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tert-butyl alcohol by weight). All aqueous solutions were made 
up using glass distilled water. 

Analytical grade pyridine was dried over molecular sieve and 
distilled through a Nester-Faust spinning band column. Purity 
was checked by an analysis on a Perkin-Elmer gas chromato- 
graph using a 20-ft Carbowax column (< 1 % impurity), 

1,3,;-Trimethylpyridine (commercial sample 99.9% purity 
claimed) was distilled after treatment with boron trifluoride 
etherate. 

Methyl 4-nitrovalerate was prepared by a triethylamine- 
catalyzed Michael reaction of nitroethane and methyl acrylate 
according to published pr0cedure.1~ The procedure used for 
preparation and analysis of the D ester was essentially that of 
Allen," except that sodium carbonate was used as the base. 
Protio ester was combined with a large excess of D20 (99.8%) 
and a small quantity of sodium carbonate to effect exchange. 
The mixture was heated at  45' for 24 hr, being stirred continu- 
ously. The organic layer was separated and fractionally distilled 
after each exchange. Four such exchanges were usually neces- 
sary. Yields wrere poor because of a competing reaction leading 
to the formation of levulinic acid. The extent of deuteration 
was readily estimated by nmr, approximately by disappearance 
of the 1 I3 sextet a t  T 3.1-3.7, more accurately by the change of 
the 3 H doublet a t  T 8.4-8.6 into a symmetric triplet. 

Optically active ester was prepared by Fischer esterification of 
the optically active acid, which was prepared by published pro- 
cedures.7 Resolution of the deuterated acid (obtained by acid 
hydrolysis of the 11 ester) was found to  be possible with only a 
small amount of exchange by the same method. Fischer esterifi- 
cation gave the optically active D ester. 

All the materials had nmr spectra consistent with their aesigned 
structures. 

Rate Measurements.--All iodinations were carried out ex- 
actly according to the earlier procedure.7 

Racemization data were obtained using a Bendix automatic 
polarimeter; a jacketed cell was thermostated a t  30". 

(14) J. Colonge and S. Pouchol, Bull. SOC. Chim. Fr. ,  832 (1962). 

Solutions for observation were made by mixing thermostated 
solutions of reagents, of known concentration, in a definite ratio. 
Prior to this the polarimeter had been zeroed with solvent in the 
cell. The cell was rinsed four or five times with the reaction 
mixture before being filled for measurement. The change of 
rotation with time was recorded automatically. Iteactions were 
normally followed (where possible) over 3 half-lives. 

With slower reactions (ti/* >1 week) an offset zero method was 
used t.0 follow the change more accurately. The scale was chosen 
SO that a change in rotation of 10 millidegrees would give readings 
across the full scale, i.e., a full-scale deflection = 10 millidegrees, 
and the zero was set, a t  the end of the chart instead of the middle. 
This increased sensitivity enabled measurements to be made a 
little more accurately, but prevented scale changes. 

Product Studies.-Attempted iodination of methyl 4-nitro- 
valerate under the same conditions as those used in the kinetic 
studies were not fridful because of equilibration. It was be- 
lieved that bromination would overcome the problem of reversi- 
bility and that the position of bromination would be analogous 
to that of iodination, and rough rate measurements confirmed 
this. 

Bromine was added, dropwise, to an alkaline solution of the 
e:iter until no additional bromine was corisumed. The mixture 
was twice extracted with ether. After drying, the ether was 
removed and a gc analysis of the residue was made. This indi- 
c:ited the formation of a new higher boiling product, which was 
purified by preparative gc on a 2 .5  ft X 0.!5 in. column ( Z ? I ~ ~  
SE-30 on 60/80 mesh Chromosorb P) a t  200". I t  was identified 
tt:~ methyl 4-bromo-4-nitrovalerate by spectral methods: nmr, 
3 H singlet r 7.8,  3 H singlet, 6 . 4 ,  4 H irregular multiplet 7.2-7.7; 
i r  1370, 1560 em-1, characterist,ic of the NO, group; mass 
spectrum showed the characteristic bromine doublets and the 
heaviest ion corresponded to loss of NO2 only. The ester was 
independently synthesized by esterification of the corresponding 
acid13 and was found to have the same spectral characteristics. 

Registry No.-Methyl 4-nitrovalernte, 10312-37-5. 
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Citracononitrile and mesacononitrile were treated with six unsymmetrical dienes, and the structural iaomer 
ratios were determined. Substantial differences between the ratios obtained from citracononitrile and mesa- 
cononitrile were observed in the reactions with 1,3-pentadiene and 3-phenyl-1,3-pentadiene. Determination of 
structural isomer ratios involved a one-step degradation of the dinitrile adducts t o  mixtures of wbstituted benAo- 
nitriles by treatment with potassium tert-butoxide and anthraquinone. This is a new reaction apparently in- 
volving the quinone dehydrogenation of carbanions. 

The wealt'h of information available concerning 
structural directivity in the Diels-Alder reaction deals 
almost exclusively with orienting effects of diene and 
dienophile substituent groups as they vary in electroaic 
character and s i m 2  In general, any substituents X 
and Y located on the same olefinic carbon at'om of the 
dienophile 1 , regardless of their electronic character, 
reinforce each other's structural directing influence in 
Diels-Alder reactions with unsymmetrical dienes. On 
the other hand, dienophiles 2 and 3, wit'li substituents 
X and Y located on opposite ends of the olefinic bond, 
whethcr they be cis or trans to each other in any par- 
ticular compound, compete for st,ructural directivity. 

(1) (a) To whom correspondence should be addressed: The University of 
Conneeticut. (b) NASA Fellow, The University of Connecticut, 1966-1969. 

(2) (a) 1'. A. Titov, Csp .  KRim., 31, 329 (1962); Russ. Chem. Rev., 31, 
267 (1962). (b) A. S. Onishchenko, "Diene Synthesis," Daniel Davey, 
New York, N. Y., 1964. 

1 2 3 

The possibility that' dienophilc geometry may play 
a significant role in determining structural directivity is 
suggested by an oxamplc rcportcd by Bachmariri, ~ v h o  
found that  diene 4 reactcd vith citraconic anliydridc 
(5 )  to give predominantly structural isomw 6, whilc 
mesaconic acid (7) gave predominantly isomer 8.3 The 
opposing structural directing substituents arc a methyl 
group and a hydrogen atom in both of these dicnophiles. 
If one considers only the nature of thesc opposing 
groups, wit'hout regard to  geometry or nature of the 

(3) (a) W, E. Bachmann and J .  PI. Cliemerda, J. dmer.  Chem. Soc. ,  70, 
1468 (1948); (b)W. E.Bachmannand J.Controuiis,ibid.,78,2636 (1981). 
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symmetrically disposed dienophile substituents, one 
would expect that  the same structural isomer would 
predominate in each case. It should be noted, how- 
ever, that  these two dienophiles differ in both geometry 
and in identity of the symmetrically located activating 
groups, both factors which must be considered in light 
of the experimental facts. 

The purpose of this work was to investigate the 
possibility that  the cis-trans geometry of dienophiles 
such as 2 and 3 has a significant influence on structural 
directing ability. A cis-trans isomeric pair of di- 
enophiles, citracononitrile (9) and mesacononitrile (lo), 

CHJ YCN CHJYCS 
NC/'H 

10 
H/ \CN 

9 

which exhibits this behavior, was, in fact, found. 
That is, with certain dienes, the cis dienophile 9 gives 
structural isomer ratios significantly different from the 
ratios obtained by reaction of the trans dienophile 10 
with the same dienes. 

I t  was predicted that citracononitrile (9) and mesa- 
cononitrile (10) could be studied conveniently under 
identical reaction conditions, since the closely related 
dienophiles maleonitrile and fumaronitrile shox nearly 
identical Diels-Alder react ivi t ie~.~ It was found that 
citracononitrile actually reacts slightly faster than 
mesacononitrile in reactions using excess dienophile, 
and both dienophiles were shown to be thermally stable 
toward isomerization under the reaction conditions 
used. The chance that solvent polarity might in- 
fluence the structural directivity was minimized by 
running the Diels-Alder reactions in a fourfold excess of 

(4)  (a) J. Sauer, D. Lang, and B. Wlest, Chem. Der. ,  97, 3208 (1964); 
(b) J.  Sauer, D. Lang, and 13. Wiest, Z .  Naturforsch. B ,  11,206 (1962). 

diene, the diene thus serving as a solvent. Kinetic con- 
trol of adduct isomer ratios at the reaction temperature 
of 100" is assumed, primarily on the basis of the absence 
of examples to  the contrary for acyclic dienes. For ex- 
ample, some monocyclic adducts which have been 
thoroughly investigated in this regard do not undergo 
reverse Diels-Alder reaction, even a t  350" . 5 1 6  

The major concern in carrying out this preliminary 
work was the development of a suitable method of 
analysis. Although direct glc analysis of Diels-Alder 
reaction mixtures containing four isomeric adducts 
(eq 1) has been accomplished in some c a ~ e s , ~ , ~  several 

+ Q Y + O  "Y 
attempts to  so separate the adducts obtained from 9 
and 10 were unsuccessful. 

In  the past, researchers have generally resorted to 
degradative methods of analysis to  obtain information 
on structural directivity. However, as Sauer has 
pointed out, most data obtained in this way is a t  best 
approximate and is useful only as an indication of the 
general direction of structural directivity.8 However, 
in the present case i t  is not the absolute value of the 
isomer ratios that is important, but rather the com- 
parison of ratios obtained via a single degradative pro- 
cedure. 

A one-step degradation was developed in which 
adduct mixtures were treated with potassium tert- 
butoxide and anthraquinone in benzene at  room tem- 
perature, giving mixtures of the t\vo possible isomeric 
benzonitriles (eq 2).  The ratios of the benzonitriles 
isere conveniently determined by integration of the 
methyl proton singlets in the nmr spectrag of the crude 
degradation product mixtures. 

CN 
CN KOC(CH,), CN 

" I  + (2) - 
anthraquinone 

+ 

,eCN CY; 

L I Y  

( 5 )  H. E. Hennis. J .  Org.  Chem., 28, 2870 (1963). 
(6 )  T. Inukai  and T. Iiojima, ibid., 82, 869 (1967). 
(7) 0. Korver, T. L. Kwa, and C. Boelliou~rer, Tetrahed7on,  22, 3308 

(1966). 
(8) J. Sauer. Angew. Chem.,Int.  Ed. EnpE., 6 ,  16 (1867). 
(9) (a) E. D. Becker, "High Reaolution KMR, Theory and Chemical 

Applications," Academic Press, New York, N. Y., 1969, pp 236-240; (b) 
A .  Mathias and D. Taylor, Anal.  Chim. Acta, 3S, 376 (1966). 
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TABLE 1 
ISOMER RATIOS 

R R 

VAUGHAN AND SIJIONSOX 

7-Citracononitrile-- -Mesacononitrile- 
Registry no. Diene R R '  Ratio Yield: % Ratio Yield,a To 

78-79-5 %RIethyl-l,3-butadiene H CH3 1: I 75 1: 1 69 
504-60-9 1,3-Pentadiene CHI H 17: 10 69 12: 10 d 9 

1515-78-2 l-Phenyl-1,3-butadiene CsH5 13 -55: 10 40 61:lO 28 

37580-41-9 3-Phenyl-lj3-pentadiene CHI CsH; 21:lO 74 10: 10 74 
2-Phenyl-l,3-butadiene H CsHs 

37580-4'2-0 2-Methyl-l-phenyl-l,3-butadiene CsH; CHa 36: 10 77 33: 10 68 
(1 Overall yield of aromatixed products based on dienophile as limiting reagent. Determined by use of methyl benzoate as a yuantita- 

tive internal nmr standard. 

Thc degradation is presumed to involve thc initial 
loss of hydrogen cyanide from the adduct in a reverse 
;\Iichael typc elimination (cq 3). Potassium tert- 
butoxido alone in benzenc, ether, or dimethyl sulfoxide 
causcs climination of hydrogen cyanide from thc ad- 
ducts, with formation of a mixture of products con- 
taining low yields of the substituted benzonitrilcs, 
autoxidation of the cyclohcxadicnide ion (11) ac- 

[;-1;..J 1- ____t an th raqu inone  'hCHJ 
CN *. C+N 

11 

counting for thc limited aromatization which occurs in 
thcsc cases.'" Running tlic reaction in a pure oxygcn 
atmospiicre did not improve t,hc yield of benzonitriles, 
however. 

When anthraquinonc is prescrit in the strongly basic 
rcactiori mixture, pure benzonitriles can be isolated in 
about 90% yicld. I t  has been prcviously suggested 
that  phenanthreneyuinonc might find use in the dehy- 
drogenation of preformed anions. l1 Howvcr ,  al- 
though a logical cxtcrision of quinono dchydrogcna- 
tions, this is the first rcportcd instance of the dchydro- 
genation of a carbanion (11) by a quinone. While 
most of the anthraquinone docs not dissolvc in the 
rcactiori mixture, 3 cquiv of anthraquinone was rc- 
quired to  obtain complctc aromatization of thc adducts. 
During the reaction a dark grecri solid was produced, 
which rapidly turned yc?llow on cxposuro to  air. This 
material has not bccm charactcrizcd, but its properties 
rcscmble those of the known sodium salt of phcn- 
anthrcnc yuinhydronc. 1 2  

The four isomeric adducts comprising each adduct 
mixturc (cq 1) probably diffcr somctvhat in thc ease 
\vit'li which they lose HCS. Tlic fact that  no un- 
rcactcd adducts are visible in tho nmr spectrum of tho 
reaction mixturc aftcr the degradation, couplcd Ivith 
thc high yiolds obtained, led us to  accept tho us(! of this 
degradation in the ana1yt)ic:al proccdurc. 

The dictncs shown in Table I \\-ere so1cctc:d to  providc 
cxamplw with diff ctrcnt degrees of structural directing 

(10) G .  A .  Russell, A .  G .  I3emis, 12. .J. Geels, E.  G .  Janeen, and A .  J. 

(11) L. M. Jackson in "Advances in Organic Chemistry, Methods and 

( 1 2 )  S .  Goldschmidt and 1'. Christmann, Chem. Rer. ,  S T ,  713 (1924). 

More ,  Aduon. Chem. Ser . ,  No. 75, 174 (1968). 

Itesults," Vol. 2 ,  Interscience, New York,  K. Y., 19130, pp 331-345. 

ability. The structural isomer ratios obtained from 
the analysis are presented in Table I, and reprcscnt 
averages from duplicate determinations. Ratios from 
duplicate analyses differed by less t'han 2% of the larger 
numbcr of the ratio in most cases, and by less than 5% 
in all cases. Thc yields determined by thc  use of 
methyl benzoatc as an internal standard represent 
minimums, sincc controls run on known mixtures gave 
results 0-6% lowcr than actual. Control experiments 
using glc and nmr analysis showed that citracononitrilc 
and mesacononitrile do not interconvcrt undcr the 
Diels-Alder reaction conditions used and, in thc cases 
of 1-substituted dienes, only the trans isomers reacted 
with the dienophiles. 

The reactions which show the largest dependence 
upon dienophile geometry arc thoso of l,%pentadienc 
and 3-phcnyl-l,3-pentadiene. Although the number 
of examples tcsted so far is not great eriougli to justify 
any generalizations, the oharaoteristics that set these 
t n o  dicncs apart from the others should be notcd. 
Both have terminal mcthyl substitucnts, ichich placcs 
the methyl group in proximity to the reactive site. 
The ratios obtained show that both arc very waltly di- 
rccting dienes, and 3-phenyl-I ,3-pentadicnc especially 
resembles t'hc dicnc used by Bachmann. 

Diffcrancos in structural directivity obscrvcd with 
the four remaining dicncs were small or nonexistcnt. 
2-l'hcnyl-1,3-butadicnc polymcrizcs so rapidly that thct 
yicld of adducts produced was insufficient for analysis; 
and l-phcny1-1,3-butadionc also polymerizes rapidly, 
rcducirig the yield of adducts and thus lowering the 
significance of thc rcsults. A decreased nmr signal to  
noise rat.io and a relatively large diffcrcncc in yicld be- 
tween the reactions of mcsacononit'rilc and citracono- 
nitrile arc factors ahich tend to decroase thc reliability 
of the nmr dctcction method in general. 

2-;\Iethyl-l-phenyl-l,3-butadic!no showed a small 
structural directivity dcpcndencc on dicmpliilc geom- 
etry. This dieno contains a terminal phenyl sub- 
stitucnt and, according to  the ratios listed in Table I ,  
is moro discriniinating in it-s ou'n structural directivity 
than the 1,3-pcntadicncs, which shoivcd a greatcr scn- 
sitivity to dicnophilc geometry. 

The degradation mixtures from the rcactions of 2- 
mcthyl-l,3-butadiene could not be integrated dfcc- 
tively, since the maximum separation of methyl singlets 
was only 2 Ilz. Hoivcvcr, thc mcthyl singlet peak 
heights for the tivo isomers werc identical in the reac- 
tion mixturos from both dicnophilcs, indicatirig the ab- 
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sence of any detectable structural directivity depen- 
dence on dienophile geometry. 

The results obtained from these few examples indi- 
cate a structural directivity dependence on dienophile 
geometry that may, in some cases, be of value in syn- 
thesis. It is clear, however, that  a theoretical explana- 
tion of this phenomenon must be deferred until, as well 
as the structural isomer ratios, the stereoisomer ratios 
(eq 1) are determined. A mechanistic interpretation 
may require consideration of n-orbital ovelrlap and 
steric interactions similar to those used in explaining 
the Alder endo rule.13 However, any predictions based 
on the endo rule a t  this time would be premature, since 
very little data is available relative t o  acyclic dienes, 
and cyano activating groups show only weak endo- 
directing ability in reactions with cyclic dienesI4 and 
unusual directing effects with acyclic dieneS,l5 

Experimental Section 
All melting points and boiling points are uncorrected. Micro- 

analyses are by Spang Microanalytical Laboratories, Ann Arbor, 
Mich. All infrared (ir) spectra were run neat or in potassium 
bromide pellets on a Perkin-Elmer Model 237B grating spectrom- 
eter. Analytical gas chromatography (glc) was done with a 
Varian Aerograph 90P3 gas chromatograph, using 3 ft X in. 
i.d. columns. Preparative gas chromatography (glc) was done 
with a Varian Aerograph Autoprep Model 705 gas chromato- 
graph, using a 20 ft X in. i.d. column of 30% SE-30 on 
60180 mesh Chromosorb W.  The nuclear magnetic resonance 
(nmr) spectra were run on a 60-MHz Varian -4-60 spectromet,er, 
with tetramethylsilane as the internal reference. The ultraviolet 
(uv) spectra were obtained with a Cary Model 14 recording 
spectrophotometer. Mass spectra were obtained with an AEI 
MS12 mass spectrometer. Preparative thin layer chromatog- 
raphy (tlc), unless otherwise indicated, was done with Brink- 
mann silica gel PFzaa with 37, calcium sulfat'e. 

Diels-Alder Reactions. General Procedure .-A mixture of 
2..50-3.30 mmol of diene, 0.430-0.870 mmol of qjenophile (citra- 
cononitrilelo or mesacononitrilel~), and 1-2 mg of hydroquinone 
was sealed in a glass tube and heated at  100' for  ,10 days. A 
reaction time in excess of 3 days a t  100" was necessary to obtain 
complete reaction in all of the cases studied. Three tubes con- 
taining the diene and citracononitrile ( 9 ) ,  three tubes containing 
the diene and mesacononitrile ( lo) ,  and one tube containing the 
diene alone were immersed in the same oil heating-babh and 
heated at  the same time. 3:xamination of the heated diene 
sample by tlc and glc revealed extensive polymerizat,ion in each 
case. 

Purification of Diels-Alder Reaction Mixtures.-The sealed 
reaction tube was opened and the contents were removed by 
adding dichloromethane to dissolve the mixture and pipetting the 
solution. A benzene-dichloromethane solution of the reactioii 
mixture was applied to a 1 X 4 in. area near the bottom ("bot- 
tom" refers to one of the 5-in. sides) of a .5 X 8 in. ChromAlt 1000 
sheet (Mallinkrodt' Chemical Co.). The sheet was developed 
2-4 times with petroleum ether (bp 30-60") until the excess diene 
and diene dimers had moved above a line 5.25 in. from the bottom 
of the sheet' (observed under ultraviolet light). The sheet was 
then cut a t  3.25 in. from the bottom, and the bottom portion was 
eluted with 50 ml of methanol by descending elution chromatog- 
raphy in an apparatus similar t o  that usually employed for 
descending paper chromatography. The methanol was removed 
from the adduct mixture with a rotary evaporator, the mixture 

(13) (a) R. Hoffmann and R .  B. Woodward, J .  Amer. Chem. Soc.,  87, 
4388 (1965); (b) K.  Alder and G. Stein, Anyew.  Chem., 60, 510 (1937). 

(14) (a) K. Alder, K. IIeimbach, and  R. Reubke, Chem. Ber. ,  91, 1516 
(1958); (b) J. S. Meek and J. W. Ragsdale, J .  Amer. Chem. S'oc., 70,  2502 
(1948); ( c )  M .  Schwarz and M.  Maienthal, J.  Org.  Chem., 26,449 (1960). 

(15) J. S. Meek, B. T. Poon, R. T. Merrow, and  S. J. Cristol, J .  A n e r .  
Chem. Soc., 74,2669 (1952). 

(16) P. >!I, Brown, D. B. Spiers, and M. Walleg, J .  Chem. Soc. ,  2882 
(1957). 

(17) L. van de Straete, Bull. Sci. A c a d .  R o y .  Bely. ,  21, 226 (1935); Chem. 
Abstr.,  29, 3985 (19.35). 

was transferred in dichloromethane solution to a 30 X 100 mm 
vial, and the solvent was removed with a rotary evaporator. 

Only polymeric material remained on the sheet, as evidenced 
by examination (tlc and ir spectrum) of additional material 
eluted from the sheet by subsequent elution with acetone and 
dichloromethane. 

The ir spectrum of the material eluted with dichloromethane 
from the detached upper portion of the sheet showed no absorp- 
tion in the C=N stretching region of 2215-2260 cm-l. 

I t  may be concluded from the above results that the isolation 
of the adduct mixture was quantitative. Although the adduct 
mixture after this purification contained traces of colored impuri- 
ties and a small pmount of polymeric material, it was suitable for 
analysis by the procedure used in this work. 

Degradation of Adduct Mixtures.-Three equivalents of 
powdered anthraquinone was added to the adduct mixture 
(0.430-0.870 mmol, theoretical yield from Diels-Alder reaction) 
in a 30 x 100 mm glass vial. The vial was then placed in a nitro- 
gen-filled glove bag, where the degiadation reaction was run. 
The adduct mixture was dissolved by stirring (magnetic stirrer) 
with 15 ml of dry benzene which had been saturated with anthra- 
quinone. Then 0.50-0.60 g (4.4-5.3 mmol) of powdered potas- 
sium tert-butoxide was added to the rapidly stirred solution. The 
reaction mixture began to turn dark green immediateiy, and 
stirring was continued for 5 min. Then 3 ml of anhydrous ether 
was added, and stirring was continued for an additional 5 min. 
The reaction vial was then removed from the glove bag and pi- 
petted directly into a spherical separatory funnel containing a 
rapidly stirred (magnetic stirrer) mixture of 40 ml of dichloro- 
methane and 20 ml of 5% aqueous ammonium chloride solution. 
The green color of the reaction mixture disappeared within a few 
minutes after addition t o  the separatory funnel. The yellow 
dichloromethane layer was drawn off, and the clear aqueous 
solution was extracted with two additional 25-m1 portions of 
dichloromethane. The solvent was removed from the combined 
dichloromethane extracts on a rotary evaporator. The residue 
was stirred well with 15 ml of ether, which was then filtered to  
remove the insoluble anthraquinone. The anthraquinone crys- 
tals and flask were thoroughly washed with three additional 15- 
ml portions of ether. The ether was removed on a rotary evapo- 
rator, and the residue was transferred in dichloromethane solution 
to a 15 X 120 mm test tube. The solvent was removed on a 
rotary evaporator. One drop of methyl benzoate (quantitative 
nmr standard) was added to the residue in the test tube and 
weighed. The reaction residue-methyl benzoate mixture was 
then mixed well with about 1 ml of chloroform-d, and the solution 
was filtered into an nmr tube. 

Nmr Determination of Isomer Ratios.-Xmr spectra of samples 
piepared according to  the procedure described under "Degrada- 
tion of Adduct Rlixtures" were obtained first a t  300-He sneep 
width (downfield from internal tetramethylsilane) to determine 
relative positions of the methyl proton signals. The methyl pro- 
tons of the substituted benzenecarbonitriles and methyl benzoate 
were integrated at  50-H~ sweep width and sweep time of 50 sec. 
The rf field was set low enough to eliminate saturation. Each 
sweep was started at  a sweep offset of 190 Hz downfield from 
internal tetramethylsilane to integrate the methyl proton singlet 
of methyl benzoate (6  3.92 ppm). Then, while the sweep con- 
tinued, the offset was changed to 130-115 HA downfield from 
internal tetramethylsilane for integration of the methyl proton 
singlets of the substituted benzenecarbonitriles (6 2.63-2.04 
ppm). Each sample was integrated five limes and average 
values were determined. The results of these analyses are pre- 
sented in Table I. 
2,6-Diniethylbiphenyl-3-carbonitrile.-A mixture of 2.9 g 

(0.020 mol) of 2-methyl-l-phenyl-l,3-biitadiene~8 and 3.7 g 
(0.040 mol) of citracononitrile was heated at  95' in a sealed glass 
tube for 8 days. The reaction mixture was chromatographed in 
benzene on 330 g of Florisil (column diameter 35 mm). The 24 
100-ml fractions containing crystalline solid after removal of the 
benzene were combined and recrystallized three times from abso- 
lute ethanol to give 0.90 g (0.0038 mol, 19% yield) of colorless 
needles: mp 170-171"; ir (potassium bromide) 2250 and 2240 
em-' ( C s N ) ;  nmr (chloroform-d) 8 7.48 ( 5 ,  5 ,  C&), 5.85 (m, 
1, C=CH), 3.33 (m, l), 2.93 (m, 3) ,  1.63 (s, 3, CHa), and 1.54 
ppm (x, 3,CHd.  

(18) K. Alder, J. Haydn, K. Heimbach, and K. Neufang, Justus Liebigs  
Ann. Chem., 686, 110 (1954). 
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Anal. Calcd for C16HleN2: C, 81.32; H,  6.83. Found: 
C, 81.32; H ,  6.82. 

A 102-mg (0.432 mmol) sample of the above adduct was 
treated as described previously under “Degradation of Adduct 
Mixtures.” The product was isolated by preparative tlc followed 
by sublimation at  room temperature (0.3 mm), giving 68 mg 
(0.329 mmol, 7670 yield) of colorless crystals: mp 63-64”; ir 
(potassium bromide) 2220 em-l ( C 3 N ) ;  nmr (chloroform-d) 6 
7.65-7.05 (m, 7),  2.26 (s, 3, CH3), and 2.11 ppm ( 6 ,  3, CHs). 

Anal. Calcd for CllH13N: C, 86.92; H,  6.32. Found: C, 
86.93; H ,  6.31. 

Acidic hydrolysis of this material followed by decarboxylation 
with copper chromite in quinoline gave 2,6-dimethylbiphenyl. 
3,6-Dimethylbiphenyl-2-carbonitrile.--A mixture of 2-methyl- 

l-phenyl-1,3-butadiene, 3.4 g (0.051 mol) of trans-2-butenenitrile, 
and 5 mg of hydroquinone was heated at  200” in a sealed tube for 
3 days. The reaction mixture was dissolved in 200 ml of ben- 
zene, 20 g of 28-200 mesh silica gel was added, and the benzene 
was removed on a rotary evaporator. The silica gel was then 
thoroughly washed with methanol, which extracted the adduct 
mixture, leaving most of the polymeric material on the silica gel. 
The adduct mixture was separated from excess diene and diene 
dimers by preparative tlc, developed with petroleum ether. 

The adduct mixture was aromatized by refluxing under nitro- 
gen for 3 hr with 0.5 g of 5 7 ,  palladium on charcoal. The mix- 
ture was taken up in acetone, filtered, and concentrated. The 
aromatic nitrile mixture was isolated as 1.2 g (0.0058 mol, 24% 
yield) of yellow oil by preparative tlc, developed with carbon 
tetrachloride. 

A 60-mg sample of the above nitrile mixture was stirred with a 
mixture of 20 ml of 307, hydrogen peroxide, 20 ml of acetone, and 
1 g of sodium carbonate for 2 days.lg This effectively removed 
the undesired 2,6-dimethylbiphenyl-3-carbonitrile by converting 
it to the amide. The reaction mixture was extracted with two 
40-ml portions of dichloromethane, the extract was concentrated, 
and the residue was purified by preparative tlc, developed with 
benzene. Further purification by sublimation a t  room tempera- 
ture (0.3 mm) gave 47 mg (787, recovery) of colorless crystals: 
mp 45-46’; ir (neat) 2220 em-‘ ( C s N ) ;  nmr (carbon tetra- 
chloride) 6 7.18 (m, 7),  2.45 (s, 3, CH3), and 2.02 ppm (9, 3, 
(2%). 

Anal. Calcd for ClsHlaN: C, r16.92; H, 6.32. Found: C, 
86.93; H ,  6.55. 

A sample of the above material gave 1,4-dimethylfluorenone 
when heated with polyphosphoric acid at  160’. 
2,3-Dimethylbiphenyl-4-carbonitrile.-A mixture of 2.9 g 

(0.020 mol) of 3-phenyl-1,3-pentadieneIs and 3.7 g (0.040 mol) of 
mesacononitrile was heated at  95’ for 5 days. The reaction 
mixture was chromatographed on 150 g of Florisil (column diam- 
eter 34 mm). The excess diene and diene dimers were removed 
with petroleum ether eluent. The adduct mixture was then re- 
moved with benzene eluent. The adduct mixture was separated 
into its various isomers by preparative glc (column temperature 
237”, nitrogen flow rate 180 ml/min). The third adduct to 
emerge from the gas chromatograph had mp 97-99’; ir (potas- 
sium bromide) 2240 em-1 ( C r N ) ;  nmr (chloroform-d) 6 7.30 
(m, 5 ,  C6Ha), 5.72 (m, 1, C=CH), 3.25 (m, l ) ,  3.06 (m, l), 2.68 
(m, 2), 1.55 (s, 3, CH,), and 1.10 ppm (d, 3, J = 7 Hz, CH3). 

Anal. Calcd for C16H16N2: C, 81.32; H, 6.83. Found: c, 
81.24; H ,  6.83. 

A 143-mg (0.61 mmol) sample of the adduct was subjected to 
the reaction conditions described under “Degradation of Adduct 
Mixtures.” The crude product was chromatographed by pre- 
parative tlc and further purified by sublimation at  room tempera- 
ture (0.3 mm), giving 86 mg (0.42 mmol, 69% yield) of white 
solid: mp 57.5-58.0’; ir (potassium bromide) 2220 cm-1 
(CEN): nmr (chloroform-d) 6 7.60-7.11 (m, 7), 2.57 ( s ,  3, C K ) ,  
and 2.21 ppm (s, 3, CH3). 

87.02; H, 6.32. 
Anal. Calcd for C16H13N: C,  86.92; H,  6.32. Found: C, 

(19) (a) J.  V. Murray and J. B. Cloke, J .  Amer.  Chem. Sac., 66, 2749 
(1934): (b) K.  B.  Wiberg, ibid. ,  76, 3961 (1963). 

Acidic hydrolysis of this material followed by decarboxylation 
with copper chromite in quinoline gave 2,3-dimethylbiphenyl. 
2,4-Dimethylbiphenyl-3-carbonitrile.-A mixture of 3.4 g 

(0.024 mol) of 3-phenyl-1,3-pentadiene and 3.4 g (0.051 mol) of 
trans-Z-butenenitrile was treated as described previously under 
“3,6-Dimethylbiphenyl-2-carbonitrile.” The aromatized mix- 
ture was taken up in acetone and filtered, and the filtrate was 
concentrated. Preparative tlc of the residue, developed with 
carbon tetrachloride, gave a light yellow solid, which was re- 
crystallized three times from absolute ethanol to give 0.90 g 
(0.0043 mol, 18% yield) of colorless crystals: mp 124.5-125.0’; 
ir (potassium bromide) 2220 cm-1 ( C s N ) ;  nmr (chloroform-d) 
6 7.38 (m,7) ,  2.61(s, 3 ,CH3),and 2.48ppm(s,3,CH3).  

Anal. Calcd for C&aN: C, 86.92; H, 6.32. Found: C, 
86.85; H,  6.29. 

A sample of this material gave 2,4-dimethylbiphenyl when 
heated with polyphosphoric acid at  160°.*0 

3-Methylbiphenyl-2-carbonitrile.--A mixture of 0.908 g (6.98 
mmol) of l-phenyl-1,3-butadiene*1 and 0.980 g (14.6 mmol) of 
trans-butenenitrile was treated as described previously under 
“3,6-Dimethylbiphenyl-2-carbonitrile,” giving 60 mg of a color- 
less oil: ir (neat) 2220 cm-l (CEN); nmr (chloroform-d) 6 
7.70-7.23 (m, 8) and 2.63 ppm (s, 3, CH3); mass spectrum (70 
eV) m/c (re1 intensity) 193 (100, &I+), 192 ( G O ) ,  166 (28), 117 
(38), 91 (35), and 28 (37). 

A 23-mg (0.13 mmol) sample of the above material gave 1- 
methylfluorenone when heated with polyphosphoric acid at 160’. 
2-Methylbiphenyl-3-carbonitrile.-A mixture of 0.70 g (7.6 

mmol) of mesacononitrile, 1.38 g (10.6 mmol) of l-phenyl-l,3- 
butadiene, and 2 mg of hydroquinone was heated at 100’ for 10 
days in a sealed glass tube, then purified as described previously 
under “Purification of Adduct Mixtures.” The adduct mixture 
obtained was fractionally crystallized three times from 95% 
ethanol, giving 0.193 g (0.87 mmol, 11% yield) of colorless 
needles: mp 156-157’; ir (potassium bromide) 2240 cm-l 
( C r N ) ;  nmr (chloroform-d) 6 7.40 (m, 5, C&), 5.87 (m, 2, 
C=CH), 3.96 (m, l ) ,  3.42 (m, l ) ,  2.75-2.43 (m, 2), and 1.21 
ppm (s, 3, CHd.  

Anal. Calcd for Cl5H14N~: C, 81.05; H, 6.05. Found: C, 
81.02; H, 6.36. 

A 173-mg (0.780 mmol) sample of this adduct was treated as 
described previously under “Degradation of Adduct Mixtures.” 
The crude product was chromatographed by preparative tlc, and 
developed with a mixture consisting of 60% petroleum ether and 
40% benzene by volume. The yellow oil obtained was further 
purified by sublimation at  room temperature (0.3 mm) to give 
134 mg (0.696 mmol, 89% yield) of white crystals: mp 61.0- 
61.5”; ir (potassium bromide) 2240 em-’ (C=N); nmr (chloro- 
form-d) 6 7.77-7.22 (m, 8) and 2.47ppm (s, 3, CH,). 

Anal. Calcd for C14HllN: C,  87.01; H ,  5.74. Found: C, 
87.07; H,  5.71. 

Acidic hydrolysis of this compound and subsequent decarbox- 
ylation with copper chromite and quinoline gave 2-methylbi- 
phenyl. 

Registry No. -9, 37580-43-1 ; 10, 37580-44-2; 
C16&&2, m p  170-171”) 37380-45-3; C16H16N21 m p  
97-99’ 37580-46-4; CljHl4S2, mp 156-157’ 37680- 
47-5 ; 2,6-dimethylbiphenyl-3-carbonitrile, 37580-48-6 ; 
3,6-dimethylbiphenyl-2-carbonitrile, 37580-49-7 ; trans- 
2-butenenitrile, 627-26-9; hydroquinone, 123-31-9; 
2,3-dimethylbiphenyl-4-carbonitrile, 37550-50-0; 2,4- 
dimethylbiphenyl-3-carbonitrile, 37580-31-1 ; 3- 
methylbiphenyl-2-carbonitrile, 37580-52-2 ; 2-methyl- 
biphenyl-3-carbonitrile, 37580-53-3. 

(20) H. R .  Snyder and C.  T. Elson, ibzd., 76,3039 (1954). 
(21) 0. Grummitt and E. I. Becker in ”Organic Syntheses,” Collect. 

Vo2. I V ,  Wiley,NewYork, N. Y. ,  1963,p771. 


