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Table 111. Yields, Boiling Points, and Spectroscopic 
Data of Compounds 9a,b 

compd yield, % bp, “Clmbar (lit. bp) 
9a 82 8017 
9b 85  7713 
9c 79 7412 
9d 71 106/1013 

9f 78  115/1013 
9e 80 971180 (44-46/15)12 

a All compounds displayed a broad IR absorption 
between 3350 and 3250 cm-l (film). ‘H NMR data 
(6 ) for 9a: 1.33 (br s, 1, NH), 2.38 (s, 3, CH,N), 4.08 
(d,  1, J = 7 Hz, CHN), 5.0-5.4 (m, 2, H,C=), 5.7-6.3 (m, 
1, HC=), 7.3 (“s”, 5, C,H,). For 9b: 1.27 (br s, 1 ,  NH), 
1.6-1.7 (m, 3, CH,), 2.32 (s, 3, CH,N), 3.9-4.1 (m, 1 ,  
CHN), 5.5-5.8 (m, 2, 2CH=), 7.3 (“s”, 5, C,H,). For 
9c: 1.30 (br s, 1, NH), 1.50 (s, 3, CH,), 2.25 (s, 3, 
CH,N), 5.0-5.4 (m, 2, CH2=), 5.8-6.3 (m, 1, CH=), 7.2- 
7.6 (m, 5, C,H,). 1.00 (br  s, 1, NH), 1.10 (d,  3, 
J = 6.5 Hz, CH,C), 1.68 (“d”, 3, J = 5 Hz, CH,C< ), 2.33 
(s, 3, CH,N), 2.8-3.3 (m, 1, CHN), 5.0-5.6 (m, 2, 2HC=). 
For 9e: 0.93 (br s, 1, NH), 1.3-2.2 (m,  6, (CH2),), 2.43 
(s, 3, CH,N), 2.9-3.1 (m, 1, CHN), 5.75 (‘Is”, 2, 2HC=). 
For 9f: 1.00 (br s, 1, NH), 1.60 (d,  3, J = 5 Hz, CH,CH), 
1.65 (s, 3, CH,C<), 2.38 (s, 3, CH,N), 3.12 (s, 2, CH,N), 
5.2-5.7 (m,  1, CH=). I3C NMR data ( 6  ) for 9a: 34.3 
(q) ,  68.1 (d),  114.8 ( t ) ,  127.0 (d),  127.2 (d),  128.4 (d),  
140.8 (d),  142.5 (s). For 9b: 17.7 (q),  34.3 (q),  67.5 
(d),  126.0 (d),  126.9 (d),  127.1 (d),  128.4 (d),  131.2 (d) ,  
143.5 (d). For 9c: 25.1 (q),  29.5 (q),  60.6 (s), 112.9 
(t), 126.3 (d),  126.5 (d),  128.0 (d),  144.6 (d),  146.0 (s). 
For 9d: 17.7 (q), 21.8 (q),  34.0 (q),  57.8 (t), 125.3 (d),  
135.5 (d). For 9e: 20.3 (t), 25.5 (t) ,  29.2 ( t ) ,  33.6 (q) ,  
54.7 (d) ,  128.6 (d) ,  129.9 (d).  For 9f: 13.2 (q),  14.4 
(q),  35.8 (q) ,  60.1 (t), 120.2 (d) ,  134.3 (s). 

Conversion of 7a into 8a by Iodotrimethylsilane. A solution 
of 7a (6.5 g, 33 mmol), sodium iodide (14.0 g, 93 mmol), and 
iodotrimethylsilane (7.7 g, 71 mmol) in 70 mL of CH3CN is re- 
fluxed under anhydrous conditions for 24 h. Thereupon, the 
mixture is chilled and acidified with 6 mL of concentrated hy- 
drochloric acid. Volatile material is then removed on a rotating 
evaporator a t  ambient temperature. After being made alkaline 
with aqueous potassium hydroxide, the resultant emulsion is 
extracted with ether (3 X 50 mL). The combined ethereal extracts 
are washed successively with NazSz03 solution and water, dried 
over anhydrous Na2S04, and finally concentrated in vacuo. The 
product is purified by distillation to yield 3.6 g (81%). 

General Procedure for the  Preparation of 2-Alkenyl- 
methylamines 9. A solution of the corresponding 7 (0.1 mol) 
in 75 mL of dry ether is slowly added to a stirred suspension of 
LiAlH4 (5.7 g, 0.15 mol) in 150 mL of ether. After completion 
of addition the mixture is refluxed for 4 h. Thereupon, excess 
LiA1H4 is carefully quenched with water (quenching with ethyl 
acetate would afford a tertiary amine9), followed by filtration of 
the resultant inorganic salts. The filtrate is dried over anhydrous 
N G 0 4  and fractionated by distillation. Yields, physical constants, 
and spectroscopic data for products 9 are given in Table 111. All 
compounds 7-9 gave satisfactory combustion analytical data. 

Methyl N-(  1-Phenyl-1-propeny1)carbamate (loa). Com- 
pound 7a (3.0 g, 16 mmol), KO-t-Bu (2.5 g, 22 mmol), and catalytic 
amounts of dibenzo-18-crown-6 in 50 mL of dry ether are stirred 
for 60 h at ambient temperature. Thereupon, undissolved material 
is collected by filtration, and the filter cake is suspended in 50 
mL of ether and dissolved by addition of 50 mL of water. The 
organic layer is rapidly separated, washed with water (3 x 20 mL), 
dried over Na2S04, and concentrated in vacuo (15 mbar). The 
residue is recrystallized from CHzC12/pentane (1:4) to yield 1.9 
g (63%) of white needles: mp 72 “C; ‘H NMR (CDC13) 6 1.78 (d, 
3 , J  = 7 Hz, CH3CH), 3.67 (9, 3, CH30), 5.85 (q, l,J = 7 Hz, CH=), 

For 9d: 

(9) Holland, H. L.; Johnson, G. B. Tetrahedron Lett. 1979, 3395. 
(10) Iliceto, A.; Gaggia, G. Gazz. Chim. Ital. 1960, 90, 262. 
(11) Hoffmann, D a ”  Mitt. Kohleforschungsinstitut Breslau 1926, 

(12) Daniker, F. A.; Butler, P. E. J. Org. Chem. 1968, 33, 2637. 
2, 111. 

6.2 (br s, 1, NH), 7.2-7.7 (m, 5, CBHS). Anal. Calcd for CllHI3NO2: 
C, 69.09; H, 6.85; N, 7.32. Found C, 68.96; H, 6.98; N, 6.97. 

Methyl N-( 1-phenyl-1-buteny1)carbamate (lob) was ob- 
tained from 7b (1.7 g, 8.3 mmol), potassium tert-butoxide (3.0 
g, 27 mmol), and dibenzo-18-crown-6 in 40 mL of dry ether as 
described for loa. In this case, however, not the filter cake but 
the filtrate is subjected to further workup: yield 0.9 g (53%); mp 
43 “C; ‘H NMR (CDClJ 6 1.08 (t, 3, J = 7 Hz, CH3CH2), 2.23 
(quint, 2, J = 7 Hz, CH2), 3.70 (8, 3, CH30), 5.73 (t, 1, J = 7 Hz, 
CH=), 7.2-7.6 (m, 5, Cd-I&. Anal. Calcd for ClZHl5NO2: C, 70.22; 
H, 7.36; N, 6.82. Found: C, 70.05; H, 7.42; N, 6.65. 
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The experimental herbicide Fluorochloridone’ (3- 
chloro-4-(chloromethyl)- 1- [3-(trifluoromethyl)phenyl]-2- 
pyrrolidinone) was reported2 to reduce chlorophyll pro- 
duction in corn. This compound can exist as both a cis 
and a trans isomer. These isomers were separated, and 
the configuration of each isomer was determined. Initial 
structural assignments were unsuccessful due to ambiguous 
results obtained in IH and 13C NMR studies. X-ray 
crystallographic studies of the major isomer (la) subse- 
quently allowed its assignment as the trans isomer. 

,CHzCI 

l a  (trans) 
l b  ( c i s )  - 
21 

2 
21 

Proton NMR. The proton NMR parameters for la and 
lb are listed in Table I. The chloromethyl group of la 
exhibited a doublet with a coupling constant of 5.4 Hz 
whereas that of lb exhibited a multiplet. The ring proton 
H3 of la showed a doublet at 4.48 ppm with a coupling 
constant of 8.82 Hz and that of lb a double at 4.55 ppm 

(1) Stauffer US. Patents 4 110 105, 4 132 713. 
(2) Devlin, R. M.; Kisiel, M. J.; Kostusiak, A. S. Proc. Annu. Meet. 

Northeast. Weed Sci. SOC. 1975, 33, 95. 
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Table I. Proton NMR Parameters of l a  and l b  
shift, 6 (multiplicity) 

compd H, H.4 H5 CH2 Ar J3.4, Hz 
l a  4.48 (d) 3.00 (m) 3.6-4.1 (m) 3.79 (d) 7.3-7.8 (m) 8.82 
l b  4.55 (d) 3.08 (m) 3.5-4.2 (m) 3.5-4.2 (m) 7.4-7.8 (m) 6.30 

Table 11. Carbon-13 NMR Parameters of 2-Pyrrolidinones 
chemical shift, b 7 d  

atom l a  l b  2 
c 2  
c 3  
c 4  
c 5  
CH2 
C1' 
C2' 
C3' 
C4' 
C5' 
C6' 
CF3 

168.05 (s) 
57.46 (d) 
44.29 (d) 
48.48 (t) 
43.06 (t) 

139.08 (s) 
116.53 (4.0, d) 
131.31 (32.4, s) 
121.93 (3.7, d) 
129.78 (d) 
122.88 (d) 
123.93 (272.5, s) 

168.31 (s) 
58.55 (d) 
40.18 (d) 
49.61 (t) 
41.84 (t) 

139.04 (s) 
116.59 (4.0, d) 
131.53 (33.4, s)  
122.06 (4.0, d) 
129.77 (d) 
123.07 (d) 
123.85 (273.6, s) 

173.6 (174.0," s) 
32.4 (32.7," t)  
17.6 (17.8,a t)  
48.3 (48.5," t)  

139.0' (s) 
119.4' (d) 
128.2' (d) 
123.8' (d) 
128.2c (d) 
119.4' (d) 

" Reference 6. * CF coupling constants expressed in hertz and multiplicities are given in parentheses. The chemical 
shift assignments for the aromatic carbons in 2 were based on comparison with the reported values (ppm) for acetanilide' 
(Cl', 139.5; C2', 119.3; C3', 128.7; C4', 123.2). Multiplicities are from SFORD. 

with a coupling of 6.30 Hz. Proton NMR studies for 1- 
phenyl-2-pyrrolidinone (2)3 and 4-phenyl-5-carboxy-2- 
pyrrolidinone,4 as well as a number of other five-mem- 
bered-ring compounds5 reported that cis vicinal coupling 
constants were larger than trans coupling constants. On 
the basis of these data, the cis configuration would be 
assigned to the major isomer, la, and the trans configu- 
ration to lb. 

Carbon-13 NMR. The carbon-13 NMR parameters for 
la, lb, and pyrrolidinone 2 are listed in Table 11. The 
aromatic carbon shifts of the m-(trifluoromethy1)phenyl 
group in la  and lb can be calculated from the aromatic 
carbon shifts of 2 by using substituent chemical shift values 
of monosubstituted benzenes.8 The calculated values (in 
ppm: Cl', 138.8; C2', 116.1; C3', 130.8; C4', 120.5; C5', 127.9; 
C6', 122.6) are in good agreement with the observed aro- 
matic carbon shifts of la  and lb. The shifts of C2', C3', 
and C4' were further confimed by their coupling constants 
with the fluorine atoms of the trifluoromethyl group. The 
chemical shift assignments for the carbons in the pyrro- 
lidinone ring of la and lb  were readily made with an 
SFORD experiment. Among the methine carbons, C3, 
which is directly attached to chlorine, should have a lower 
field shift (57.46 ppm for la and 58.55 ppm for lb), and 
thus the 44.29-ppm absorption would be assigned to C4 
in la and the 40.18 ppm absorption to C4 in lb. This is 
in agreement with the estimated shift for C4 (41.9 ppm) 
on using reported substituent  parameter^.^ The methy- 
lene carbons at 48.48 and 39.61 ppm were assigned to C5 
for la and lb, respectively, based on reported shifts for 
pyrrolidinone 2. The remaining absorptions at  43.06 and 
41.84 ppm would then be assigned to the chloromethyl 

(3) Raisanen, K.; Jokisaari, J.; Rahkamaa, E.; Virtanen, P. 0. I. Suom. 

(4) Zymalkowski, F.; Pachaly, P. Chem. Ber. 1967,100, 1137. 
(5) Lambert, J. B.; Papay, J. J.; Khan, S. A.; Kappauf, K. A.; Magyar, 

(6) Deyrup, J. A,; Gingrich, H. L. J. Org. Chem. 1977,42, 1015. 
(7) Llinares, J.; Elguero, J.; Faure, R.; Vincent, E. J. Org. Magn. Reson. 

1980, 14, 20. 
(8) Levy, G. C.; Lichter, R. L.; Nelson, G. L. "Carbon-13 Nuclear 

Magnetic Resonance Spectroscopy", 2nd ed.; Wiley New York, 1980; p 
111. 

(9) Simeral, L.; Maciel, G. E. J. Phys. Chem. 1973, 77,1590. 

Kemistil. B 1971,44, 354. 

E. S.  J.  Am. Chem. SOC. 1974,96,6112. 

Figure 1. 
d 

Molecular structure of Fluorochloridone (la). 

carbons for la and lb, respectively. On the basis of the 
y-compression shift data,1° la  would be assigned a trans 
configuration and lb a cis configuration. The results thus 
contradict those derived from the proton NMR studies. 

X-ray. The crystal of la consists of well-separated 
molecules stacked in sheets roughly parallel to the a-c 
plane. The pyrrolidinone ring is in the envelope configu- 
ration with N1, C2, C3, and C5 in the plane and C4 out 
of the plane as shown in Figure 1. The four-atom plane 
is planar to +0.03 8, and C4 is 0.53 8, below it. The angle 
between the plane Nl,C2,C3,C5 and the plane C3,C4,C5 

(10) Woolfenden, W. R.; Grant, D. M. J. Am. Chem. SOC. 1966,88, 
1496. 

(11) All calculations were performed on a PDP 11/60 equipped with 
128 kilowords of memory, twin RK07 28 Mbyte disk drives, a Versatec 
Printer/plotter, and a TU10 tape drive by using locally modified Noni- 
us-SDP software operating under RSX-11M. 

(12) Zachariesen, W. H. Acta Crystallogr. 1963,16, 1139. 
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is 33.8O. The configurations around atom C3 and C4 are 
such that C3-H3 and C4-H4 bonds are approximately 
perpendicular to the plane, and the C3-Cll and C4-H4 
bonds are approximately parallel to the plane. The tor- 
sional angles for Nl-C2-C3-C4 and Nl-C5-C4-C3 are 
-17.0' and -33.9', respectively. The corresponding tor- 
sional angles for unsubstituted pyrrolidinone were re- 
ported13 to be -6.1' and -6.5'. The substituents at C3 and 
C4 in la significantly amplify the distortion of the pyr- 
rolidinone ring. 

Conclusion 
The major product la  is a trans isomer, and the minor 

product lb is a cis isomer. The distortion of the pyrro- 
lidinone ring in la causes H3 and H4 to be oriented at  a 
dihedral angle such that the trans coupling constant be- 
comes larger than the cis coupling constant. The low 
torsional angle for Cll-C3-C4-C6 (-77.8') in la  can be 
used to explain why the y-compression shift between la 
and lb is lower than that between cis- and trans-1,2-di- 
methylcyclopentane. This study points out that configu- 
rational assignments based solely on proton NMR coupling 
constants may lead to erroneous results. 

Experimental Section 
Fluorochloridone was prepared as described in the literature.' 

The major isomer was isolated by bulb to bulb distillation of the 
crude product [bp 180 'C (0.4 mmHg)] followed by recrystalli- 
zation in MeOH to give colorlesa plates, mp 80-81 'C. Anal. Calcd 
for C12HloClzF3NO: C, 46.17; H, 3.23; N, 4.49. Found: C, 46.07; 
H, 3.23; N, 4.36. The minor isomer was isolated from the mother 
liquor by recrystallization from CS2 to give very small white 
crystals, mp 54-55 OC. 

Proton and carbon-13 NMR spectra were obtained on a Varian 
T60A spectrometer and a Varian CFT-20 NMR spectrometer, 
respectively. All spectra were measured in CDCl, with tetra- 
methylsilane as an internal reference. 

X-ray analysis was carried out on an Enraf-Nonius CAD-4 
automated diffractometer. Crystals were thin transparent colorless 
plates. A crystal of la grown from methanol (size 0.15 X 0.28 X 
0.36 mm) was mounted on glass fibers in air by usingcyanoacrylate 
cement. The crystal was triclinic, space group P1 with cell pa- 
rameters as follows: a = 6.7569 (9) A; b = 8.8525 (14) A; c = 
11.7367 (17) A; a = 78.638 (13)'; 0 = 73.121 (12)'; y = 75.870 (12)'; 
V = 645.4 (2) A3; 2 = 2; d(ca1cd) = 1.606 g/cm3; p(calcd) = 5.28 
cm-'. 

The structure was solved by using the ML~TAN 79 direct methods 
program package." Standard least-squares refinement and 
Fourier techniques revealed the positions of the hydrogen atoms 
and the disordered configuration of the trifluoromethyl group. 
The hydrogen atoms were included in structure factor calculations 
a t  their idealized positions (C-H distance = 0.95 A) with isotropic 
thermal parameters set to 5.0 A. The disordered fluorine atoms, 
Fl', F2', and F3', were given an occupancy of 0.25 based on the 
height of the peaks in the difference Fourier map. The initially 
discovered fluorine atoms, F1, F2, and F3, were assigned an 
occupancy of 0.75. All nonhydrogen atoms were then allowed to 
refine in the least-squares analysis. All atoms except the low- 
occupancy fluorine atoms were given anisotropic thermal pa- 
rameters. In the final cycles of the least-squares analysis a sec- 
ondary extinction parameter12 was allowed to refine. 

The structure was determined by using 1700 reflections, and 
the R value for all 1700 data was 5.12%. 
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(13) Schellman, J. A.; Lifson, S. Biopolymers 1973, 12, 315. 
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We report here an efficient sequence for the one-carbon 
homologation of aldehydes and benzophenone to carbox- 
ylic acids (Scheme I). The present method for the ho- 
mologation has been established by employing reactions 
of a-(N-methylani1ino)acetonitrile with aldehydes or 
benzophenone to form a-cyano enamines, which could be 
easily converted into the corresponding carboxylic acids 
by acid hydrolysis in high yields. 

Available methodology for the transformation of car- 
bonyl compounds to carboxylic acids has relied on the 
intermediacy of (a) a-acetoxyacrylonitriles,' (b) cyano- 
hydrins,2 (c)  nitrile^,^ (d) ketene thi~acetal ,~ (e) a,P-un- 
saturated sulfones,5 (0 a,P-unsaturated phosphonates: (g) 
enol ethers,' (h) thioenol ethers,8 (i)  enamine^,^ (i) ep- 
oxides,1° or (k) glycidic ethers" to introduce the requisite 
one-carbon unit. Most of these approaches involve pro- 
duction of an intermediate aldehyde which is subsequently 
oxidized to the carboxylic acid. Many of these methods, 
however, lack effective procedures for hydrolysis of the 
intermediates in each step or require starting materials 
which are difficulty to synthesize. 

The a-cyano enamine synthon is known to be synthet- 
ically equivalent to an acyl cyanide in which the carbonyl 
group is masked as an enamine.12 There is, however, no 
information about a general synthesis of a-cyano enamines 

(1) S. E. Dinizo, R. W. Freeksen, W. E. Pabst, and D. S. Watt, J.  Am. 
Chem. SOC., 99, 182 (1977), and also the relative references to a one- 
carbon homologation cited therein. 

(2) (a) M. W. Cronyn, J .  O g .  Chem., 14, 1013 (1949); (b) K. N. F. 
Shaw, M. D. Armstrong, and A. McMillan, ibid., 21, 1149 (1956); (c) I. 
Tabushi, K. Fujita, and R. Oda, ibid., 35, 2376 (1970). 

(3) (a) E. J. Rauckman, G. M. Rosen, and M. B. Abou-Donia, J .  Org. 
Chem., 41,564 (1976); (b) F. E. Ziegler and P. A. Wender, J.  Am. Chem. 
SOC., 93, 4318 (1971). 

(4) (a) D. Seebach, B.-T. Grobel, A. K. Beck, M. Braun, and K.-H. 
Geiss, Angew. Chem., Int. Ed .  Engl. 11,443 (1972); (b) F. A. Carey and 
S. Court, J.  Org. Chem., 37, 1926 (1972); (c) P. F. Jones and M. F. 
Lappert, J. Chem. SOC., Chem. Commun., 526 (1972); (d) D. Seebach, M. 
Kolb, and B.-T. Grobel, Chem. Ber., 106, 2277 (1973). 

(5) U. Schollkopf and R. Schroder, Angew. Chem., Int. Ed.  Engl., 11, 
311 (1972). 

(6) H. Gross and B. Costisella, Angew. Chem., In t .  Ed .  Engl., 7, 391 
(1968). 

(7) (a) S. G. Levine, J. Am. Chem. SOC., 80, 6150 (1958); (b) A. 
Maercker, Org. React., 14, 270 (1965). 

(8) H. J. Bestmann and J. Angerer, Tetrahedron Lett.,  3665 (1969). 
(9) (a) S. G. Martin and R. Gompper, J. Org. Chem., 39, 2814 (1974); 

(10) E. J. Corey and M. Chaykovsky, J .  Am. Chem. SOC., 84, 867 

(11) (a) J. Adams, L. Hoffman, Jr., and B. M. Trost, J .  Org. Chem., 

(12) S.  D. Lombaert, B. Lesur, and L. Ghosez, Tetrahedron Lett. 4251 

(b) D. J. Peterson, J.  Am. Chem. SOC., 93, 4027 (1971). 

(1962). 

35, 1600 (1970); (b) R. F. Borch, Tetrahedron Lett.,  3761 (1972). 

(1982). 
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