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(CDC13/Me4Si) 6 7.27 (a, CsHs), 5.38 (a, OCH); mass spectrum, 
m/e  349.1570 (calcd for deprotonated parent C&,O 349.1591), 
272.1179 (calcd for C&IlaO fragment 272.1200), 183.0794 (calcd 
for C13H11O fragment 183.0809), 167.0849 (calcd for C13Hl1 
fragment 167.0861). Anal. Calcd for C=HmO: C, 89.11; H, 6.33. 
Found: C, 88.98; H, 6.36. 

The hexane mother liquors were filtered and evaporated, and 
the residue was distilled in a Kugelrohr apparatus at 75 "C (0.1 
mm) to give colorless liquid product 3d. Fluorodiphenylmethane 
has the following: bp 75 "C (0.1 mm) [lit. bp 105-108 OC (2 mm),@ 
110-113 "C (1 mmsb)]; IR (CHC13) I, 3040,3000,2870,1650, 
1590, 1505 cm-'; UV (isooctane) A, 252 nm (c 465), 258 (515), 
264 (395); 'H NMR (CDC13/Me4Si) 6 7.20 (m, C6Hs), 6.35 (d, J 
= 48 Hz, CHF) [lit.8b 6 7.3, 6.4 (d, J = 48 Hz)]; '9 NMR 
(CDC13/CFC13) 6 -167.34 (d, J = 48 Hz, CHF). Anal. Calcd for 

Fluorotriphenylmethae. Similar treatment of triphenyl- 
carbinol (6.5 g, 25 "01) with DAST (25 "01) gave 6.5 g of crude 
fluoride; no trace of bis(triphenylmethy1) etheP was detected by 
'H NMR. The crude product was recrystallized from 50 mL of 
hexane; yield 5.57 g (21.2 mmol, 85%). The analytical sample 
was recrystallized again and dried at 25 "C (0.1 mm). Pure 
fluorotriphenylmethane has the following: mp 102-103 OC (lit. 
mp 103-104>b 105-106 OClW); IR (CHCl,) u, 3040,1590,1570, 
1480,1440 cm-'; UV (EtOH) A, 252 nm (e 560), 258 (710), 264 
570); 'H NMR (CDCI3/Me4Si) 6 7.25 (a) C&,; 19F NMR 
(CDC13/CFC13) 6 -126.67 (a, C-F; lit.lob 6 49.6 from CF3C02H); 
maw spectrum, m/e  262.1150 (calcd for Cl&# parent 262.1157), 
185.0759 (calcd for C13H,$' fragment 185.0766), 165.0695 (calcd 
for C13H9 fragment 165.0704). Anal. Calcd for Clal$: C, 86.99; 
H, 5.76. Found: C, 86.92; H, 5.81. 

Registry No. la, 1210-34-0; lb, 10354-00-4; IC, 1689-64-1; ld, 
91-01-0; 2a, 83693-20-3; 2b, 35066-77-4; 2c, 31859-93-5; 2d, 574- 
42-5; 3c, 20825-90-5; 3d, 579-55-5; DAST, 38078-09-0; fluorotri- 
phenylmethane, 427-36-1; triphenylcarbinol, 76-84-6. 

C13H11F C, 83.84; H, 5.95. Found: C, 83.54; H, 6.40. 

(8) (a) Mindl, J.; Pivoiika, P.; VeEefa, M. Collect. Czech. Chem. Com- 
mun. 1972,37, 2568. (b) Zieger, H. E.; Angres, I.; Mathisen, D. J. Am. 
Chem. SOC. 1976, 98, 2580. 

(9) (a) Gomberg, M. J. Am. Chem. SOC. 1913,35,205. (b) Haiford, J. 
0. Ibid. 1929,51, 2159. 

(10) (a) Commercially available from Cationic8 Inc. (b) Rozhkov, I. 
N.; Knunyants, I. L. Zzv. Akad. Nauk SSSR, Ser. Khim. 1972,1223. (c) 
Olah, G. A.; Nojima, M.; Kerekes, I. Synthesis 1973,786. 

(11) Correspondence should be addressed to the Biochemicals De- 
partment, Pharmaceuticals Division, Building 353, Experimental Station, 
E. I. du Pont de Nemours and Co., Wilmington, DE 19898. 
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A useful regiospecific synthesis of unsymmetrical' 
isoxazoles from oximes is described in a recent publication 
from this laboratory.2 The method is illustrated by the 
converaion of benzylacetone oxime (1) to the isoxazole (4, 
91% overall yield distilled) by deprotonation of 1 with 
n-BuLi to form the syn-dilithio salt (21, which is acylated 
by DMF to give 3. The latter subsequently is cyclized to 
4 with hot aqueous acid. In a variant of the above route, 
the isomeric isoxazole (7) has been obtained in 82% pure 

(1) Defined as when the substituents on Cs and C6 are different. 
Classical isoxazole syntheses from RCOCH2COR' usually yield isomer 
mixtures. 

(2) Barber, G. N.; Olofson, R. A. J. Org. Chem. 1978, 43, 3015. 
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yield by successive treatment of acetone oxime with (1) 
2n-BuLi, (2) PhCH2C1, (3) n-BuLi, (4) DMF, and (5 )  H+. 

Crucial to the utility and success of these processes are 
the following facts: (A) Of the two possible oxime geo- 
metrical isomers, only the less hindered (e.g., 1) usually 
is obtained on reaction of ketones with hydr~xylamine.~ 
However, products from the more hindered isomer are 
available by the second scheme depicted (i.e., via 5). (B) 
Oxime anions and dianions retain their stereochemical 
integrity, and deprotonation affords syn products exclu- 
sively (e.g., 2,3, and 6).4 (C) Adducts such as 3 (6) do not 
split off Me2NH until acid treatment.5 

The methodology above is especially valuable for the 
synthesis of many kinds of historically difficult to obtain 
unsymmetrical isoxazoles (e.g., 3-substituted, 4-substi- 
tuted/unsubstituted, 5-unsubstituted or -aryl6). Thus, ita 
availability substantially extends the utility of isoxazoles 
as precursors, intermediates, and reagents in preparative 
organic chemistry, an area in which this ring system al- 
ready is preeminent vs. other heteroaromatic systems.' 

5-Alkylisoxazoles with 3-substituents (Csubstituted/ 
unsubstituted) are the most important class of unsym- 
metrical isoxazoles not accessible by the processes of 
Barber and Olofson and which cannot be made easily by 
older routes. Here, the oxime schemes fail because the 
dianion preferentially abstracts a proton from the amide 
reactant to yield an enolate instead of adding to the amide 
carbonyl (+ 3). In this paper, we report variants of the 
Barber-Olofson methods that largely avoid this problem 
and afford 5-alkylisoxazoles in moderate yield. 

Success requires reversing the selectivity of the dianion 
to favor carbonyl addition (b in 8) instead of deprotonation 
(a in 8). We thought this could be achieved by significantly 
increasing the electrophilicity of the carbonyl carbon of 
the acylating agent. Then attack at  that carbon should 

(3) Without stereospecificity, oximes would be poor derivatives in 
classical qualitative organic analysis; see ref 2. 

(4) For rationalizations and evidence, see ref 2. 
(5) Otherwise an equivalent of 2 would be destroyed by reaction with 

the more acidic ,9-dicarbonyl-type species thus formed. 
(6) Forrecent review and references to earlier reviews, see Wakefield, 

B. J.; Wright, D. J. Adv. Heterocycl. Chem. 1979,25, 147. 
(7) For highlights, see ref 6 and footnote 2 in ref 2. 
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distills with the desired isoxazole. To eliminate this com- 
plication, we devised a special workup in which the product 
mixture was treated with LiAlH4 to reduce the amide to 
the tertiary amine, which then was separated from the 
desired isoxazole by acid extraction (no amide left).s (The 
only other occasional product contaminant was the starting 
oxime. When this codistilled with the isoxazole, we could 
readily remove it by passing the mixture through a short 
basic alumina plug.) 

In the hope that varying the ground-state charge dis- 
tribution and heteroatom stabilization of the cation would 
reduce side reactions, we prepared other potential acylating 
salts and tested them in the isoxazole-forming reaction. 
With Me2CHC(SR)NR2+, the yields of 13 were inferior, 
and with the analogous 4,4,5,5-tetramethyl-1,3-di- 
oxolenium, 1,3-dimethylimidazolinium, and 3,4,4,6-tetra- 
methyl-5,6-dihydro-1,3-oxazinium cations, no isoxazole was 
found.g 

In tests of the scope and limitations of the new isowole 
synthesis, the 3-arylisoxazole (15a) was isolated in 41% 

i 7" i i" "i 1 [R',+ 
RzC-CNMe2 - R2C-CNMe2 R2C-C--YR" 

/ 
/ b  

8 9 10 

be more likely because the reaction would be more exo- 
thermic and thus more sensitive to ground-state charge 
distribution (vs. relative reaction thermodynamics, Ham- 
mond postulate). However, any change in acylating agent 
(vs. 8) to enhance C electrophilicity must not also facilitate 
elimination of a leaving group from the adduct (e.g., 3).5 
Within this restriction, it was concluded that the most 
promising acylating agent for testing would be the cation 
9 or the more general species 10. 

In the first model experiments, the reaction of di- 
lithiocyclohexanone oxime (1 1) with excess 0-methyl salt 

+ Me2CHC+ X -  - - - 
\ 
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a, R = R = R" = Me; ,X- = FSO; 
b, R = R' = R" = Me; X- = CF,SO; 
c, R = M e ;  R' = R" = Et; X- = FS0,- 
d,  R = Me; R' = Et; R" = Ph; X- = FSO; 
e, R = M e ;  R' = R" = n-Bu; X- = FSO, 
f, R = Et; R' = R '  = n-Bu; X- = BF,- 

(12a) was studied. We obtained the latter as a solid by 
mixing NJV-dimethylisobutyramide (14) with commercial 
MeOS02F. In this test, the yield of isoxazole (13) after 
an otherwise standard Barber-Olofson reaction and wor- 
kup was only 28%, and the distilled product was contam- 
inated with much amide (14). Still, this was a major im- 
provement over the control experiment wherein no isox- 
azole was found using the amide (14) as the acylating 
reagent. Several experiments varying reactant ratio, con- 
centration, time and direction of addition, solvent, and 
other factors failed to improve the situation: inverse ad- 
dition (add 11 to 12a) was particularly bad (11% yield), 
and the presence of some amide (14) in the salt (12a) only 
reduced the yield slightly. 

The main problem was the insolubility of 12a in the 
preferred nonpolar reaction solvents (DME or THF) and 
the reduced efficiency of the process when dipolar aprotic 
cosolvents (e.g., HMPT) were included in the mixture. 
The limitations on solvent choice led to efforts to struc- 
turally modify 12a to reduce its polarity and thus increase 
its solubility in the reaction medium. An optimum site 
for such modification would be the Me2N moiety, a group 
destined for discard in the reaction sequence and which 
ordinarily would not be present in the commercial pre- 
cursor to 12. No improvement was realized with 12b-d. 
However, the economical and lipophilic di-n-butylamino 
salt (12e) dissolved in ethers, and the yield of 13 increased 
to 41% in T H F  and 53% in DME. 

0-Demethylation of 12a-e seemed to be a significant 
side reaction. To inhibit this SN2 displacement, we tested 
0-ethyl salt (12f), and with this reactant, the yield of 13 
rose to 65%. In the early studies, Et30+BF4- was utilized 
as the reagent for introduction of the 0-ethyl substituent. 
In later work, commercial EtOS02CF3 was employed with 
similar success, but EtOSOzF gave inferior results. The 
0-dealkylation side reaction has a special disadvantage 
when N-n-Bu2 salts are used as the acylating reagents 
because the side product, N,N-dibutyl amide, often co- 

R k 
15a, R = 16a, R = CH(CH,), 

CH(CH,)CH,CH,; b, R = CH, 
R' = C,H, 
b , R =  

R' = CH, 
CH(CH,CH,),; 

yield, 15b in 47% yield, and 16a in 27% yield from the 
requisite RC+(OEt)NBu2 salts. The reduced yields vs. 13 
derived, at least in part, from the need to use THF instead 
of the preferred DME to achieve dilithiation of the oxime 
precursors. In DME, the solubilities of the lithio oximes 
were too poor to permit dilithiation to proceed to com- 
pletion. To demonstrate the regiospecificity of the new 
process, we prepared the phenethylisoxazole (17) in 17% 

* phcH2cH2P \ 

I .  2n-BuLi i n  THF 
2. C H ~ C H & ~ O E t I N E u 2 * B F ~ ~  

3. heot with H+ 

\ 
CHZCH 3 

17 

overall yield from benzylacetone oxime by the indicated 
series of steps. None of the isomeric 4-benzyl-5-ethyl-3- 
methylisoxazole was found. In another test of regiospe- 
cificity combined with introduction of an extra substituent 
(vide supra), the isoxazole (18) was obtained in 18% overall 

1 2n-BuL1 in THF 
2 PhCH2Cl 

CH3CCH3 4 CH31CH2)3C(OE11NPrZ+ 
1 1  3 1 n-BuLi  

5 .  heof  with ti* 

yield from acetone oxime by the five-step reaction sequence 
depicted. Again the product was not contaminated with 
any isomeric isoxazole. The lower yields of 17 and 18 vs. 
15a,b and 16a are probably a consequence of an enhanced 
deprotonation side reaction (type a in 9) in primary alkyl 

(8) Isoxazoles do not react with LiAlH, and also are only very weakly 
basic. 

(9) For a complete discussion of this work along with additional ex- 
perimental data, see Hoskin, D. H. Ph.D. Thesis, The Pennsylvania State 
University, University Park, PA, 1981. 
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salts vs. the secondary alkyl salts used in the earlier 
syntheses. Failure to obtain any 5-methylisoxazole (16b) 
from CH3C(OEt)NBu2+ is in accord with this rationaliza- 
tion. 

Another useful application was found for the metho- 
dology introduced here. The Barber-Olofson process does 
not work (unpublished results) for delocalized dilithio 
oximes such as 19 because these species are too stable and 

19 20 

unreactive to be attacked by DMF (or benzamides). When 
the reaction was performed with the more electrophilic 
HC(OMe)NMe2+FS03- or HC(OEt)NMe2+BF4-, the 5-un- 
substituted isoxazole (20) was regiospecifically formed in 
41-62% overall yield from &tetralone oxime. 

The overall yields in the above reaction sequences 
sometimes are only modest. However, the reactants are 
readily available, and, in summary, it should be noted that 
the new process reported here is among the first known 
regiospecific routes to isoxazoles with the substitution 
patterns exemplified by 13, 15a,b, 16-18, and 20.6J0 In 
the past, i t  has usually proved impossible to isolate such 
isoxazoles pure.6 

Experimental Section9J1 
All ground glassware utilized in the preparation and subsequent 

acylations of the dilithio oximes was dried in an oven at 150 OC, 
aasembled while warm, and allowed to cool under a stream of dry 
Nz. The apparatus was designed to ensure that all subsequent 
reactions were performed under a slight Nz pressure. When used 
as reaction solvents, the THF and 1,2-dimethoxyethane (DME) 
were refluxed over and distilled from LiAlH, just before use. 
Commercial n-butyllithium in hexane (a 2 M) and MeLi in ether 
(1-2 M) were analyzed as in ref 2. Oxime and amide precursors 
either were obtained commercially or made by standard methods.'2 
Only optimum processes are included here. Other experimental 
variations outlined under Discussion are given in ref 9. 
5-Isopropyl-3,4-tetramethyleneisoxazole ( 13). General 

Process. A solution of Et30+BF4- (9.0 g, 0.05 mol) and NJV- 
di-n-butylisobutyramide (11 g, 0.054 mol) in CHzCl2 (10 mL) was 
left overnight and then evaporated at reduced pressure, and the 
residue was triturated 3 times with hexanes. Residual solvent 
was evaporated, and the salt (120 thus obtained as a hygroscopic 
oil (15 g, 95% yield) was used without further purification: 'H 
NMR (CD3CN) 6 4.80 (q,2 H, J = 7 Hz), 3.9-3.3 (m, 5 H), 1.8-1.2 
(m, 17 H), 1.2-0.8 (m, 6 H). 

n-BuLi (20 mL, 0.047 mol) was added over 25 min to a stirred, 
cooled (0 "C) solution of cyclohexanone oxime (2.40 g, 0.021 mol) 
in DME (40 mL). As the first n-BuLi equivalent was added, a 
white solid precipitated, but this almost all dissolved as addition 
was completed. Stirring was continued for 1 h, and then 12f (10 
g, 0.03 mol) in DME (20 mL) was added (75 min) to the reaction 
mixture. This was allowed to warm to room temperature and 
stirred overnight. Next, the mixture was poured into a rapidly 
stirred solution of concentrated H@04 (9 g), diluted with 4:l 
THF/HzO (62 mL total, 1.5 M in HaOS. Hydrolysis, cyclization, 
and dehydration to 13 was completed by refluxing the mixture 
1.5 h. Separation of the aqueous from the organic phase of the 

(10) For a complementary new route, we Brunelle, D. J. Tetrahedron 
Lett. 1981, 22, 3699. 

(11) For list of apparatus used in physical and spectral measurements, 
see Olofson, R. A.; Cuomo, J. J. Org. Chem. 1980,45, 2538. 

(12) New amides (spectral and analytical data in ref 9): Me2CHC- 
(0)NBu2, bp 90-91 "C (1.1 mm); MezCHC(0)N(Et)Ph, bp 77.5-78.5 OC 
(0.5 mm); EtCHMeC(0)NBu2, bp 86-88 "C (0.6 mm); Et&HC(O)NBu2, 
bp 96-97.5 "C (0.2 mm); EtC(0)NBuz, bp 78 "C (0.6 mm); BuC(0)NPr2, 
bp 81-82 OC (0.5 mm). 

cooled mixture was followed by careful addition of solid NaHC03 
(along with enough water to dissolve precipitated salts) to the 
aqueous extract until the solution was ca. pH 8. The aqueous 
solution then was extracted with hexanes (3 X 30 mL) (without 
delay since a flocculent solid slowly forms and causes emulsifi- 
cation during extraction). We continued the workup by combining 
the hexane extracts with the initial organic phase and washing 
successively with 5% aqueous NaHC03 (2 X 25 mL), 2% aqueous 
HCl(20 mL), water (2 X 20 mL), and brine (20 mL). The dried 
(MgS04) solution was fractionally distilled to give a fraction [bp 
75-79 OC (0.6 mm), 4.2 g] that analyzed (GC) as a 5545 mixture 
of 13 and dibutylisobutyramide. 

Removal of the amide contaminant was effected by dripping 
(30 min) the isoxazole/amide mixture in THF (17 mL) into a 
stirred slurry of LiAlH, (0.4 g, 0.01 mol) in THF (17 mL). Stirring 
was continued for 3 h and then the mixture was refluxed for 1 
h and finally left at room temperature overnight before the slow 
addition of water to destroy the exceas LiAIHI. Then, acidification 
to pH 3 with 10% aqueous HCl and dilution with hexanes (80 
mL) was followed by separation. The organic layer was washed 
with 5% aqueous HCl(l7 mL), water (8 mL), 10% aqueous KzCO3 
(8 mL), water (8 mL), and brine (17 mL), dried (MgSO,), ro- 
toevaporated, and vacuum distilled to give 2.3 g (64% yield) of 
pure 13 (clear oil): bp 73.5-74.5 "C (0.6 mm) (before the final 
distillation the oil already was 96% pure, GC); 'H NMR (CC14) 
6 1.23 (d, 6 H, J = 7 Hz), 1.4-1.9 (m, 4 H), 2.2-2.7 (m, 4 H), 2.96 
(septet, 1 H, J = 7 Hz); mass spectrum (70 eV), m/e  (relative 
intensity) 165 (100, M+), 150 (20), 136 (lo), 122 (67), 94 (12), 80 
(24), 71 (24); high-resolution mass spectrum, m / e  165.1146 
(C1&IISNO requires 165.1154). 
3-Isopropyl-7-methyl-4,5,6,7-tetrahydr~2,l-~nzisoxazole 

(16a). Compound 12f (0.087 mol) in DME (55 mL) was added 
(40 min) to a stirred THF (110 mL) solution of the dilithio oxime 
from 2-methylcyclohexanone oxime (0.06 mol) and n-BuLi (0.12 
mol) at 0 OC. Reaction and workup as above (including the LiA1H, 
step) afforded pure 16a (27% yield, clear oil): bp 74-81 "C (0.6 
mm); 'H NMR (CC14) 6 0.8-2.1 (m, 13 H with ca. 6 H d at 1.23, 
J = 7 Hz, and ca. 3 H d at 1.26, J = 7 Hz), 2.1-2.7 (m, 3 H), 2.98 
(septet, 1 H, J = 7 Hz); mass spectrum (70 eV), m/e  (relative 
intensity), 179 (65, M+), 164 (12), 124 (100); high-resolution mass 
spectrum, m / e  179.1302 (C11H17N0 requires 179.1310). 

3-Phenyl-5-( 1-methylpropy1)isoxazole (15a). Reaction of 
CF3S03Et with EtCH(Me)C(0)N(n-Bu)2 in CHzCl2 overnight 
afforded crude EtCH(Me)C(OEt)NBu2+CF3SO3- in quantitative 
yield after workup as in the synthesis of 12f. Standard reaction 
of the new salt in DME with dilithioacetophenone oxime in THF 
and workup (including LiAIHl step and passing the LiAlH, 
product through a short basic alumina plug to remove an oxime 
contaminant) gave pure 15a in 41% yield (clear oil): bp 120-124 
"C (1.1 mm); 'H NMR (CD3CN) 6 0.84 (t, 3 H, J = 7 Hz), 1.21 
(d, 3 H, J = 7 Hz), 1.2-1.9 (m, 2 H), 2.78 (sextet, 1 H, J = 7 Hz), 
6.16 (s, 1 H), 7.1-7.4 (m, 3 H), 7.6-7.9 (m, 2 H); mass spectrum 
(70 eV), m/e (relative intensity) 201 (32, M'), 173 (6), 144 (100); 
high-resolution mass spectrum m/e  201.1151 (C13HlSN0 requires 
201.1153). 

3-Methyl-5-( 1-ethylpropy1)isoxazole (15b). Standard re- 
action of Et&HC(OEt)NBu2+CF3S03- with ddithioacetone oxime 
(LiAlH, step and alumina filtration unnecessary) in THF afforded 
15b in 47% yield (clear oil): bp 78 OC (10 mm); 'H NMR (CCl,) 
6 0.83 (t, 6 H, J = 7 Hz), 1.3-1.9 (m, 4 H), 2.17 (a, 3 H), 2.62 (pentet, 
1 H, J = 7 Hz), 5.72 (a, 1 H); mass spectrum (70 eV), m/e (relative 
intensity) 153 (58, M+), 125 (loo), 124 (80); high-resolution mass 
spectrum, m/e  153.1167 (CgHl6NO requires 153.1153). 
3-(2-Phenylethyl)-5-ethylisoxazole (17). Standard reaction 

of EtC(OEt)NBuz+BF4- with the dilithio salt of l2 (including the 
LiAlH4 and alumina steps) gave pure 17 (clear oil) in 17% yield, 
bp 104-107 "C (0.5 mm) (another 3% in a second alumina 
fraction); 'H NMR (CDC13) 6 1.12 (t, 3 H, J = 7.5 Hz), 2.54 (9, 
2 H, J = 7.5 Hz), 2.83 (8, 4 H), 5.63 (8, 1 H), 7.08 (s, 5 H); mass 
spectrum (70 eV), m/e  (relative intensity) 201 (43, M+), 104 (45), 
91 (100); high-resolution mass spectrum, m/e 201.1164 (C13HlSN0 
requires 201.1153). 
4-Benzyl-5-butyl-3-methyli~oxazole (18). Acetone oxime 

in THF was reacted successively with BuLi (2 equiv), benzyl 
chloride (1 equiv), and BuLi (1 equiv) as in ref 2 and then treated 
with BuC(OEt)NPrz+BF4- in DME in the standard reaction 
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(LiAlH4 and alumina steps). Compound 18 was obtained in 18% 
overall yield: bp 120-123 "C (0.6 mm); 'H NMR (CC14) 6 0.7-1.9 
(m), 1.92 (9, 3 H), 2.4-2.8 (m, 2 H), 3.57 (9, 2 H), 6.6-7.3 (m, 5 
H); high-resolution mass spectrum, mle (relative intensity) 
229.1458 (100, M+) (ClSHl9NO requires 229.1467). 
4,5-Dihydronapth[2,1-c]isoxazole (20). Crude 20 was made 

by standard formation2 of a THF solution of the dilithio salt of 
&tetralone oxime and then reaction with a solution of 
Me2NCHOMe+FS03-, which we made by stirring FS03Me with 
DMF (2 equiv) and then diluting with 0.5 volume of DME. 
Hydrolysis, cyclization, dehydration, and workup (no LiAlH4 or 
alumina) yielded a distillation fraction that analyzed (NMR) as 
80% pure. An ether solution of this was titrated with CF3S03H, 
yielding a solid which was triturated with more ether. The solid 
was partitioned between water and ether, the layers were sepa- 
rated, and the aqueous solution was extracted with more ether. 
The combined ether extracts were washed with water, dried 
(Na2S04), and evaporated to give pure 20 in 62% yield (clear oil): 
bp 112-117 "C (0.3 mm); 'H NMR (CC14) 6 2.79 (s, 4 H), 6.9-7.6 
(m, 4 H), 8.38 (9, 1 H); high-resolution mass spectrum, m l e  
(relative intensity) 171.0683 (100, M+) (CllHgNO requires 
171.0684). When Me2NCHOEt+BF4- was used as the acylating 
agent, the crude 20 was obtained in 41 % estimated yield (61 % 
pure). 
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Resolution of a racemic carboxylic acid by recrystalli- 
zation of its salt with an amine enantiomer, such as (-)- 
quinine, is frequently the method of choice, especially on 
a large sca1e.l Resolution is followed by decomposition 
of the salt and determination of the optical rotation on a 
weighed sample of the regenerated carboxylic acid; the 
steps are repeated to constant optical rotation. The pro- 
cedure is tedious, and assignment of enantiomeric purity 
by optical rotation requires confirmation, usually by HPLC 
or GC separation of diastereomeric derivatives or by means 
of NMR spectrometry with chiral shift reagentsa2 

Although 13C NMR spectrometry has been used to 
measure diastereomeric ratios of covalent  compound^,^-^ 
we now report that  13C NMR spectrometry of solutions of 

(1) Wilen, S. H. "Tables of Resolving Agents and Optical Resolutions"; 
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(3) Meyers, A. I.; Williams, D. R.; Erickson, G. W.; White, S.; Druel- 

(4) Heimstra, H.; Wynberg, H. Tetrahedron Lett. 1977, 2183. 

University of Notre Dame Press: Notre Dame, IN, 1972. 

inger, M. J. Am. Chem. SOC. 1981, 103,3081. 
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Table I. Chemical Shifts for a Pair of Peaks Representing 
Corresponding Carbon Atoms in 

Diastereomeric Quinine Salts 
compound 

2-ethylhexanoic acid 
2-methylbutanoic acid 
2-phenylpropanoic acid 
trans-phenylcyclo- 

2-phenylbutanoic acid 
3-phenylbutanoic acid 
2-cyclopenteneacetic acid 
3-methyl-5-oxo-3- cyclo- 

hexene- 1 -carboxylic 
acid 

furancarboxylic acid 

propanecarboxylic acid 

tetrahydro-5-oxo-2- 

no. 
1 
2 
3 
4 

5 
6 
7 
8 

- 

9 

chem shifts, Hz 
2448.1, 2431.ga 
353.3. 350.4b 
1807.1, 1 7 6 7 . 8 " ~ ~  
1582.7, 1525.4a,d 

366.5, 361.0b 
754.9, 752.5 
867.4, 859.0b 
4071.1. 4065.3C,d 

2448.7, 2431.9" 

a Bruker widebore WM-360. 
Varian XL-100. 

Varian CFT-20. 
We confirmed that this pair of peaks 

represented corresponding carbon atoms of the diastereo- 
meric salts by following the change in ratio of peak inten- 
sities during the course of resolution. 

Table 11. Comparison of Enantiomeric Ratios of 
2-Phenylpropanoic Acid (3)  to Diastereomeric Ratios 

of Its Quinine Salt 
ratio of dia- 

recrystn [aIz2~, .deg,  ratio of acid stereomeric 
no. for acid" enantiomers salts 
1 -15.5 (C 1.188, 59.8/40.2 59.0141.0 

2 -44.3 ( C  1.394, 78.0122.0 79.0121.0 

3 -58.7 (C 1.002, 87.0/13.0 88.1/11.9 

4 - 7 0 . 8 ( ~  1.340, 94.815.2 96.513.5 

EtOH) 

EtOH) 

EtOH) 

EtOH) 
a The pure (-) acid has a specific rotation of -79.1" (c 

1.567, EtOH). 

amine salts affords a direct, facile procedure for deter- 
mining enantiomeric composition throughout the resolu- 
tion procedure. Obviously, this procedure is also applicable 
to the resolution of racemic amines and of racemic alcohols 
through the half-ester with phthalic anhydride. However, 
the procedure is not necessarily applicable to all combi- 
nations of carboxylic acids and amines; our studies were 
limited to quinine salts, but the procedure was successful 
in every case. 

Results and Discussion 
We obtained NMR spectra of the quinine salts of nine 

carboxylic acids (Table I) on a Varian CFT-20, a Varian 
XL-100, and a Bruker Widebore WM-360. Compounds 
1-7 were chosen because they were commercially available 
and had previously been resolved."" Compounds 8 and 
9 were chosen because we were interested in obtaining the 
enantiomers for another study. In each case, at  least one 
pair of peaks was found for the corresponding carbon at- 
oms in each diastereomer. We followed the course of 
resolution of compounds 3 and 4 by determining the ratio 
of the diastereomeric salts, after each recrystallization, 
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(6) Odham, G. Ark. Kemi 1963,20, 507. 
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1695. 
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