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in a manner such that a change in this geometry 
would not be expected. The other syntheses re- 
ported for these compounds3 are consistent with 
this interpretation. 

Neither ultraviolet nor infraredll spectroscopy 
provides a definitive assignment of geometry to 
these systems. Information on this point is 
furnished by the p.m.r. spectra of compounds 
I, 11, IV, V, and VI. 

The important features of these spectra are 
summarized in the following table: 

also provide a distinction between these isomers. 
That this is not the case is demonstrated by the 
values recorded in the table for compounds I11 
and VII. 

Experimental 

Compounds I, 11, 111, IV, and VI1 w r c  prrpared by the 
methods of Bu'lock and Smith.2*4 I11 had the same melt- 
ing point, ultraviolet and infrared spectra as those recorded 
in the 1iterrtture.lg 

The proton magnetic resonance spectra were obtained on 

TABLE I 
CHEMICAL SHIFTS~ (IN 7, P.P.M.) AND SPIN-SPIN COUPLING CONSTANTS (IN c.P.s.) 
Ha Hs H8 H I  He J86 J7s J S l  J s i  

I 4 .50  4 . 0 7  3.51 2 .53  2 . 0  16.0 
I1 4 .52  4 .06  3.49 2.59 2 . 0  16.0 
IV 4 .50  4 .04  3.50 2 .  2 . 0  16.3 
V 4.76 7 .48  4 .87  3 .72  3.25 16 .0  5 . 9  

7 .39  
VI 4.77 7 49 5 .02  3 .90  3.550 16 .0  6 . 3  

I11 4 .56  4.16 7 .79  2 . 4  0 . 9  
VI1 4 .51  3.99 7.75 2 . 0  0 . 8  

7.40 

a The chemical shifts refer to the position of the origin of thc niultJiplet. The resonances of the unrccorded protons are 
unexceptional. One peak of the H8 doublet is presumed to be hidden by the resonances of the aromatic protons. 

The styryl protons comprise an AB12913 system in 
the spectra of I, 11, and IV and a modified14 AB 
system in the spect8ra of V and VI. The magni- 
tude of the coupling constant between the styryl 
protons is in accord with only a trans arrangement 
of the styryl system.15z16 

Ultraviolet and infrared  correlation^^^^^^^^ have 
been used. somet'imes in conjunction with chemical 
data, to assign structures to 6-methyl-4-methoxy-2- 
pyrone (111) and 6-methyl-2-methoxy-4-pyrone 
(VII). These assignments proved t o  be critical 
in deciding the structures of the nat'urallv occurring 
2-pyrones. Conceivably p.m.r. spect'roscopy might 

(7) Z. Mareriewicz. Roczniki  Clrem., 24, 144 (1950). 
(8) E. RI. 12. 1:uwles and  I i .  n. Honbcst, J .  Chem. S U C . ,  3642 (1030). 
($1)  I ) .  G .  V. R. Iiosternians. Itec. ti ' 
(10) n1. JV. Iilolis, V. Iirllcr, and 11. 

1S"D ( I ! m J ) .  
( 1  1) C ~ i i i i ~ a r e ,  ios t ~ x a i r i ~ i l ~ ~ ,  tlic. infrarcvl slicotra of c i a -  aiiri I i a n s -  

~ i i i i i ~ ! ~ i ~ i l ~ l c ~ l i ~ - ~ l ~ ~ ;  G, (;ati!hini, V, Theus, and 11. Scliind, I le lo .  Ciiim. 
d c l n ,  38, 2 ,X  (195.7). 

Siwctrmcuiiy in Orzanic Cliutiiistry," Pcsgainon l'resa, h-ea  York, 
l u x  1,. 89. 

(13) .I. I ) .  Iiohcsts, ".\I, I~itru<luutioii to tlic .\nals-iih of dl)iii-SiJiii 
diilittinp in Iligh-Rcsolutirm Nuclcar Alaynetic Resonarlee dliectra," 
Benjamin, New York, 1061, C h a p  2. 

(14) The  resonance of the  7 proturi is split further by 
interaction u-ith the  6 proton. The  pattern observed for the five 
protons in these compounds exemplifies a deceptive AB portion of a n  
AHX system of the type discussed by R .  J. Abrahatn and W. G. 
Gchneider, Can.  J .  Chem.,  39, 216 (1961). A theoretical fit to  the ob- 
served spectra is provided b y  assigning JAB = 13.5 c . P . s . ,  JAX = 
8.5 C.P.S., J B X  = 0 and UA - U B  = 4.2 C.P.S. Unfortunately, JAB is 
an  assumed value and  the X portion of the spectrum, which could con- 
firm these values, was not well resolved. 

( I ? )  I.. 11. Jackiuan. ".\i,plicatiuns uf Niiclcas Alacn 

(15) E. 0. Bishop and  R. E. Richards, Mol .  Phys., 3, 114 (1960). 
(16) H. S. Gutowsky, M. Karplus, and  D. M. Grant,  J. Chem. Phgs., 

(17) D. Herbst, W. B. Mors, 0. R. Gottlieb. and  C. Djerassi, J .  Am. 

(18) I. Chimielewskia, J. Cieslak, K. Gorczynska, B. Kontnik, and  

31, 1278 (19591. 

Chem. Soc.. 81, 2427 (1959). 

I<. Pitakowska, Tetrahedron, 4, 36 (1958). 

a Varian A-60 spectrometer with ca. 359; deutcrochloro- 
form solutions containing tetramethylsilane as an internal 
standard . 
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Reaction of Nitriles with Hydrazine Hydrate 
and Raney Nickel. The Synthesis of 
Polynuclear Aromatic Hydrocarbons' 

Pietrs and 'l'rincheraa reported the use of hydra- 
zine hydrate and Raney nickel as an effective com- 
bination for the partial reduction of six aromatic 
nitriles to the hydrazones or azines, which can be 
hydrolyzed to  the corresponding aldehydes in good 
yield. We are currently investigating the scope 
and limitations of this reaction. In  a completely 

(1) Presented a t  the 4th Delaware Valley Regional Meeting of the 
American Chemical Society, January,  1962. 

(2) This investigation was carried out during the tenure of a Pre- 
doctoral Fellowship from the  National Cancer Institute, U.S. Public 
Health Service. 

(3) S. Pietra and  C. Trinchera, Gam. ilal. chim., 86, 1706 (1955). 
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1 aCHzAr ~~~d Aromatic 
N2H4 HzO - 

Hydrocarbon - 
C H = N  Ni 

L 

I1 I 

Nitrile Azine c/c Yield Hydrocarbon % Yield 
Ia. Ar = CGHja IIa. Ar = CGHS 90 Anthracene 95 
Ib. Ar = 2,3-(CH8),CsH,' IIb. Ar = 2,3-(CH&CcHa 88 1,2-Dimethylanthracene 90 
IC. Ar = 1-CloHF IIc. Ar = l-CloHi 92 Benz [a] anthracene 98 
Id. Ar = 2-CloH7c IId.  Ar = 2-ClaHi 91 Benz [alanthracene 95 

See C. Bradsher, J .  8 W k .  C'hem. SOC., 62, 486 (1940). See S. G, Quo, Ph.D. thesis, Virginia Polytechnic Institute, 
Blacksburg, Virginia, See F. Vingiello and A. Borkovec, J. Am. Chem. Soc., 77,3413 (1953). 

unrelated investiyatiorl on the mechanism of the 
acid-catalyzed aromatic cyclodehydration reaction, 
Bradsher and Tiingiello4 have shown that the rate 

hyde is extremely rapid. These ~bservationsmade 

nitriles could be converted to  the corresponding 

95% ethanol were heated at  50-55' until the evolution of 
ammonia ceased. The nickel catalyst was removed by 
filtration and the ethanolic solution was concentrated until 
the azine precipitated. The collected azine (see Table I )  

48% hydrobromic acid and 20 ml. of glacial acetic acid). 

and concentration of the benzene extracts. 

Of formation Of anthracene from 2-benzylbenza1de- heated under reflux with 50% sulfuric acid (or 10 ml. of 

it Seem likely that Properly substituted aromatic The hydrocarbon was isolated by extraction with benzene 

TABLE I 
2-( ARYLMETHYL)BEILZALDAZINES (11)" 

Calcd. ~ 7 - ~ 1 " " " n d c  ___ 
A l . p b  1~'oriiiiila C H N C H (a = N)" 

IIa 1.12-143 C28H24IK2 86.56 6.23 i . 2 1  86.74 6.20 7 . 1 9  6.20, 
I Ib  196-197 C3zHnSa 86.44 7.26 6.30 86.74 7.08 6 .20  6 .20 ,  
IIC 171-172 C36Hz8N2 88.49 5 .78  5.73 8 i , 8 0  6.40 6.02 6 . 1 9 ~  
IId 169-170 CasHzsNa 88.49 5 . 7 8  5.73 87,84 6.20 6 . 0 0  6.19 p 

a Recrystallized from benzene-ethanol as yellow needles. Uncorrected; determined on Thomas-Hoover melting 
Infrared spectra obtained on a Perkin-Elmer Model 21, point apparatus. 

0.5% in KBr. 
Geller Laboratories, Bardonia, Xew York. 

polynuclear aromatic hydrocarbons. When ap- 
plied to  2-(arylmethyl)benzonitriles, this should 
lead to  a general synthesis of anthracenes and the 
benzo derivatives of anthracene. The validity 
of this assumption was established by the synthesis 
of anthracene by the partial reduction of 2-benzyl- 
benzonitrile (Ia. Ar = phenyl) with hydrazine 
hydrate and Raney nickel followed by the acid 
cyclization of the resulting 2-benzylbenzaldazine 
(IIa. Ar = phenyl). The synthesis of 1,Zdimethyl- 
aiithracciic was also effected. Benz [a]anthracene 
wns prepared by the acid hydrolysis of 2-(1- 
ii:iphf hylmct1iyl)l~ciizuldasilic (IIc. ,4r = l-nuph- 
thyl) arid also by the acid hydrolysis of 2-(2- 
iiaplil hylmc.thyl)l,riizaldazi~ic (IId. Ai r  = 2- 
iiuphthyl). The azincs IIb, IIc, and IId w r e  also 
prepared in vrry good yields from the correspond- 
ing nitriles Ib, IC, and Id by the reaction with 
hydrazine hydrate and Raney nickel. From this 
preliminary investigation it appears that the pre- 
ceding method of synthesis of polynuclear aromatic 
hydrocarbons has general application. 

Experimental 

General Procedure.-One gram of nitrile, 0.5 g. of Raney 
nickel,& 10 ml. of 85% hydrazine hydrate, and 50 ml. of 

(4) C. Bradsher and F. Vingiello, J. Am. Chem. SOL,  T i ,  1434 

( 5 )  L. Covert and 11. Adliiiis, Ibid. ,  54, 4116 (1932). 
(1949). 
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are much more resistant to hydrolytic degrada- 
tion than aromatic polyesters obtained from con- 
densation of m-hydroxybenzoic acid, 

(1) Present address, Rerrearoh Center, New Mexico State Univer- 
eity, University Park, New hlexico. Inquiries should be directed 
t o  this addresa. 

(2) R.  Gilkey and J. R. Caldwell, J .  A p p l .  Polymer Sc i . ,  2, 108 
(1959). 


