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removed under vacuum on a steam bath. The residual dark 
brown oil (950 g.) was then subjected to fractional distilla- 
tion a t  reduced pressure. A forerun (207 g.) consisting 
essentially of 4-chloro-3-hydroxybutyronitrile and 4hy-  
droxycrotononitrile was collected from 90-115' a t  0.4 mm. 
Pure 3-hydroxyglutaronitrile (723 g.) then distilled a t  155- 
160' a t  the same pressure (yield 60%). A sample (12 9.) 
of the dinitrile was purified by fractional distillation through 
a 6-in. column and the portion boiling a t  156' (0.22 mm.) 
collected (10 g.). n Z 3 ~  1.4632 (Reported,6 b.p. 202' (11 
mm.) n Z Z D  1.4805). The infrared spectrum of the material 
showed bands a t  2.91 and 4.41 p. 

Anal. Calcd. for C5HeN20: C, 54.54; H, 5.49; N, 25.44. 
Found: 

3-Hydroxy-3-methylglutaronitrile.-Magnesium sulfate 
heptahydrate (112 g., 0.45 mole) and potassium cyanide 
(32.5 g., 0.5 mole) were dissolved in water (160 ml.). This 
solution was cooled to 5' and over a period of 1.25 hr. 
there was added l-chloro-2,3-epoxy-2-methylpropane (26.6 
g., 0.25 mole) dropwise. After 24 hr., the product was 
isolated as in the above experiment. The resulting dark 
broR7n liquid was distilled at  0.09 mm. and the main fraction 
(?3 g.) consisting of almost pure 3-hydroxy-3-methylglutaro- 
nitrile, collected a t  128-130'; yield 71%. A sample of this 
material redistilled for analysis boiled a t  131' and 0.07 mm., 
n Z 5 ~  1.4596. 

Anal. Calcd. for C B H ~ O N ~ :  C, 58.05; H, 6.50; N, 22.57. 
Found: C, 58.0; H, 6.5; N, 22.3. 

The infrared spectrum of the pure material showed bands 
at 2.91 and 4.41 p characteristic of hydroxyl and saturated 
nitrile groups, respectively. 
3-Hydroxy-3-ethylglutaronitrile.-This was prepared in 

exactly the same way as the methyl homolog. From 2- 
ethylepichlorohydrin (20.1 g., 0.167 mole) and a solution of 
potassium cyanide (2.17 g., 0.334 mole) and magnesium 
sulfate heptahydrate (73.8 g., 0.30 mole) there was obtained 
pure 3-hydroxy-3-ethylglutaronitrile (17.71 g., 77y0 yield) 
b.p. 134-137" (0.3 mm.), n25~ 1.4658. A sample was re- 
distilled for analysis b.p. 135' (0.35 mm.). 

Anal. Calcd. for C7HIONzO: C, 60.85; H, 7.3; N, 20.28. 
Found: 

3-Hydroxy-3-phenylglutaronitrile.-A solution of potas- 
sium cyanide (19.5 g., 0.3 mole), pot)assium carbonate (17 
g.), and potassium bicarbonate (17 9.) in water (120 ml.) 
was stirred vigorously with 2-phenylepichlorohydrin (25 g., 
0.15 mole) for 1 week a t  room temperature. The semisolid 
organic phase was then diluted with a small amount of a 
50-50 mixture of ether and petroleum-ether (b.p. 30-60") 
and the solid removed by filtration. The filtrate contained 
mainly unchanged epoxide. Recrystallization of the solid 
from ethanol gave almost pure 3-hydroxy-3-phenylglutaro- 
nitrile (7.8 g.) as feathery white needles, m.p. 117-118'. 
A sample recrystallized for analysis had m.p. 118-120'. 

Anal. Calcd. for CnHloN20: C, 70.95; H, 5.41; N, 15.05. 
Found: C, 70.9; H, 5.6; N, 15.1. 

Tris( cyanomethy1)carbinol.-2-( Chloromethyl)epichloro- 
hydrin (14.1 g., 0.1 mole) was added dropwise over a period 
of 15 min. to a cooled solution of potassium cyanide (20.4 g., 
0.314 mole) and magnesium sulfate heptahydrate (74 g., 
0.3 mole) in water (200 ml.). Isolation of the product in 
the usual way afforded a somewhat oily crystalline solid 
(10.5 g.). One recrystallization of this material from 
ethanol afforded tris(cyanomethy1)carbinol (8.0 g., yield 
53.5%) m.p. 106-108', raised to 109' from the same solvent. 
The infrared spectrum showed hydroxyl absorption at 2.99 
p and a split band a t  4.37 and 4.41 p for nitrile. 

Anal. Calcd. for C7H7Nd0: C, 56.37; H, 4.73; N, 28.18. 
Found: C, 56.5; H, 4.8; N, 28.0. 

C, 54.3; H, 5 5; N, 25.4. 

C, 60.8; H, 7.4; N, 20.5. 
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The bicyclohexenyl-p-benzoquinone Diels-Alder 
adducts I and I1 have been recently employed' as 
intermediates in the synthesis of triphenylenes. &-$+++pJ 0 0 

R R 
I a . R = H  I1 
b.R=CH? 
C. R = OCHB 

la. R = H 
b. R = CH3 
C. R = OCHa 

The difference in the ultraviolet absorption 
spectra between adducts I and I1 is one of the cri- 
teria' by which these two types of compounds can 
be distinguished. Whereas the quinones I1 show 
the expected maximum at  258-259 mp (log E 4.1- 
4.2), the adducts I do not show a definite maximum 
in the region 220-230 mp, as would be expected 
from the data for enediones summarized in Table I. 
On the other hand, substituted enediones have been 
shown to exhibit an absorption maximum in the 
region 235-250 f i p  (Table 11). Indeed, of the 
compounds investigated by us, only one, 2,5,7,10,12 
penta1nethyl-A~~~~-tetradecahydrotriphenylene-1,4- 
dione, 111, showed such a maximum (X$;Y1 242 
mp, e 11,500). 

8 

111 

This apparent lack of a maximum has been ob- 
served also in other similar unsubstituted Diels- 
Alder adducts investigated in this laboratory.a 

(1) Par t  I. A. Mandelbaum and Michael Cais, J .  Org. Chem., 26, 

(2) American Chemical Society-Petroleum Research Fund Fellow, 

(3) Yanina Altman and David Ginaburg, J .  Chcm. Soe., 1498 

2633 (1961). 

1959-1961. 

(1961). 



2244 NOTES VOL. 27 

TABLE I 
THE ULTRAVIOLET SPECTRA OF cYCLOHEXENE-1,4-DIONES 

222a 12,800 

224b 11,300 

22B 10,670 

2218 10,380 

218-227' 15,0O0-27,50Oi 

224d 12,000 

228 9 I 800 

Ia 2 x e  11,000 

Ib 226e 11,  loo 

IC 228e 9,450 
I 

253, 260g 1 9 , 8 0 0 ;  1 9 , 4 0 0  

0 
a H. Bastron, It. E. Davis, and L. by. Uute, J. Or!/. L"/w)L., 

8, 5 1 5  (1943); It. B. Woodward, F. E. Bader, H. Bickel, 
A. J. Frey, and R. W. Kirstead, Tetrahedron, 2, 1 ( 1 9 5 8 ) .  

E. A. Braude, E. It. H. Jones, and E. S. Stern, J .  Chem. 
Soc., 1092 (1947). a Prepared according to 0. Dids and 
K. Alder, Bey.,  62, 2361 (1929). M.p. 57-58' (lit., So> 
e Values obtained by mubtredion, see Fig. 1. 'See ref. 1 
for synthesis. E A. Braude, J .  Chem. SOC., 493 (1945). 

In ethanol solution, except where otherwise indicated. 
In hexase-solution. 

h comparison of I with the formulas of the cam- 
Dounds listed in Table I shows that in I the n m -  

TAELE I1 
T H E  ULTRAVIO)LET SPECTRA OF %SUBSTITUTED CYCLOHEX- 

Compound Amax mr e f  
%ENE-~,~-DIONXI~ 

237" 12,250 

C H s ~  H3 236' 20,000 

CHs AcO 

0 

235' 8,200 

24@ 8,000 

238' 15,600d 

I l l  242e 11,500 
a a. Bastrcm, R. E. Davis, and L. W. Butz, J. Org. Chem., 

8, 515 (1943). J. A. Barltrop and M. L. Burstall, J. 
Chem SOC, 2183 (1959). 0, Ish, H. Lindlar, M. Monta- 
von, R .  Ruegg, G. Saucy, and P. Zeller, Helu. Chim. Acta, 
39, %41(1956). Calculated from reportedc value X;% = 
942, in petroleum ether solution. e See ref. 1 for synthesis 

In ethanol solution, except where otherwise indicated 

conjugated double bond 14: 15 is tetrasubstituted 
and exocydic to two fused six-membered rings. 
Such double bonds in the steroid series have been 
reported4 to show a rather intense ultraviolet ab- 
sorption in the region 210-225 mp, For example 
Ab(14) and Ag,lo are reported4 to absorb in the range 
€210 n,r 6300-10,500 and C Z ~ O  1900-7000. 

The nonconjugIbtad 14: 15 double bond in the 
reduced adducts TV, which is similar to the 8:14 
and 9: 10 double bonds in steroids, shows a similar 

& R 

1Va. R = H 
b.R=CHs 

a. K = H 
b. R = CHx 

(4) P. Bladon, H. B. Henbest, and G. W. Wood, J. Chem. SOC., 
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Fig. 1 .--Evaluation of enedione chromophore absorption 
maximum in spectra of bicyclohexenyl-p-benzoquinone 
adducts 

(- - - -) Spectrum of A 2 , I 4  tetradecahydrotriphenylene- 

(- . - . _  ) Spectrum of hexadeeahydrotriphenylrne-1,C 

(----) Curve obtained by subtracting IVa from l a  

1,4-dione (Ia)  (in ethanol) 

dione (IVa) (in ethanol) 

high absorption in the 210-225 mp region (€210 

8700, €220 4400). 
On the assumption that this high absorption of 

14: 15 double bond might mask the maximum due 
to the enedione chromophore, the intensity values 
of the reduced adducts IV in the 210-240-mp region 
were subtracted from those of the adducts I. 
When the resulting intensity values were plotted 
against the respective wave lengths (Fig. 1)) there 
was obtained €or adducts Ia, Ib, and IC the expected 
maximum of the enedione chromophore (Table I). 

Experimental 
The absorption spectra were measured with a Unicani SI' 

3H) speetrophotometef. Melting points ware measured in 
a capillary and are uncorrected. 

6,7-Dimethyl-5,8,9,10-tetrahydronapbthoquinone (Table 
I).--.& mixture of 2,3-diniethylbutadiene ( 4  g., 0.049 Inole) 
and p-benzoquinone ( 4  g., 0.037 mole) R as kept for I v e& at  
rooni trniperature. Trituratioii R it11 ethanol (1,; 1111.) 
yielded yellow crystals (6.75 g., 96%6), n1.p. (froni cthaiiol) 

nip, t 9800. 
6,l l-Dimethyl-A14-hexa6ecahydrotripheny1ene- 1,4-dione 

CIVb).-A solution of 6,l l-dimethyl-A*~l4-tetradecahydrotri- 
pheuglene-1,4-dione Ib  (4.5 g.) in acetic acid (70 ml.) was 
shaken with powdered zinc (15 g.) for 15 niin. The mixture 
wafi then filtered, and the filBrate was poured into cold 
water (1.5 l.),  shaken for I5 min., and kept in the refrigera- 
tor overnight. A white precipitate was obtained which 
upon crystallization from methanol yielded white crystals 

115-117° (lit.' 111.p. 113-115°) v","' I690 CIII.-'. A,,., 228 

( 5 )  L. F. Fieser, W. P. Canipbell, and E.  11. Fry ,  J .  A m .  Chem. Soc.. 
Bi, 2217 (1939). 
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3.3 g.), m.p. 107-110". Recrystalhation from methanol 
gave the analytical sample, m.p. 133.5-135'. 

Anal. Calcd. for C20H1802: C, 79.95; H, 9.39; 0, 10.65. 
Found: C, 79.69; H, 9.39; 0, 10.67. 
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The use of tritium as a tracer in reactions of 
various organic compounds is of growing interest. 
Much of the labeling is accomplished by the Wilz- 
bech method which involves the exposure of such 
compounds to  curie quantities of tritium gas for 
periods of hours or days.' I n  general, the labeling 
process is accompanied by the appearance of B 
number of labeled by-products often with specific 
activities 10-100 times greater than that of the 
desired materials2 The presence of these by- 
products which arise from such processes as poly- 
rneri~ation,~ replacement of substituents,4 isomeri- 
~ a t i o n , ~  and addition of tritium to unsaturated 
linkages6 requires careful purification procedures. 
The times necessary for labeling by the Wilabach 
method may be greatly reduced if an electric dis- 
charge is employed during the period of gas ex- 
p ~ s u r e . ~  Labeling in the presence of uranium 
hydride containing tritium has also been carried 
out with certain advantages over the usual pro- 
eedure.I 

It is well known that rapid exehange between 
deuterium gas and the active hydrogen in organic 
compounds such as acids and alcohols occurs in thc 
presence of certain metal catalysts.8 The samc 

(1) K E. Wilzbaoh, J Am Chem. Soc , 79, 1013 (1957) 
(2) K. E. Wilzbach, ' Prooeedmgs of the  International Atomic Enetgy 

kgency Symposium on the  Deteetion and  Use of Tritium in the  
fhss ica l  and  Biological Sciences," Vxntia Austiia, 1961, paper 83 

( J )  P. Riesz and K. E .  Rilabach, J .  Phys Chem , 6 8 ,  6 (1958) 
(4) L. Dorfinan and K E Wrlzbach, zbzd . ,  68, 799 (1959) 
( 5 )  H J. Dutton, C P Jones L. H. Maaon, and R. F. Nyutroin 

(6) F. L J a c h o n ,  G W IGttinger, and  I?. 1' ICrause, Swleonres 
18, LO2 (1960). 
(7) R. E Felter and  L A Curie ,  "Proeedings of the Intarnstimrtl 

Atomic Energy Agency Syuiposium OR the  Detection and Use of Tri- 
tium in the Physical and  Biological Sciences " Vienna, Austria, 1961, 
paper 121. 

(8) L. E. Line, JF, B. Wyatt, a d  H. A. Smith, J .  Am Chem. S O C ,  
74, 1808 (1953); H. A. Smith and  E. L. BlcDaniel, Ibed., 77, 588 
(1955); E. L. MeDsnlel and H. A. Smith in "Advsnaea in Catalysis 
and Related Subjects," V d .  IX, Aaedemic Press Inc  Neu York, 
1957, p. 78, H A Smith and  B B Stewart, J .  Am Chzm Sac ,  82, 
3898 (1960) 

Chem Ind. (London), 1176 (1858). 


