
J.  Org. Chem. 1985,50, 5503-5507 5503 

lies approximately 20 kcal/mol higher than the glyoxylate 
(268 vs. 330 nm). 

We can say, however, that the intramolecular quenching 
observed here does require close approach of the phenyl 
and glyoxylate functionalities within several nanoseconds 
of what is probably a vertical absorptive transition. 
Furthermore, the  quenching efficiency is dramatically 
enhanced by Lewis acids, as would be expected if the op- 
erative quenching mechanism involved electron transfer, 
i.e., a strong donor-acceptor interaction. In  fact, the  ob- 
servation of excited-state charge-transfer emission bands 
for 1 in the  presence of Lewis acid requires a substantial 
HOMO-LUMO interaction in the excited-state geometry 
of this substrate when complexed with tin tetrachloride. 

Experimental Section 
Equipment. UV absorption spectra were obtained on a Cary 

17 spectrophotometer. Emission spectra were obtained on a Spex 
Fluorolog fluorimeter Model 1902 with double monochromators 
for excitation and emission. Proton nuclear magnetic resonance 
('H NMR) spectra were obtained at ambient probe temperature 
on a Varian EM 390 90-MHz spectrometer with chemical shifts 
reported in parts per million downfield from tetramethylsilane 
as an internal standard. A Waters chromatograph equipped with 
a refractive index detector and a pPorasil26859 semipreparative 
column was used for purification of 4. Cyclic voltammetry was 
conducted on a BAS-100 electrochemical analyzer with a Houston 
Instruments DMP-40 digital plotter. A standard three-com- 
partment cell was used. The solution was 0.1 M in tetra-n-bu- 
tylammonium perchlorate and was deaerated and kept under a 
positive pressure of N2 during the run. Silver-silver nitrate (0.1 
M in acetonitrile) served as the reference electrode, and a platinum 
disk and coil were the working and counter electrodes, respectively. 

Materials. 2-Methyltetrahydrofuran (Aldrich) was passed 
through a 30-cm column of alumina (Spectrum, 80-325 mesh), 
refluxed over LiAlH4, and distilled immediately prior to use. 
Methylene chloride (Fisher, reagent grade) was purified by stirring 
over H2S04 followed by NaHC03. Distillation from Pz06 afforded 
pure solvent. After this purification, no extraneous absorptive 
or emissive bands could be detected. 

Methyl iodide (Spectrum) was distilled prior to use. n-Bu- 
tyllithium in hexane (Aldrich) was standardized by titration with 
diphenylacetic acid. Hexamethylphosphoramide (HMPA) was 
obtained from Aldrich and used without further purification. 

The preparation of all compounds studied except for 4 will be 
detailed in a separate manuscript to be published in this journal. 

Synthesis of 8-Phenylmenthyl Methyl Ether (4). Phe- 
nylmenthol5 (1 mmol) was stirred with 1 equiv of n-butyllithium, 

2 mL of THF, and 0.5 mL of HMPA at -78 O C  under argon. The 
solution was warmed to 0 OC, and 3 equiv of methyl iodide was 
syringed into the reaction mixture. The mixture having been 
stirred for 15 h, 20 mL of ether was added. The ethereal solution 
was extracted 3 x 10 mL with water and dried over MgS04. The 
methylated product was purified by HPLC (6:l hexane-EtOAc, 
5 mL/min) to give a yellow oil in 70% yield 'H NMR 6 0.85 (d, 
3 H; J = 6 Hz), 1.30 (s, 3 H), 1.40 (5, 3 H), 2.90 (d o f t ,  1 H, J 
= 4 Hz, J = 9 Hz), 3.10 (9, 3 H), 7.20 (m, 5 H); 13C NMR 6 150.8, 
127.5, 125.8, 124.8, 81.9,54.5,52.0,40.3, 39.9, 34.9, 31.2, 29.5, 27.1, 
24.9, 21.9; MS, m/e (M+) calcd 246.198354, obsd 246.199130. 

Determination of Relative Quantum Yields of Fluores- 
cence. The area under the emission curve was determined by 
multiplying the peak height by the width at half-height. Dividing 
the curve area by the optical density at the excitation wavelength 
and correcting for the instrumental sensitivity setting gave the 
relative quantum yields reported in Table I. 

Fluorescence Quenching of 8-Phenylmenthyl Methyl 
Ether with Ethyl Pyruvate. Dichloromethane solutions 
M in ether 4) were prepared with gradually increasing concen- 
trations (0, 0.01,0.02, 0.05,O.l M) of ethyl pyruvate. Lifetimes 
were determined by monitoring the emission decay at  320 nm. 

Determination of Excited-State Lifetimes. The excitation 
source for these experiments was a picosecond mode-locked 
Nd:YAG laser operated at  the fourth harmonic (266 nm). 
Emission intensities were monitored at right angles to the ex- 
citation beam blazed at 320 nm. For room-temperature exper- 
iments, the sample was contained in a 5-mm cuvette fixed in a 
holder to ensure reproducible excitation and emission geometry. 
The runs at 77 K were conducted by suspending a l-cm cell in 
a quartz Dewar flask filled with liquid nitrogen. The output 
waveforms were displayed on a Tektronix 7912 fast digitizer and 
transferred to a computer for data analysis.23 The excited-state 
lifetimes were obtained by fitting the decay curves to single or 
double exponential functions including a deconvolution routine 
to minimize the effect of the laser pulse. 
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On the assumption that spin-paired diradical intermediates are formed in the reactions of hydrofluoroborate 
salts of open-chain analogues of Reissert compounds with alkynes, we present evidence that merostabilization 
is more effective than Linnett stabilization in controlling the regioselectivity of these (4 + 2) cyclization reactions. 

We have recently provided data in support  of the  con- 
cept of merostabilization of biradicaloid intermediates as 
a factor in determining rates and  regioselectivity in (4 + 
2) cycloaddition reactions of Reissert hydrofluoroborate 
salts with alkenes and alkynes.' Since, in other 1,3-dipolar 

addition reactions, Linnett2 stabilization of spin-paired 
diradical intermediates also seems to  play a major role in 
determining rates and  regio~electivity,~ we became inter- 
ested in trying to  determine the  relative effectiveness of 
merostabilization and Linnett stabilization in  controlling 
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Table I. Yields and Distribution of Pyrroles 

Langridge et al. 

Ph x 
distributn of pyrroles 

reagents combined yield," 70 8 (%) 8 (700) 
4a + 5 24 a (95.4) b (4.6) 
4b + 5 51 c (88.5) d (11.5) 
4c + 5 28 e (86.1) f (13.9) 
4a + 6 7 g (98.0) h (2.0) 
4b + 6 40 i (97.3) j (2.7) 
4c + 6 19 k (95.4) 1 (4.6) 

Mass balance control experiments indicate that no significant 
amounts of pyrroles have been lost in workup and analytical pro- 
cedures. The  other products are recovered starting materials and 
their hydrolysis products. 

the regioselectivity of suitable 1,3-dipolar addition reac- 
tions. Of course, we recognized that other types of sta- 
bilization of biradicaloid centers, such as benzylic reso- 
nance, would also have to be taken into consideration. 
Since we could envision appropriate comparisons by doing 
so, we chose the 1,3-dipolar addition reactions of hydro- 
fluoroborate salts of open-chain analogues of Reissert 
compounds with alkynes as the approach to our new 
s t u d i e ~ . ~  
2-Anilino-2-phenylacetonitrile (2), the precursor of the 

desired Reissert analogues, was prepared by reaction of 
aniline with mandelonitrile (1). 2-(N-Phenyl-4-methyl- 
benzamido)-2-phenylacetonitrile (3a), 2-(N-phenyl-4- 
nitrobenzamido)-2-phenylacetonitrile (3b), and 2-(N- 
phenyl-4-methoxybenzamido)-2-phenylacetonitrile (3c) 
were then prepared by reaction of 2 with the respective 
para-substituted benzoyl chlorides in pyridine solution. 
Treatment of the Reissert analogues with fluoroboric acid 
in glacial acetic acid gave the corresponding hydrofluoro- 
borate salts 4a-c. 

p-X-Ph-COCI 
E IOH pyridine 

Ph-CH(0H)CN + Ph-NH, 78 ac, 24 h *  Ph-CHCN * 

I 9 6 % 

HN-Ph 
1 

2 

+ /  \ 
HEF, 

Ph-$HCN A~OH- Ph-C=C--NH, BF, - 

3a, X=Me 
b. X =NO2 
c. X=MeO 

4a, X = Me 
b, X = N O z  
c. X = Me0 

Each of the salts 4a-c was caused to react with an excess 
of ethyl propiolate (5) and ethyl phenylpropiolate (6), 
respectively. Also, a reaction was carried out between 4a 
and diethyl acetylenedicarboxylate (7). Data on the dis- 
tribution of the pyrroles 8a-m, which were formed, are 
presented in Table I. 

On the assumptions (supported by the data presented 
in our previous papers1,4s5-13 and by the results of recent 

(4) McEwen, W. E.; Grossi, A. V.; MacDonald, R. J.; Stamegna, A. P. 
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Stott, P. E.; Zapata, A. J.; Zepp, C. M.; Lubinkowski, J. J. J .  Org. Chem. 
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5. XqH; Y=COOEi 
6, X=Ph; Y=COOEt 
7, X=Y=COOEt 

Y = C  
I I  

Z 

ea, X=COOEt: Y=H; Z=Me 
b. X=H; Y=COOEt; Z=Me 

0,  X=COOEt; Y=H;  Z=MeO 
1. X=H; YXCOOEt; Z=MeO 
g. X=Ph; Y=COOEt; Z=Me 
h. XSCOOEt; Y=Ph; Z=Me 
i, X=Ph; Y=COOEt; Z=N02  

k. X=Ph; Y=COOEt: Z=MeO 
I. X=COOEt; Y=Ph; Z=MeO 
m. X=Y-COOEt: Z=Me 

C,  X=COOEt; YsH; Z*NOz 
d, X=H; YZCOOEt; ZxN02  

j ,  X=COOEt; Y;Ph: ZzNOz 

theoretical calculations on the general mechanism of (4 + 
2) cycloaddition  reaction^'"'^ that (a) the hydrofluoro- 
borate salts of structure 4 dissociate in part to give 1,3- 
dipolar compounds of type 9 plus fluoroboric acid in so- 
lution, (b) spin-paired diradicals are formed as unstable 
intermediates in the 1,3-dipolar addition reactions under 
consideration, and (c) radical centers of type =C-C6H5 
are more stable than =C-C(=O)OEt, which are more 
stable than =C-H, the intermediates of types 10 and 12 
are considered to be of lower energy than those of types 
11 and 13, respectively. Since 10 and 13 are the precursors 
of the major products formed in the reactions of the 1,3- 
dipolar compounds of type 9 with 5 and 6, respectively, 
while 11 and 12 are the precursors of the minor products, 
and since the major products arise via 10 rather than 13, 
it follows that merostabilization is more effective in con- 
trolling regioselectivity in these reactions than is Linnett 
stabilization. Stated more explicitly, the major regioisomer 
in each reaction arises via 10, while the minor regioisomer 
arises via 12. 

With respect to the hetero ring moiety in each case, 
structures 10a and 10b combine merostabilization with 
benzylic stabilization, while structures 12a and 12b com- 
bine Linnett stabilization with benzylic stabilization. The 
effect of the substituent 2 would be relatively minor, but 
it would tend to favor structures 12a and 12b over 10a and 
lob, respectively. Nevertheless, loa and 10b are the ki- 
netically favored intermediates, and this reemphasizes the 
conclusion that, in these systems, merostabilization is more 
effective than Linnett stabilization in determining re- 
gioselectivity. From the product ratio data listed in Table 
I, and on the assumption that the rates are reflected in the 
product ratio, it can be concluded that 10a and 10b are 
about 1.3-2.7 kcal/mol more stable than 12a and 12b, 
respectively. Since Linnett stabilization energies in fa- 
vorable cases tend to be quite large (about 45 kcal/mol for 
C-0 and about 39 kcal/mol for CAN)," it is obvious that 
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Ph-?-C=NH Ph-t-\=Nkj-x 

Ph-N, , I \  
Ph-N\ ,O 

c-c-Y +i I 

I 
9 10a,b 

NH NH 

/ I  

IC. *c-x 

Ph-C- -NH *C-Y C 
Ph-N, ' , 6 1 1  P h - ( L C - Y  

c-x Ph-k p 11 A- I I 

z 
I 
2 

I 

12a.b 13a,b 

lla,b 2 

a, X=COOEt; Y = H :  b, X=Ph;  Y=COOEt 

merostabilization energies are also very large in structures 
10a and lob. That merostabilization energies tend to be 
quite large is evident from the data of Viehe et a1.18 As 
we pointed out in our previous publication,' the high 
resonance energy of the biradicaloids presumably formed 
in these reactions represents a potent driving force for the 
spin paired diradical mechanism. We do not yet take the 
view that all (4 + 2) cycloaddition reactions occur by this 
mechanism. Huisgen'g-21 has presented too much data 
apparently to the contrary to warrant such a broad gen- 
eralization. 

Care must be exercised in using the concepts of me- 
rostabilization or Linnett stabilization in predicting the 
regiochemistry of 1,3-dipolar cycloaddition reactions based 
on the relative energies of presumed spin paired diradical 
unstable intermediates. It is necessary to consider total 
stabilization of such intermediates. Although not carried 
out in order to test competition between merostabilization 
and Linnett stabilization, there are a t  least seven reactions 
in the l i t e r a t ~ r e , ~ ~ ~ ~ ~  outside of the work emanating from 
this laboratory, in which such a competition is possible. 
In six of the seven cases, the merostabilized spin-paired 
diradical controls the predominant regiochemistry. In the 
one exception, shown below, the presumed Linnett sta- 
bilized biradicaloid intermediate 14 also receives additional 
stabilization because of the presence of a methyl group 
attached to the "radicaln center. The merostabilized bi- 
radicaloid intermediate 15 has only a hydrogen atom at- 
tached to the "radicaln center. Padwa et al.23 rationalized 
their result by the HoukZ4 methodology, but they had to 
add additional parameters in order to make their calcu- 
lations fit the experimental data. It seems more direct 
to rationalize the results on the basis that the difference 
in stabilization energies between the types of merostabi- 
lization depicted in 15 and Linnett stabilization depicted 

(18) Des Mesmaker, A.; Vestommer, L.; Merenyl, R.; Viehe, H. G. 

(19) Huisgen, R. Pure Appl. Chem. 1981,53, 171-187. 
(20) Huisgen, R. J. Org. Chem. 1976, 41, 403-419. 
(21) Huisgen, R. Angew. Chem., Znt. Ed. Engl. 1963,2, 565-598. 
(22) Huisgen, R.; Gotthardt, H.; Baeyer, H. 0.; Schaefer, F. Chem. Ber. 

(23) Padwa, A.; Burgess, E. M.; Gingrich, H. L.; Rousch, D. M. J. Org. 

(24) Houk, K.;  Sims, J.; Watts, C.; Luskus, L. J. Am. Chem. Soc. 1973, 

Tetrahedron Lett. 1982, 23, 69-72. 

1970, 103, 2611-2624. 

Chem. 1982,47, 786-791. 

95, 7287-7319. 

COOEt EtOOC 

H I I 
Ph Ph 

3 parts 1 p a r t  

H 

14 

H 

15 

in 14 is up to 3 kcal/mol in favor of 15 but that the 
presence of the methyl group attached to the "radicaln 
center of 14 adds up to 6 kcal/mol of stabilization energy 
to 14.25 

The identities and relative amounts of the isomers 
formed in the reactions of 4a-c with 5 and 6, respectively, 
were established by means of NMR spectroscopy and 
HPLC. It was also first necessary to synthesize some of 
the products 8a-m by unambiguous methods. These data 
are presented in the Experimental Section. 

Experimental Section 
2-(N-Phenyl-4-methylbenzamido)-2-phenylacetonitrile 

(3a). Reaction of 2-aniline2-phenylacetonitrile (2), with p-toluoyl 
chloride in pyridine solution gave 3a in 46% yield after recrys- 
tallization from ethanol: mp 85-87 "C; NMR (CDC13) 6 7.10 (m, 
15 H), 2.20 (s. 3 H); IR (CC1,) 1642 cm-' (C=O). Anal. Calcd 
for C2iHI8N2O: C, 80.96; H, 5.56; N, 8.58. Found: C, 80.80; H, 
5.60: N, 8.57. 
2-~(N~Phenyl-4-nitrobnzamido)-2-phenylacetonitrile (3b). 

Reaction of 2 with p-nitrobenzoyl chloride in pyridine gave 3b 
in 60% yield after crystallization from ethanol: mp 139.0-141.5 

Hz), 7.25 (m, 11 H); IR 1680 (C=O), 1360,1340 cm-' (NO,). Anal. 
Calcd for C2'HI5N3O3: C, 70.58; H, 4.23; N, 11.60. Found: C, 
70.68; H, 4.36; N, 11.72. 
2-(N-Phenyl-4-methoxybenzamido)-2-phenylacetonitrile 

(3c). Reaction of 2 with p-anisoyl chloride in pyridine gave 3c 
in 56% yield after crystallization from ethanol: mp 70-73 "C; 
NMR (CDC13) 6 6.40 (m, 15 H), 3.52 (s, 3 H); IR 1588 cm-' (M). 
Anal. Calcd for C22HlsN202: C, 77.22; H, 5.30; N, 8.19. Found: 
C, 77.04; H, 5.21; N, 8.10. 

Hydrofluoroborate Salts of 3a-c. The salts were prepared 
by reactions of 3a-c with 48% HBF, in glacial acetic acid,4 ethyl 
ether at 0 "C being used to precipitate them after a 20-min reaction 
period at room temperature. The crystals were washed with fresh 
ether and dried in a vacuum desiccator. 
5-Amino-2-( 4-methylphenyl)-3,4-diphenyl- 1,3-oxazolium 

tetrafluoroborate (4a) was obtained in 87% yield mp 149-159 
"C dec; NMR (CDC13/Me2SO) 6 7.25 (m, 5 H), 6.95 (m, 11 H), 
2.25 (9, 3 H). Anal. Calcd for Cz2H19N20BF4: C, 63.79; H, 4.62; 
N, 6.76. Found: C, 63.64; H, 4.79; N, 6.73. 
5-Amino-2-( 4-nitrophenyl)-3,4-dip henyl-1,3-oxazolium 

tetrafluoroborate (4b) was obtained in 42% yield: mp 191-193 
"C dec; NMR (Me2SO) 6 7.91 (m, 2 H), 7.20 (m, 14 H). Anal. 
Calcd for C2,H16N303BF4: C, 56.66; H, 3.62; N, 9.44. Found: C, 
56.46; H, 3.61; N, 9.28. 
5-Amino-2-(4-methoxyphenyl)-3,4-diphenyl- 1,3-oxazolium 

tetrafluoroborate (4c) was obtained in 81% yield: mp 171-183 
"C dec; NMR (MezSO) 6 6.95 (m, 16 H), 3.68 (s,3 H). Anal. Calcd 
for C2zH19N202BF4: C, 61.46; H, 4.45; N, 6.52. Found: C, 61.09; 
H, 4.50; N, 6.38. 

1,3-Dipolar Cycloaddition Reactions. A mixture of the 
oxazolium tetrafluoroborate and a 10-15-fold excess of the alkyne 

"C; NMR (CDC13) 6 8.20 (d, 2 H, J = 9 Hz), 7.65 (d, 2 H, J = 9 

(25) Firestone, R. J. Chem. Soc. A 1970, 1570-1575. 
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was heated (60-80 "C) under argon, and the progress of reaction 
was monitored by TLC. Reaction times ranged from 1 to 4 days. 
When mixtures of pyrroles were produced, two different workup 
procedures were employed. Procedure A was designed to isolate 
one or both of the major products in pure form, at  least with 
respect to elemental analyses. Procedure B was designed to 
analyze the ratio of isomeric pyrroles produced and to determine 
the yield of each pyrrole. 

Procedure A, The cooled reaction mixture was mixed with 
methylene chloride and filtered and the filtrate washed with water, 
NaHCO, solution, and water. The dried (MgS04) methylene 
chloride solution was concentrated to dryness. 

The residue from the reaction of 4a with diethyl acetylene- 
dicarboxylate (7) was crystallized from ethanol to give 0.84 g (74%) 
of diethyl 2-(4-methylphenyl)-l,5-diphenylpyrrole-3,4-di- 
carboxylate (8m): mp 134-136 "C; NMR (CDCl,) 6 7.12 (m, 14 
H), 4.18 (4, 4 H, J = 7.5 Hz), 2.25 (s, 3 H), 1.15 (t, 6 H, J = 7.5 
Hz); IR (CHCl,) 1720 (C=O), 1650 cm-' (C=O). Anal. Calcd 
for CZ9Hz7NO4: C, 76.80; H, 6.00; N, 3.09. Found: C, 76.55; H, 
5.82; N, 3.13. 

The residue from the reaction of 4a with ethyl propiolate (5) 
was crystallized from ethanol to give mainly (proof of structure 
later) e thyl  5 4  4-methylpheny1)- 1,2-diphenylpyrrole-3- 
carboxylate (Sa) (plus a trace of ita isomer 8b): mp 169-171 "C; 
NMR (CDCl,) 6 7.10 (m, 15 H), 4.17 (q, 2 H), 2.25 (8 ,  3 H), 1.13 
(t, 3 H); IR (CCl.,) 1710 cm-' (C=O). Anal. Calcd for C%HBNO2: 
C, 81.86; H, 6.08; N, 3.67. Found: C, 81.60; H, 6.09; N, 3.62. 

The residue from the reaction of 4a with ethyl phenylpropiolate 
(6), a yellow oil, was placed on a 10% deactivated silica gel 
(100/200 mesh) column and eluted with methylene chloride. The 
first fraction gave 0.03 g (7%) of a mixture of ethyl 2-(4- 
methylpheny1)- 1,4,5-triphenylpyrrole-3-cartmxylate (8g) and 
its isomer 8h: mp 159.0-160.5 "C; NMR (CDCI3) 6 7.05 (m, 19 
H), 3.95 (q, 2 H, J = 7.5 Hz), 2.25 (s, 3 H), 0.87 (t, 3 H, J = 7.5 
Hz); IR (CHC1,) 1700 cm-' (C=O); HPLC (70:30 methylene 
chloride/hexane) 1 bL, attenuation = 2, flow rate = 1 mL/min, 
2 peaks (retention times, 7.0 and 7.7 min). Anal. Calcd for 
C32HnN02: C, 83.99; H, 5.95; N, 3.06. Found: C, 83.53; H, 5.96; 
N, 2.84. 

The residue from the reaction of 4b with ethyl propiolate (5) 
was crystallized from ethanol to give mainly pale yellow ethyl 
5-(4-nitrophenyl)-lf-diphenylpyrrole-3-car~xylate (&) (plus 
a trace of its isomer 8d): 0.23 g (51%); mp 180-182 "C; NMR 
(CDC13) 6 8.09 (d, 2 H, J = 9 Hz), 7.2 (m, 13 H), 4.20 (4, 2 H, J 
= 7.0 Hz), 1.17 (t, 3 H, J = 7.0 Hz); IR (CHCl,) 1700 cm-' ( C 4 ) ;  
HPLC (7030 methylene chloride/hexane), 1 pl, flow rate = 1 
mL/min, attenuation = 2, 2 peaks (retention times, 1.6 and 4.3 
min). Anal. Calcd for CZ5HzoN2O4: C, 72.84; H, 4.89; N, 6.79. 
Found: C, 71.50; H, 4.64; N, 6.59. 

The residue from the reaction of 4b with ethyl phenylpropiolate 
(6), an amber oil, was dissolved in a small amount of fresh 
methylene chloride, placed on a silica gel (100/200 mesh) co- 
lumnm, and eluted with 1:l chloroform/hexane. The first fraction 
from the column gave a pale yellow solid on partial evaporation. 
This was collected and crystallized from ethanol to give mainly 
ethyl 2- (4-nitrophenyl)-l,4~-triphenylpyrrole-3-carboxylate 
(Si) (plus a trace of its isomer Sj): mp 180.5-182.0 "C: NMR 
(CDC1,) 6 7.70 (d, 2 H), 7.1 (d, 2 H), 6.83 (m, 15 H), 3.87 (q, 2 
H, J = 7.0 Hz), 0.84 (t, 3 H, J = 7.0 Hz); IR (CHCl,) 1700 cm-' 
( C 4 ) .  Anal. Calcd for C31H24N204: C, 76.26; H, 4.95; N, 5.74. 
Found: C, 75.45; H, 4.80; N, 5.64. 

A mixture of 0.028 mol of ethyl propiolate (5), 0.0013 mol of 
4c, and 10 drops of absolute ethanol was heated at  60 "C under 
argon for 4 days. When cooled, the solution deposited colorless 
crystals, which were collected. The filtrate was added to water 
and extracted with methylene chloride. Evaporation of the 
methylene chloride (solution washed and dried as in other ex- 
periments) gave an oil, which we induced to give crystals from 
ethanol. The combined crystals, mainly ethyl 5-(4-methoxy- 
phenyl)-l,2-diphenylpyrrole-3-carboxylate (&), weighed 0.15 
g (28%): mp 187.0-188.5 "C; NMR (CDC13) 6 6.66 (m, 15 H), 3.99 

1700 cm-' ( C 4 ) .  Anal. Calcd for CZHBNO3: C, 75.20; H, 6.06; 
N, 3.73. Found: C. 75.11; H, 5.82; N,  3.75. 

The residue from the methylene chloride extract from the 
reaction mixture of 4c and ethyl phenylpropiolate (6), combined 

(q,2 H, J = 6.8 Hz);, 3.5 ( ~ , 3  H), 1.12 (t, 3 H, J = 6.8); IR (CHCl3) 

Langridge et  al. 

with an original precipitate as described immediately above, gave 
0.11 g (19%) of mainly ethyl 2-(4-methoxyphenyl)-1,4,5-tri- 
phenylpyrrole-3-carboxylate (8k): mp 179.0-181.5 "C: NMR 
(CDCl,) 6 7.33 (m, 19 H), 4.35 (q, 2 H, J = 7.5 Hz), 3.89 (s, 3 H), 
1.42 (t, 3 H, J = 7.5 Hz); IR (CHCl,) 1700 cm-' (C=O). 

Procedure B. Regiochemistry determinations were based on 
a combination of unequivocal syntheses of some of the compounds 
Sa-1, HPLC and 300-MHz FT 'H NMR spectroscopy. 

To obtain an accurate measure of regioisomers produced in a 
given reaction, we utilized minimal workup of the reaction mixture, 
one designed only to remove salts which could contaminate the 
HPLC columns and destroy their efficiency. Thus, for each 
experiment, excess dipolarophile (the usual solvent) was removed 
by evaporation in vacuo, and to the residue was added a measure 
amount of methylene chloride. The mixtures were filtered and 
the filtrates sealed in vials and stored in a freezer. The solutions 
were eventually subjected to two sets of liquid chromatography 
solvent systems on two different 10 bm silica gel columns (25 X 
0.26 cm). One solvent system consisted of 1% isopropyl alcohol 
in hexane, and the other consisted of 7030 methylene chloride- 
/ hexane. 

The "cut and weigh" method applied to the chart paper was 
used to determine the relative amount of each regioisomer. The 
response factor for the UV detector at  254 nm for ethyl 2-(4- 
methylphenyl)-1,5-diphenylpyrrole-3-carboxylate (Sb), the un- 
ambiguous synthesis of which is given below, was determined and 
assumed to be the same for all of the other pyrroles. The response 
factor was determined from 0.5, 1.0, and 2.0 pL samples. The 
data, plotted as a function of area vs. concentration, gave a straight 
line with a correlation coefficient of 0.9999. The precision measure 
for the HPLC determination was calculated to be f1.3%. The 
numbers provided in Table I (combined yield and distribution 
of pyrroles) are taken from the HPLC data. The assignments 
are based mainly on NMR data, and it is necessary to present 
the unequivocal syntheses of several of the products before the 
NMR data can be evaluated. 

Unequivocal Synthesis of Ethyl 2- (4-Methylpheny1)- 1,5- 
diphenylpyrrole-3-carboxylate (8b). The method developed 
by McEwen, Grossi, MacDonald, and Stamegna: which utilizes 
a base-catalyzed Michael and subsequent ring closure reactions, 
was employed. To a solution of 2.80 g (0.0061 mol) of 24N- 
phenyl-4-methylbenzamido)-2-phenylacetonitrile (3a) in 50 mL 
of anhydrous dioxane, maintained in an argon atmosphere, was 
added a slight excess (1.05 equiv) of phenyllithium in cyclo- 
hexane/ether, the temperature of the solution being maintained 
at  0 "C. To this was added a solution of 2.0 mL of ethyl acrylate 
in 10 mL of THF. The temperature was allowed to rise to room 
temperature over a period of 6 h, and the mixture was stirred for 
10 h, poured into water, and extracted with methylene chloride. 
The methylene chloride solution was washed with dilute HCl, 
water, dilute NaHC03, and water. Evaporation of the dried 
(MgS04) solution gave a red oil which was induced to crystallize 
from ethanol. Several recrystallizations afforded 0.13 g (3%) of 
8b: mp 167.0-168.5 "C; NMR (CDC1,) 6 7.10 (m, 15 H), 4.28 (q, 
2 H), 2.25 (s,3 H), 1.25 (t, 3 H); IR 1710 cm-' (C=O). Anal. Calcd 
for C26H23N02: C, 81.86; H, 6.08; N, 3.67. Found: C, 81.63; H, 
6.23; N, 3.63. 

Unequivocal Synthesis of Ethyl 2-(4-Methylphenyl)- 
1,4,5-triphenylpyrrole-3-carboxylate (8g). The same procedure 
was used as in the synthesis of 8b, with the exception that ethyl 
cinnamate (predominantly trans) was used in place of ethyl 
acrylate. Crystallization of the crude product from ethanol gave 
8g in 5% yield: mp 159.0-161.0 "C; NMR (CDC1,) 6 7.05 (m, 19 
H), 3.95 (q, 2 H, J = 7.5 Hz), 2.25 (s, 3 H), 0.87 (t, 3 H, J = 7.5 
Hz); IR 1700 cm-' (C=O). Anal. Calcd for C32H27N02: C, 83.99; 
H, 5.95; N,  3.06. Found: C, 83.33; H, 6.03; N, 2.88. 

Unequivocal Synthesis of Ethyl 2-(4-Nitrophenyl)-l,5- 
diphenylpyrrole-3-carboxylate (8d). A modified H a n t z ~ c h ~ ~ * ~ ~  
synthesis was employed. To a mixture of 0.60 g (0.0025 mol) of 
ethyl (4-nitrobenzoy1)acetate and 50 mL of anhydrous THF was 
added dropwise 0.46 g (0.0025 mol) of 2-bromoacetophenone. The 
mixture was heated on the steam bath for 20 min, and THF was 
then removed in vacuo. The residual oil was dissolved in 

(26) Evans, D.; Polanyi, M. Trans.  Faraday SOC. 1938, 34, 11. 
(27) Dewar, M. J. S. J. Chem. Soc., Faraday Trans.  1977, 62, 197. 
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methylene chloride, washed with water, and dried (MgS04) and 
the methylene chloride evaporated. The residual oil was chro- 
matographed on 100/200 mesh silica gel, methylene chloride/ 
ethanol (65/35) being used a~ eluent. The resultant 1,rl-diketone 
(31% yield) was dissolved in absolute ethanol. An equivalent of 
aniline was added dropwise, and the solution was stirred ovemight. 
Ethanol was evaporated in vacuo and replaced by methylene 
chloride and the organic layer washed with H2,0, dilute HCI, H20, 
dilute NaHC03, and H20 and dried (MgSOJ. Distillation of the 
methylene chloride and crystallization of the residue from ethanol 
gave 0.25 g (87% based on 1P-diketone) of yellow 8d: mp 160-161 
“C; NMR (CDCl,) 6 8.09 (d, 2 H, J = 9.0 Hz), 7.2 (m, 13 H), 4.25 

cm-’ (C=O). Anal. Calcd for C25H20N204: C, 72.84; H, 4.89; N, 
6.79. Found: C, 72.79; H, 4.95; N, 6.75. 

Regiochemistry Assignments Based on NMR Data. In 
diethyl 2- (4-methylphenyl)-l,5-diphenylpyrrole-3,4-dicarboxylate 
(8m), prepared by the 1,3-dipolar addition of 4a to diethyl 
acetylenedicarboxylate (5), there is no doubt that the ethoxy- 
carbonyl groups are located at the 3- and 4-positions of the pyrrole 
ring. The 300-MHz FT Varian ‘H NMR spectrum of 8m was 
taken, and it shows two overlapping triplets centered at 6 1.15 
and 1.19, respectively, with J = 9.0 Hz. Each of the triplets shows 
additional poorly resolved splitting ( J  = 2.35 Hz). There are also 
two overlapping quartets centered at 6 4.19 and 4.21 J = 7.0 Hz), 
respectively. The overlapping of the quartets results in an ap- 
parent quintet centered a t  6 4.20. The two outermost peaks are 
free of overlapping and have equal areas, as would be expected 
of compound 8m. As previously noted for the methyl triplet, the 
individual peaks of the apparent quintet show poorly resolved 
splitting ( J  = 2.35 Hz). 

Although a much more detailed analysis has been presented 
by Lagridge,% we will simply point out here the obvious fact that, 
because of the presence of a 4-methylphenyl group a t  one of the 
a-positions of the pyrrole ring, the magnetic environments for 
the ethoxycarbonyl groups at the two @-positions are measurably 
different. 

The 300-MHz ‘H NMR spectrum of the mixture of pyrroles 
(ratio of 95.4:4.6 by HPLC analysis) obtained by the 1,3-dipolar 
addition of 4a to ethyl propiolate does not show two sets of triplets 
and two sets of quartets, separated by about 9-10 Hz, as would 

(4, 2 H, J = 7.0 Hz), 1.25 (t, 3 H, J = 7.0 Hz); IR (CHCl3) 1700 

(28) Landridge, D. C. H. Ph.D. Dissertation, University of Massachu- 
setts, Amherst, MA, 1984. 

be expected if significant amounts of both regioisomers were 
present. However, a separation of 8 Hz is observed for the methyl 
triplets (with the outer peaks having nearly equal areas) when 
a mixture of equal amounts of authentic ethyl 2-(4-methyl- 
phenyl)-l,5-diphenylp~role-3-carboxylate (8b), obtained by the 
base-catalyzed addition of 2-(N-phenyl-4-methylbenzamido)-2- 
phenylacetonitrile (2) to ethyl acrylate, with the product of the 
1,3-dipolar addition reaction. Therefore, the major (almost ex- 
clusive) product of the 1,3-dipolar addition reaction is 8a. 

The 300-MHz ‘H NMR spectrum of the mixture of regioisomen 
8g and 8h (ratio of 98:2 by HPLC analysis), obtained by the 
dipolar addition of 4a to 6, does not show two sets of triplets and 
two sets of quartets, separated by about 9 Hz, as would be ex- 
pected if significant amounts of both regioisomers were present. 
Exactly the same 300-MHz lH NMR spectrum was obtained for 
the authentic sample of ethyl 2-(4-methylphenyl)-1,4,5-tri- 
phenylpyrrole-3-carboxylate (8g) obtained by the base-catalyzed 
reaction of 3a with ethyl cinnamate. Thus, it can be concluded 
that 8g is the predominant regioisomer of the 1,3-dipolar addition 
reaction. 

The 300-HMz ‘H NMR spectrum of the mixture of regioisomers 
8c and 8d (ratio of 88.5:11.5 by HPLC analysis), obtained by the 
1,3-dipolar addition of 4b to 5, shows a major triplet at 6 1.16 ( J  
= 7.5 Hz) and a major quartet at 6 4.15 ( J  = 7.5 Hz). These 
overlap a minor triplet and quartet at 6 1.25 and 4.25, respectively. 
The 300-MHz ‘H NMR spectrum of authentic ethyl 2-(4-nitro- 
phenyl)- 1,5-diphenylpyrrole-3-carboxylate (sa), obtained by the 
modified Hantzsch reaction, shows a triplet at 6 1.25 ( J  = 7 Hz) 
and a quartet at 6 4.25 ( J  = 7 Hz). Thus, it can be concluded 
that the major regioisomer of the 1,3-dipolar addition reaction 
is 8c. 

The regiochemistry assignments of the remaining reaction 
mixtures were based initially on analogy with the proven cases 
discussed above. Thus, owing to the observation that, in reactions 
with ethyl propiolate (5), both 4a (having an electron-donating 
p-methyl group) and 4b (having an electron-withdrawing p-nitro 
group) gave predominantly 8a and 8c (with X = C02Et), then 
4c should also give predominantly 8e. Corroboration for this 
assignment was obtained from the observed retention times of 
the major products in all three reactions in HPLC separations. 
In each case, the retention time of the major isomer was greater 
than that of the minor isomer. Similar methodology was used 
to make the regiochemistry assignments of the products of re- 
actions of 4a and 4c, respectively, with ethyl phenylpropiolate 
(6). 

Reactions of 1-tert -Butyl-3-phenylaziridinone and 
a-Bromo-N-tert -butylphenylacetamide with Benzyl-Grignard Reagents 

Henry E. Baumgarten,* Nein-Chu Robert Chiang, Victor J. Elia, and  Paul  V. Beum 
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1-tert-Butyl-3-phenylaziridinone (1) reacts with benzyl halide Grignard reagents (Br and C1) to give N- 
tert-butyl-2,3-diphenylpropanamide (4), N-tert-butyl-Z-phenylacetamide (3), N-tert-butyl-2-o-tolyl-2-phenyl- 
acetamide (5), l-(tert-butylamino)-1,3-diphenylpropan-2-one (7), N-benzyl-N-tert-butyl-2-phenylacetamide (6), 
and N-tert-butyl-2-halo-2-phenylacetamide (2, X = Br, Cl). The choice of solvent appears to determine the relative 
amounts of products 4 and 5. The bromo amide 2 reacts with the Grignard reagent to give 3 , 4 , 5 , 6 ,  and 7 and 
may be involved to some extent in the reaction of 1 with benzyl-Grignard reagents. The formation of 5 represents 
a new type of “abnormal” product from a reaction of the benzyl-Grignard reagent; however, this product appears 
to  fit well into the mechanistic pattern established for prior examples. 

T h e  reactions of benzyl-Grignard reagent with form- 
aldehyde (and some other carbonyl compounds) have been 
known for m a n y  years  t o  give ”abnormal”  of 
“rearrangement” products involving alkylation of the 
benzene ring as well as the  expected addition product.’-’l 

(1) Grignard, V. Bull. SOC. Chim. Fr. 1903, 29, 953. 
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More recently i t  has been found that certain alkylating 
agents (tert-butyl ~h lo r ide , ’~ - ’~  alkyl sulfates and tosy- 

(2) (a) Tiffeneau, M.; Delange, R. C. R. Hebd. Seances Acad. Sci. 1903, 
137, 573. (b) Tiffeneau, M.; Delange, R. J. Chem. SOC. 1904, 86, 48. 

(3) Schmidlin, J.; Garcia-Banus, A. Chem. Ber. 1912,45, 3193. 
(4) Mousseron, M.; Du, M. P. Bull. SOC. Chim. Fr. 1948, 15, 91. 
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