
Martin and Cro~thar-riel'~ give AFo = 39,870 cal 
tnolc ,  for rrriiiin cnal,lte :tiid AP" -= 42,420 c:11 
mole for neodyrniuiii oxalate. The coiiibinatioii 
of data gives AHo = 15,770 cal./mole and As0  = 
-80.154 e.u. for the solubility reaction of cerium 
oxalate, for neodyinium oxalate I H o  - 1A.SACI 
cal./rnnle anrl AS;" - -87 no P 11 

By thr ntiliz~tioti (11 data presented h j  
Latirner,1fi*20 the entropies and entropies of forma- 
tion of the solid compounds of ceriuni arid neo- 
tlyniitini h a w  berii caIciil:ite(l , these values per- 
iriittctl the cv,ilu,ttioii of  tlie entropies of tlie two 
ions. The results are give11 it1 Table V. Froiii that 
information i t  is possible to calculate for 

nnd for 

Yost, Russell and Garner?' estimate the Eo values 
for cerium and neodymium to be 2.3 and 2 . 2  
volts, respectively. The calculated standard elec 
trode potentials are based on an empirical calcula- 
tion of the entropies of the oxalates, these values 
would be subject to revision when more accurate 
determinations of the entropies are made. How- 
ever, the TAP contribution to the standard free 
energy of the two rare earths ions is only about 
4% of the value of the free energy so that it is 
possible that any revision would not change the 
values of Eo appreciably. 

It might be added that the precipitation reactions 

Ce(,\ 2 Co i- :ic -, f-0 = 2 11 

Sd(s )  = S t l - + *  + :?e-, Eo = 2216 ( 1 9  

(20) W. M. Latimer tbid 73, 1480 1 1'151) 
(21) D M. Yost, H Russell. and C i Garner, ' The Rdre-Iidrth 

Elements and Their Compound< " Tohn Wile\  anrl Son5 Inc N e w  
I'otk, 1947. 

-r.\BLa v 
T I I K  FI~IKIC ES~SK(;II;S < ) I -  I 'ORMAIIOS:  Irsa-rs OF l ~ o i m ~ r i t  I Y ;  

CALCULATED ENTROPIES, AND CALCULATED ENTROPIES OF 

FORMATIOX OF COMPOUNDS AND IONS OF CERIUM AND SEO- 
DYMIUM AT 25' 

The v n l r i ~ ~  of .AT' a n d  AH' arc in kcal./rnola: A.C' n.nrl .To 
arr in c I I  

::,,t,,;1 ar i l '< '  .\I,.'' . \ / / ,  \ \ ' I  , 'I 
CC . . . . . . .  . . . . . . .  . . .  1: i  S 
N r  . . . . . . .  
CcClr 
SlICii 
C r C l , ~ i I l r ( >  

1 1 2 0  - 1:34!i 08 -1330 03 -- 
01110 - l.'i96 03 - 1661.62 - i 2 : {  1 l i i  

C ' L .  - -161 S i  -1(i7.4.'{ - - ! ( I  8 - - i ? . R  
si1 ' - - - l i i  ,411 -163 27 - ? t i  I --.i<l .i 

in the calorimeter were very fast, clear-cut calori- 
metric processes. Shortly after the maximum 
temperature was reached, the temperature de- 
creased for a few minutes before i t  settled to an 
equilibrium rating as determined previously from 
many calibrating runs. Hence, whether complete 
equilibrium had set in or not, the process was 
thermally complete as far as detection by the calori- 
metric apparatus was concerned. The slight 
cooling effect was attributed to the decrease o f  
supersaturation and to orientation of the molecules 
in the crystals to an equilibrium state. 

Acknowledgments.-The authors wish to thank 
1Lr. J .  P. Flynii for assistance in making the calori- 
irietric observations, and Dr. c. V. Banks and JIr .  
*I. S. Xyres for assistance in the analyses of niaiiy oi' 
the compounds and solutions. 
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Derivatives of Tetrahydroquinoline and Tetra- 
hydroisoquinoline 

I3r CARL TABB RAHNER, WILLIAM KENYETH E431 FY 4 - m  
EMOGESE STEPHEX 

RECEIVED MAKCH 8, 195-3 

A previous paper2 from this Laboratory has de- 
scribed the preparation of salts of substituted pi- 
peridines and pyrrolidines for use in the study of 
cancer chemotherapy. Derivatives of tetrahydro- 
quinoline and tetrahydroisoquinoline have been 
prepared for comparison with the quaternary salts 
of quinoline and isoquinoline. I ,2,3,4-Tetrahydro- 
quinoline and 1,2,3,4-tetrahydroisoquinoline, pur- 
chased from commercial sources, were used to 
prepare the tertiary amines listed in Table I by the 
method of These pale yellow compounds 

(1) This research was supported in part by a research srant from the 
Nationcl Cancer Institute, of the National Institutes of Health, Pub- 
lic Health Service. 

(2) C. T Bahner, M. Fielden, t M Rives and M D Pickens, Tnre 
JOURNAL, 78, 4455 (1951). 
(3) W. E. Ooodo, ibid., 70, a946 (194.9). 

were insoluble in water, but soluble in alcohol and 
ether. 

The quaternary salts listed in Table I1 were pre- 
pared by reaction of the corresponding N-methyl 
tertiary amines with the appropriate phenacyl 
halides. They were crystalline solids, only slightly 
soluble in water. 

TABLE I 
I-( SUBSTITUTED PHENACYI,)-1,2,3,4-TETRAHYDROQVINOLISES 

--Analyses, T- 
Empirical h i  I). , Calcd.  Found 

Substituent formula C. C H C H 
*-Methyl- CisHi~h'O 90 81..52 7.16  81.20 7 . 1 2  
p-Methoxy- CIIHIDNO~ 114 76 .84  6 .81  76 .80  6 . 9 8  
$.Fluom- C L ; H ~ ~ F N D  04 75.74 5 . 9 4  75.77 6 ,  I7 
p-Chlorn- CI;HI,CINO 103 7 1 . 4 5  5 . 6 4  71.15 6 . 0 2  
$-Bromo- Ci?HIaBrNO 124 61.83 4 . 8 3  61.69  4.9.; 
p-Iodo- Ct:HdNO 160 53.92 4 . 2 3  54.06 4.26 
m-Nitro- CirHi,NsO# 136& 68.90 5 .44  68.78 5.51 

0 C'. Kunckell, Ber. ,  30, 576 (1897). 

2-Methyl-1,2,3,4-tetrahydroisoquinoline was obtained 
from a comnietcial source. l-Methy1-1,2,3,4-tetrahydro- 
quinoline and 2,3-dimethyl-1,2,3,4-tetrahydroisoquinoline 
were both prepated by hydrogenation of the corresponding 
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TABLE I1 
QUATERNARY SALTS 

Salt from 
Empirical Y . P . ,  
formula C. 

l-Methy1-1,2,3,4-tetrahydroquinoline and: 
P-t-Butylphenacyl bromide C&HzaBrNO 175 
P-Iodophenacyl bromide ClrHI~RrTNO 176 

Phenacyl bromide ClaH2aBrN0 102 
p-Fluorophenacyl bromide ClsHlpBrFNO 114 

2-Methyl-1,2,3,4-tetrahydroisoquinoline and: 

3,3-Dimethyl-l,2,3,4-tctrahydroisoquinoline and: 
nz-Sitrophenacyl iodide CigH:iIP\T:03 1Z3 

quaternary iodide salts in 957' ethanol a t  room temperature 
and 40 pounds per square inch gage pressure in the presence 
of platinum oxide catalyst until the theoretical amount of 
hydrogen had been absorbed (about 12 hours), distilling 
off excess solvent, liberating the tertiary amine from the 
salt by treatment with alkali and purifying in the usual way. 
(Crude 2,3-dirnethyl-l,2,3,4-tetrahydroisoquinoline hydrio- 
dide was obtained as a dark brown, hygroscopic solid. After 
repeated recrystallization by dissolving in hot absolute 
ethanol, cooling in an ice-bath and adding isopropyl ether, 
followed by careful drying in a vacuum desiccator over fresh 
calcium hydride, the white crystals melted a t  108-109". 
Anal. Calcd. for CI1HleIN: C, 45 68; H, 5.58. Found: 
C ,  45.54; H, 5.56 ) 

Samples of the compounds listed have been sent to the 
National Cancer Institute or the Midwest Research Insti- 
tute for screening against sarcomas in mice, and the results 
obtained are to  be published elsewhere. Preliminary data 
do not indicate that as a group they possess a high level of 
biological activity. 

We wish to express our appreciation to Dr. Xi. J. 
Shear and Dr. J. L. Hartwell of the National Can- 
cer Institute for their interest in this project and 
for obtaining carbon and hydrogen analyses on sev- 
eral of the compounds, to Dr. L. H. Goodson and 
Dr. W. M. Hoehn of the Midwest Research Insti- 
tute for their encouragement and cooperation, to 
Miss Betty Gay Walden and Miss Marguerite Close 
for carrying out Volhard halogen determinations 
on the quaternary salts, to Miss Mary Ellen Tubb 
for carrying out the hydrogenations and to Dr. 
George P. Mueller of the University of Tennessee 
Chemistry Department for making available the 
hydrogenation apparatus used. 
CARSON-NEWMAN COLLEGE 
JEFFERSON CITY, TENNESSEE 

5,6-Disubstituted Hydrindenes 
BY RODERICK A. BARNES AND GEOFFREY R. BUCKWALTER 

RECEIVED APRIL 3, 1952 

We have found that when 5-acetylaminohydrin- 
dene (I) was nitrated a t  0' a single mononitration 
product (11) was isolated in 93% yield. 

0 
It 
0 

I I1 

The poaition of the nitro group was established by 

Analyses, '0 
Ionic halogen 

Calcd. Found 

19.86 20.01,19.72 
16.92 i f i .9~ ; .  i;.m 

23.12 22.98 
31.13 21.22,21.21 

35.00 27.75,28.32 

diazotizing I11 and treating the diazonium salt with 
ethanol ; hypophosphorous acid was not effective 
for replacing the diazonium group by a hydrogen 
atom. The 5-nitrohydrindene (IV) obtained by 
this procedure melted a t  39.5-40' alone or when 
mixed with an authentic sample. 

Our 5-amino-6-nitrohydrindene I11 is the same 
substance which has been described by Borsche and 
Bodenstein as 5-amin0-4-nitrohydrindene.~ This 
mistake has been previously noted by McLeish and 
Campbell3 who indirectly related the aminonitro- 
hydrindene of Borsche and Bodenstein to 5-bromo- 
6-amin~hydrindene.~ Previously the only real 
evidence that any of these substances actually had 
the two substituents in the 5,B-position was the 
work on the electron diffraction6 and dipole mo- 
ments of 5,6-dibromohydrindene. 

Three new 5,6-disubstituted hydrindenes have 
been prepared from I11 by conventional procedures. 

Experimental7 
5-Acetylamino-6-nitrohydrindene (11) .-5-Nitrohydrin- 

dene was prepared according to  a modiiications of the pro- 
cedure of Lindner and Bruhin' and reduced with hydrogen 
in the presence of Raney nickel. The 5-aminohydrindene 
(m.p. 37-38') obtained by this method was then acetylated 
with acetic anhydride. 

A mixture of concentrated nitric acid (16 ml.) was cooled 
to 0' and added dropwise during 30 minutes to  a well- 
stirred cold (0') solution of 5-acetylaminohydrindene (17.5 
g.) in glacial acetic acid (50 ml.) and acetic anhydride (50 
ml.). The temperatute of the reaction mixture rose rapidly 
23' shortly after the addition was complete. The solution 
was cooled and stirred until the temperature fell to 0' and 
then for an additional hour a t  this temperature. When the 
reaction mixture was poured into ice and water (400 ml.) a 
yellow solid separated. After recrystallization from eth- 

( I )  J. Lindner and J. Bruhin, Bcr., 60, 435 (1927), first prepared 
pure samples of 4- and 5-nitrohydrindene and definitely established 
their structures. 

(2) W. Borsche and A. Bodenstein, &I., Sa, 1909 (1928), nitrated 
5-acetylhydrindene and separated one compound in pure form from 
the mixture of nitration products. The oxime of this isomer was sub- 
jected to the Beckmann rearrangement to yield the supposed 5-acetyl- 
amino-4-nitrohydrindene. 

(3) N. McLeish and N. Campbell, J. Chcm. Soc.. 1103 (1937). 
(4) Borsche and Bodenstein, ref. 2, first prepared this substance 

by brominating 5-acetylaminohydrindene. An attempt was made to 
prove the position of the bromine by deamination to yield a liquid 
bromohydrindene. This was stated to be 5-bromohydrindene but no 
comparisons of solid derivatives or physical constants other than boiling 
point were made. 

(5) A. Kossiakoff and H. D. Springall, THIS JOURNAL, 65, 2223 
(1941). 

(8)  N. V. Sidgewick and H. D. Springall. J .  Chcm. Soc., 1532 
(1936). 

(7) Melting points were determined uainr the Kofler hot-stage 
melting point apparatus. Analyses were by W. Manser, Zurick, 
Switzerland. 

(8)  Private Eommunicmtion from Dr. V. J. Weber.. 


