Using this information in conjunction with in-
frared and microanalytical data, «,a’-bis(2,5-di-
methoxy-3,4,6-trimethylphenyl)diethyl ether® was
identified by its NMR spectrum. The methine pro-
ton is located at 5.05 7 and is split into a quadruplet
by an alpha methyl group. This

__M'A« |
5.05 641 675 776 re.oe 8.77 tau values
8,02 ratio of area
() (3) (3) (3)(3)(3) (3) under peaks

methyl group is split by the methine proton to give
a doublet which is found at 8.77 r. The methoxyl
and aromatic methyl groups are located at 6.41
and 6.75 7 and 7.76, 8.02, and 8.08 7, respectively.

EXPERIMENTAL

The melting points and boiling points given in this study
are uncorrected. All reagents used were of the highest purity
available, either purified, reagent or analytical reagent
grades.

Preparation of 2,6-dimethoxytoluene. Fifty grams of p-
toluhydroquinone was dissolved in a solution of 250 ml. of
absolute methanol and 504 g. of freshly distilled dimethyl
sulfate. The solution was heated to reflux temperature and
refluxing was continued for 15 min. Removing the heat
source, refluxing was continued by adding methanolic
potassium hydroxide (600 g. dissolved in 1.5 1. of methanol)
so as to maintain a steady reflux rate. When the resulting
reaction mixture was alkaline to litmus paper, the product
was isolated by steam distilling it from the reaction mixture.
Extraction of the distillate with ether, drying the organic
fraction over anhydrous potassium carbonate, filtering and
removing the solvent in vacuo from the filtrate yielded 53 g.
of crude product. This material was distilled to give 50 g.

(15) R. W. Fessenden and J. 8. Waugh, Abs. 132nd
Meeting, American Chemical Society, Sept. 1957, p. 72 P.

(16) M. F. Refojo, Y. L. Pan, K. A. Kun, and H. G.
Cassidy, J. Org. Chem., 25, 416 (1960).
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(829,) of a colorless liquid boiling at 46 to 51° at 0.2 mm.
(lit. b.p.17 214-218°).

Preparation /of 1,4-dimethorydurene. One gram of 1,4-
dimethoxy - 2,5 - dichloromethyl - 3,6 - dimethylbenzene!?
was refluxed for 4 hr. with an excess of lithium aluminum
hydride in 25 ml. of absolute ether. The unchanged lith-
ium aluminum hydride was decomposed with ethyl
acetate and then the metal complex was destroyed with
water. After removing the metal hydroxides by filtration, the
filtrate was stripped of solvent in vacuo and the resulting
residue was steam distilled. The desired product, 1,4-di-
methoxydurene, was isolated by extracting the distillate
with ether, drying the ether solution over anhydrous potas-
sium carbonate, filtering, removing the solvent from the
filtrate in vacuo, and crystallizing the residue from metha-
nol. The product, a white crystalline solid, melted at 114-
115°. (lit. m.p.1t 112-115°).

Preparation of B-hydroxyethylhydroquinone dimethyl ether.
Eight grams of 1,4-dimethoxybenzene was dissolved in
50 ml. of absolute ether and an excess of 0.994N n-butyl-
lithium was added with stirring. The reaction mixture was
stirred overnight. Four grams of ethylene oxide was added
drop-wise to the reaction mixture, keeping the reaction tem-
perature below 5°. The reaction mixture was slowly brought
to room temperature and stirred for an additional 4 hr. The
organometallic complex was decomposed with very dilute
hydrochloric acid, the ether fraction separated and the
aqueous fraction was extracted, with ether. Drying the com-
bined ether fractions over anhydrous potassium carbonate,
filtering, and distilling the solvent in vacuo from the filtrate
vielded 7.8 g. of crude residue. This residue was distilled to
vield 6.0 g. of product boiling at 115-6° at 0.2 mm. (b.p.18
130-142° at 0.7 mm.).
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Hexacyanoferric(1I) and hexacyanocobaltic(II1) acids yield when heated with an aliphatic a.lcohol. an isonitrile comple_x
which in the presence of excess of hydrogen cyanide gives the corresponding isonitrile. The esterification of hex-acyanoferrlc
(IT) acid and the displacement of the alkyl isonitrile from the isonitrile complex may be combined into one reaction.

The acids of complex eyanides such as hexacyano-
ferric(II)* hexacyanoferric(IIT),2 hexacyanocobal-

(1) F. Holzl, Z. Elektrochen., 43, 319 (1937).
(2) J. Brigando, Bull. soc. chim. France, 503 (1957).

tic(I1I),2 and hexacyanochromic(III)? acids are
known to be strong acids approximating hydro-
chloric acid in strength. When heated with alcohols,
hexacyanocobaltic(III)%? and hexacyanoferric-
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TABLE I

REeacTioN oF FERRO- AND CoBALTICYANIC AcCIDS

Reaction Conditions

Complex
Acid Reagent HCN Pressure Time,
Exp. (Mole) (Mole) Mole (atm.) hr. Temp. Product Isolated (G).

1 H.Fe(CN)s Lthyl alcohol 0.46 Closed vessel 1hr.at 70 Ethylisonitrile 10.5
(0.14) (8.5) 2hr. at 120

2 HFe(CN)g Tthyl alcohol 1.0 Closed vessel 15 100 Ithyl isonitrile 147
(0.05) (3)

3 H,Fe(CN)s {-Butyl alcohol 1.0 95 N, 9 150 + ¢-Butylformamide
(0.05) (1.25) 10.0

4 HFe(CN)s t-Amyl alcohol 1.0 95 N» 6 150 t-Amylformamide
(0.05) (1.10) 12.7

5 H;Co(CN)s 1-Butene 1.0 Closed vessel 8 hr. (200 ml. of 150 2-Butaneformamide
(0.25) (1.0) acetonitrile as 4.0

the solvent)

(ID)"4 acids yielded the “esters” of hexacyano-
ferric(II) and hexacyanocobaltic(IIT) acids or
isonitrile cyanide complexes identified as pyridin-
lum salts: 2 pyr.H,[RNCCo(CN);],® etc. Alkyl
isonitrile may be displaced from these transition
metal complexes by potassium cyanide,® alkali,®
alecohol,” water,” and dilute acids.” l‘urthermore,
the incompletely ‘“‘esterified” complex acids are
reported to be much less stable than the nonacidie,
completely  “esterified”  acids.®*%  These  in-
completely “esterified” acids decompose to poly-
merie, poorly identified products with the evolu-
tion of either hydrogen cyanide or alkyl isonitrile.
If the displacement of the isonitrile from the par-
tially “‘esterified” acid could be accomplished with
an excess of hydrogen cyanide, a continuous proc-
ess for the preparation of alkyl isonitriles would be
available:

I‘LFC(C\ )6 — 20
excess CH;CH,OH ——
J H;[CH;CH:NCFe(CN);) } HCN HFe(CN)s

+ CH;CH:NC

H,[(CH;CH, NC)oFe(CN),]
lu ICchH,\ C);Fe(CN),]

Up to quite recently? methods which were available
gave only low conversions to isonitriles.

To test this working hypothesis, dicyanotetrakis-
(ethyl isocyano)iron II was synthesized from hexa-
cyanoferrie(1I) acid and diazoethane according to
the procedure of Ma)m 10 In the reaction of di-
ey Lxlototml\ls(olh\fl isocyano)iron(II) with hydro-

(33) F. Holzl, T. and F.
53-54, 237 (1929).

(4) F. Holzl and J. Krakora, Monatsh., 64, 97 (1933-34).

(8) (a) Freud, Ber., 1, 934 (1888). (b) L. G. J. Hartley,
J. Chem. Soc. (London), 780 (1928). (¢) I. Malatesta,
“Isocyanide Complexes of Metals’’ in Progress in Inorganic
Chemistry, Vol. I, 1959, p. 283, F. A. Cotton, Editor.

(6) F. Holzl, W. Hauser, and M. Eckmann, Monatsh.,
48, 71(1927).

(7) F. Holzl and G. I. Xenakis, Monatsh., 48, 689 (1927).

(8) F. Holzl and A. Sallmann, Monatsh., 58, 29 (1931).

(9) (a) H. R. Hertler and E..J. Corey, J. Org. Chem.,
23, 1221 (1958). (b) I. Ugi and R. Meyr, Adngew. Chem.,
70, 702 (1958).

(10) J. Mayer and O. Rampoldt, Z. anorg. Chem.,
188 (1937).

Meier-Mahar, Viditz, Monalsh.,

232,

gen cyanide in ethyl alecohol in an autoclave, the
ethyl isonitrile was displaced from the complex
in about 109, conversion.

When hexacyanoferric(1I) acid was heated with
a large excess of ethyl alcohol in a stainless steel
autoclave (see Table I, Experiment 1), then hydro-
gen cyanide was added, and the heating continued
at 120° ethyl isonitrile was isolated in about 4097
conversion in reference to the hydrogen cvanide
added, or 1.36 moles of ethyl isonitrile were formed
per mole of hexacvanoferric(IT) acid employed.
When the ratio of hydrogen cyanide to hexacyano-
ferric(IT) acid was increased from 3 to 20 (IExperi-
ment 1,2, Table I) the conversion to ethyl isoni-
trile was still only about 269, in reference to hydro-
gen cyanide added, but in this experiment 5.3 moles
of ethyl isonitrile were generated per mole of hexa-
cyanoferric(IT) acid added to the reaction mixture.
Finally, when the partially “esterified” acid, ob-
tained as a blue residue from Ilxperiment 1, was
used as a catalyst under the experimental conditions
described in Iixperiment 2, an additional 2.7 g.
(or 109, in reference to the hydrogen cyanide added)
of cthyl isonitrile werc obtained. These experi-
ments seemed to indicate that a continuous syn-
thesis of alkyl isonitriles from alkyl alcohols and
complex cyanic acids is possible. The isonitrile
appears to be displaced from the intermediate
complex either by hydrogen c¢yanide, by ethyl
alcohol, or the complex dissociates perhaps ther-
mally; ethyl isonitrile was formed from hexacyano-
cobaltic(III) acid and ethyl alcohol upon heating of
the reaction mixture without the addition of hydro-
gen cyanide.

The reaction of hexacyanoferrie(I1I) and hexacy-
anocobaltic(II1) acids with ethyl aleohol is con-
siderably more complex than it would at first
appear. An unknown but ecritical step in the
reaction, perhaps the polymerization of the in-
completely “esterified” acid, is catalyzed by the
surface of the autoclave. An ‘“aged” stainless
steel autoclave!' (z.e., in which the reaction was

(11) Stainless Steel, No. 31655, Allegheny TLudlum Steel
Corp., Pittshurgh, Pa.
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performed five to ten times) yielded conversions
to ethyl isonitrile or amides as indicated in Table I
but a completely new stainless steel autoclave
yielded only trace conversions to isonitriles or to
N-alkylformamides.

tert-Butyl and tert-amyl alcohol and 1-butene
(see Table I) yielded the corresponding N-alkyl-
formamides instead of the expected isonitriles.
Since sec-octyl aleohol also yields only the N-sec-oc-
tylformamide but none of the expected isonitrile,
it was decided to investigate this reaction in some
detail using optically active sec-octyl alcohol.
The alkylation of higher alcohols or sterically
hindered alcohols could proceed by the Ritter!'
reaction or, as in the case of ethyl alcohol, with
“esterification’ of the cyanic acid, and subsequent
displacement or dissociation of the isonitrile com-
plex into the alkyl isonitrile. Since water is gen-
erated in the ‘“esterification’ of the complex cyanic
acid, it is conceivable that the isonitriles formed
may hydrolyze in the presence of water and an
acid® to the corresponding formamides.

HELDT
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amide is ~769%, and the displacement with aceto-
nitrile proceeded with inversion of configuration
with a high degree of stereospecificity.

No optical rotations could be taken of the blue
acetonitrile insoluble residue. The N-sec-octyl
isonitrile was displaced from the complex with
hydrogen cyanide, and the N-sec-octyl formamide
was hydrolyzed with 1N hydrochloric acid to the
corresponding sec-octylamine. Only 20 mg. of sec-
octylamine were isolated, [a]% penzene =2 (+)3.0.
Due to the large error inherent in this figure all
that can be said is that reaction of the sec-octyl
oxonium ion occurred with both acetonitrile and the
complexed cyanide by a concerted mechanism.
The complexed cyanide ion is alkylated to the cor-
responding isonitrile complex, which then decom-
poses, by an unknown mechanism, to yield N-
alkylated formamides. This process appears to be
different from the Ritter reaction!? in which
hydrogen cyanide is alkylated with alcohols in the
presence of sulfuric acid to yield N-alkyl forma-
mides.

CH; CH;
[ H2S0i, H20 l
CHaCONH(fH —_— H.NCH
(CIJHz)-:, (éHZ)s
CH; (in CH; H,
(acetronitrile
HOH ~ ——o——r
H.Fe(CN)s + | et ion [a]% = +6.6
2)5 (benzene)
CH;
(1) HCN CH,
la]yy = —7.37 complex —_— — |
(2) HCl, H:0 H,NCH
|
(CHy)s
CH;
[a]%? = 4+3.0
(benzene)
When sec-octyl alcohol [a]% = —7.37 (or 719, EXPERIMENTAL

pure)'® was heated with hexacyanoferric(II) acid
in acetonitrile as the solvent under conditions given
for ethyl alcohol in Table I, a green-bluish solid
was formed which was insoluble in acetonitrile
and was filtered from the reaction mixture. The
filtrate consisted of 12 g. (about 609%) of sec-octyl
alcohol which was partially racemized under the
reaction conditions and of 2.4 g. (about 209%,)
of N-sec-octylacetamide. The amide was hydrolyzed
with dilute sulfuric acid to the corresponding amine,
[«]B (+)6.6. Since [a]p (+)8.5 for sec-
octylamine in benzene,!* the optical purity of the

(12) J. J. Ritter and J. Kalish, J. Am. Chem. Soc., 70,
4048 (1948).

(13) N. Kornblum, L. Fishbein, and R. A. Smiley, J.
Am. Chem. Soc., 77, 6261 (1955).

(14) (a) F. G. Mann and J. W. G. Porter, .J. Chem. Soc.,
456 (1944). (b) F. G. Mann and J. Reid, .J. Chem. Soc.,
3384 (1950).

Hexacyanoferric(II) acid. Synthesis of hexacyanoferric(II)
acid reported in the literature* ' did not yield the complex
acid in high conversions and in high purity. Hexacyano-
ferric(II) acid was prepared in almost guantitative conver-
sions by addition of finely powdered potassium hexacyano-
ferrate II to 18N sulfuric acid: Finely powdered potassium
hexacyanoferrate(II) trihydrate (462 g., 1.1 moles) was
added to a solution of 318 g. (3.3 moles) of coned. sulfuric
acid and 320 g. of ice in such & manner that the tempera-
ture did not exceed 30°. The reaction mixture was then
stirred with 2.3 L. of absolute ethyl alcohol and was allowed
to stand at room temperature over the week end. At the end
of this time, the potassium sulfate and bisulfate were re-
moved by filtration. To the filtrate was added 2.5 1. of di-
ethyl ether and the solution was kept at 0-5° for 2 hr.
The slightly bluish colored crystals were filtered off and were
dried for 1 week in a vacuum desiccator over phosphorus
pentoxide. Conversion to hexacyanoferric(II) acid was 25.7
g. or quantitative. After drying in a vacuum pistol at 80°
and 1.0 mm. the material was analyzed.

(15) F. Hein and H. Kilie, Z. anorg. u. allgem. Chem., 270,
15 (1952) . )
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Anal. Caled. for HiFe(CN)g: C, 33.05; H, 2.77; N, 38.91;
Fe, 25.85. Found: C, 33.10; H, 2.46; N, 37.67; Fe, 25.50.

Hezxacyanocobaltic(1I1) acid was prepared in a satisfactory
manner according to the procedure of Holzl3 from potassium
hexacyanocobaltate(III) and aqueous hydrochloric acid.
Potentiometric titration with 0.17" sodium hydroxide indi-
cated that the purity of hexacyanocobaltic(III) acid was
98, or better.?

Dicyanotetrakis(ethyl isocyano)iron(1l) was prepared from
hexacyanoferrie(II) and diazocthane according to the
procedure of Mayer.? The isonitrile complex erystallized
from chloroform. After several recryvstallizations from
chloroform and drying at 79° and 0.4 mm., 3.5 g. ( «21%.
conversion ), melting at 203.5-206° (uncorrected) reported
m.p. 212-214°% was obtained.

Anal. Caled. for: (CH;CH.NC)4Fe(CN).: (|
H, 6.32; N, 24.89; Fe, 16.67. IFound: C, 51.11; H, 6.13;
N, 25.55; Fe, 16.97.

Infrared (chloroform, em. ™) 3000(s), 2180(vs), 2100(w),
1450(s), 1348(s), 1210(vs), 1098(w), 10.45(w), 9.25(s),
750 broad.

Reaction of dicyanoletrakis(ethyl isocyano)iron(lI) with
hydrogen cyanide. To 1.3 g. (0.004 mole) of dicyanotetrakis-
(ethyl isocyano)iron(II) in 100 ml. of absolute ethanol was
added 5 ml. (0.127 mole) of hydrogen cvanide and the
reaction mixture was heated in a closed stainless steel auto-
clave at 100° for 5 hr. The reaction mixture was then de-
canted from the reaction vessel, the autoclave was washed

with 30 ml. of absolute ethyl alcohol and the alcoholie solu-

tions were dissolved in 500 ml. of ahbsolute ether to preeipi-
tate the unchanged iron-isonitrile complex. A trace of the
iron isonitrile complex was filtered from the reaction mixture
and the filtrates were distilled through a fractionating column
till all ether was removed; the total residue was 130 ml.
The infrared spectrum of this filtrate indicates a strong band
at 2130 em.™ !, typical for ethyl isonitrile. Kthyl isonitrile
was also identified in the filtrate by vapor phase chroma-
tography (see below); I ml. of the filtrate contained approxi-
mately 0.13 mmole of ethyl isonitrile, or the conversion to
isonitrile was approximately 1097,

Identificalion of ethyl sonitrile. Ithyl isonitrile was
prepared from ethyl iodide and silver eyanide according to
the method of Davis.!s The reaction mixture was separated
and the ethyl isonitrile was identified by vapor phase chro-
matography on a Celite column (52°, pressure 25 p.s.i.g.).
The retention time for ethyl isonitrile was = 1.75 (min.),
propionitrile = 853 (min.), hydrogen c¢yanide = 0.6
(min.), and ethyl alcohol = 3.08 (min.).

The ethyl isonitrile was identified by a strong peak at;
2130 e¢m.™!, as compared to a strong CN stretching fre-
quency to propionitrile at 2230 em.~! Ethyl isonitrile was
hydrolyzed to ethylamine either by 1.037 hydrochloric acid
or 309% sodium hydroxide as described in detail by Hélzl3
and Guillemard.”” The method was specific for isonitriles
in the presence of nitriles and hydrogen cyanide.? Isonitrile
was usually identified in the reaction mixture by at least
two of these methods,

Alkylation of hexacyanoferric(Il) acid with ethyl alcohol.
To 29.6 g. (0.14 mole) of hexacyanoferrie(11) acid, freshly
dried, was added 465 ml. of absolute ethanol and the reac-
tion mixture was heated in a stainless steel autoclave for
I hr. at 70°. Tt was then cooled to 0° and a 10-ml. sample of
the supernatant liquor was withdrawn. Hydrolyvsis of the
iltrate with 1.061N hydrochloric acid and infrared spectrum
indicated complete absence of any isonitrile. To the rest of
the filtrate, 18 ml (0.49 mole) of hydrogen cvanide was
added and the reaction mixture was heated for 2 hr. at 120°.
The steel vessel was then cooled to 0°, and a blue solid was
removed by filtration. The Dlue residue was then washed

(16) T. L. Davis and W. E. Yelland, J. .tm. Chem. Soc.,
59, 1998 (1937).

(17) H. Guillemard, Am. de Chim. et de phys. [8] 14,
311 (1908).
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with 2 X 65 ml. of ethy] alcohol. (‘Total filtrates = 570 ml.)
The infrared spectrum of the filtrate indicated only one
strong band at 2100 em. ~1 probably ethyl isonitrile. Attempts
to separate ethyl isonitrile from ethyl alcohol by fiactional
distillation failed. The ethyl isonitrile in the filtrate was
identified by hydrolysis of the alcoholic solution with 1.0V
hydrochloric acid to ethylamine and subsequent preparation
of N-ethylbenzamide, m.p. 60-70°, by the standard method.8
This specimen did not lower the melting point of N-ethyl-
benzamide upon admixture. A total of 10.5 g. (409 based
on hydrogen cyanide added) of ethyl isonitrile was formed
in this reaction. An aliquot of 2.5 ml. of the reaction mix-
ture consumed 0.8332 mmole of acid when hydrolyvzed with
1.061N hydrochloric acid as outlined above.

Alkylation of hexacyanocobaltic(I11) acid with ethyl alcohol.
To 109 g. (0.5 mole) of hexacyanocobaltic(1II) acid prepared
according to the method of Holzl* was added 200 ml. of
absolute ethyl alcohol and the reaction mixture was heated
for 46 hr. at 100° in a closed stainless steel vessel. The reaction
mixture was filtered and an aliquot of the filtrate was
analyzed by vapor-phase chromatography as outlined above.
The conversion to ethyl isonitrile as calculated from the
area of the peak was approximately 9-109. No .N-ethyl-
formamide was indicated by vapor-phase chromatography.

Reaction of heracyanoferric(1I) acid with sec-octyl alcohol.
sec-Octyl aleohol, 20.890 g. (0.16 mole), [a]% = —7.37
or 719 optically pure,'® was added to 150 ml. of freshly dis-
tilled acetonitrile and 48 g. (0.22 mole) of hexacyanoferric-
(11) acid and the reaction mixture was heated for 10 hr. at
120° in a steel vessel under autogenous pressure. After the
reaction was over, the green-bluish residue (I) was filtered
and the filtrate (I1) was distilled under reduced pressure.
Distillation of the filtrate (I1):

Fraction Vacuum  Temp. Grams n% [a]?)

1 8 mm. TA-77 7.95  1.4191 (—)3.37
11 8 mm. T7-78 4.075 1.4229 (—=)5.97
111 8 mm. 178-145  0.410 1.4421
1V 8 mm. 148-150  2.370 1.4487 (—)4.65
\%2 .4Amm. 118120  0.520
VI Residue of dis-

tillation 0.117

15.477

Rotations were observed in absolute ethyl aleohol;
approximately 20-30 readings were taken for each value in
column 6. Fraction T was a mixture of sec-octy] aleohol and
perhaps a small amount of acetonitrile. Fraction II repre-
sented pure sec-octyl aleohol. Fraction IV was an amide
Infrared spectrum: 3800 (NH), 2025 --CH.—), 1655
(=-CONH--).

Anal. Caled. for CyH,ON: ) 68.74: H, 12.17. Caled.
for CyyHyON: C, 70.12: H, 12.36. Found: (', 69.52: H, 12.42.

Fraction 1V could therefore be either the N-sec-octyl-
acetamide or N-sec-octylformamide.

N-sec-Octylacelamide. N-sce-Octylacetamide was prepared
from sec-octylamine and acetyl echloride by @ known method, *
b.p. 148-149°/10 mm. n%} = 1.4474. Infrared spectrum:
3800 (NH), 2925 (—CH.—), 1655 (—CONH—).

The infrared spectrum of N-sec-octylacetamide was
identical with the spectrum of Fraction IV in all details.

N-sec-Octylformamide. N-sec-Octylformamide was pre-
pared from sec-octylamine and chloral in chloroform as the
solvent according to the procedure of Blicke and Tu,*

(18) R. 1. shriner and R. C. Fusan, The Systematic
Ldentification of Organic Compounds, John Wiley 1948, p. 174.

(19) F. F. Blicke and C. J. T, J. Am. Chent. Soc., 74,
3933 (1952).
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b.p. 145.5-146.5°/9.2 mm.; n%}} = 1.4471. Infrared spectrum:
3800 (NH), 2925 (—CH;—), 1665 (—CONH—). The infrared
spectrum in the finger-print region was distinctly different
from that of N-sec-octylacetamide.

Hydrolysis of fraction 1V. One gram of Fraction IV was
heated with 809, sulfuric acid for 4 hr. at 100° and was then
allowed to stand over the week end at room temperature.
The solution was made alkaline with 309, sodium hydroxide,
extracted with ether, dried with magnesium sulfate, and
distilled. sec-Octylamine was isolated in «~209, conversion,
b.p. 76-80°/20 mm. [a]% = (+) 6.6 (5.95% solution in
benzene). Purity is thus «769,.14

Displacement of sec-octyl isonitrile from complex. Complex
I residue 2.9 g., 5 ml. of hydrogen cyanide, 5 ml. of methyl
alcohol, and 100 ml. of acetonitrile were heated in an auto-

LIJINSKY

VOL. 26

clave for 8 hr. at 120°. The acetonitrile was distilled, the
residue was hydrolyzed with 1N hydrochloric acid, and was
processed as described above. Only 20 mg. of the sec-octyla-
mine was isolated. The 1.19%, solution of the sec-octylamine in
benzene had a rotation of [«]% = (+) 3.05. This experiment
is not very conclusive because of the small amount of sec-
octylamine isolated, but it appears that the alkylation
proceeds with a concerted displacement.

Acknowledgment. The author wishes to thank
Dr. G. R. Coraor for many helpful discussions and
suggestions.
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Catalytic hydrogenation of dibenz[a,h]anthracene with platinum at atmospheric pressure proceeds as far as 1,2,3,4,-
1a,4a,5,6,8a,11a,12,13,8,9,10,11-hexadecahydrodibenz[a,h]anthracene. Seven intermediate hydrogenated products were
isolated, three of them in more than one stereoisomeric form. They were 5,6-dihydro-, 1,2,3,4-tetrahydro-, 5,6,12,13-tetra-
hydro-, 1,2,3,4,12,13-hexahydro-, 1,2,3,4,8,9,10,11-octahydro-, 1,2,3,4,1a,4a,5,6-octahydro-, and 1,2,3,4,1a,4a,5,6,8,9,10,11-
dodecahydrodibenz[a,h]anthracene. The yields ranged from 3%, to 259, of the reacted dibenz[a,h]anthraccne.

Following the study of the catalytic hydrogena-
tion of benzo[a]pyrene,? with the object of investi-
gating the carcinogenic and anti-carcinogenic prop-
erties of the products, a similar investigation of the
catalytic hydrogenation of dibenz[a,h]anthracene
was undertaken, with the same objective. A prelim-
inary report of the biological activity of some of the
hydrogenation products of dibenz|[a,h]anthracene
has been published.?

Some partially hydrogenated derivatives of di-
benz[a,h]anthracene have been described, although
none were prepared under the conditions of this in-
vestigation. The 7,14-dihydro compound has been
prepared through the corresponding disodio com-
pound* and by hydrogenation with nickel under
pressure.’ Cook reported the preparation of an
octahydrodibenz[a,hJanthracene® by reduction with
sodium and amyl alcohol, although the structure of
the compound was not determined at that time.

An octahydro derivative has also been prepared
synthetically by reduction of bistetramethylene-
anthraquinone (obtained by cyclization of vinyl-
cyclohexane with 1,4-benzoquinone).” This com-

(1) This investigation was supported by Grant C-4249 of
the National Institutes of Health, U. S. Public Health
Service.

(2) W. Lijinsky and L. Zechmeister, J. Am. Chem. Soc.,
75, 5495 (1953).

(3) P. Kotin, H. L. Falk, W. Lijinsky, and L. Zechmeister,
Science, 123, 102 (1956).

(4) W. E. Bachmann, .J. Org. Chem., 1, 347 (1936).

(5) J. W. Cook, J. Chem. Soc., 1592 (1933).

(6) J. W. Cook, J. Chem. Soc., 489 (1931).

pound, 1,2,3,4,8,9,10,11 - octahydrodibenz[a,k Jan-
thracene, had a melting point (196-197°) higher
than that of Cook’s compound (188-190°). One of
the octahydrodibenz[a,h]anthracenes (IVa) pre-
parecd by catalytic hydrogenation (as described
below) had a melting point very close to that of the
octahydro compound prepared by synthesis,” which
would be expected to have an absorption spectrum
similar to that of anthracene.

The hydrogenations of dibenz[a,h]anthracene to
be described were carried out under the same con-
ditions as were used for benzopyrene,? the catalyst
being platinum. Several hydrogenations of dibenz-
[a,h]anthracene were carried out to various stages.
Under these conditions, hydrogen was taken up un-
til a hexadecahydro compound was formed, after
which no further addition of hydrogen occurred,
even after prolonged exposure to the gas. No per-
hydrodibenz[a,h]anthracene could be isolated and,
apparently, reduction of the last aromatic ring was
very difficult under these conditions. At all inter-
mediate stages in the hydrogenation of dibenz|[a,h ]-
anthracene a mixture of several partially hydrogen-
ated derivatives was present in the reaction mixture.
Unchanged dibenz[a,h]anthracene was present
after addition of four moles of hydrogen, but not
after five moles of hydrogen had been taken up.

A tentative mechanism of addition of hydrogen
to dibenz[a,h]anthracene (I) is shown in Iig. 1.
The hydrogenated compounds were identified from
(7) H. J. Backer and J. R. Van der Bij, Rec. Trav. Chim.,
62, 561 (1943).
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