
I)iityrolactonc18 and ~ , ~ - d i m e t h y I - ~ - b u t ~ r o l a ~ t o n c ’ ~  wcrc 
])rcp:ircd by published methods. The lactones were all freshly 
tlistillcd a t  reduced pressure immediately before use, and 
their physical constants were in excellent agreement with 
published values. Their infrared spectra were determined in 
r,:rrl)on tetrachloride solution using a Baird-Atomic double 
I cain instrument. 

Kineiics. Preliminary experiments showed that  the saponi- 
firtition of yhutyrolactone in 8070 ethanol was too rapid 
(0.1 6 mole-’ set.-') to be conveniently folloxved by titration 
and  to be rathrr too slow (0.0087 mole-) sec. - l )  in absolute 
isthariol. The nleasurements were accordingly carried out in 
!12.35* ethanol (d2iZ5 0.8096), which had been 1nirificd 111. 
trc>:itrnent \vith zinc dust and sodium hydroxide. 

The lactone (0.2-0.3 g.) w:is dissolved in purified 9274 
ethanol (100-x ni l , ) ,  alloivcd to equilibrate in a constant 

(18) B.  E. Hudson, Jr., and C. R .  Haurer, J .  -1m. Chein. 

(19) R.  T. Ar’old, J. S. Buckley, Jr  , and J. Richter, 
J .  il m. Chem. Soc.. 69, 2322 ( I  947) ; J. Cason, P. B. Brewer, 
and E. L. Pippen, J .  Org. Chem., 13,239 (1048) ; R .  L. Frank, 
R. Armstrong, J. Iiiviatek, and H. A. Price, J .  Am. Chem. 
Soc., 70, 13i9 (1048). 

SOC., 6 3 ,  3156 (1941). 

tenipcraturc Imth a t  25.08 f 0.02” or in :in ice water bath at 
0.00 2z 0.02” and 0.04111 sodium hydroxide (x ml.) in the 
same solvent and a t  the same temperature added. Aliquots 
( I0  ml.) nere withdrawn at intervals, added to excess 0.06,Y 
hydrochloric acid ( 5  nil.) and ice-cold distilled water (20 
ml.) and the exeess acid immediately titrated with standard 
0.045A’ sodium hydroxide solution, using phenolphthalein as 
indicator. The purity of the lactone vas  determined by dis- 
solving simples (0.04-0.06 9.) in 0.045.Y aqueous sodiuiii 
hydroxide (15 nil.) and titrating thr  excess hase with stand- 
wd acid after 2-3 d:iys. The purity was al\vays :it lettst 95:; 
:tiid \\OF. taken into account in calculating the kinetics. The 
rate constants werc deternrined from the slope of the second 
order rate plots in the usual manner. Ewh run \vas carried 
out a t  least, three tinirs and the means and their mean errors 
are given in Table I. The E a r t  and log 1’7, values are proh- 
ably accurate to i. 0.3 units. 
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S l I R  spectra are reported on the tau scale for 1,4-dimethoxyhenzenr; ?-methyl-, 2,5-dimethyl-, 2,3,5-trimethyl-, ant1 
2,3.5,C,-tctramethyl-l,4-dimethoxybenzenes; 2-vinyl-3,6-dimethyl- and 2-viny1-3,5,6-triniethyl-l,.l-dimethoxyt~~~rizenes; 2- 
i?-hydroxyethylb, 2-(2-hydroxyethyl)-3,6-dimethyl-, 2-(2-1iydrox~-ethyl)-3,j-G-trimetliyl-, and ?-(l-hydros!ethyI)-3,5,fi- 
trinieth~l-l,4-dimethosybenzene; and ~,a’-bis(2,5-dimethoxy-3,4,C-triniethylphenyl )diethyl ether. The chemical shifts of 
the aromatic, methoxyl, and methyl protons are interpreted. 

The use of S M R  spectra has increased rapidly 
since thc initial work of Purcell and c o - ~ o r k e r s , ~  and 
i t s  application to  structural organic chemistry by 
Giltowsky and co-r~-orkcrs.~ Detailed discussions of 
theory a i d  applimtions may be found in the m r k s  
of Pople and co-authors,5 C o ~ i r n y , ~  and 
.Jackman.8 With this rapidly increasing iiRc of YAIR 

(1)  ( a )  Takon from t h r  Disscrtation submitted 1)y 
Iionnctli .\. Kiln to thc Gr:itiiintc: Sclrool of Y : i l c ~  T‘ni- 
vcrsity in p:trtinl fiilfillnient of the rrqiiirrments for thr  
Ph.D. degrw. ( b )  For other pnprrs in this serirs srr I<. A. 
Kiln and  H. G .  Cassidy, J .  Polylner Sci., 44, 383 (1960). 

(2 )  PrPsent address: Rohni and Haas Compnny, Research 
Lahoratoric%s, Bristol, Pa. 

( 3 )  E. 11. Purrell, H. C. Torrey, and R. Y. Pound, 
Phlys. Rev. ,  73, 679 (19.18). 

( 4 )  I,. 13. AIcycr, .4. Snika, and H. S, (;litonsky, J .  :ins. 
Chenz. Soc., 75, 4 , X i  (1953). 

1 5 )  J. A .  Pople, TV. C;. Schneider, and H. J. Rerrist,ein, 
Hiqh-resolfition S,)ic/p(zr J f o g t i 4 c  Resoncmce, M(~Gra\v-Hill, 
S e w  York (1950). 

(0) <J. 11. Roberts, .Yiiclear d l a g m t i c  Resonance, lIcGraw- 
Hill, Sen. T o r k  i l959) 

17) H. Conroy, “Surlcw Alagnetic Resonance in Or- 
ganic Structiir:ii Elacid:ition,” in . ~ t h ~ n c e s  in Orgnnic 
(‘hemistry, J le thods a n d  Results, R. Raphael, ed., Inter- 
science, Sew Yorli (1960). 

it  seenied of interest to report the chemical shifts 
of the aromatic methoxyl and methyl protons of 
several methylated hydroquinones and their dcriv- 
atives. 

3Icasurcments described in this paper w r e  made 
11 ith a 60 nic./sec. Varian XMR spcctrometcr using 
analytical grade carbon tetrachloride as tho solvent. 
All chemical shifts mere measured with reference to 
an iiiteriial standard, tetramcthylsilanc, and are 
given on the “tau” ( T )  scale as dcscrihcd hy Tic“ 
The niimbers of parentheses indicate relative intcn- 
sitics. Concentrations of 4OC6 by volume were 
used. As a result, no bulk-c;iisccptibilitv corrections 
are required, hut somc dilution effects characteristic 
of aromatic compounds are no doubt present.5 

(8) I,. 31. Jacknian, . ipplicutions of .Yiiciear Alagnetic 
R m n a n c c  Spectroscopy ~n Organic Clicviistril, Pvrgainon 
Press, Sen. Torlc (195!1). 

(9)  (a )  G. V. D. Tiers, J .  Phys.  Cham., 62,  1151 (1958); 
(1)) G .  Y. P. Tiers, Characteristic ,Yiiclcar .l/ay,ictic Resonance 
*‘Shielding V7aluca” [or H y d r o g w  i n  Organic Siritctzires. 
Part 1. Tables n,f ~ T ’ a l i i e s  Jor ,L T-oridu qf Organic Coni- 
poiindx. E.rplorafory S M R  Studies .  Proiect 7.37002, Central 
Research Ilepnrtment, 3Iinnrsot:i Rlining & llanufactirring 
Co., St. Paul, Minn. 



Table I gives the chemical shifts of methylated 
hydroquinone dimethyl ethers; Table I1 gives the 
chemical shifts of vinyl methylhydroquinone di- 
methyl ethers, and Table 111 gives the chemical 
shifts of a- and P-hydroxyethylmethylhydroquinone 
dimethyl ethers. 

TABLE I 
CHEMICAL SHIFTS OF METHYLATED HYDROQUINONE 

DIMETHYL ETHERS 
Types of Protons 

Aromatic Methoxyl Methyl 

6 .34 
(3) 

6.34, 6 .38 
(3) (3) 

6.30 
( 3) 

6.33, 6 .48 
(3) (3) 

6.46 
(3) 

- 

7 . 8  
(3)5 

7.88 
i 3) 

7.81, 7.88, 
(3) (3) 
7.95 
(3) 

7 .89 
( 6) 

TABLE I1 
CHEMICAL SHIFTS OF VINYL METHYLHYDROWINONE 

DIMETHYL ETHERS 

__  Types of Protons 
Aro- 

matic Methoxyl Methyl 

OCHT 

dime t hylbenxene and 1 , i-dimethoxy-2,3,5-tri- 
methylbenzene will be described elsewhere.l0 1,4- 
Dimethoxydurene (1,4-dimethoxy-2,3,5,6-tetra- 
methylbenzene) l1 was prepared from 1 ,kdimethoxy 
2,6 - di(chloromethy1) - 3,6 - dimethylbenzene12 by 
‘treatment with lithium aluminum hydride in ether. 
The  preparations of the two mrthoxympthyl-suh- 
stituted styrenes (Table 11) niid thc methoxy- 
methyl-substituted a- and /3-hydroxyethylbenzenes 
(Table 111) will be reported. lo a-Hydroxyethyl- 
hydroquinonedimethyl ether was prepared by the 
method of Barnes, l3 according to which hydroqui- 
none dimethyl ether was treated first with n-butyl- 
lithium and then with ethylene oxide. 

From Table I several generalizations concerning 
the aromatic methyl and methoxyl protons may be 
suggested. Pople, Schneider, and Bernstein5 dis- 
cussed aromatic protons on a variety of aromatic 
hydrocarbons and on substituted benzenes. They 
state, “The spectra of the ring protons of the 
methyl-substituted benzenes consist essentially of 
one unresolved signal, the only compound in which 
pronounced separation of signals is apparent being 
m-xylene. The position of the ring-hydrogen signal 
and methyl group signal in the field does vary, 
however, with substitution.” Analogously with 
methyl-substituted 1,4-dimethoxybenzenes the aro- 
matic protons consist of one unresolved peak with 
the exception of 2,5-dimethoxytoluene where there 
are two peaks, one of which is twice as large as the 
other. (A coupling constant of 1.5 cycles was ob- 
served for the meta proton). As with m-xylene the 
separation of signals is due to differences in environ- 
ment of the ring-protons. Here also the position of 
ring-hydrogens varies with substitution. Increasing 
the number of methyl substituents in the ring in- 
creases the up-field shift of the aromatic protons. 
Similarly, for methyl substitution in hydroquinone 
dimethyl ethers, the methyl proton of the spectrum 
has a single peak with the exception of the unsym- 
metrical trimethylated compound (1,4-dimethoxy- 
2,3,5trimethylbenzene). Here, as with the unsym- 
metri’cal ring protons, the methyl peak is resolved 
into more than one signaI. In  this case three peaks 
are found indicating the resolution of each methyl 
group, that is, the three methyl groups are different 
This is easily shown by comparing the groups ortho, 
meta and para to each methyl group. Signals due to 
methoxyl protons suggest a variation due to the 
number of methyl groups ortho to the methoxyl 
group. 1,4-Dime t hoxy-2,3 , 5-trime t hylbenzene is 
shown to have two different methoxyl groups, one 
a t  6.33 T and the other a t  6.48 7. One of these 
methoxyl groups is ortho to a methyl group and an 

The compounds studied were prepared as follons. 
2,5-Dimethoxytoluene was prepared from p-tolu- 
hydroquinone by treatment in absolute methanol 
with dimethyl sulfate and methanolic potassium 
hydroxide. The preparation of 1,4-diniethoxy-2,5- 

(10) K. A. Kun and H. G. Cassidq-, “Electron Exchange 

(11) L. I. Smith and H. C. Miller, [ J .  Am Chem. S o c ,  

(12) The preparation of this compound will be reported 

(13) R. A. Barnes, J .  A n .  Chenz. Soc., 75, 3004 (1953). 

Polymers XVII,” J .  Polymer Sci., in press. 

64, 440 (1942)l give the melting point of the compound. 

shortly. 



TABLE I11 
CHE!dICAL SHIFTS OF SOME a- A N D  P-HYUROXYETTIYLHYDROQUIXONE IhMETHYL ETHERS 

- 
Types of Protons 

Methyl 
Aromatic Methoxyl Aromatic Aliphatic 

3 .58  
(1) 

6.34, 6.37 7.81, 7 .86  - 
(3) ( W  ( :3 )  (3) 

- 6.54, 6 .58  7.84, 7.91 
(3) (3) (3) (6) 

aromatic hydrogen while the other is ortho to two 
methyl groups. One may differentiate between the 
two by comparing the chemical shifts of the meth- 
oxy1 group with 1 ,4-dimet~hoxy-2,5-dimethylbenzene 
and 1,4 - dimethoxy - 2,3,5,6 - tet'ramethylbenzene. 
The former has methoxyl groups ortho to a methyl 
group and an aromatic: proton, while the latter has 
rnethoxyl groups ortho to two mothy1 groups. As 
shown i n  Table I, the methoxyl group in 1,4-di- 
methoxy-2,s-dimethylbenzene is located at 6.30 T 

and in 1,4-dimethosy-%,::,~,G-tetramethSilhenzenc 
the absorption is observed a t  6.46 T. The difference 
in chemical shifts between thc values 6.30 and 6.33 
T and 6.16 and 6.48 Tis probably due to an inductive 
and/or steric effect of the 3-methyl group in 1,4- 
dimethosy-2,3,S-trimetliylbeiizei~~. This effect, i iat-  

urally, would he absent from 1,4-diniethoxy-2,,i- 
(1init.t hylhenzene and may or map not be prcsent in 
1,4- dimcthosy - 2,3,5,(\ - t~~t ramethylbe i ize i~~~.  Cou- 
pling effccts of a methyl group whirh docs not  ha\^ 
another methyl group para to it  may lw showii ill 

the case of  %,;i-dimethosptolueii~~. Tht. c*hemicd 
shifts of these methosyl protons u-ew found at) ti.% 
and 6.38 T while the chemical shift of the methoxyl 
protons of l,4-dimethoxybenzene is 8.34 T .  There- 
fore, i t  is strongly suggested that for 1,4-dimethoxy- 
2,3,5-t rimethylbenzene the methoxyl group having 
a methyl group and an aromatic hydrogen in the 
ortho positions has a chemical shift :Lt 6.83 7 and the 
methoxyl group with two methyl groups in ortho 
positions has a chemicd shift at 6.18 T .  Xnalogous 
trends may be suggested for the subst'ituted st,y- 

_- 
relies described in Table I1 and the substituted 0- 
and 0-hydroxyethylbenzenes. 

The spectra of the vinyl group in the substituted 
styrenes showed the twelve strong lines of the XBC 
(approximately XBX) system,14 -CHx = CHA 
HH, which cvmprise three symmetrically split 

]''or example, th r  vinyl group of 2,s -  
dimethosy-:~,4,G-triniethylstyreiie has a set of 
pmks whose quartets are centered a t  the following 
T values: (X) 3.28, (A) 4.43, and (B) 4.67 with 
splittings: (X) 10.2 and 17.8 c.p s.; (A) 1.2 and 
17.4 (2.p q.; and (B) 1.2 and 10.2 c.p.s. Coupling 
hct\veen geminal protons A and B within the tri- 
gonally hybridized methylene group is expected to 
lw .mall a< in q tyre~ie ,~  p-methylstyr~ne,'~ and 
~.inylant hraquinone. I h  

Thc a-hydrosycthyl group hhon s a characteristic 
pattcrii \vherehy the methine i b  split by the three 
nitlthyl h.vdrogcws to  give a quadruplet and the 
methine proton ydit. the methyl group to give u 
tloublet I"or 2,5,-dimethoxy-:3,4,6-trimethyl-~-hy- 
tlrosyct hylheiizene, the aliphatic methyl ,iignal is a 
doublet veiitered at 8.50 T and the methine signal i5 
:L quadruplet wntered at 6.48 7. 

+ M  
6:48 8,'SS 

.___ 

(14) H. J. Bernstein, J. 4. Pople, and W. C:. Schtieidrr, 
Canadian J .  C'hem.,  35, 65 (195T). 



Using this information in conjunction with in- 
frared and microanalytical data, cu,a'-bis(2,5-di- 
methoxy-3,4,6-trimethylphenyl)diethyl etherla was 
identified by its XMR spectrum. The methine pro- 
ton is located a t  5.05 r and is split into a quadruplet 
by an alpha methyl group. This 

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 a t  6.41 
and 6.75 T and 7.76, 8.02, and 8.08 T, 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 id .  of 
absolute methanol and 504 g. of freshly distilled dimethyl 
sulfate. The solution was heated to reflux temperature and 
refluxing m s  continued for 15 min. Removing the heat 
source, refluxing mas continued by adding methanolic 
potassium hydroxide (600 g. dissolved in 1.5 1. of methanol) 
so as to maintain a steadv reflux rate. When the resulting 
reaction mixture was alkaline to litmus paper, the product 
n as isolated by steam distilling i t  from the reaction mixture. 
Extraction of the distillate with ether, drying the organic 
fraction over anhydrous potassium carbonate, filtering and 
removing the solvcnt zn z~acuo from the filtrate yielded 53 g. 
of crude product. This material n-as distillrd to give 50 g. 

(15) R. W. Fessenden and J. S. Waugh, Abs. 132nd 

(16) 11. F. Refojo, Y. L. Pan, K. A. Kun, and H. G. 

- 

Meeting, American Chemical Socicty, Sept. 1957, p. 7 2  P. 

Cassidy, J .  Org. Chem., 25, 416 (1960). 

(82y0) of a colorless liquid hi l ing a t  46 to 51' a t  0.2 mm. 
(lit. b.p.I7 214-218'). 

Preparation of 1,4-dinaethoxydurene. 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 
acetat'e 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 desircd product, 1,4di- 
methoxydurene, was isolated by extracting the distillat,e 
with ether, drying the ether solution over anhydrous potas- 
sium carbonate, filtering, removing the solvent from the 
filtrate i n  vmuo, and crj.stallizing the residue from metha- 
nol. The product, a white crystalline solid, melted a t  114- 
115". (lit. m.p.I1 112-115'). 

Preparation o j  p-hydroxyelhylhydroqziinone dimethyl ether. 
Eight grams of 1,4-dimethoxybenaene 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 t.0 the reaction mixture, keeping the reaction tem- 
perature below 5'. The reaction mixture was slowly brought 
to room tcmperature 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 fract'ions over anhydrous potassium carbonate, 
filtering, and distilling thc solvent, in UOCILO from the filt.rate 
yielded 7.8 g. of crude rcsidiie. This rtisiduc was distilled t,o 
yield 6.0 g. of product boiling at, 11.56' :tt, 0.2 mm. (b.p.'* 
1:30-142' a t  0.7 mm.). 
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Hexac\-anoferric( 11) and hexacyanocobaltic( 111) acids yield when heated with an aliphatic alcohol an isonitrile complex 
M hich in the presence of excess of hydrogen cyanide gives the corresponding isonitrile. The esterification of hexacyanoferric 
(11) arid and the dicplaccment of the alkyl isonitrile from the isonitrile complex may be combined into one reaction. 

The acids of complex cyanides such as hexacyano- t ic(III) ,2 arid hexacyanochromic(II1) acids are 
known to be strong acids approximating hydro- 
chloric acid in strength. When heated with alcohols, 

( 2 )  J. Brigando, Bull. SOC. chzm. France, 503 (1957). hexacyanocobaltic (111) lv3 and hexacyanoferric- 

ferric(I1) hexacyanoferric (111),2 hexacyanocobal- 
___- 

(1) F. Holil, Z Elektrocheni., 43, 310 (1037). 



REACTIOSS OF FERROCYSSIC ACIDS 

TABLE I 
I<EA(:TIOX OF FERRO- AND COBALTICYASIC ~ C I D S  

3227 

Reaction Conditions Comples ______. 
Acid It engcnt H C S  PresEure Tiine, 

Exp. ( l lo le )  (Mole) l lo le  (atm.) hr .  Temp. Procliict Isolated ((;i. 

1 H4Fe(CS) 6 
(0.14) 

(0.05) 
2 H$Fc( CN)6 

3 II,Fe( C S ) e  

4 HaFe( CK)e 

5 €€3Co(CS)t 

(0.05) 

(0.05) 

(0.25) 

Ethyl alcohol 0.46 

Ethyl alcohol 1 . 0  

l-Butyl alcohol 1 .0  

l-Ainyl alrohol 1 .0  

1-Butenc 1 . 0  

(S.5) 

13) 

(1.25) 

(1.10) 

(1.0) 

Closed vessel 1 hr. st i 0  
2 hr. a t  120 

Closed vessel 15 100 

95 N? 9 150 I 

95 x2 G 150 

Closed vessel 8 hr. (200 nil. of 150 
acetonitrile as 
the solvent) 

Ethyl isonitrile 10.3 

Etli\.l isonitrile 1 1 7 

t-But!lformamidc 

t-hiiivlforiiiaiiiide 

~-Rritaneforinainide 

10.0 

12.i 

4.0 

(II)It4 acids yielded the “esters” of hcsacyano- 
ferric(I1) and hexacynuocobaltic(II1) acids or 
isonitrile cyanidc romplcxes identified as pyridin- 
ium salts: 2 p3’r.IIz[RSCCo(CS)j],3 etc. Alkyl 
isonitrile niay be displaced froin these traiisit’ion 
metal c*ompleses by pot:issiuni cyaiiide,b alk:ili,6 
alcohol,7 aiid dilute ac.ids.7 I~urthcrniore, 
the incwmpletcly "esterified" c~omplcx acids are 
reported to bc niurh less stable than thc iioiiacidica, 
completely “esterified” :icids.”A,‘i Thcsc iii- 

completely “cs:tcrificd” acids decoinposc to  poly- 
meric, poorly identified products with the cvolu- 
tioii of either hydrogen cyanide or alkyl isonitrile. 
If the displacement of the isonitrile from the par- 
tially “esterified” acid could he accomplished with 
an excess of hydrogen cayanide, a continuous proc- 
ess for the preparation of alkyl isonitriles would be 
available: 
HaFe( CSI, ;  -1120 
PSC(’SS CH:jCII?OH + 

Vp to quite recently methods which were available 
gave only low conversioiis to isonitriles. 

To test this working hypothesis, dicyanotetrakis- 
(ethyl isocyano)iron I1 was synthesized from hesa- 
cyanoferric (11) acid and diazoethanc accordiiig to 
the procedure of 3 I a ~ ~ ~ r . ~ ~  In thc reactioii of di- 
cy:t notct rakis (et hyl isovyai 1 n) iron (I I) Jvith hydro- 

(:<I F. Hiilzl, 1‘. Jl(-ier-lIahar, nntl 1;. Viilitz, Jfonal.sh., 
53-54,237 ( 1929). 

(4) I?. Hijlzl :ind J. Tirakorn, Afonntsli., 64, OT (19:33-34). 
(5) (a) E‘reud, Iler., 1, 034 (1888). (1)) I<. G. J .  H:Lrtlr\, 

. r .  Chwz. Soc. ( L o n d o ~ ) ,  780 (1928). (r) J,. X I : h t ~ ~ t : i .  
“Isocyanide Complexes of Metals” in l’rogress in Inoryunic 
Chemistry, Vol. I, 1959, p. 283, F. A. Cot,ton, Editor. 

( 0 )  F.  Hiilzl, IV. Haiiser, and AT. Eckmann, dlonatsh., 
48, 71 (1927). 

( 7 )  F. HBIz1 nntl G. I. Xennkis, illonatsh., 48, 689 (1927). 
(8) F. Hiilzl and A.  Rallmann, JTonatsh., 58, 29 (1931). 
(9) (a) H. R. Hertler and E. J. Core\, J .  O r g .  Cherra., 

23,  1221 (1958). (h)  I. Ugi and It. Neyr ,  ArLym. Che,,t., 

- 

70. 702  i I!J58). 

gen cyanide in ethyl alcohol iii an autoclave, t’he 
ethyl isonit,rile 1v;is displarcd froni the coniples 
in about 1OG/, coiivcrsion. 

When hexacyanoferric(I1) acid was heated with 
a large cscess of ethyl alcohol in a stainless steel 
autoc.ln\.e (see Table I, Experiment I ) ,  then hydro- 
gen (*yanidc was added, and the heating c~ontinucd 
a t  120’ ethyl isoilitrile was isolated i n  about 407; 
conversion ill reference to the hydrogcn ryanidc 
added, or 1.36 nioles of ethyl isoiiiti,ilc n-cre formed 
per mole of hesac.~-aiiofcrric(II) acaid employed. 
When the rat,io of hydrogen cyaliide to hcxacyano- 
ferric(I1) acid was increased from 3 to 20 (Experi- 
inrnt 1,2, Table I) the roiiwrsioii to ethyl isoni- 
trile was still oiily about 2GYc, in refcrence to hydro- 
gen cyanide added, but i i i  this experinlent 3.3 moles 
of ethyl isonitrile wcre generated per mole of hexi- 
cganoferrir(I1) acid added to the reartioil mixture. 
I:inaIly, whrn the partially “esterified” acid, oh- 
tnined as a blue rrsidue from Ihperiment 1. m s  
used as a catalyst’ under thr  cxperimcntal conditions 
described in Experimeiit 2 ,  an additional 2.7 g. 
(or 10% in rcfereiice to  the hydrogen cyanide added) 
of ethyl isonitrile were obtaiiicd. These esperi- 
meiits seemed to iiidicate that a continuous syi1- 
thesis of alkyl isonitriles from alkyl alcohols n11d 

complex cyanic acids is possible. The isonitrile 
appears to  be displacrd from the intermcdiate 
complcx either hy hydrogel1 anidc, hy rth)-l 
alcohol, or the c~)niplcs t1issoc.intc.s perhaps thcr- 
mally; rthyl isonitrilr was formcd from hesncyano- 
cobaltic~(II1) arid and rthyl alcohol iipoii heating of 
the reiiction mixtlirr wthoiit the additioll of hydro- 
gen cyanide. 

The reaction of hcsac~?.:Liioftrric~II) mid hcxacy- 
anocobaltic(II1) acids u-ith ethyl alcohol is con- 
siderably more complex than it would a t  first 
appear. -4n unknown but critical stcp in the 
reaction, perhaps the pol>-mcrizatioii of the in- 
completely “esterified” acid, is catalyzed by the 
surface of the autoclave. “aged” stainless 
steel niitoclavc” (i.e., in  which the reaction was 
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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 alcohol 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 
acidsc to the corresponding formamides. 

amide is -76o/c, 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, arid the N-sec-octyl formamide 
was hydrolyzed with I N  hydrochloric acid to  the 
corresponding sec-octylamine. Only 20 mg. of sec- 
octylamiiie were isolated, [a]g benzene (+)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 
complexcd cyanide by a concerted mechanism. 
The voniplexed 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 reaction12 in which 
hydrogen cyanide is alkylated with alcohols in the 
presence of sulfuric acid to yield N-alkyl forma- 
mides. 

CHQ 

[ a ] y  = -7.37 complex 

When sec-octyl alcohol [a]:  = -7.37 (or 717, 
pure) l 3  was heated with hexacyaiioferric(I1) 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 acetoiiitrile 
and \vas filtered from the reaction mixture. The 
filtrate ronsisted of 12 g. (ahout 60%) of sec-octyl 
alcohol which was partially racemized under the 
reaction conditions and of 2.4 g. (about 207,) 
of  N-sec-octylacetainide. The amide was hydrolyzed 
with dilute sulfuric acid to  the corresponding amine, 
[a12 = (+)6.6. Since [aID = (+ )8 .5  for sec- 
octylamine in henzene,I4 the optical purity of the 

(12) J. J. Kitter and J. Kalish, J .  Am. Cheni. Soc., 70, 
4048 ( 1948). 

(13) N. Kornbluni, L. Fishbein, and R. A.  Siniley, J .  
Ani .  Chem. Soc., 77, 6261 (1955). 

(14) (a) F. G. Mann and J. IT-. G. Porter, .I. CheiiL. SOC., 
456 (1944). (1)) F. G. M n n n  nnd .J. Reid, .I. Cheni. Soc., 
:3:38-l( lnao), 

( 1 )  HCN 
r 

(2) HCI, HpO 

[a]? =t 4-6.8 
(benzene) 

CH3 
I 
I 

(CHds 
I 

CH3 
[a19 S +3.0 

(benzene) 

H2XCH 

EXPERIMENTAL 

Hezacyanoferric(ZZ) acid. Synthesis of hexacyanoferric( 11) 
acid reported in the literature4~15 did not yield the complex 
acid in high conversions and iu high purity. Hexacyano- 
ferric( 11) acid was prepared in alinost quantitative conver- 
sions hy addition of finely powdered potassiimi hexacy:tno- 
ferrate 11 t,o 18iV sulfuric acid: Finely powdered potassium 
hF.ssc?anofermte(II) trihydratr (402 g., I .1 inoles) WLS 

:~dtled to  :I soliltion of 318 g. (3 .3  moles) of concd. sulfuric 
:wid :uid 320 g. of ivc in such :I manner that the tempera- 
tiirr did not c~xcccd 80". The reitction mixture \vas then 
stirred with '2.3 1. of xbsolute ethyl alcohol and was :tllowed 
to stand a t  room temperature over the week end. At the end 
of this time, the potassium sulfate and bisulfate were re- 
nioved 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( 11) acid was 25.7 
g. or quantitative. After drying in n vaciiuni pistol :it 80" 
and 1.0 mm. the material n-as analyzed. 

( 1 5 )  F. Hpin :rntl H. Kilie, %. nnorg. u .  nllgein. Chein., 270, 
4.5 (1952) . 



.IMJ/. C:ikd. ~ ' O Y  H,Fts((:S)c: C, ;3;3.05; H, 2 . 7 7 ;  S ,  :38.9l: 
E'e, 25.85. Foulid: C, 33.10; H,  2.46; S, ;<i.tii; Fc, 3.5.50. 

Heracyu,rocoba/tic(III) acid \vas prepared in a *atisfactory 
nianner accordiiig to the procedure of HBlz13 from potassiuni 
hesacyaiiocobalt:ite( 111) and :tqueous hydrochloric acid. 
Potentiometric titration Lvith 0.l.Y sodium hydroxide indi- 
cated that the purity of hcxacyanocot)altic(III) acid was 
!IS(,b or I i e t t ~ r . ~  

I ) i c ~ a n o / e t r u ~ i . s ( c l h ~ / ~  isoryano) i r o n ( I f )  \vas 1)repared froin 
hexacy:tnoferric.(II) :ind di:izoethancs :wording to the 
prorcdiire of 11:~~ (> r ,  lo Thft iwiiitrilv roniplrs c*rJ,stallizrd 
from c:hloroforni. Aftcsr rc,vrr:il r~,c,rJ.st:iliieations froin 
c~hloroforiii :tiit1 drJ,irig :it 7 ! 1 O  and 0.4 m r i i . ,  :3.5 g. ( a'217; 
co~ivcrsion). ineltirig at 20;3.5-2O(io ( rincorrec.ted) reported 
ni . l ) .  212-21 Inh i  \ v w  ohtuinetl. 

. t nni. Calcd. fur :  ( C € I , C H , S ( : ) , ~ t . ( C S ) , :  C, 50.55:  
H, l i , : 3 ' 2 ;  S ,  24.8!): I;c, Iij.67. 1;ountl: C, 51.11;  H, l i . l ;3:  
S,  '25 .55;  Fe, l i i .07. 

:300O(s), 218O(v~), 2100(rv), 
145O(s), 1348(s)> 1210(vs), 1098(\\~), 10.45(n.), 9.25(s), 
750 broad. 

Xeaction oj' dicuario!e!rakis(rthi/l isocyuno) i r o n ( I I )  with 
hiydrogen c!yanidr. To 1.23 g. f 0.004 mole) of tlic\,anotetrakis- 
(ethyl isoryario)iron(II) in 100 ml. of :ilisolute cxth:inol was 
added 5 rnl.  (0.1'27 mole) of hydrogen cyanide and the 
rcavtion mixture \viis heated iii a clowd s ta id(  
c8I:ivc: :it 100" for 5 hr .  'Thc reac.tion inisture \v;is theii dr- 
canted from thv rt:action vessel, th(, aritorlavc~ \\':is nashed 
with 30 nil. of absolute ethyl alcohol i i r i d  th(x :il(wholir solii- 
tionr \vrre dissolved in 500 nil. of :ii)rolute t5tht.r to precipi- 
tate the unchanged iron-isoiiitril(~ rumples. A t r i m  of the  
iron isonitrile complex \vi is filtcrcd from tho rcuction mistiirth 
and the filtrates kvcre distilled through a fractionating column 
till all ether \vas renioved; thc total residue \ w e  1230 nil. 
The infrared spectrum of this filtrate indicates a strong tiand 
at 2130 an.-', typical for othyl isonitrilv. Ethyl  isorlitrile 
was also identified in the filtrate liy vapor pIiw(: r1ironi:i- 
togriiphy (see ticlow) ; I nil. of the filtr:it(s cwii t i i incd :ipjiroxi- 
niately 0.13 mmolv of c.th>,l isonitrile, or  thv c.onvc~rsioii t o  
isonitrile w:is approxim:itely I O i ~ ~ .  

Idenli'ficalion of dhyl isonitrile. 1;thj.I isonitrih. \\:is 
prepared from ethyl iodide and si1vt.r c*yaiiidr :ic*cordiiig to 
the incthod of Jlavis.lfi Thc roartioil niisturr \V:I*  sqiar:itt~l 
and the ethyl isonitrile M'US itleiitific~l hy v:ipor 1ih:ise .hro- 
in:itography on a Celite columri ($lo, pressiirc 25 p. 
T h e  retention timv for ethyl isoiiitriltfi \vas = I .75 i 
propionitrile = 8.53 (min.), hydrogen c , ) w i i t l t ,  = 0.0 
(min.), ant1 ethyl :ticoho1 = 3.08 (min.). 

The ethyl isonitrilr was identificld 1)). :i strong pe:ik :it ; 
2130 as compared to a strong C N  strc~tchinp fre- 
quency to propionitrile :tt 22230 cm. --I Ethyl isonitrile \vas 
hydrolyzed to eth>,laniine either tiy 1 .().I! hydrochloric, acid 
or 30% sodium hydroside as described iii detail t)y Hiilzl" 
and Gi~ i l l emard .~~  This mr~thod \vas spwific. for ironit rilw 
in the presence of nitriles :inti ki>.tlrogrii c*y:iiii(lc~.~ Isonitrile' 
\v:is usunll\, idelitifid in t h ( 8  rcvic~tiori ri i ist i ire I I J .  : i t  I ( 3 : i . f  

1 \ v o  of these nicsthotiv. 
. I  lk,ylaiioii (?I" hexcuq/uiio,fc.i r i c (  I I )  wii /  wi/h v / t (  r l i  r t / c . o h o / .  

'I'o 29.6 g. ( 0 .  I4 nlolr) of l i~,s:I~~.:i i iofi ,rr i i ,f  I I )  :ic.icl. l r ~ ~ , ~ I i l \ ~  
tlricd, \v:is :itltled 465 nil .  of' ;itisohit(> c ~ t h : c i l o l  :i11(1 t h c s  I 'OW 

tion mistiirc. W:LS ht,:itctl iii :i stainless s t w l  : i i i t o [ , l : i w  f o r  
I Iir. :it 70' .  It \vas then c~ool(d t o  0' : ~ n d  :I IU- i i i  

t l i c .  supei~~ititaiit l iqiior \\:IS \vithdra\vn. IIyflrol 
i l trate with 1.06l.Y hydrochloric acid and infrare 
iiitlicated complrtr a1)wm-c of any isonitrile. To thr, rest of 
the filtratv, 18 nil .  (0.49 niolr) o f  h>.rlrogrn ctyxrlidc \vaz 

cac+oii niixtiirr \v:is 1ii~:itrcl for 2 hr. :it 120'. 
a.as thvri cmlrd to  [ lo ,  :i11<1 :I tjlrie solid \vas 

rcwiovetl l)y fi1tr:ttiori. The I ~ l u r  residut \vas th rn  \vvashrd 

(16)  T. J,. D:Lvi.* : i d  17'. 15. 'L'c:ll:iiid, ./. . I t ) / .  ( : h o , i .  S O C . . ,  

(17) FI. ~ h i i l l c ~ n i a r d ,  . I m .  { I P  C'him. cf d e  ph+y. [XI  14, 

Infrared (chloroform, cni. 

59, lnnsclss7). 

: $ I  I i I!)O8), 

n i t t i  2 x (i.5 1111. of rthyl al~:ohol. ('l'otal fi1tr:rtes = 570 n i l . )  

Thc infrared spectrum of the  fi1t)rate indicaated only ant' 

strong band at 2100 cm.-'probahly ethyl isonitrile. Attempts 
t o  separate ethyl isonitrile from cthyl alcohol ti? fiactional 
distillation failed. Thr ethyl isonitrile in the filtrate was 
identified by hydrolysis of the alcoholic solution with 1.0.\- 
hydrochloric acid to ethylamine and subsequent preparation 
of S-ethylbenzamide, m.p. 60-70", by the standard method.'8 
This specimen did not, lower the  melting point of S-ethyl- 
henaamide upon admixture. A total of 10.5 g. (40% based 
on hydrogen cyanide added) of ethyl isonitrilc \\-as formcd 
in this rraction. An aliquot of 2.5 ml. of the reaction mis- 
ture consiuned 0.8332 nimole of acid whrri hydrolyzed with 
1.0615 hydrochloric arid as outlined :iiiovc. 
9 Ik&tiorr 0.f he~ucyanocobal t ic(Zl l )  acid ~ ~ i t h  rfh!// aicohol. 

To 100 g. (0.5 niolt,) of licsacy:iiioc~ol~:iItic.( 111) acid prrparcd 
according to th r  mclthotl of HB1zI:J \vas added 200 ml. of 
absoliite ettiJ.1 nlmhol  :ind the reuction mixture was he:itcd 
for 40 hr. at 100' in a closcd stlainless steel vessel. The reaction 
mixtiire was fiitercd and ail aliquot of the filtratcx VXS 

analyzed by vapor-phase chromatography as outlinrd ahovc. 
The conversion to ethyl isonitrile as calciilated froin the 
area of the peak \v:is approsiniately !l-lOr.,. S o  .\-etli>.l- 
formamide \v:is iridic*ated by vapor-phase chromatography. 

Ii'eciction of hrsac.!jano~er7.ic(ZZ) acid wi th  .suc-ocfyl uicohol. 
sec-Ortyl alcohol, 20.800 g. (0.10 niolc), [ c y ]  :: = -7.37 
o r  71 r c  optiv:ill>. p i i r i ' , l 3  \vas added t o  150 mi. of freshly dis- 
tillrtl xc~toiiitrilr and 48 g. (0.22 molc) of hcsaryanoferric- 
(11) acid :mtl thv re:irtioii inisturc~ \vas h w t r d  for I0 hr.  at 
120° in :I stw1 vcswl under :iutogenous prcwiire. After the 
reartioil w:is ovw, the green-bliiish residue (I) \\-as filtered 
and the filtrate (11) n-as distilled iiiitlrr rrdiicrd prwaure. 
Distillation of tho filtratr (11): 

I 8 inm. i l - 7 7  7 . 9 5  1.4191 ( - )  3.37  
I1  8 111111. 77-78 4.075 1 ,4229 ( -) 5 .  97 
TI1 8 mni. 178-145 0 410 1.4421 
11: 8 niiii. 148-1 50 2 . 3 7 0  1 ,1487 ( -) 4 . 6 5  
v I 411il11. 118--120 0 . 5 2 0  

0.117 
35.477 

1.1 Itcsidiie of (lis- 
. 

t i l  Lit ion 
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h.p. 145.5-146.5'/9.2 mm.; n y  = 1.4471. Infrared spectriim: 
3800 (NH) ,  29% (-CH,-), 1665 (-CO?;H--). The infrared 
spectrum in the finger-print region was distinctly different 
from that  of S-spc-oc.t?.l:tcetamide. 

Hydrolysis of fractzon IV .  One gram of Fraction IV was 
heated with 80% sulfuric acid for 4 hr. a t  100" and mas then 
allowed to  stand over the week end a t  room temperature. 
The solution was made alkaline with 30% sodium hydroxide, 
extracted with ether, dried R ith magnesium sulfate, and 
distilled. sec-Octylamine was isolated in -20% conversion, 
b.p. 76-80°/20 nim. [a]Y  = (+) 6.G (5.9570 solution in 
benzene). Purity is thus -7S%.14 

Displaceinent 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- 

cluve for 8 hr. a t  120'. The acetonitrile M ~ S  distilled, thtl 
residue was hydrolyzed with 1,V hydrochloric acid, and \\:is 
processed as described above. Only 20 mg. of the src-octyla- 
mine was isolated. The l.lyo solution of the sec-octylamine in 
benzene had a rotation of [ a ]  2 = (+) 3.05. This experiment 
is not very conclusive because of the sniall amount af sec- 
octylaniine isolated, but it appears that  the alkylation 
proceeds with n concerted displacement. 
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Catalytic hydrogenation of dibenz [a,h]anthracene with platinum a t  atmospheric pressure proceeds as far as 1,2,3,4,- 
la,4a,5,6,8a,lla,12,13,8,9,lO,ll-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,la,4a,5,6-octahydro-, and 1,2,3,4,1a,4a,5,6,8,Y,10,11- 
dodecahydrodibenz [a,h]anthracene. The yields ranged from 356 to  25Y' of the reacted dibenz [a,h]anthraccne. 

Following the study of the catalytic hydrogena- 
tion of benzo[~]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 p ~ b l i s h e d . ~  

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- 
pound4 and by hydrogenation with nickel under 
pressure.5 Cook reported the preparation of an 
octahydrodibenz [a,h]anthracene6 by reduction with 
sodium and amyl alcohol, although the structure of 
the compound \vas not determined a t  that timc. 

An octahydro derivativr has also been prepared 
synthetically by reduction of bistetramethylene- 
aiithraquinoiie (obtained by cyclization of vinyl- 
cyclohexane with lJ4-beiizoquinone) .' This com- 

(1) This investigation was supported by Grant C-4219 of 
the Xational Institutes of Health, C. S. Public Health 
Service. 

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

( 3 )  1'. Kotin, TI. T,. Fnlk, F. Tijinaky, nnd T,. Zechmeistcr, 
i3riem-e. 123, 102 (1050). 

( 4 )  W. E. Jhchinnnn, .1. O r g .  Chenz.. 1, 347 (103G). 
(51 J. JV. Cook, J .  Cheui. SOC., 1592 11933). 
(0)  ,J, I\-. Cook, J .  Chetn. Soc., 489 11031). 

pound, 1,~,3,4,8,9,10,11- octahydrodibenz [a,h]an- 
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- 
pared by catalytic hydrogenation (as described 
below) had a melting point very close to  that of the 
octahydro compound prepared by s y n t h e ~ i s , ~  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 cxposurc to the gas. S o  per- 
hydrodibcnz [a,h]niithracene could be isolated and, 
apparrintly, reduction of the last aromatic ring was 
very difficult under thew conditions. At, all inter- 
mediate stages in the hydrogellation of dibenz [ a$ ] -  
anthracene a mixture of several partially hydrogen- 
ated derivatives mas present in the reaction mixture. 
Unchanged dibeiiz[a,h]aiithraceiie was present 
after addition of four moles of hydrogen, but not 
after five moles of hydrogen had been taken up. 

X tentative mechanism of addition of hydrogel1 
to  dihenz[a,h]anthracene (I) is shown in Fig. 1. 
T h e  hydrogenated cwmpounds wcre ideiit i f i d  froiu 

( 7 )  I1 .J. Barkvr nnd J .  I t .  \*,in der nil, Rcr. 7 ' /c tv .  C h / t ) /  , 
- 

6 2 ,  5(il (1943). 


