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Line separations due to splitting of the natural abundance I3C signal by neighboring hydrogens are reported for 
a variety of di- and trisubstituted alkenes. For the trisubstituted alkenes, these line separations should be very close 
to true coupling constants. Qualitatively, the splittings conform to the prediction that carbon should show decreas- 
ing three-bond coupling constants in the order s p l >  sp2 > sp3 with regard to the hybridization of the coupling car- 
bon nucleus. However, the ranges of the coupling constants are not well separated for cis nuclei and also overlap 
for trans nuclei. The splittings are sufficiently regular in incidence that they are of use in assigning E or 2 character 
to trisubstituted alkenes. 

A number of papers have emphasized the parallelism be- 
tween H-H NMR coupling constants and 13C-H coupling 
c~ns tan ts . I -~  Since proton coupling constants in alkenes such 
as 1 have been used for years to distinguish between E and 2 
isomers, the question arises whether 13C-H coupling constants 
might not be of equal use with more highly substituted alkenes 
such as 2. DeIlaan and Van de Ven and Roberts et  al. have 
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advanced a useful method of determining alkene configuration 
based on 13C chemical shifts.j However, this method seems 
best applied in cases where both the E and the 2 isomers are 
available for comparison purposes. If only a single isomer is 
available the assignment of configuration would be difficult 
if unusual steric or electronic effects were present.6,7 

The use of additivity relationships, based on substituent 
effects on IH chemical shifts, seems to be an even more pow- 
erful method for determining alkene configuration.6 However, 
deviations from additivity predictions for carbonyl and other 
alkene substituents have been noted. 

I t  was hoped that 13C-H coupling constants would show 
sufficient regularity so that these data also could be used to 
identify E or 2 isomers. Studies of chemical shifts and of 
coupling constants would complement one another, and 
provide the researcher with a battery of techniques for con- 
figuration assignmenL8 

Marshall and Seiwell have reported that a very large 3 J C H  
value (14.5 Hz) is found between carbonyl and trans hydrogen 
in 3, and a smaller value (6.8 Hz) is found for cis nuclei in 4, 
rather similar to the variation in H-H coupling constants with 
geometry in other molecules.~JO The coupling constant for 
trans 13C-H nuclei was substantially higher than for certain 
a$-unsaturated ketones briefly investigated in our labora- 
tory.ll A secondary,objective of the present study was to ob- 
serve the range in coupling constants as structure was var- 
ied. 

In other studies, Karabatsos and Orzech suggested that 
bond angle variations imposed by steric constraints gave rise 
to sizable variations in 13C-H coupling constants,l but elec- 
tronegativity effects were not considered to be very impor- 
tant.lc Perlin’s data, however, could be interpreted in terms 
of a sizable electronegativity effect.l* Lemieux and co-workers 
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also emphasized the importance of stereoelectronic factors 
on variations in 3 J ~ ~ . 1 3 , 1 4  

In earlier studies, H-H coupling constants in alkenes were 
shown to vary over a twofold range for trans nuclei and over 
a fivefold range for cis nuclei, depending upon the type of al- 
kene substitution.lj The effects of electronegativity, as de- 
termined by Banwell and Sheppard and by Schaefer, are given 
in eq 1 and 2, where E x  is an electronegativity parameter for 
the substituent X.16 

J,,, = lL71(1 - 0.34Ex) (1) 
Jtrans = 19.0 (1 - 017Ex) (2 )  

If 13C-H coupling constants indeed parallel H-H coupling 
constants, similar electronegativity effects would be expect- 
ed.I7 

In considering the various factors that may affect the 
magnitude of 3 J ~ ~ ,  the hybridization of carbon deserves 
special mention. This factor, of course, is not present in H-H 
coupling constants. Karabatsos pointed out that 3 J ~ ~  should 
decrease in the order spl > sp2 > sp3 if the Fermi contact 
mechanism of spin coupling were dominant.16JsJg A third 
objective of this study was to observe the effect of hybridiza- 
tion on 3 J c ~ ,  although these effects are hard to differentiate 
from electronegativity effects in certain cases. 

Table I lists the 13C NMR data for over 40 alkenes. The data 
quoted in Table I are line separation(s) (LS) measured directly 
from the spectra rather than true coupling constants ( 3 J ~ ~ ) ,  
which must be derived from the LS by computer simulation. 
The LS values should be of more use to the practicing chemist. 
In Table I, the data for trisubstituted alkenes are of foremost 
interest. In such alkenes, couplings between cyanide or car- 
bonyl and hydrogen represent an AX spin system, and thus, 
LS and 3 J C H  are identical. For methyl substituted alkenes, 
an AM3X spin system is present, where M are the methyl 
protons; L s  should again be very close to 3 J ~ ~ .  

The deviation of LS from 3 J ~ ~  should be most serious for 
disubstituted alkenes. These alkenes were investigated in 
order to observe the variation of LS with structure in com- 
pounds whose configuration has been firmly established by 
other means. For disubstituted alkenes such as @)-cinnamic 
acid (28), the carbonyl 13C nucleus represents X of an ABX 
spin system, where the alkene hydrogens are A and B. Owing 
to the large difference in chemical shift of A and B, among 
other factors, the deviation of Ls from 3JCH is small (-0.2 Hz). 
For propenylbenzene, the methyl 13C represents X of an 
ABM3X spin system. For the 2 isomer 8, computer simulation 
shows that LS is again very similar to 3 J ~ ~ ,  within the error 
in data acquisition, f0.25 Hz. However, for the E isomer, LS 
does not correspond to 3 J C H  because of the small chemical 
shift difference between A and B, and large JAB and 1 JAX - 
J ~ x l  terms.15b For simplicity, all splittings will be termed LS 
whether or not they also correspond to true coupling con- 
stants. 
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Table I. Line Separations Due to Coupling of the 'C Nucleus with the ' H  Nucleus Indicated 

Registry 
no. Co mp d Isomer 

674 -76-0 
690-08-4 

4894-61 -5 

766-90-5 
8 73 -66-5 
104  -54 -1 

21087-29-6 
833-81-8 

98-83-9 

54 1 -47 -9 

1 4 1  -79-7 

54435-79-9 
22573 -24-6 
23652-86-0 

60135-00-4 

58-27-5 

174  34 -21 -8 

14182-01-5  

123-73-9  

104-55-2  
3 3 603  -9 0-6 

584 -45-2 

1704 1-60-0  

140-10-3  

704  -96-1 

705-54-4 
5 5 7 -24 -4 

498-23  -7 

498-24-8 

584-99-6 
644  -8 0 -4 

80-62-6 

6 0 1  35-01 -5 

14533-86-9  

1885-38-7 
2700-22-3 

53587-72-7 

13343-78-7 
13 3 4 3 -7 9-8 
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Orientation of 
Structure coupled nuclei LS, Hz 

i-C, H,CH=CH-CH , 
t-C, H,---CH=CH-CH, 
Cl---CH,--CH=CH-CH, 
Cl---CH,--CH=CH-CH, 
Ph--CH=CH+H, 
Ph--CH=CH---CH, 
Ph--CH=CH+H,OH 
Ph--CH=CH+H, C1 
Ph-CH=C(CH, )Ph 
H,C=C(CH,)Ph 

HO,C--CH=C(CH, ), 

CH,-CO-CH=C( CH,), 

Ph- -C O--CH=C( C H, )Ph 
PhCO--CH=C(CH,  )Ph 
CH,CO-CH=C( CH,)NHCH,Ph 

C02CHa O 5 - t  O J  

0 
0 

? 

P h - - C H = C  (CH, )-CO-Ph 
Ph--CH=C(CH, )-CO-Ph 
CH,-CH=CH-CHO 
CH,-CH-CH-CHO 
P h - - C H = C H - - C H O  
Ph--CH=C(Br)+HO 
Ph--CH=C( CO; ), 
Ph--CH=C(CO;), 
CH,-CH=C( CO,CH, ), 
CH,-CH=C(CO,CH,), 
Ph--CH=CH--CO; (D,O) 
Ph--CH=CH---CO,H( CDCl, ) 

Ph--CH=C( C1)C 0; 
-O,C--CH=CH--CONH, 
-O,C--CH=CH--CONH,  
-O,C--C( CH, )=CH-CO; 
-O,C--C(CH,)=CH--CO; 
-O,C--C(CH,)=CH-CO; 
-O,C--C(CH,)=CH-CO; 
-0 , C--C (Br )=C H - - C  0; 
-0, C - 4  ( B r ) = C H - 4  0,- 
CH, O,C--C(CH,)=CH, 
CH,O,C--C(CH,)=CH, 

CH, O,C--C(CN)=CH--CH(CH,) ,  
CH,O,C-C(CN)=CH--CH(CH,), 

CH, 0, C - - C (  CN )=CH-P h 
CH, 0,C-C(CN)=CH-Ph 
NC--CH=CH-Ph 
(NC),--€=CH-Ph 
(NC),--C=CH-Ph 
NC--C(CH, )=CH-Ph 
N C - - C ( C H ,  )=CH-Ph 
Ph--C= C--C H=CH-Ph 
Ph--C= C - 4  H=C H-Ph 

Cis 
Cis 
Cis 
Cis 
Trans 
Cis 
Cis 
Cis 
Trans 
Cis 
Trans 
Cis 
Trans 
Cis 
Trans 
Cis 
Trans 
Cis 

Cis 

Cis 

Trans 

Trans 

Cis 

Trans 
Cis 
Cis 
Cis 
Cis 
Cis 
Cis 
Trans 
Cis 
Trans 
Cis 
Cis 

Trans 

Cis 
Trans 
Trans 
Trans 
Cis 
Cis 
Trans 
Trans 
Cis 
Cis 
Trans 
Cis 
Trans 
Cis 
Trans 
Cis 
Cis 
Trans 
Cis 
Trans 
Trans 
Cis 

- 6  
6 .9  
6 .0  

- 7  
10.0 

6.6 
6 .8  
8 .0  
8.3 
6.6 

11.1 
7.1 
8.4 
7.0 
8.0 
6.7 
7.8 
6.1 

6.2 

5.7 

-10 

8.5 

- 6  

8.5 
6.4 
6.0 
8.8 
8.8 
7.8 
7.3 

10 .8  
7.0 

12 .2  
6.3 
7.0 

12.0 

5.0 
11 .5  
12.2 
10.8 

7 . 3  
6.7 
8.3 
9.5 
4 .3  - 6.5 - 1 2  

- 6  
1 3 . 8  
- 7  
1 4 . 0  

8.7 
8.4 

14.4 
8.8 
8 .2  

15 .0  
8 .2  
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Table I1 
Ranges of LS values, Hz 

(common values) Hybridization 
of carbon Cis nuclei Trans nuclei 

sp' (CN, C=C) 8.2-8.7 ( - 8 )  14-15 (-14)  

SP3 ( C H J )  5.7-8.0 (-6) 
4.3-10 9.5-16.9 

7.7-1 1.0 (- 8 )  
SP2 (CO) 

In Table I, the compounds are loosely grouped in the order 
sp3, sp2, spl with regard to the hybridization of the carbon 
coupled to the alkene proton. Table I1 shows a summary of 
these results. For cis nuclei, the range of LS between nuclei 
of different hybridization is not large. For trans nuclei, the LS 
roughly follow the predicted order spl, sp2, sp3, although 
considerable overlapping of ranges 

Table I11 illustrates the effect of varying the type of 13C 
nucleus coupled to H in an otherwise constant hydrocarbon 
skeleton. The acid chloride and aldehyde groups show the 
largest LS values for carbonyl groups. In Table I, the al- 
dehydes 23, 24, and 65 exhibit similarly large values. Car- 
boxylic acid, ester, and amide groups are not well differen- 
tiated (compare also 26-33,36-38, and 57-59). Ketones con- 
sistently have the smallest LS values (cf. Scheme I). The 
presence of a conjugating group such as phenyl substituted 
at  carbonyl (e.g., 55) has little effect compared to alkyl groups 
(e.g., 56; also Scheme I). I t  is noteworthy that rigid (21) and 
nonrigid (22) ketone groups have similar LS values.20 Except 
for the aldehyde group and oxime, the LS values are arranged 
such that l3C nuclei that have large LS values lie upfield in 
chemical shift and vice versa.21,22 The LS values parallel ~ J C H  
values for H-CO-X, again except for X = H.23 

As with H-H couplings, the effects of electronegative groups 
appears to be quite large. Comparison of bromomaleic acid 
(34) with citraconic acid (32) shows that the former has the 
lower LS (9.5 vlj. 10.8 Hz). The difference between 35 and 33 

Scheme I 
0 0 

126 II 

/ 

<?j--oCHa 'C=C 

Hy$CH3 0 
57 

0 

58 

59 60 

61 62 

is even greater (4.3 vs. 6.7 Hz), similar to the case in H-H 
couplings where the electronegative substituent is trans to one 
proton (cf. eq 2 vs. eq 1). This series involves substituents of 
similar size, and thus differential steric effects are not likely 
to be important. The bromo aldehyde 25 shows a lower LS 
than 24 or 53. Chlorocinnamic acid (30) has a lower LS than 
phenylcinnamic acid (49), although steric effects are variable 
in these compounds. 

Table 111. LS of Substituted Stilbenes 

/Ph 

'Z 
Ph-CH=C 

Compdb LS (trans) 
Registry 

no. Compdb LS (cis) 
Regis try 

no. 
CN 
0 

C--CI 
I/ 

4 4  (2)  14.2  6 1  14-57-4  45 ( E )  9.0  1 6 6 1  0-80-3 

4 6  (2)  16.9  60135-02-6  47 ( E )  9.9 51388-67-1 

0 
I1 48  (2) 1 2 . 5  91-47-4 49 ( E )  7.3 91-48-5 
C - O H  

0 

C-OCH,  
0 

II 

/I Ph c-"" 
'CH 

C 

11.5  60135-03-7 

50 ( E )  7 .4  36854-27-0 

52 ( E )  6.8 60135-04-8 

0 
/I 53 ( E )  1 0 . 0  1755-47-1 
C--H 

S - O H  

C-H 
II 54 ( E )  9 . 2  60135-05-9  

0 
II 55 ( E )  6.0  7474-65-9 
C-Ph 
0 

C--CH3 56 ( E )  -6  38661-88-0 II 
a Stilbene substituent. b The letter in parentheses refers to the configuration of the compound. C Data for a slightly impure 

compound are 12 .5  Hz.  
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Electronegative substituents substituted on the carbon 
coupled to hydrogen appear to increase LS values. The series 
9,10, and 11 shows an increasing LS as the electronegativity 
of the substituent increases from H (LS 6.6 Hz), OH (6.8 Hz), 
to Cl(8.0 Hz). In 7, the chloromethyl group has an apparent 
larger LS than methy1.19b,24 Moving from 2-methyl-1,3-di- 
phenyl-2-propen-1-one (22) to its bromomethyl analogue 
results in an increase in LS from 8.5 to 10 Hz. However, 
comparison of 39 and 43 indicates only a slightly larger LS for 
cyanide than alkyne.25 

With regard to the effect of substitution on the C=C double 
bond, disubstituted alkenes appear to have larger LS than 
trisubstituted alkenes for trans CH3-H couplings (the dif- 
ference would be still larger if 3 J ~ ~  values were calculated as 
3 J ~ ~  > LS). Thus 8 and 13 show LS of 10-11 Hz, whereas 12, 
14,15, and 17 show LS of ca. 8 Hz. However, for CO-H cou- 
plings, disubstituted alkenes have larger LS in some cases but 
not in others. 

The LS values discussed above show significant variation 
with structure, but these variations are by no means worse 
than variations in 3 J ~ ~  previously used to assign configura- 
tion in compounds of general structure l.I5 Using the data of 
Table I, certain molecules were investigated whose state of 
isomerism could not be assigned in any other way.26 These 
compounds are shown in Scheme I. Compounds 57 and 58 
were obtained as an inseparable mixture upon condensation 
of methyl acetoacetate with benzaldehyde. The major com- 
ponent, 57, showed a large LS for the ester carbonyl and a 
small LS for the ketone; 57 is thus the 2 isomer. Compound 
58 shows the reverse LS characteristics, and it is therefore the 
E isomer. Compound 59 (mp 89 "C) was obtained by con- 
densation of ethyl benzoylacetate with benzaldehyde and it 
is clearly the E isomer. 

The configuration of the azlactone and rhodanine deriva- 
tives (60 and 61, Scheme I) was predictable on the basis that 
the maximum path for resonance between CO and Ph  should 
be present.27 In both cases, the CO and alkene proton are cis, 
as indicated by the low LS value, and CO and Ph are therefore 
trans as predicted. However, for the isoxazolinone 62, the CO 
and Ph  are cis as shown by the large LS, thus confirming 
previous assignments.28 In this case a steric effect between the 
ring methyl and phenyl probably destabilizes the E isom- 

In citraconic, mesaconic, and itaconic acids (Scheme 11), a 
relatively complete survey of all LS values was obtained. The 
two-bond coupling constants (i.e., line separations, strictly 
speaking) were not characterized by a particularly large 
variation in absolute magnitude, unlike a number of literature 
 example^.^^^,^ 

For phenylitaconic acid (64), the LS values confirm the 
earlier assignment of configuration based on chemical trans- 
f o r m a t i o n ~ . ~ ~  In tigaldehyde (65) some uncertainty exists in 
the assignment of splittings, but generally the aldehyde group 
is seen to have large LS values not only to the alkene proton, 
but to other protons in the molecule. LS values for couplings 
to CHO are also sizable. 

Certain experimental difficulties reduce the effectiveness 
of this technique for configurational assignment. The data 
acquisition is fairly time consuming, often requiring an 
overnight run. A sizable concentration of sample must be used 
(in our hands, a 10% w/v solution was near the minimum, in 
CDC13 or about 5% in D20).  Alkyl groups other than methyl 
groups were difficult to study even using block acquisition due 
to extensively split signals. The disc data systems now coming 
into use may eliminate this difficulty, however. From the data 
in Table I, it is seen that the LS values for methyl groups cis 
or trans to an alkene proton are not sufficiently differentiated 
in some cases to warrant a firm assignment of configura- 
tion. 

er.27~,29 

Scheme I1 
LO 

32 33 

63 64 

1.4 
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Experimental Section 
Compounds 5,6,7,10,11,13,14,23,24,28,31,32,33,36,39,63, and 

65 were commercial products, mostly from Aldrich Chemical Co.; 
these were used without additional purification. Their '"C NMR 
spectra indicated a reasonable level of purity. Compound 20 was an 
undergraduate laboratory preparation, that was recrystallized several 
times, mp 104.5-106.0 "C (lit.32 105-106 "C). Compound 21 was ob- 
tained from Dr. Henry Baumgarten. The remaining chemicals were 
synthesized by the method given in the literature reference given with 
the physical properties, except as noted. 

( E ) -  and (2)-Propenylbenzenes (8 and 9) were available from 
a previous These were prepared by a Witting reaction using 
the method of S h e m ~ a k i n . ~ ~ b  
(E)-1,2-Diphenyl-l-propene (12), mp 81-82 "C (lit.34 80-82 

O C ) .  

Mesityl oxide (I@, bp 126-130 "C (lit.35 126-131 "C). 
Dypnone (16 and 17), bp 155 "C (1 mm) [lit.36 155 "C (1 mm)]; the 

product obtained was a mixture of about 85% the E isomer and about 
15% 2. Despite the low concentration of the Z isomer, accurate NMR 
data could be obtained in this particular case. 

Methyl 3-(N-benzylamino)-2-butenoate (18) was prepared in 
situ by adding molar equivalent quantities of benzylamine and methyl 

followed by rapid NMR determination. Although 'H 
NMR gave evidence for both isomers, the longer time period necessary 
for I3C NMR gave the mixture time to isomerize, and 13C NMR data 
for only the Z isomer could be obtained.37b 
4-Carbomethoxy-3-methyl-5-phenyl-2-cyclohexenone ( 19), 

mp 85 "C, was available from an earlier The NMR for a re- 
lated compound, 3,5-dimethyl-2-cyclohexenone, was very similar to 
that given for 19. 
(E)-2-Methyl-1,3-diphenyl-2-propenone (22), bp 167 "C (0.6 

mm) [lit.39 190 "C (28 mm)]. 
(Z)-2-Bromo-3-phenyl-2-propenal(25), mp 68-69 "C (lit.40 70.5 

"C). 
Benzylidenepropanedioic acid (26) was prepared by condensa- 

tion of malonic acid with benzaldehyde, mp 196.5 "C dec (lit.41a 
195-196 "C). Compound 27 was similarly prepared, bp 110-112 "C 
(15 mm) [lit.41h 110-112 "C (15 mm)]. 

(Z)-o-Chlorocinnamic acid (29) was prepared by irradiating the 
E isomer in a quartz flask with a 100-W Hanovia lamp for 1 week, and 
fractionally recrystallizing the resulting mixture of isomers. The 
higher melting isomer was sacrificially eliminated, plus any Z isomer 
carried along in the precipitation. The resulting product had mp 
133-135.5 "C (lit.42 136 "C). 
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(2)-2-Chlor0-3-phenyl-2-propenoic acid (30), mp 136-137 "C 
(lit.43 138-139 " ( 2 ) .  

(E)-Bromobutenedioic acid (34), mp 146-147 "C (preheated oil 
bath, rapid heating) (lit.44 140-141 "C). 

(2)-Bromobutenedioic acid (35), mp 180-181 "C 180-183 
"C). 

(E)-Methyl 2-Cyano-4-methyl-3-pentenoate, (37). A center cut 
of a large distillation was taken, bp 110 "C (20 mm). The compound 
was prepared as in ref 46: NMR (5% CDC13 6 1.15 [d, 6, CH(CH3)2], 
-3 [m, 1, CH(CH3)2], 3.88 (s, 3, CH~OZC), and 7.47 (d, 1, J = 10.2 Hz, 
CH=C); mass spectrum (70 eV) m/e (re1 intensity) 153.06 (M+, 21.9), 
138 (82.8), 125 (20,8), 121  (loo), 110 (67.9), 106 (78.9), 94 (86.4), 67 
(34), and 43 (25) 

(E)-Methyl 2-cyano-3-phenyl-2-propenoate (38), mp 88-89 "C 

Benzylidenepropanedinitrile (40), mp 83-84 "C (lit.47 87 "C). 
(E)-2-MethyA-3-phenyl-2-propenenitrile (41), bp 108-110 "C 

(4 mm) [lit.4s 120 "C (14 mm)]. 
(E) and (2)-1,4-Diphenyl-l-buten-3-ynes (42 and 43) were 

prepared by the general procedure of B r a n d ~ m a , ~ ~ ~  whereby phe- 
nylacetylide was added to styrene oxide, and the resulting alcohol was 
converted to the tosylate, and thence to the alkene using potassium 
tert-butoxide; from the resulting mixture of products, the E isomer 
could be obtained by crystallization, mp 94-96 "C (lit.49b 97 "C). The 
remaining oil appeared to be roughly an equimolar mixture of E and 
Z isomers by NMR. In our hands, either isomerization or decompo- 
sition occurred on attempted distillation. The 13C resonances of the 
two isomers were well separated and did not interfere with one an- 
other. 

Z isomer: 'H NMR (60 MHz, CDC13) 6 5.88 (d, 1, J = 12.0 Hz, 
PHC=C-CH), 6.63 (d, 1, J = 12.0 Hz, PhCH), and 7.2 (m, 10, Ph). 

E isomer: lH NMR (60 MHz, CDC13) 6 6.35 (d, 1, J = 16.5 Hz, 
PhC=C-CH), 7.01 (d, 1, J = 16.5 Hz, PhCH), and 7.2 (m, 10, Ph). 
(2)-2,3-Diphenylpropenitrile (44), mp 86-87 "C (lit.jo 88 "C). 
(E)-2,3-Diphenylpropenitrile (45). This material was prepared 

by dehydrating the corresponding oxime. The literaturejl preparation 
was a solid, mp 49-51 "C, but we were unable to crystallize this com- 
pound. The compound was purified by column chromatography on 
silica gel (eluted with a 1:9 mixture of ether and Skellysolve B). Thin 
layer chromatography showed only a single spot in eight solvent 
systems: NMR (!j% CDC13) d 7.0-7.4 (m, 11, Ph, and CH=C); mass 
spectrum (70 eV) m/e (re1 intensity) 205.0893 (M+, loo), 204 (93.71, 
203 (21.5), 202 (13.9), 191 (14.7), 190 (36.1), 178 (278,177 (35.61, and 
176 (27.53). 
(2)-2,3-Dipheny1-2-propenoic acid (48), mp 138-139 "C (lit.32 

136-137 "C). The 2 acid chloride 46 was prepared from this acid using 
PC16 or SOC12. Considerable difficulty was encountered upon at-  
tempts to purify and crystalline the acid chloride (isomerization 
and/or hydrolysis), and so in later runs, the crude acid chloride was 
run (NMR) immediately after synthesis: NMR (5%, CDC13) 6 6.87 (s, 
1, CH=C) and 7 1-7.5 (m, 10, Ph). 
(E)-2,3-Diphenyl-2-propenoic acid (49), mp 172-173 "C (lit.32 

173-174 "C). The acid chloride 47 was prepared similarly to 46. The 
ester 50 was prepared by Fischer esterification of 49, mp 75-76 "C 
(lit.32 75-76 "C). 
(E)-N-Methyl-N,2,3,-triphenylpropenamide (52). PC15 (3.0 

g, 14.4 mmol) and 49 (3.0 g, 13.4 mmol) were added to 100 ml of 
CHZC12 and stirred overnight. The solvent and the POC13 side product 
were distilled off under reduced pressure. Pyridine (10 ml) and N -  
methylaniline (5  ml) were added and allowed to stand for several 
hours. The product was taken up with ether, and extracted with 
several portions of 1 M HC1 until the aqueous layer was acidic. The 
ether was extracted with water and then with 5% NaHC03, dried 
(MgS04), and evaporated, yielding a yellow solid, which was recrys- 
tallized from 95% ethanol giving 2.0 g (44% yield) of 52: mp 109-110 
"C; lH NMR (5% CDC13) 6 3.32 (s, 3, NCHs), 6.8-7.2 (m, 16, aryl and 
alkene protons); mass spectrum (70 eV) m/e (re1 intensity) 313.1465 
(M+, 58.5), 207 (85.1), 180 (25.2), 179 (loo), 178 (48) and 77 (13). 

The Z amide 51 was prepared by adding a large excess of N -  
methylaniline to 1.1 g (4.4 mmol) of the Z acid chloride, foMowed by 
stirring for 1 h. Ether was added, and the mixture was extracted with 
3 M HC1 until the wash was acidic, followed by extractions with water 
and dilute NaHC03 and saturated NH4C1. The solution was dried 
(MgS04) and ether was evaporated. The resulting solid was recrys- 
tallized from ether-pentane, giving 0.6 g of product (48% yield): mp 

and 7.3-7.4 (m, 15, Ph);  mass spectrum (70 eV) mle (re1 intensity) 
313.1453 (M+, 45), 207 (59), 179 (loo), 178 (45), and 77 (4). 
(E)-2,3-Diphenyl-2-propenal (53), mp 92-94 "C (lit.62 94 "C). 

The 3-(4-tolyl) analogue of 53 gave very similar NMR results. 

(iit.46 89 oc). 

132-133 "C; NMR (5%, CDC13) 6 3.33 (s, 3, NCH3), 6.62 (5,1, CH=C), 

(E)-2,3-Diphenyl-4-propenal oxime (54), mp 164-166 "C (lit.5" 
165 "C). 
(E)-1,2,3-Triphenyl-2-propen-l-one (55) was obtained in some 

runs as an oil, bp 144-146 "C (1.5 mm) [lit.54 136" (0.2 mm)]. In other 
runs, a solid was obtained, which was recrystallized to purity, mp 
54-56 "C). The solid was used for the NMR run. 

( E ) -  and (2)-Methyl 2-aceto-3-phenyl-2-propenoates (57 and 
58) were obtained as an inseparable mixture by condensing methyl 
acetoacetate with benzaldehyde, bp 110-115 "C (1.5 mm) [lit.66 
158-162 "C (12 mm)]. 

(E)-Ethyl 2-benzoyl-3-phenyl-2-propenoate (59) was prepared 
similarly to 57 and 58, except that  the isomer indicated could be ob- 
tained in a crystalline state, mp 98.5-99.5 "C (lit.57 95.0-96.5 "C). 
4-Benzylidene-2-methyl-2-oxazolin-5-one (60) was prepared 

by condensation of the parent azlactone with benzaldehyde, mp 
149-150 "C (lit.js 146-147 "C). 

Benzylidenerhodanine (61) was similarly prepared, mp 197-200 

4-Benzylidene-3-methyl-2-isoxazolin-5-one (62), mp 140-141 
"C (lit.60 142 "C). 

Phenylitaconic acid (64) was prepared by the Stobbe condensa- 
tion, mp 191-192 "C (lit.61 192 "C dec). 

13C NMR Spectra.  Spectra were run on a Varian XL-100 instru- 
ment a t  normal probe temperature. The concentration of the samples 
was 0.3-1.0 g/3.0 ml of solvent. The higher concentration was used 
whenever possible to improve data acquisition statistics. Both coupled 
and decoupled spectra were run; the latter utilized 5K spectral width, 
and the former utilized a 1K spectral width or very infrequently a 2K 
spectral width. In runs using a 1K width, the error in LS indicated by 
the computer was 0.25 Hz. For runs in DzO (mostly carboxylic acids 
in the form of their potassium salt), the level of base added (potassium 
carbonate) was just adequate to ensure solubility (pH usually 6-8). 
The gated mode of decoupler operation was used for coupled spec- 
tra.e2 

In a typical run (for 30), 0.3 g of substrate was dissolved in 3 ml of 
CDC13 (plus 0.5 ml of MezSO-ds to improve solubility); a 1K spectral 
width was used with acquisition time of 4 s, pulse delay of 1.5 s, and 
a pulse width of 20 ps (ca. 30" tipping angle); 5K of transients were 
collected, and a 500-Hz filter was used. 

In this particular study, the attempted use of Cr(acac):l to enhance 
relaxation rates and reduce the time for data acquisition was unsuc- 
cessful, probably owing to the interaction of Cr(acac)a with the pro- 
tons of the molecule. However, in other studies, this reagent was 
successfully used to improve observations of :31P-1:3C coupling con- 
stants. 
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