether as g solvent wherein tetra-=
hydroquinoxaline was obtained, dilution with ether and extraction with
dilute hydrochloric acid had been employed in the isolation of the product.

The product obtained from the aerial oxidatign was not tetrahydro-
quinoxaline as tetrahydroquinoxaline melts below 100 C., (Even when dilute
hydrochloric acid was employed as had been done in the aerial oxidation
using phenyl ether as the solvent, no tetrahydroquinoxaline was obtained,)

On the basis of melting point data it appeared as if the carbonate salt had
formed during the evaporation of the solvent.

It would be logical to assume that if atmospheric oxygen were res-
ponsible for the formation of tetrahydroquinoxaline from eis-decahydroquin-
oxaline in the experiment employing phenyl ether as the sEIFent, then the use
of benzene as the solvent in place of phenyl ether should not prohibit the
formation of tetrahydroquinoxaline, This experiment was carried out again
using benzene as a solvent and the same results were obtained == no formation
of tetrahydroquinoxaline,
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Another aerial oxidation of cis-decahydroquinoxaline employing
spectrograde isooctane as a solvent and following the course of the reac=
tion with ultraviolet spectra was carried out as follows, A 0,071l molar
solution of cis-decahydroquinoxaline in spectrograde isooctane was prepared,
The solution was passed over a calcium oxide column to remove any carbonate
present and an ultraviolet spectrum made, A maximum at 311 mi, ¢ = 3L, in-
dicated the presence of a little tetrahydroquinoxaling prior to oxidation,
The solution was maintained at a temperature of 62-67 C, while carbon di-
oxide-free oxygen was bubbled through, Samples of the solution were with-
drawn at intervals of 5 min., 25 min., 40 min., 3 hrs. 20 min,, and 23
hrs, Ultraviolet spectra of these samples, at the time of withdrawal from
the solution, were made and indicated that the oxygen had caused no change
in the cis-decahydroquinoxaline., The ultraviolet spectra of the original
solution and the sample withdrawn after 23 hours of bubbling through oxygen
were identical. Further evidence that oxygen did not effect cis-decahydro-
quinoxaline was obtained by storing cis=decahydroquinoxaline under an oxygen
atmosphere for 15 days. No change in melting point occurred.

In view of the results obtained in the aerial oxidation of cis=-
decshydroquinoxaline in phenyl ether solution, from which tetrahydroquin-
oxaline was obtained, the failure to obtain similar results using benzene
or isooctane solvents was not expected, A rerun of the aerial oxidation of
cis-decahydroquinoxaline in phenyl ether solution was carried out at 60° C,
and again tetrahydroquinoxaline was obtained, Next, a sample of cis-decahy-
droquinoxaline was dissolved in phenyl ether and heated for 5 min, at 60° C.,
ether added, the solution extracted with dilute hydrochloric acid, and
neutralized with concentrated sodium hydroxide solution, A precipitate of
tetrahydroquinoxaline formed, The same procedure employing benzene as a
solvent did not precipitate tetrahydroquinoxaline, Alsoy, dissolving cis-
decahydroquinoxaline directly in dilute hydrochloric acid and treating with
concentrated sodium hydroxide failed to yield tetrahydroquinoxaline.

Treatment of cis-decahydroguinoxaline with phenyl ether caused, in
some unknown manner, the dehydrogenation of cis-decahydroquinoxaline, It
was established, however, that atmospheric oxygen did not effect cis-
decahydroquinoxaline, S A0

H. Determination of Geometrical Configuration of the Two Isomers of
Decahydroquinoxaline,
Both of the two obvious approaches available; resolution of the
trans isomer into its optical antipodes or stereospecifically synthesizing
one of the isomers; were tried.

1. Resolution Studies on trans-Decahydroquinoxaline.

(a) Preparation of dl-trans-Decahydroquinoxalinium d-Tartrate and
Attempted Resolution by Fraction Recrystallization,

A boiling solution of 2 go (0.0lL mole) of trans-decahydroquinoxaline
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in 150 ml. of acetone was added to a boiling solution of 2.1L g, (0.01L
mole) of d-tartaric acid in 45 ml. of acetone. A precipitate formed
immediately, was flltered and dried to give 3.82 go of the diastereoisomer,
92% yield, m. p. 295-300° C, dec. Analyses, by means of the silver tar-
trate salt, indicated the salt had formed in a 1:1 ratio of acid to amine.

Fractional recrystallization of the salt was carried out using
the following solvent systems: water-ethanol, water-methanol, water-
dioxane, water-methanol-n-propyl alcohol, water-methyl cellosolve, water-
ethylene glycol dimethyl ether, and water-tetrahydrofuran. No change
in rotation of the fractionally recrystallized salt was observable, No
suitable solvent or solvent system for recrystallization was discovered,
that excluded water.

(b) Preparation of dl-trams-Decahydroquinoxalinium Di-d-10-cam-
phorsulfonate and Attempted Hesolution by Fractional Recrystallization,

A hot solution of 2.0 g. (0,0l mole) of trans-decahydroquinoxaline
in 100 ml, of acetene was added to 6.6 g. (0.028 mole) of d-10-camphor
sulfonic acid in 40 ml. of acetone., A precipitate formed Immediately,
was _filtered and dried to give-8.2 g. of salt, 95% yield, m. p. above
300 C. 1If the salt had formed in a 1l:1 ratio of acid to amine a 100%
yield would have been 5,3 go The yield obtained, 8.2 g., indicates the
salt had formed in a 231 ratio of acid to amine,

Fractional recrystallization was carried out using the follow-
ing solvent systems: dioxane-water, acetone-methyl cellosolve, chlor=-
oform-acetene, chloroform-ethyl acetate, chloroform-benzene, chloro-
form-dioxane, chloroform-toluene, chloroform-isopropyl aleohol, chlor=-
oform-ethanol, methanol, ethanol, methanol-benzene, methanol-ethyl
acetate, and methanol-aceton, No change in rotation of the fraction-
ally recrystallized salt was observable,

(¢) Preparation of dl-trans-Decahydroquinoxalinium d-Camphor-
ate and Attempted Resolution by Fractional Recrystallization,

A solution of 1l.46 g, of d-camphoric acid (0.007 mole) in 25
ml, of acetone was added to 1 g, (0.007 mole) of trans-decahydroquin-
oxaline in 200 ml, of acetone. The precipitate was Tiltered and dried
to give 2,145 g. of salt, 100% yield, m. p. 225-8° C. The salt formed in
a 1l:1 ratio of acid to amine. When a 2:1 ratio of acid to amine was used
in preparing the salt, the extra equivalent of free acid was recovered
after the salt had been isolated.

Fractional recrystallization of the salt was carried out using
the following solvent systems: +toluene-ethanol-water-acetone, methanol-
toluene-acetone, methanol-benzene, methanol-isopropyl alcohol-water,
methanol-carbon tetrachlorlde—water, methanol-chloroform-ethyl acetate,
methanol-Skellysolve B-acetone, methyl cellosolve-water~ethyl acetate,
methanol-dioxane, methyl cellosolve-dioxane, methyl cellosolve-iso-
propyl alcohol, methyl cellosolve=benzene, methyl cellosolve, Skelly-
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solve D-water-acetone and water. No change in rotation of the fractionally
recrystallized salt was observable, Fractional recrystallization was car-
ried out using dioxane. Fractions were isolated which had very marked changes
in specific rotation, These fractions were identified as the original l-
malic acid and the amine., Recrystallization from dioxane had separated the
salt into its two components,

(d) pPreparation of dl-trans-Decahydroquinoxalinium 1-Malate and At-
tempted Resolution by Fractional Recrystallization,

A hot solution of 4,02 g. (0.03 mole) of l-malic acid in 30 ml, of
acetone was added to 4.2 go (0,03 mole) of trans-decahydroquinoxaline in
150 ml, of hot acetone. A precipitate formed immediately, was filtered and
dried to give 7.6 g. of salt, 93% yield. Using a 2:1 mole ratio of acid to
amine gave the same preduct.

Fractional recrystallization of the salt from the following solvent sys-
tems were carried out: ethanol-water, methanol~water, ethanol-water-acetone,
chloroform-methanol-water, methyl cellosolve-water, ethylene glycol dimethyl
ether-water, ethanol-water-acetone, and chloroform-methanol-water-acetone,

No change in the fractionally recrystallized salt was observable,

(e) Preparation of dl-trans-Decahydroquinoxalinium Di-1-5-o0x0-
2-pyrrolidonecarboxylate and Attempted Resolution by Fractional Recrystal-
lization.

The 1-5-oxo-2-pyrrolidonecarboxylic acid (120) was prepared by heat-
ing a suspension of 100 g. of pure l-glutamic acid in an equal weight of
water with stirring at 135-40° C. for 6 hours. Butanol was added to the
hot syrupy liquid, the solution cooled and the preclpltate filtered and
dried to give 45 g. of product, 51% yield, m. p. 150-155° C. Dearborn re-
ported a melting point of 159-60 C., but listed no yield. The mother
liquors were being reduced in volume to obtain more product, but the solu-
tion boiled to dryness and the remaining product decomposed,

The diastereoisomer was prepared by adding an acetone solution of
0.5 go (0.0035 mole) of trans-decahydroquinoxaline to 0.92 g. (0,007 mole)
of 1-5-oxo-2-pyrr011done carboxylic acid in 200 ml, of acetone., A preci-~
pitate formed but was sticky in nature. Recrystallization of the salt from
butanol was carried out and gave a crystalline precipitate while cold, but
on warming to room temperature the precipitate again became very sticky.
Only a small portion of the original salt came down in this recrystalliza-
tion, The free amine was obtained from this recrystallized material by
treatment with base and ether extraction, The free amine showed no optical
rotary power,

. (120) Dearborn and Stekol, U. S, Patent, 2,528,267, October 31,
1950,
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(£f) Preparation of N,N'-bis(l-menthexyacetyl)=-dl-trans-decahydre=
quinoxaline and Attempted Resolution by Fractional Recnystalllzatlono

l-Menthoxyacetic acid (121) was prepared in the follewing manner,
A solution of 50 go (0.32 mole) of l-menthol in 125 ml, of dry toluene
and 8,75 go. of clean sodium metal (0,38 mole) was refluxed for 15 hours.
A solution of 11,9 g, of chloroacetic acid (0,125 mole) in 100 ml, of dry
toluene was added dropwise with stirring., The resulting mixture was re-
fluxed and stirred for L8 hours. Dry toluene was added during the reflux-
ing to keep the mixture sufficiently liquid to enable stirring. The reac-
tion mixture was transferred to a separatory funnel and extracted with
three 125 ml, portions of water. The water solution was acidified with 30%
hydrochloric acid and extracted with ether, The ether was remuved by evaporation
and the residual liquid was vacuum distilled at 2 mm., at 134-7° C. to give
23,3 go of product, yield 87% based on the chloroacetic acid used, Leffler
and Calkins reported a yield of 78-84%,

The l-menthoxyacetic acid was converted inte the crude l-menthexy-~
acetyl chloride by treatment with thionyl chloride (122), To this end a
mixture of 10 g. (0,047 mole) of l-menthoxyacetic acid and 17 ml, of
thionyl chloride was warmed at 50% C., for 3 hours. The excess thionyl
chloride was removed under reduced pressure and the crude l-menthoxy-
acetyl chloride directly used for preparing N,N'=bis(l-menthoxyacetyl)-
dl-trans-decahydroquinoxaline, For positive identification of the l-
menthoxyacetyl chloride; conversion to the amide was accompllshed by mix=-
ing a little 1-menthoxyacetyl chlor1de with concentrated ammonium hy-
droxide, The amide melted at 93-95° C., which melting point is in agree-
ment with the literature value (122),

The N,N'-bis(l-menthexyacetyl)=-trans-decahydrequinexaline was
prepared by adding the crude l-menthoxyacetyl chloride to trans-decahy-
droquinoxaline dissolved in 5% sodium hydroxide, The reaction mixture
was shaken until clear then poured slowly into dilute hydrochloric acid
contaiming crushed ice, The oil which formed solidified; but on warming
to room temperature became gurmmy, Repeated recrystallization attempts
failed to yield anything but a gummy viscous material, No resolution of
trans=decahydroquinoxaline into its optical antipodes effected,

2. Preparatien of trans=Decahydroqu1nox211ne by a Stereospecific
Synthesis Route,

(a) Attempted Catalytic Reduction of o-Fhenylenediamine to 1,2~
Diaminocyclohexane,

(121) Leffler and Calkins, Organic Syntheses, Collective Vol, IIT,
5kl (1955).

(122) Holmes and Adams; Jo Am, Chem, Soc., 56, 2093=l (193L).
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The catalytic reduction of p-phenylenediamine to the hexahydro
analog is reported in the literature (123), The hydrogenatien was con-
ducted jn the liquid phase using a Ni or Co catalyst at temperatures of
120-200" C, under a pressure of 300=500 atmospheres, The 1,2-diamino=
cyclohexane compound was desired as an intermediate in the preparation of
decahydroquinoxaline, and the possibiliiy of preparing the desired com-
pound by the catalytic reduction of o-phenylenediamine was evident.

A solution of 10,8 g, (0.1 mole) of o-phenylenediamine in 30 ml,
of absolute alcohol and 1 g. of 5% Rh on alumina were placed in the
Parr High Bomb at 3000 psi hydrogen and 115° C, for 12 hours. No reduc-
tien occurred; and the o-phenylenediamine was regovered, Another reductien
was attempted under more drastic conditions, 175 C. and 5700 psi hydro-
gen, but still no reduction occurred,

trans=1,2-Diaminocyclohexane was subsequently prepared by the fol-
lowing synthesis route:

COOEt NOH NOH

Y sonar, A0 Ao
2 - \
NaOH L\/ l
N

VR (N VTS
EtOH ’ EHo),

e
==

(123) Sly, U, S, Patent, 2,175,003, October 3, 1940,
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(b) Preparation of Ethyl 2-Ketohexahydrobenzoate,

The procedure of Snyder, Brooks, and Shapiro was followed (12L),
A solution of sodium ethoxide in a 2-<liter 3-necked flask equipped with a
dropping funnel, a stirrer and a reflux condenser carrying a calcium
chloride tube was prepared by the addition of 46 g (2 g. atoms) of clean
sodium to 600 cc, of anhydrous ethanol, The solution was cooled to 10°
Co and an ice-cold solution of 196 go (2 moles) of cyclohexanone in 292
go (2 moles) of ethyl oxalate was added from the dropping funnel over a
period of about 15 minutes, The ice bath was maintained for an hour, then
the solution stirred at room temperature for 8 hours during which time a
precipitate formed. The reaction mixture was decomposed by the additioen
of ice-cold dilute sulfuric acid prepared by adding 56 ml, of concentrated
sulfuric acid to 435 g, of ice, The solution was diluted with cold water
to a volume of about L liters, The oil which separated was removed and the
aqueous solution extracted with four 250 ml, portions of benzene, The eil
and benzene extracts were combined and washed with two 200 ml, pertions ef
water, The benzene was removed on a steam bath., The remaining solutien
was distilled under reduced pressure and the distillate collected that came
over at 105-200° C, and 10-15 mm, pressure, The distillate was redistilled
in the presence of a trace of iron powder and ca., 1 go of ground seft glass,
The pressure during the distillation was at about 80 mm, and the temperature
at 150-160° C, The ethyl 2-ketohexahydreobenzoate was collected and re-
distilled at 0,25 mm, pressure and 59-63° C, to give 148 g, of product, L6%
yield, refractive index 1,4763 at 20° C, Snyder reported a yield of 59-62%,
refractive index 1.476~1.479 at 20° C.

Another run was made using double the amounts of reactants., A
yield of 362 g., 52%, was cobtained,

(¢) Preparation of 2-Isonitrosocyclohexanone,

The procedure of Jaeger and van Dijk was followed (125). To LO g,
(0.2l mole) of ethyl 2-ketohexahydrobenzoate was added 16,2 g. (0,24 mole)
of sodium nitrite and 456 g. of 6% potassium hydroxide solution (0.487 mole
of potassium hydroxide). The solution was shaken for 48 hours then added
slewly to 120 ml, of cold (5-15° C.) 30% sulfuric acid. The resulting solu-
tion was extracted mechanically with ether and then further for 3 days in a
liquid-liquid extractor, The combined extracts were evaporated leaving
21.5 g. of viscous material, yield 72%, assuming the material te be ise-
nitresocyclchexanone,

(124) Snyder, Brosks, and Shapiro, Orgo Syn., 2, 531 (1943),

(125) Jaeger and van Dijk, Proc. Acad. Sci. Amsterdam, 39, 38L-
393 (1936), Pl
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In another preparation of 2-isonitroscyclohexanone about 25 ml, of
viscous brown material was obtained from 50 g. of ethyl 2-ketohexahydre-
benzoate, Vacuum distillation of the brown material was attempted, first
with the vacuum attainable with an aspirator; and then under a vacuum of
1 mm, A small fore-run of a clear liquid, later identified by the oxime
derivative as cyclohexanone, was obtained., The bulk of the material re-
mained in the flask and decomposed to give a gummy tar, A second vacuum
distillation of more of this brown material at 0,075 mm, pressure was at=
temped with the same results. A small fore-run was obtained as the temp-
erature rose to 110° C, At this temperature a few drops of material dis-
tilled then 2 rapid decompesition occurred, but with no actual explosion.

The crude 2-isonitroscyclohexanene was thereafter used directly fer
the preparatien ef niexime,

A number of other preparations of 2-isonitrosocyclohexanone were
carried out, The yields obtained were 3L%, 6L%, L6%, 31%, 62%, 9L%, and
74%. No reasons were established for the differences in yields obtained,
Jaeger and van Dijk (125) did not give a yield for this preparation, but
did state the product was a non-crystallizable oil, Other workers (126)
were unable to repeat the work of Jaeger and van Dijk and failed in repeated
attempts to prepare 2-isonitrosocyclohexanone,

(d) Preparation of Nioxime,

To a mixture of 1L.3 go (0.21 mole) of hydroxylamine hydrochloride
and 11.1 g, (0.21 mole) of sodium methylate in methanol (absolute) was added
a methanol solution of 21,5 g. (0,17 mole) of crude isonitrosocyclohexanone,
The mixture stood overnight, the salt was removed by filtration, and the sol-
vent removed under vacuum. The residue was washed with water to remove any
remaining salt and was then recrystallized from methanol-water to give 5,65
ge of nioxime, m, p. 190-95® C,, yield 35%, Jaeger and van Dijk listed ne
yvield for this preparation, They listed a melting point eof 187-89 C. for
nioxime,

Several other preparations of nioxime were carried out and the yields
were as follows: 58%, 37%, 22%, 35%, 32%, 29%, L5% and L8%., No reason other
than the degree of purity of the crude 2-isenitrosocyclohexanone could be
given to account for the difference in yields from run to run.

(e) Preparation of trans=l,2-Diaminocyclohexane.
To a solution of 1 g, (0,007 mole) of nioxime and 56 ml, of boiling

absolute alcohel was added 7 go, (0.3 mole) of sodium metal. The flask was
cooled and diluted with 70 ml. of water, The solution was distilled into a

(126) Rauh, Smith, Banks and Diehl, J. Org. Chem., 10, 199 (19L5).
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flask containing lj.2 ml, of concentrated hydrochloric acid in L.2 ml. of water.
Toward the end of the distillation an additional 42 ml. of water was added
and the distillation continued. The alcohel and water were removed from the
acid distillate by heating under reduced pressure, L.0 g. of sodium hydroxide
pellets in 15 ml. of water was added, the mixture cooled, transferred to a
separatory funnel and the aqueous alkaline layer removed, The remaining
liquid was dried over solid sodium hydroxide for L8 hours then transferred

te a micro distilling apparatus. On heating to 180° C, at 11-12 mm. pres-~
sure no product distilled, Jaeger and van Dijk reported that trans-l,2-
diaminocyclohexane boiled at 79-81 C. at 15 mm, pressure. No aesired product
was obtained in this run,

Catalytic reduction of nioxime was next tried. A mixture of 3.k g
(0,025 mole) of nioxime, 0.5 g. of 5% rhodium on alumina, and 15 ml, of
absolute alcohol was placed in the Parr High Bomb at 100  C. and 2500 psi
hydrogen for 12 hours, The apparatus leaked and it was net possible to
determine the pressure drop due to reduction of the nioxime. The reactioen
mixture was filtered, the alcohol removed under reduced pressure and the resi-
due distilled at 15 ml, pressure and 80-150° C. Most of the material dis-
tilled at 95-100° C. At this pressure the boiling peint was 15-20° too
high fer trans-1,2-diaminecyclchexane, Ne more identification of the mater-
ial was made, but it is pessible the product was chiefly the cis-1,2-diamino-
cyclohexane,

Reductien of niexime to the diamine compeund was successfully ac=
complished following the procedure of Jaeger and van Dijk (125)¢ To a solu-
tien of 10 g, (0,07 mele) of niexime in 560 ml, of absolute alcohol heated
to boiling was added 70.l4 g. of sedium metal. The flask was cooled and dilu-
ted with 700 ml, of water and then steam distilled., The distillate was
collected in a flask containing L2 ml, of concentrated hydrochleric acid in
42 ml, of water, The acid distillate was reduced to about 20 ml. by heating
under reduced pressure, The concentrated acid selution was placed under
vacuum over concentrated sulfuric acid and let stand until the salt cry-
stallized, Yield of the salt was 5h%. Jaeger and van Dijk listed no yield,
nor did they give any physical constants of the dihydrochloride,

One gram of the hydrochloride salt was converted to the free amine
by dissolving the salt in a minumum of water and adding an excess of sodium
hydroxide pellets. The reaction mixture stood overnight, was extracted with
benzene, the benzene removed under reduced pressure and the residue distil=-
led at 15 mm, and 80° C, to give 0.5 g. of product, 82% yield, Jaeger and
van Dijk reperted a product, b. p. 79-81° C, at 15 mm, pressure, No yield
was listed,

In a similar manner as abeve a TL¥ yield of free amine was obtained
from 6 go of the hydrochleride salt, The boiling point at 15 mm., pressure
cerresponded to the beiling peint listed by Jaeger and van Dijk for this
pressure,

In anether reductien of 10 g. of niexime, without isolation of the
dihydroechloride salt intermediate, a 26% yield of trans~l,2-diaminocycle-
hexane, b, p. 80-82° C. at 15 mm. pressure, was obtained, the structure of
which was established by reselution using d-tartaric 301d (126a).

(12680 Jaeger and Bijkerk, Prec. Acad., Sci, Amsterdam, 40, 16 a937).
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(£) Preparation of trans-Decahydroquinoxaline from trans=1,2-
Diaminecyclohexane,

Four attempts were made to prepare trans-decahydroquinoxaline from
trans-1,2-diaminecyclehexane before success was achieved on the fifth at-
tempt., The procedure used by Cavagnol and Wiselegle (9) in preparing quin-
oxaline by the condensation of e-phenylenediamine and sedium glyoxal bisulfite
was followed in the first attempt, To a selutien of 0,73 go (0,006 mole)
of trans=l,2-diaminecyclohexane in 3.2 ml., of 2 molar acetic acid was added
1,59 ml, of li melar sedium acetate, The resulting solution was added rapid-
ly to a solution ef 1,91 g, (0.0065 mole) of sedium glyexal bisulfite in
9,8 ml, of water. Before mixing, both solutiens were at 60° C, The solu-
tion was shaken for an hour, let stand overnight, neutralized with 0.77 g.
of sodium hydroxide pellets and 3.2 g. potassium carbonate added, The mix-
ture was extracted with benzene several times and the extracts dried over
sodium hydroxide pellets., The solutien was reduced to a small volume by
evaporation of the benzene, The remainder of the solvent was removed under
vacuum to leave a small amount of dark residue which decomposed when vacuum
distillation and sublimation were tried, The remaining aqueous phase from
the initial benzene extractions was saturated with sodium hydroxide pellets
until a mushy consistency was obtained, This strongly alkaline mixture
was warmed and then extracted w1th benzene, The benzene was evaporated
to give a r351due, Mo Po 100-107° C. This residue was placed in the Parr
Low Bomb at 60 psi hydrogen and 50® C., with 0.1 g. of 5% rhodium on alumina
and let run overnight., The catalyst was filtered off and the solvent removed
by evaporatien to give a dark residue, m, p. above 100° C., (dec.), Re-
crystallization frem alcohel-8kellysolve B, the solvent system used in the
purificatien of decahydroquinoxaline prepared by the method of Westen, failed,
No product was iselated from the hydrogenated material,

A second attempt to prepare trans-decahydrequinoxaline was tried by
refluxing gently for 2 heurs a solutien of 1 g. (0,005 mole) of trans-=1,2-
diaminocyclohexane dihydrochleride and 1,59 g. (0.0056 mele) of sodium gly-
oxal bisulfite in water., The solution was saturated with potassium hydrox-
ide pellets, let stand overnight and extracted with ether and benzene, Neo
material was obtained from the extractions, The aqueous alkaline mixture
was decanted, the solid residue digested with benzene, and the liquid layer
extracted with benzene in a liquid-liguid extracter for 10 hours., The ex-~
tracts from beth phases were combined and the benzene evaperated, Traces of
a white material were obtained. The aqueous alkaline layer remaining from
the extractions was saturated with sodium hydroxide pellets, let stand over-
night, brought te boiling, and extracted again with benzene, Evaporatlon
of the benzene gave a little white solid which did not melt at 250 Co The
material was presumably a salt., No desired product was isolated.

A third preparation empleying the dihydrochloride salt of the diamine
was attempted. The procedure of Cavagnol and Wiselogle was follewed, A
solution of 1.5 go (0.0.3 mole) of trans-1,2-diaminocyclohexane in 6.6 ml.
of 2 molar acetic acid and 3.3 ml, of Lt molar sodium acetate was added rap-
idly to a solution of 3.9 go (0.013 mele) of sodium glyoxal bisulfite in
20,2 ml, of water, The solutiens were heated to 50° C., before mixing, The
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solution was stirred for 2 hours, sodium hydroxide pellets was added until

a mushy consistency was attained;, and extraction with benzene was carrled

out, Evaporation of the benzene gave a residue which did not melt at 220°

Co The residue was digested with absolute alcochol and the alcochol solution
plus 0.1 go of 5% rjodium on alumina was placed in the Parr Low Bomb at 58

psi hydrogen and 60 C. for 1 hours, The reaction mixture was filtered,

the solvent evaporated; and the dark residue subjected teo vacuum subllmatlon
to give 0,04 g. of white solid, m, p. 102-5° C, This material corresponded in
melting peint to the melting p01nt of the material isolated in the first
attempt te prepare trans-decahydroquinoxaline., It was evident no desired
product had been obtained in this experiment, The 0.0L g, of white material
iselated was then placed in the Parr High Bomb and 0,1 g, of 5% rhodlum on alumina
and 10 ml, of absolute alcohol were added, The bomb was heated to 110° C, at
3000 psi hydrogen for 16 hours, cooled, the catalyst removed, and the sol-
vent evaporated to give a white material identical in melting peint te that

of the starting material. No positive results obtained.

In the fourth attempt to prepare trans~decahydroquinoxaline the same
conditions were used as in the first attempt, except the solvent used was
ethanol instead of water, The initial reaction mixture, after stirring and
heating at 50-55% C, for several hours, was filtered and the alcoholic
solution placed in the Parr High Bomb with 0.1 g. of 5% rhodium on alumina
at 2500 psi hydrogen and 110° C. for 12 hours. The catalyst was removed
by filtration, the solution decolorized with charcoal, reduced in volume on
the hot plate, Skellysolve B added, the solution cooled and the prec1p1tate
filtered to give a very water soluble precipitate that melted above 280° C,
This precipitate was evidently inorganic in nature. No other product could
be isolated,

The direct condensation of trans-1,2-diaminoeyclohexane with 30%
aqueous glyoxal was next tried. To 0.9 go (0,008 mole) of trans-diamino=
cyclohexane was added 1.5 g. of 30% aqueous glyoxal, After standing 5 min-
utes, 10 ml, of absolute alcohol and 0.4 g. of 5% rhodium on alumina was
added. The reaction mixture was placed in the Parr High Bomb at 1500 psi
hydrogen and 200° C, for L hours. The reaction mixture was filtered, the
solution decolorized with carbon, and the solution evaporated to dnyness
to give a colored residue; m, p. 70-135° C, with most of the material melt-
ing above 100°® C, Some of the material sublimed during the melting point
operation and the melting point of this sublimate was 147-8° C., corres-
ponding to the melting peint of decahydroquinoxaline prepared by the methed
of Weston, et al, (1) The remainder of the residue from the hydrogena=-
tion was vacuum sublimed to give a product melting 97<135% C, Further frac-
tienal sublimation gave an additional 0.05 g, ef crude trans-decahydroquinoxa-
line, mo po 115-35° C, A dinitroso derivative was made of This latter
material by adding cold aqueous sodium nitrite to a cold dilute hydrochloric
acid solution of the am%neo After one recrystallization the dinitroso
derivative melted 106-8" C, The dinitroso derivative of known trans-deca-
hydroquinoxaline melted 110~112® C, The mixed melting point was 108=111° G,
Thus, the product from this last experiment was shown to be the same as the
decahydroquinoxaline prepared by the method of Weston, and the geometrical
configuration of Weston's decahydroquinoxaline was established as being trans.
The yield of transwdecahydroqulnoxdllne from this last preparation was 20%.
No low melting isomer was isolated in any amount,
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I, Preparation of New Derivatives of cis- and trans-Decahydroquinoxaline,
l. Preparation of N=Methyl-cis-decahydroquinoxaline.

To a cold solution of 1L.9 go (0033 mole) of formie acid and 10.7 g.
(0,135 mole) of fermaldehyde was added 9 g. (0,063 mole) of cis-decahydro-
quinoxaline, The resulting seoltuion stood for 12 hours, then was heated at 80=
100° C, for 10 hours, The sclution was vacuum distilled giving 16 g. of
material at 83-87° C, and 0,400 mm, pressure, The 16 g, of material obtained
was much in excess of a 100% yield of product even if the N,N'=dimethyl
compound had formed, The material was acidic and very water soluble, Ana-
lyses and equivalent weight determinations did not definitely establish the
identity of this product, This material was dissolved in benzene, treated
with sodium hydroxide pellets for 36 hours, and the liquid poured off and
fractionally distilled, The product distilled at 64=66° C. and 0,400 mm,
pressure, Yield was 7.6 go, 72%.

Anal, Calc'd for CgH1gN2: C, 70,073 H, 11,76, Found: C, 70,545 H, 11,70,
2. Preparation of N=Methyl-trans-decahydroquinoxaline,

The precedure of Weston was followed (127). To a cold solution of
18,3 go (0,40 mole) of formic aeid and 13,1 g. (0.16 mole) of LOF formalde-
hyde was added slowly with stirring 11 g (0,077 mole) of trans~decahydro=-
quinoxaline., The solution darkened and was allowed to stand at room temp-
erature for several hours after which it was heated at 80-90° C. for 12
hours, The reaction solution, now black, was fractionally distilled and the
fraction coming over at 82-83" C, and 0,400 mm, pressure was dissolved in
benzene and let stand over sodium hydroxide pellets for L8 hours. The benzene
was removed by distillatien and the residue vacuum distilled at 55-60° C, and
0,200 mm, pressure te give 7.8 g. of product, yield 87%. Five grams of the
intermediate product was not treated with sedium hydroxide, As in the pre-
ceding preparatien an intermediate water soluble, acidic material was iso-=
lated but not identified,

Anal., Calc'd for CgHjgN2g C, 70,073 Hy 11,76, Found: C, 70,20; H, 12,00,
/
3. Preparation of NyN=Dimethyl-cis=decahydrequinexalinium Iodide.

To L go (0,023 mole) of N-methyl-cis-decahydrequinexaline was added,
with cooling, 10,17 ge (0,07 mole) of metA¥I iedide, After standing over-
night the solid product was recrystallized from absolute alcohol and a few
gr%ps of water to a constant melting point of 255-8° C, Yield was 6,7 go,

2%

Anal, Calc'd for CynHoyNpIs C, L0.60s H, 7To15. Feunds G, LO.5hs H, 7.0k

(127) Weston, Waukegan and Hamlin, U, S. Patent 2,636,032, April
21, 1953,
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4o Preparation ef N,N,N', N'-Tetramethyl-trans-decahydroqulnoxallnlum
Dijodide,

A mixture of 4 g. (0.028 mole) of trans-decahydroquinoxaline, 28,4
go (0,22 mole) of methyl iodide, 5.93 go (0.056 mole) of sodium carbonate
and 30 ml, of 95% alcohol was refluxed for 2 days. The reaction mixture was
treated with hydriodic acid to decompose any base remaining and then evap-
orated to dryness, Extraction with cold alcohol was carried out te remove
the sodium iodide, any unreacted decahydroquinoxaline and any dialkyl N,N'-
decahydroquinoxaline, The residue was next treated with cold concentrated
alcoholic sodium hydroxide tec remove any hydroiedide which might have been
formed. Recrystallization of the residue gave a product m. po 240-55° C,
(dec). By preheating the melting peint block to 265 C. before placing
the sample for melting on it, a melting point of 270° C, (dec,) was obtained,
Yield was 8.3 g., 6U%.

Anal, Calc'd for CjoHogN2I2: C, 31.87; H, 5.79. Found: C, 31.83; H,

N,N,N'N!'-Tetramethyl-trans-decahydroquinoxalinium diiodide was alseo
prepared from N-methyl-trans- ~decahydroquinoxaline by treatment of the
lat%er c;mpeund with an excess of methyl iodide, The preduct melted 268°
C. (dec,

Anal, Calc'd for CypHogNoI2e C, 31.87; H, 5.79. Found: C, 31.88; H, 5.8kL.
5. Preparatien of N,N'-Bis(phenylsulfenyl)-cis-decahydrequinexaline,

A mixture of L g. (0.028 mole) of cis-decahydroquinoxaline, 10 g.
(0,056 mole) of benzenesulfenyl (chleride), and 35 ml, of 20% sodium hydroxide
solution was warmed at 70-80° C. for 12 hours. The precipitate was removed
by filtratien, washed with water, and recrystallized from ethanol te a
constant melting peint of 194-5.5% C., Yield was 6.3 g., 55%.

Anal, Cale'd for CpoHp) O NpSp: C, 57.16; H, 5.71. Found: C, 57.18; H,

6. Preparation of N,N'-Bis (phenylsulfenyl ) ~trangs=decahydroquinexaline,

A mixture of 3 g. (0.021 mole) of trans-decahydroquinoxaline, 6 g.
(0,042 mole) of benzenesulfonyl chloride, and 27 ml. of 20% sodium hydroxide
solution was refluxed for 10 minutes, The alkaline solution was decanted
and the residue recrystallized four times from 95% alcohol to give 7 ges (80%),
of N N'-bls(phenylsulfcnyl)-trans-decahydroqulnoxallne, m. p. 127-=129° C.

Anal., Cale'd for CpoH2),0),N2S2:r C, 57.16; H, 5.71. Found: C, 55.88; H,

’,

The analyses indicate the presence of impurities; however, the
sharp melting point does not indicate the presence of impurities,
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T Preparatien ef N,N,N'N!-Tetrabenzyl-trans-~decahydrequinoxalinium,

A mixture of 4 go (0.028 mole) of trans-decahydrequinoxaline, 15
go {0118 mole) of benzyl chleride, 10 g. (0.094 mole) of sodium carbenate
and 50 ml, of 95% alcehol was refluxed under nitrogen for L8 hours. The
alcohol was poured off and evaporated to dryness yielding a selid, m. p.
165-75° C, This solid was extracted with ethyl acetate., The residue was
repeatedly washed with ethyl acetate te give 6.2 g. of the dichleride salt,
me pe 175-6° C., yield 43%. From the ethyl acetate extraction was isolated
a solid which after recrystallization from Skellyselve F gave 2,3 g. of
material identified by analyses as N,N'-dibenzyl-trans-decahydrequinexaline,
me p. 80-1® C., yield 21%. . =

Anal. Calec'd feor C36HhéN2Q12: C, 75.L41; Hy 7.33. Found: C, 72,00; H,

The analyses indicate the sample was not dry.

Anal, Calc'd fer CpoHpgNpos: C, 82,58; H, 8,75. Found: C, 82,21; H, 8.69,

8e Prepération of W,N'-Dibenzyl-cis-decahydroquinexaline.

A mixture ef 3,6 g (0,025 mole) of cis-decahydroquinexaline, 15
ml, of benzyl chleride (an excess), 10.6 g. (0.1 mole) of sodium carbonate,
and 30 ml, of 95% ethanol was refimmed for 3 days. The solvent was removed
and the solid extracted with three 30 ml.’ pertieris ef het 95% alcchel, On
cooling, crystals formed, m, p., 62-62,5® C. The product was recrystallized
from 95% ethanol te yield 7.2 g., 88% yield, of N,N'-dibenzyl-cis-decahydre-
quinoxaline, m, p. 62-3" Ce iy

Anal., Calc'd fer CpoHpgN2: C, 82,58; H, 8,75, Found: C, 82,60; H, 8,76,

In another preparation of NyN!=dibenzyl-mis-decahydrequinexaline the
reactants were refluxed fer 18 hours, The yield in this preparation was
only 16%, indicating the necessity of a longer reflux time. No quaternary
salt was isolated in either of these preparatiens as was the case in the
preparatien of N,N!'-dibenzyl-trans-decahydrequinexaline,

9 Preparatieﬁ of N-Benzhydryl-cis~decahydroquinexaline,
A mixture of L g. (0.028 mole) of cis-decahydroquinoxaline, 11.45 g.
(0,056 mele) of benzhydryl chleoride, 5,94 g. (0.056 mele) of anhydrous
xylene was refluxed for 36 heurs. The reaction mixture was filtered, the
residue digested with hot absolute alceheol, and on cooling of the alcohol
solution, crystals formed, m. p. 196.5-197.5% C., yield 2 g., 23%.
Anal, Calc'd fer C2iH2gN2s¢ C, 82.31; H, 8.55. Founds C, 82,28, H, 8.36,

10, Preparation of N,N'~Dibenzhydryl-trans-decahydroquinexaline,
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A mixture of L go (0,028 mole) of trans-decahydroquinoxaline, 11.3
g. (0,056 mole) of benzhydryl chleride, 5.9 g. (0,056 mole) of anhydrous
sodium carbonate and 50 ml, of dry benzene was refluxed for 6 days. After
2 days of refluxing, a little fluffy precipitate, m. p. 143-6°® C., had
formed, This precipitate was identified as unreacted trans-decahydre-
quinoxaline, The refluxing was continued for an additIonal ! days, the
reaction mixture was filtered, the residue digested with hot absolute al-
cohol, and the solvent and the alcohol from the extractiens combined, On
cooling, 2 go of white crystals deposited, m, p. 218-225° C, On concentra-
tion of the mother liquors ne more crystals were obtained, but rather a very
dark viscous oil, Recrystallization of the oil from benzene-absolute alcohol
(the solvent system eut of which the initial crystals precipitated) failed,
Recrystallizatien ef the 2 g. of product gave pure N,N'-dibenzhydryl-trans-
decahydrequinexaline, m. p. 220-25° C., yield 15%.

Anal, Calc'd for C3)HygNpo: C, 86.L0; H, 7,68, Found: C, 86,703 H, 7.30.

11, Preparatien of N,N!-Dibenzyl-N-methyl-trans-decahydrequinexalinium
Todide,

To a solution of 4 g. (0.012 mole) of N, N'-dibenzyl-trans-decahydro-
quinoxaline in absolute alcohol was added an excess of methyl iodide, The
flask was stoppered and let stand at 10° C, for several days. The precipi-
tate, L.6 g., was recrystallized from ethanol-water to a sharp melting point

of 229-30° C,, yield 69%.

Anal. Calc'd for C23H31N2r C, 59.77; H, 6.76. Found: C, 59.23; H, 6,70,
12, Preparatien of N,N'-Dipropyl=trans-decahydrequinexaline.

The preparatien ef N,N'-dipropyl-trans-decahydroquinoxaline was
accomplished by heating a mixture ef 30 g, of n=-propyl-p-teluenesulfonate
(0.1} mole) and 9.8 g. (0,07 mole) of trans-decahydrequinexaline at 100°
Ce The temperature rapidly increased To 150° C. and was maintained at 130°
C. for 2 hours. Then the solutien was basified with concentrated sodium
hydroxide solution, extracted three times with ether, the ether extracts
dried over anhydreus petassium carbonate, the ether removed under reduced
pressure, and the residue distilled at 0,075 mm. pressure and 80-82°® C, to
give 9,5 g. of material, 61% yield assuming the dialkylated decahydroquin-
exaline resulted, On standing the product separated inte two layers,
fractien A (1 g.) and fractien B (8.5 g.) A picrate derivative eof fractien B
was prepared by mixing 1 g. (0.0045 mole) in ethanol with 2,54 g. (0.011 mele)
of picric acid in ethanel. A precipitate fermed on mixing, was filtered
and dried te give 3.2 g. of picrate derivative, m. p. 275-80° C, Recrystal-
lization frem dioxane, chlereform, ethyl acetate, ethanol, ethylene glycel
dimethyl ether, methyl celleselve, acetene, ethylene glycol diethyl ether,
benzene, n-butyl alcehol, methyl alcehel, and teoluene failed, Diethyl
oxalate was found te be a satisfactory solvent for recrystallization and
after two recrystallizations from this solvent a product of melting peint
284~5® C, (dec.) was obtained. A picrate of fraction A was similarly prepared,
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The derlvatlve was recrystallized frem diethyl oxalate to a melting peint ef
282-3® C, The two fractiens, having the same boiling point and picrates of
the same melting peint, appear to be the same preduct. The separatien of
the initial preduct inte twe fractiens on standing was prebably due to the
presence of some impurities,

Other N,N!-dialkyldecahydroquinoxalines were similarly prepared. The
alkyl substituents in the other derivatives prepared were n-butyl, isoamyl,
3-phenyl-l-propyl, n-octyl, myristyl, cetyl, and l-menthyl Results of analyses
are pending and +11T be reported later,

Jo Preparation of Intermediates.
These compounds were prepared by known methods of preparation and

were (or will be) used for the preparation of new derivatives of decahydro-
quinoxaline, The information on these compounds is contained in Table XXVII.

Table XXVII. Preparation of Intermediate Compounds.

Literature Valugs
Z M, Poglogn % Refer-

Compeund M. P.%C. B, P,%c. Yld B. P, C. Yld ence

ethyloxomalonate 110-15°/20-25mm 73 103-8%/15mm 7L-6 128
110-159/20-25mm L2

ethyl 3-hydroxy- 172 U6 175.5-6.5 82 129
quinexaline-2- 1734 65
carboxylate 172-l 50
172 52
173=h 60

2<hydroxyquinoxa~ 2635 98 263=L dec, 95 129
line=-3~carboxylic 265=6 93
acid 265-6 oL

(128) Dex, Org. Syn. Coll. Vol, I, 266 (1941).

(129) Gowenlock, Newbold and Spring, J. Chem. Soc., 19L45, 622,
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Literature Values
% Mo Pe% o % !Eei er=

Cempound M, P.°C, Bo Po Co Yld B, Po®Ce Yld ence
2=hydroxyquinoexa= 266=T70 73 265<6 72 129
line 270=2 87
270=2 91
2=chlerequinexaline 45-6 82 L6-7 85 129
1l-phenylsulfenyl=1,2, 133-7 66 138=-9 87 9
3,4=tetrahydrequin- 13L4=7 82
oxaline
l-phenylsulfenyl=l-  93=4 86 95=95.5 87-92 9
butyl-1,2,3,h=tetra=
hydroquinoxaline
dimethyloxamide 216-17 79 80 130
diethyloxamide 17h=6 70 176 80 130
diisoprepyloxamide 215=17 60 80 130
di-n-butyloxamide 150-2 93 15k 80 130
di-n-butyloxamide 152l 71 154 80 130
dibenzyloxamide 21920 73 80 130
N,N?!-dimethyl- 150-60 9 150=60 50 131
ethylenediamine
N,N?-dibutylethyl- 90-5° /lymm 11 92°/4mm 50 132
enediamine 90=52/lymm L2
80-110%/110mm 54
74~7%/3mm 33 Th=7%/3m 63 133
Th=8°/2<3mm 30
n-butyl p-toluene- 165=70°/lymm 82 169°/lymm 86 13k
sulfonate 150~59/1mm 79

(130) Reid, J, Am, Chem. Soc., 75, 242 (1953).

(131) Kermack and Wight, J. Chem, Soc., 1935, 1421,

(132) Donia, J, Org. Chem., b, 946 (1949).

(133) Rice, Armbrecht, Grogan and Reid, J. Am. Chem, Soc., 75,
1750 (1953).

(13,4) Marvel, io &a .Chﬂo S;.ces) 25_9 3)45 (1933)0



Iiterature Values

o Z M. P.’E;or % Refer=
Compound M. P.°C. B. Po Co Y1d B, P,%C, Yld ence
myristyl p-toluene-  3h~5 35 35 66 134
sulfonate
cetyl p-toluene- Lé-=7 L1 L9 67 134
sulfenate
l-menthyl p~teluene~ 91-1.5 72
sulfenate ~
n-propyl p-toluene- 154~60%/0,7mm 71

sulfonate

sec~butyl p-toluene-
sulfenate

isoamyl p-teluene-
sulfonate
n-octyl p-toluene-
sulfenate

3=phenyl~l-propyl
B—toluenesulfonate

decomposed on distillation

174-6°/0.i)m 66

crude yield 88

crude yield 80




IV: DISCUSSION

Previous to the work on decahydroquinoxaline performed at the Brig-
ham Young University, two reports on the preparation of decahydroquinoxaline
appeared in the literature. The first of these was in 1947 by Mousseron and
Combes by the treatment of 205-chloroethylamino)cyclohexyl chloride at 130
C. for 5 hours with ammonia. The failed to list agy data on the compound
except a dinitroso derivitive of melting point 160 C. (dec.). The second
report of the preparation oi decahydroquinoxaline appeared in 1952. Beck,
Hemlin, and Weston prepared decahydroquinoxaline by the cyclic dehydration
of 2(f -aminoethylamino)cyclohexanol.

During the course of the work of Broadbent and Whittle, and after
they had successfully prepared decahydroguinoxaline, m. p. 59- 62° C., in
near quantitative yields by the high pressure hydrogenation of quinoxaline
or tetrahydroquinoxaline using 5% rhodium on alumina, Christie, Rhode, and
Shultz in 1956 reported the preparation of decahydroquinoxaline by the low
pressure hydrogenation of the tetrahydroquinoxalinium ion in ethanolic
hydrochlogic acid using Adam's catalyst. The product they obtained, m. p.
152.5-153" C., differed in melting point from the decahydroquinoxaline pre-
pared by Broadbent and Whittle, but melted the same as the decahydroquin-
oxaline prepared by Beck, Hamlin, and Weston. ©Shultz, et. al., postulated
that their decahydroqulnoxallne was the same as the decaﬁ&droqulnoxallne pre-
pared by Beck, et. al. e dinitroso derivative of Shultz's decahydroquin-
oxaline melted at 1I0-111" C., thus differing from the melting point of the
dinitroso derivative reported by Mousseron and Combes. Considering the pos-
sibility of geometrical isomerism in decahydroquinoxaline, and in view of
the findings of Linstead, et. al., (135) concerning the geometrical isomers
obtained upon catalytic hya—bgenatlon, Shultz presented the possibility
that his decahydroquinoxaline (and hence the decahydroquinoxaline of Beck,
Hamlin and Weston) was the cis isomer and the decahydroquinoxaline of Mous-
seron and Combes was the trans isomer. Broadbent and Whittle, on the basis
of epoxide ring opening, symmetry=physical property data, and hydrogenation
considerations tentatively assigned the cis configuration to their decahy-
droquinoxaline and the trans configuration to the decahydroquinoxaline pre-
pared by the method of Shultz and the method of Weston. (These tentative
configurational assignments of Broadbent ard Whittle proved to be correct.)
The preparation of the dinitroso derivative of the decahydroquinoxaline of
Broadbent and Whittle gave a product differing in melting point from either
of the two previously reported dinitroso derivatives of decahydroquinoxaline.
As decahydroquinoxaline can theoretically exist in either the trans (D,L)

(135) Linstead, Doering, David, Levine and Whetstone, J. Am. Chem.
Soc., 64, 1985 (19k2).
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and the cis (meso) forms, two different dinitroso derivatives are possible.
The reporting of three different dinitroso derivatives of decahydroquin-
oxaline indicated that at least one of the reported preparations of deca-
hydroquinoxaline did not give the presumed product. Analyses supported the
contentions of all workers reporting the preparation of decahydroquinoxa-
line except Mousseron and Combes,

The previous work of Broadbent and Whittle suggested that both cis-
and trans-decahydroquinoxalines isomerized on standing, each giving an
equilibrium mixture of both isomers. cis=-Decahydroquinoxaline, m. p. 58=-
62° C., on standing five days was found by Whittle to change melting point,
giving a product melting over 58-102° C, By chromatography of this magerial
both isomers of decahydroquinoxaline, melting points 147-50° and 58-61",
were isolated. The isomers so isolated were found on further standing to
change melting point, the upper limit of the melting point of the cis isomer
increasing about 50° while the lower limit of the trans isomer decreéased about
250, Especially were the melting point change and chromatographic separations
indicative of isomerization when Whittle found that fresh samples of cis-
decahydroquinoxaline stored under nitrogen changed melting point. Ul¥raviolet
radiation and heat seemed to hasten the change in melting point,

However, in spite of the preceding evidence, other factors caused
doubt concerning the validity of the suggested isomerizations, Some sam-
ples of fresh cis-decahydroquinoxaline stored under nitrogen changed melting
point differentIy, or not all, from similar samples stored under supposed-
ly identical conditions. Some of the analyses for active hydrogen obtained
for cis-decahydroquinoxaline did not agree with the theoretically calculated
value for the cis isomer and difficulty was encountered in obtaining ultra-
violet spectra of cis~-decahydroquinoxaline free of indications of unsatura-
tion, :

Clarification and solutions to the problems discussed above were
obtained in the research covered by this thesis, The specific problems to
be solved, then, were as follows: (1) determine which of the reported
methods of preparation of decahydroquinoxaline gave decahydroquinoxalines,
(2) determine if isomerization of the two isomers, one into the other, oc-
curred, (3) if isomerization were not the cause of the observed changes in
melting points of the isomers of decahydroquinoxaline, to definitely es-
tablish the cause, (L) determine with certainty the reasons for the indica-
tions of unsaturation in the ultraviolet spectra of eis-decahydroquinoxaline,
and (5) establish the geometrical configuration of each isomer of decahydro-
quinoxaline, In addition it was desired to prepare new derivatives of both
isomers for testing for physiological activity.

Preparation of decahydroquinoxaline by the methods of Broadbent and
Whittle, Shultz and co-workers, and Beck, Hamlin and Weston, and the pre-
paration and analyses of the diacetyl and dinitroso derivatives of each of
the decahydrogquinoxalines so prepared, proved three things., Each of the
three methods gave decahydroquinoxaline, The decahydroquinoxaline prepared
by Shultz and the decahydroquinoxaline prepared by Beck, Hamlin and Weston
were identical. The method of preparation of decahydrogquinoxaline employed
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by Shultz gave a nearly quantitative yield of a mixture of substantial
amounts of both isomers, the high melting trans isomer being obtained by
recrystallization in a strikingly low yield (12.5%), while the low melt-
ing cis isomer remained in the mother liquors,

These preceding preparations established that Weston's method of
preparation and Shultz's method of preparation gave the identical high
melting isomer of decahydroquinoxaline, The product prepared by Broadbent
and Whittle was the low melting isomer of decahydroquinoxaline, while the
product reported by Mousseron and Combes was very probably not decahydro-
quinoxaline,

The problem of the possibility of isomerization of cis-decahydro-
quinoxaline was resolved by chromatographic means. Other work further
supported the chromatographic evidence, Aged cis-decahydroquinoxaline,
me p. 60-120° C., was chromatographically separated into high and low melt-
ing isomers, thus substantiating the findings of Broadbent and Whittle,
However, identical results were ocbtained by the chromatography of freshly
prepared cis-decahydroquinoxaline, me p. 53-58° C. The proof of isomeriza-
tion of cis-decahydroquinoxaline based on the isolation of trans-decahydro-
quinoxaline from aged eis-decahydroquinoxaline was, therefore, invalid,

The other proof offered in support of the isomerization of cis-decahydro-
gquinoxaline to trans-decahydroquinoxaline was that samples of fresh cis-
decahydroquinoxaline stored under nitrogen was observed to change melting
point., This latter proof was shown to be equally invalid., Samples of

pure cis-decahydroquinoxaline were stored under both nitrogen and carbon
dioxide-free oxygen and these samples did not change melting point with
standing, The possibility that the trans-decahydroquinoxaline present in
aged cis-decahydroquinoxaline was due in part, however slight, to isomeri-
zation of the cis-decahydroquinoxaline was eliminated by the rechromatography
of aged chromatographed cis-decahydroquinoxaline, WNo trans=-decahydroquin-
oxaline was isolated. The evidence offered by Whittle in support of the
isomerization of trans-decahydroquinoxaline was the observation of a change
of melting point of the trans-decahydroquinoxaline with standing., Samples
of pure trans-decahydroquinoxaline were stored at room conditions and also
under nitrogen. No change of melting point was noted for any of the samples.
The change of melting point with time observed not only by Whittle but also
by Allred of freshly prepared cis-decahydroquinoxaline stored under "carbon
dioxide~-free" nitrogen indicated the sensitivity of this amine towards
carbon dioxide. Minute amounts of carbon dioxide seemed to cause marked
changes in the melting pont of cis-decahydroquinoxaline, Extreme care in
storing the samples under carbon dioxide-free nitrogen was required and the
difficulty encountered by Whittle and Allred indicated faulty experimental
technique, That neither isomer tended to isomerize was further indicated
by the subjecting of each isomer to the conditions under which the other
isomer was initially prepared. No evidence of isomerization was detected,

On the basis of the evidence presented the conclusion was drawn
that isomerization of either isomer of decahydroquinoxaline did not
occur, _——
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The cause of the melting point change of cis-decahydroquinoxaline
previously attributed to isomerization was found To be due to absorption
of carbon dioxide from the air to form a carbonate salt, cis=Decahydro-
quinoxaline kept free from carbon dioxide did not change melting point.
An authentic speciman of the carbonate salt was identical in properties
to aged cis-decahydroquinoxaline, which had experienced a changed meltlng
point, InTrared spectra of aged cis-decahydroquinoxaline showed NH* and
HCOZ bands which were nearly completely removed from the spectra of cal-
cium oxide treated aged cis-decahydroquinoxaline,

That the melting point change on standing of cis-=decahydroquin-
oxaline was not due to air oxidation of the amine to I1,2,3,L4-tetrahydro-
quinoxaline was proved by two tests, First, the observed upper limit of
the melting point range of aged 01s-de¢ahydroqu1noxa11ne was approximately
259 higher than the melting point of 1,2,3,4-tetrahydroquinoxaline. Second,
as mentioned before, cis-decahydroqulnoxallne stored under carbon dioxide-
free oxygen did not change melting point. The change in melting point was,
thus, established to be due solely to carbonate salt formation.

Indications of unsaturation in cis-decahydroquinoxaline was found
to be the result of contamination with I,7,3,L-tetrahydroquinoxaline.
Tetrahydroquinoxaline was found to sublime, though more slowly, under the
same conditions necessary for the sublimation of cis-decd: ydroquinoxaline,
cis~Decahydroquinoxaline purified by vacuum distillation invariably contain-
ed traces of tetrahydroquinoxaline. The maxima indicative of unsaturation
in the ultraviolet spectra of cis-decahydroquinoxaline occurred at the id-
entical wave length as the maxima in the spectra of tetrahydroquinoxaline.
The tetrahydroguinoxaline impurity in cis-decahydroquinoxaline could be
removed by very careful vacuum sublimaf¥ion or chromatography and the spec-
tram obtained of the purified cis-decahydroquinoxaline did not show indica-
tions of unsaturation. That the material presumed to be cis-decahydro-
quinoxaline was not an unsaturated isomer was shown by dehydrogenation of
cis-decalydroquinoxaline to give tetrahydroquinoxaline. Also, infrared
spectra did not indicate amy carbon-carbon double bonds, carbon-nitrogen
double bonds, or carbon-oxygen double bonds. Further, the other details
of the 1nfrared spectra and the pK, data of both cis- and trans-decahydro-
quinoxaline were consonant for What would be expected for These compounds.
Thus, the possibility of the indications of unsaturation in some of the

ultraviolet spectra of cis-decahydroquinoxaline being due to some unsat-
urated compound isomeric with cis-decahydroquinoxaline was eliminated and
the unsaturation indications were shown to be caused by traces of tetra-
hydroquinoxaline,

Two approaches were available for the determination of the geomg-
trical configuration of the isomers of decahydroguinoxaline. The trans
isomer could be resolved into its optical antipodes, or either of the
isomers could be stereospecifially synthesized. Resolution of the trans
isomers was tried by preparing the diastereoisomers of the amine to give the
following optically active compounds: d-tartrate, d-tartranilate, d-10-
camphorsulfonate, d-camphorate, l-malate, 1-5=oxo-2-pyrrolldonecars_iylate,
and the amide of l-menthoxyacetlc acid, Fractional recrystallizations of
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of the compounds were carried out using a variety and combination of
solvents, No resolution was detected, Either the diastereoisomers could
not be separated by fractional recrystallization using the solvents avail-
able or, if fractional recrystallization had effected separation, the change
in optical rotation was too slight to be detected,

The high melting isomer of decahydroquinoxaline was finally identi-
fied as having the trans=configuration by stereospecifically synthesizing
this isomer from authentic trans-l,2-diaminocyclohexane, the configuration
of this latter compound having been established by other workers by the
resolution technique using d-tartaric acid (126a).

The preparation of new derivatives of decahydroquinoxaline was car-
ried out using standard procedures. The following new compounds were pre-
pared: N,N!'-diacetyl-cis-decahydroquinoxaline, N,N'=diacetyl-trans-deca-
hydroquinoxaline, N-methyl-cis-decahydroquinoxaline, N-methyl-trans-deca-
hydroquinoxaline, N,N'=dimethyl-cis-decahydroquinoxalinium iodide, N,N,N'N'-
tetramethyl-trans-decahydroquinoxalinium diiodide, N,N'-bis(benzenesulfonyl)-
cis~decahydroquinoxaline, N,N'=bis(benzenesulfonyl)-trans-decshydroquinoxaline,
W,X1-dibenzyl-trans-decahydroquinoxaline, N,N!-dibenzyl-cis=decahydroquin-
oxaline, N-benzhydryl-cis-decahydroquinoxaline, N,N!-dibenzyhydryl-trans-
decahydroquinoxaline, and N,N,N'N!-tetrabenzyl-trans-decahydroquinoxalinium
dichloride,

In the preparation of these compounds the reactions were carried out
employing an excess alkylating, or acetylating agent., In all preparations
involving trans=decahydroquinoxaline, except for the monomethyl compound,
the N,N'-dialkyl, N,N!'-bis(benzenesulfonyl), or the diquaternary salt formed
as was expected, Yields averaged 70% except for the N,N!'-dibenzhydryl deri-
vative where a 15% yield was obtained, This latter compound required a rea-
ction period of six days during which time the reaction solution became very
dark in appearance. A black gummy residue resulted from which only a 15%
yield of the N,N'=dialkyl compound was isolated., It is possible more of the
product had formed, or some of the mono N-alkylated derivative had formed,
but if so neither could be isolated,

The alkylation of trans~decahydroquinoxaline in 95% ethanol using
excess benzyl chloride gave a mixture of the quaternary salt and the N,N'=-
dialkylated derivative. The same reaction, but using p-dymene as the sol-
vent, gave only the N,N'-dialkylated product and no quaternary salt. These
results were not unexpected as ethanol, being the more polar solvent, would
be more favorable to the formation of the quaternary salt than would the
less polar solvent, p-cymene.

In the preparation of N-methyl-trans-decahydroquinoxaline using
formic acid and formalin as the aslkylaTing agents, an intermediate acidic

compound of unknown structure and of sharp boiling point was isolated,
Treatment of this intermediate with base gave the free substituted amine,
Distillation of the intermediate precluded the possibility of iis being a
salte Analyses of this intermediate did not establish its structure although
its sharp boiling point indicated a compound of definite composition. 4n
identical situation was met in the preparation of N-methyl-cis-decahydro-
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quinoxaline using formic acid and formalin to alkylate the amine,

In the preparation of the alkylated cis-decahydroquinoxaline con-
siderable difference in reactivity of the cis lsomer as contrasted to the
trans isomer was noted. In the preparation of the N,N'-dibenzyl derivative
of the cis isomer under the same conditions employed in preparing the trans
analog, only the dialkyl product was formed using 95% ethanol as the solvent,
whereas, the main product formed in the alkylation of the trans isomer was
the quaternary salt. Under conditions that gave the dibenzhydryl derivative
of the tramns isomer, the monobenzhydryl derivative of the cis isomer formed.
Quaternization of the monomethyl derivative of the cis isomer gave a mono-
quaternary salt compared to the diquaternary salt obtained from the mono=-
methyl derivative of the trans isomer under the same conditions. These dif-
ferences in reactivity are probably due predominantly to steric hindrance in
the cis isomer, Before definite interpretations of these results can be
made further investigation will be necessary.



Ve SUMMARY

1. Decahydroquinoxaline was prepared by three of the four previously re-
ported methods of preparation.

2, Comparison of the properties of the decahydroquinoxalines prepared and
the preparation, comparison and analyses of the diacetyl and the dinitroso
derivatives of these decahydroquinoxalines showed that two of the methods,
Shultz's, et. al., and Weston's, et, al., gave the identical high melting
decahydroquinoxaline, while the decahydroquinoxaline prepared by the method
of Broadbent and Whittle gave the low melting isomer,

3. The preparation of decahydroquinoxaline by the method of Shultz gave
a mixture of eis- and trans-decahydroquinoxaline, with the trans isomer
being isolated by the recrystallization of the crude product, the cis
isomer being discarded in the mother liquors. o

L. Decahydroquinoxaline prepared by the method of Broadbent and Whittle
gave a nearly quantitative yield of the cis isomer. However, a small
amount of trans-decahydroquinoxaline and traces of 1,2,3,4-tetrahydroquin-
oxaline were also present,

5. Melting point data on N,N!~dinitroso-1,2,3,4-tetrahydroquinoxaline and

the extreme case of dehydrogenation of cis-decahydroquinoxaline under some

conditions, suggested strongly that the Wdecahydroquinoxaline" prepared by

the fourth method (Mousseron's and Combes') was in actuality 1,2,3,L4-tetra-
hydroquinoxaline,

6. In addition to analytical data, confirmation of the structure of deca-
hydroquinoxaline was obtained by pK, data, infrared spectral data, and the
dehydrogenation of cis~-decahydrogquinoxaline to 1,2,3,h-tetrahydroquinoxaline.

Te Ultraviolet spectra of cis-decahydroquinoxaline free of indications of
unsaturation were obtained by removal of the traces of 1,2,3,i-tetrahydro-
guinoxaline by either careful fractional vacuum sublimation or by chroma-

tography.

8 Both cis- and trans-decahydroquinoxaline were isolated from fresh and
aged cis-decahydroquinoxaline. Rechromatography of aged chromatographi-
cally pure cis-decahydroquinoxaline did not yield any trans-decahydroquin-
oxaline., Isomerization of cis- and trans-decahydroquinoxaline was shown not
to occur,

9., Melting point studies showed isomerization of the two isomers (previously
thought to occur) did not take place,
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10. The cause of the melting point change of cis-decahydroquinoxaline on
standing was found to be due solely to carbonate salt formation, while pure
trans-decahydroquinoxaline was found not to change melting point with stand-
ing as previous evidence suggested,

11, Aerial oxidation was found to have no effect on either cis- or trans-
decahydroquinoxaline,

12, The stereospecific synthesis of decahydroquinoxaline from authentic
trans-1l,2-diaminocyclohexane showed the high melting isomer, prepared by
either the method of Shultz or the method of Weston, to be the trans isomer.
The low melting isomer prepared by Broadbent and Whittle was, thus, the eis
isomer, e

13. The following new derivatives of decahydroguinoxaline were prepared:
N,N'=diacetyl~cis-decahydroquinoxaline, N,N'-diacetyl-trans-decahydroquin-
oxaline, N-methyIl-cis-decahydroquinoxaline, N-methyl-trans-decahydroquin-
oxaline, N,N'-dimethyl-cis-decahydroquinoxalinium iodide, N,N,N',N'=tetra-
methyl-trans-decahydroquinoxalinium diiodide, N,N'-bis(benzenesulfonyl)-
trans-decahydroquinoxaline, N,N'-bis(benzenesulfonyl)-cis~-decahydroquin-
oxaline, N,N'-dibenzyl-trans-decahydroquinoxaline, N,N,N',N'=tetrabenzyl-
trans-decahydroquinoxalinium dichloride, N,N'-~dibenzyl-cis-decahydroquinox-
aline, N-benzhydryl-cis-decahydroquinoxaline, and N,N'-dibenzhydryl-trans-
decahydroquinoxaline,
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ABSTRACT

The preparation of decahydroquinoxaline by four different methods,
with no determination of geometrical configuration made, was reported in
the literature. The purpose of this thesis was to establish the geometri-
cal configurations of the decahydroquinoxalines prepared by these four
methods and to determine if, as the work of previous investigators suggested,
the two pure isomers of decahydroquinoxaline isomerized, each giving an
equilibrium mixture of both isomers,

Decahydroquinoxaline was prepared by three of the four previously
reported methods of preparation. Comparison of the properties of the deca-
hydroquinoxalines prepared and the preparation, comparison, and analyses
of the diacetyl and the dinitroso derivatives of these decahydroquinoxalines
showed that two of the methods, Shultz's, et. al., and Weston's, et. al.,
gave the same high melting decahydroquinoxaline, while the decahydroquin-
oxaline prepared by the method of Broadbent and Whittle gave the low melting
isomer, The fourth method of preparation, that of Mousseron and Combes,
gave a product which by comparison with the N,N'-dinitroso derivative of
1,2,3,L-tetrahydroquinoxaline and in view of the ease of dehydrogenation of
cis-decahydroquinoxaline appeared to be 1,2,3,L-tetrahydroquinoxaline instead
of decahydroquinoxaline,

It was found that the prepuravion ol Gecanyurogui:c .iliic oy the method
of Shultz gave a mixture of cis~ and trans-decahydroquinoxaline, with the
trans isomer being isolated In suprisingly low yields (12.5%) by recrystal-
Iization from petroleum ether. In contrast, the decahydroquinoxaline pre-
pared by the method of Broadbent and Whittle was obtained in nearly quanti-
tative yields and had the c¢is configuration, 4 little trans-decahydroquin-
oxaline and traces of 1,2,3,L-tetrahydroquinoxaline were also obtained from
the latter preparation,

Previously possibilities of the isomerization of each isomer of deca-~
hydroquinoxaline, one into the other, were considered, These were found
not to ocecur, but that the change in melting point of cis-decahydroquin-
oxaline with standing was established as being due to absorption of carbon
dioxide from the air forming the carbonate salt, The infrared spectra of
aged cis-decahydroquinoxaline of changed melting point clearly indicated
that carbonate salt formation had occurred. cis-Decahydroquinoxaline stored
under carbon dioxide-free nitrogen did not change meIting point on standing.

Chromatographic separations by previous workers of aged cis-deca-
hydroquinoxaline suggested that isomerization occurred, However, Iresh
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cis~decahydroquinoxaline was similarly found, by chromatographiec separations,
To contain both isomers., Chromatographically pure cis-decahydroquinoxaline
on standing did not give any trans-decahydroguinoxaline on being chromato-
graphed, Neither isomer of decahydroquinoxaline was found to isomerize on
standing and the melting point was established as being due to carbonate salt
formation only,.

In addition to analytical data, confirmation of the structure of
decahydroquinoxaline was further obtained by pK, data, infrared spectral
data, and the dehydrogenation of cls-decahydroqulnoxallne to 1,2,3,4-tetra-
hydroquinoxaline. Ultraviolet spectra of cis-decahydroquinoxaline was
finally obtained which did not indicate the presence of unsaturation. It
was found that the traces of 1,2,3,L-tetrahydroquinoxaline contaminating
cis-decahydroquinoxaline and responsible for the indications of unsaturation
In the spectra could be removed by careful vacuum fractional sublimation
or by chromatography, The spectra of cis-decahydroquinoxaline so purified
did not show indications of unsaturation,

Determination of the geometrical configuration of the isomers of
decahydroquinoxaline was attempted by resolution of the racemic (D,L) trans
isomer. Resolution was either not effected or not detectable, However,
the stereospecific synthesis of decahydroquinoxaline from authenic trans-
1,2-diaminocyclohexane showed the high melting isomer, prepared by either
the method of Shultz or the method of Weston, to be the trans isomer,

The low melting isomer prepared by Broadbent and Whittle was, thus, es-
tablished as the cis isomer,

A number of new N-substituted and N,N'-disubstituted derivatives of
decahydroquinoxaline was prepared., Table 1 lists these compounds. Very
likely the predominant factor causing, in some instances, a lesser yield
of the substituted cls compound ccmpared with the trans compound was steric
hindrance in the cls Iisomer,



TABIE T

N7 DERTVATIVES OF DECAHYDROQUINOXALINE

B, P. M, P,

Compound oC, oC, ¢ Yield
N,N!-diacetyl-cis~decahydroquinoxaline Ly =16 62
N,N!-diacetyl-trans~-decahydroquinoxaline 9345-L4e5 73
N-methyl-cis~-decahydroquinoxaline 48-50°/0, 20mm, 72
N-methyl-trans-decahydroquinoxaline 1) -46°/0, 20mm, 87
N, Nt -dimethyIl-cis-decahydroquinoxalinium
. iodide 255-58 62

N,N,N',N!~tetramethyl-trans-decahydroquin~

_oxalinium diiodide 229=-30 6l
N,N!-dibenzyl-cis-decahydroquinoxaline 62=2,5 88
N,N!-dibenzyl-trans-decahydroquinoxaline 7945-80,5 21
N,N,N',N'-tetrabenzyl-trans~decahydro-

quinoxalinium dichloride 17576 43
N,N'=dibenzyhydryl-trans-decahydroquin-

oxaline 220-25 15
N-benzhydryl-cis-decahydroquinoxaline 196.5-9T.5 23
N,N'-bis(benzenesulfonyl)-cis~decahydro-

. quinoxaline N 194-195.5 5%

N,N'-bis(benzenesul fonyl)-trans-decahydro-

quinoxaline 127-29 80
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