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hydrolysis of the corresponding catecholborane.'6 
(E) -3 - (  tert -Butyldimethylsiloxy)- l-octenylcatechol- 

borane: 'H NMR (DCC13) 6 0.09 (6 H, s, SiMe2), 0.93 (9 H, 8, 

t-Bu), 0.7-1.8 (11 H, m, CSHI1), 4.26 (1 H, m, CHO), 6.91 (1 H, 
dd, J = 18 and 2 Hz, vinyl), 6.76-7.30 (5 H, m, vinyl and aryl); 
MS, mle 360.23053 (calcd for C&13303BSi, 360.22921). 

(E)-6-(  tert -Butyldimethylsiloxy)- l-heptenylcatechol- 
borane: 'H NMR (DCCl,) 6 0.06 (6 H, s, SiMeJ, 0.8 (9 H, s, t-Bu), 
1.05 (3 H, d, J = 6 Hz, CH3), 1.3-1.6 (4 H, m, CHis), 2.0-2.3 (2 
H, m, =CCH2-), 3.66-4.0 (1 H, m, CHO), 5.7 (1 H, dt, J = 1.5 
and 16 Hz, -BCH=), 6.7-7.25 (6 H, m, -BC=CH- and aryl); 
MS, mle 345.20657 (calcd for M' - H, C19H&0&5, 345.20573). 

Representative Procedure for the Stereospecific Syn- 
thesis of Vinylmercurials. tram-1-Decenylcatecholborane (3 
"01) was dissolved in 3 mL of THF and cooled to -78 "C. One 
equivalent of sodium acetate was added and the mixture was 
stirred for 10-15 min. Mercuric acetate (0.954 g, 3 mmol) was 
added and the reaction mixture warmed up to 0 OC. The solution 
was poured into ice-cold water containing 3 mmol of sodium 
chloride, the THF layer was separated and dried, and the solvent 
was removed on a rotary evaporator. The tram-1-decenylmercuric 
chloride was collected on a filter funnel, washed with water, and 
dried to yield 1.0 g (89%) of white solid.' 

In the case of the two doxy mercurials which turned out to 
be oils at room temperature, after the evaporation of THF, the 
resulting oil was extracted with pentane and dried over MgSO1. 
Evaporation of the solvent gave the colorless oil. Purification was 
effected by column chromatography using 1:l hexanelethyl 
acetate. 

(E)-3- ( tert -Butyldimet hylsiloxy )-1-( ch1oromercurio)- 1- 
octene: 72% yield; 'H NMR ( C a d  6 0.06 (6 H, bs, SiMez), 0.8-1.8 
(20 H, m, alkyl), 3.96 (1 H, m, CHO), 5.37 (2 H, m, vinyl); 13C 

22.50,18.14,13.98,4.29,4.81; IR (HCCld 3000,2942,2920,2845, 
1600 (w), 1460,1350,1248 cm-'. Anal. Calcd for Cl4H&Hg0Si: 
C, 35.21; H, 6.12; Hg, 42.01. Found C, 35.37; H, 6.26; Hg, 41.72. 

(E)-6-( tert -Butyldimethylsiloxy)-1-(ch1oromercurio)-1- 
heptene: -85% yield; 'H NMR (DCC13) 6 0.06 (6 H, s, %Me2), 
0.8 (9 H, s, t-Bu), 1.05 (3 H, d, J = 6 Hz, CH3), 1.3-1.6 (4 H, m, 
CHis), 2.0-2.3 (2 H,m, C=CCH2), 3.66-40 (1 H,m,CHO), 5.66 
(2 H, m, vinyl); 13C NMR (DCC13) 6 150.57, 133.24, 68.23, 36.27, 

2960,2920, 2860,1600 (w), 1460, 1370, 1245,1200 cm-'. Anal. 
Calcd for CI3HnClHgOSi: C, 33.76; H, 5.84; Hg, 43.29. Found: 
C, 34.32; H, 6.01; Hg, 41.08. 

General Carbonylation Procedure. Palladium chloride (1 
mmol) and lithium chloride (2 mmol) were stirred with 10 mL 
of methanol and cooled to -78 OC. Two millimoles of magnesium 
oxide or diisopropyl ethylamine and 1 mmol of the vinylmercurial 
were added at -78 "C. The flask was flushed with carbon mon- 
oxide, and a balloon of carbon monoxide was attached. The 
reaction mixture was allowed to warm to room temperature ov- 
ernight and filtered through Celite. The Celite was washed with 
ether. The combined ether layers were washed with water and 
saturated NH4C1, dried over MgSO,, and evaporated. 

Methyl (E)-2-undecenoate:' 'H NMR (DCC13) 6 0.7-1.0 (3 
H, m, CH3), 1.1-1.67 (10 H, m, CHis), 2.0-2.3 (2 H, m, C=CCH2), 

Methyl (E)-4-( tert-butyldimethylsiloxy)-2-nonenoate: 'H 
NMR (DCC13) 6 0.06 (6 H, s, &Me2), 0.8 (9 H, s, t-Bu), 2.0-2.57 
(8 H, m, CHis), 3.66 (3 H,s, C02CH3),4.C-4.33 ( lH ,m,  CHO), 
5.81 (1 H, dd, J = 16 and 1.5 Hz, =CHCO-1, 6.83 (1 H, dd, J 
= 16 and 4 Hz, =CHCH-); MS, mle 300,285,269,242,229,211. 

Methyl (E)-7-( tert -butyldimethylsiloxy )-2-octenoate: 'H 
NMR (DCC13) 6 0.06 (6 H, s, SiMe2), 0.8 (9 H, a, t-Bu), 1.05 (3 
H, d, J = 6 Hz, CH3), 1.3-1.6 (4 H, m, CHis), 2.0-2.3 (2 H, m, 
C=CCH2), 3.66-4.0 (4 H, s and m, C02CH3 and CHO), 5.78 (1 
H, dt, J = 18 and 1.5 Hz, =CHCO-), 6.66-7.18 (1 H, dt, J = 
18 and 6 Hz, ==CHCH2); MS, mle 255 (M' - 31), 229 (M' - 57), 
197, 159, 95, 89, 81, 75. 

Acknowledgment. We gratefully acknowledge the 
National Institutes of Health, the Petroleum Research 
Fund, administered by the American Chemical Society, 
and the American Heart Association, Iowa Affiliate, for 

NMR (DCC13) 6 152.30, 132.14, 74.65, 37.91, 31.73, 25.88, 24.65, 

30.36, 26.73, 25.92, 23.80, 18.06, -4.30, -4.63; IR (HCC13) 3010, 

3.70 (3 H, 8, C02CH,), 5.75 (1 H, dt, J 
CHCO-), 6.97 (1 H, td, J = 17 and 6 Hz, zCHCH2). 

17 and 1.5 Hz, 

0022-3263/84/ 1949-3413$01.50/0 

their generous financial support of this research. We also 
thank Mr. Harold Hsu for supplying the vinylborane used 
in entry 17 of the table. Johnson Matthey and Engelhard 
Industries kindly provided the palladium chloride. 

Registry No. (E)-n-C8H17CH=CHC02CH3, 56453-83-9; 
(Z)-n-C8H17CH=CHC02CH3, 54299-03-5; trans-l-decenyl- 
catecholborane, 91280-69-2; trans-1-decenylboronic acid, 86883- 
77-4; trans-1-decenyldicyclohexylborane, 91280-70-5; (E)-3- 
(tert-butyldimethylsiloxy)-l-octenylcatecholborane, 91280-71-6; 
(E)-6-( tert-butyldimethylsiloxy)-l-heptenylcatecholborane, 
91280-72-7; methyl (E)-4-(tert-butyldimethylsiloxy)-2-nonenoate, 
91280-73-8; methyl (E)-7-(tert-butyldimethylsiloxy)-2-octenoate, 
91280-74-9; trans-1-decenylmercuric chloride, 56453-77-1; (E)- 
3-(tert-butyldimethylsiloxy)-l-(chloromercurio)-l-octene, 
91280-75-0; (E)-6-(tert-butyldimethylsiloxy)-l-(chloro- 
mercurio)-1-heptene, 91280-76-1; 3-(tert-butyldimethylsiloxy)- 
1-octyne, 60134-93-2; 6-(tert-butyldimethylsiloxy)-l-heptyne, 
62957-48-6. 

A New Class of Chiral Detergents. The 
Formation of Single Micelles from 

N,N-Dimet hyl- 1-dodecyl-2,l-dimet hyl-3-carba- 
moylpyridinium Bromide. A CD Study 

Roe1 J. E. M. de Weerd,* Henk M. P. J. van Hal, and 
Hendrik M. Buck 

Department of Organic Chemistry, Eindhoven University of 
Technology, Eindhoven, The Netherlands 

Received March 9, 1984 

From racemic N,N-dimethyl-2,4-dimethyl-3- 
carbomoylpyridine (CPB)' a new class of optically active 
detergents is prepared via alkylation of the pyridine ni- 
trogen with n-dodecyl bromide leading to N,N-di- 
methyl-l-dodecyl-2,4-dimethyl-3-carbamoylpyridinium 
bromide (C,,CPB). This chirality which is present in the 
carbamoylpyridinium is the result of an out- 
of-plane orientation of the carboxamide group by two 
adjacent methyl groups. With the method of circular 
dichroism (CD) we were able to determine the critical 
micelle concentration (cmc) for these optically active sin- 
gle-stranded model substrates. Varying the concentration 
of (k)-C12CPB resulted in an abrupt change in the ex- 
tinction coefficients (Ac) of the CD spectra for the two 
transitions at  240 nm and 278 nm. A pronounced deviation 
from Lambert-Beer is demonstrated for 240 nm (see 
Figure 1). The CD spectra are given in Figure 2. The 
concentration corresponding with the abrupt change in At 
was interpreted as the cmc of the surfactant, since its value 
( N 10 mM) is in good agreement with the cmc values for 
related substrates obtained by other physicochemical 
 procedure^.^ No such spectral changes are observed in 
the UV spectra. The closely related optically active N,N- 
dimethyl-l-methyl-2,4-dimethyl-3-carbamoylpyridinium 
bromide4 (CICPB) which is a nonmicelle-forming salt, 
displays similar CD and W transitions as C12CPB without 
discrepancies from Lambert-Beer. The change of the 
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Scheme I. Synthesis of the a i r a l  Substrate 
N,N-Dimethyl-1 -dodecyl-2,4-dimethy1-3- 

carbamoylpyridinium Cation 
Me 0 M e  0 

0 
0 10  2 0  30 LO 50 

Figure 1. At plot vs. the concentration of (-)-ClZCPB. A similar 
plot, although with negative Ac values, was obtained for (+)- 

c o n c e n t r a t i o n  I m M I  - 
C12CPB. 

Figure 2. At plot vs. the wavelength of (-)-C12CPB for different 
concentrations (a). Ac plot vs. the wavelength of (+)-C12CPB for 
different concentrations (b). 

240-nm band at  concentrations above the cmc may be due 
to an increase of the very strong dichroic absorption a t  the 
shorbwavelength side. However, the absolute intensity and 
position of this strong multiple band could not be detected 
properly due to an overload of the detection system. 
Explanation of the concentration effects on the absorption 
band a t  240 nm in terms of other aspects, such as in- 
creasing particle sizes and microscopic changes in solvent 
effects, are unlikely because these would modulate all 
absorptions in a corresponding manner."' Spectra similar 
to the 50-mM spectrum of Figure 2 are obtained for C,CPB 
in acetonitrile.* This may indicate that (partial) dehy- 
dration occurs upon aggregation which results in a less 
polar environment for the carboxamide group in CI2CPB. 
This effectuates deviations from planarity within the 
carboxamide group and/or deviations of the out-of-plane 
orientation of the carboxamide group with respect to the 
pyridinium moiety which is strongly reflected in the ro- 
tational strength of the absorption at 240 nm. 

The synthetic steps involved in the preparation of 
C&PB are outlined in Scheme I. Refluxing croton- 

(6) Long, M. M.; Urry, D. W .  Mol. Biol. Biochem. Biophys. 1981,31, 

(7) Legrand, M.; Rougier, M. J. 'Stereochemistry"; Kagan, H. B., Ed.; 
143. 

George Thieme: Stuttgart, 1977; Vol. 2, p 33. 
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aldehyde (1) and ethyl j3-aminocrotonate (2) in the pres- 
ence of piperidine according to Hantzsch8 gave the di- 
hydropyridine 3. Oxidation by means of p-chloranil 
yielded ethyl 2,4-dimethylnicotinate (4). The 2,4-di- 
methylpyridine-3-carboxylic acid (5) was obtained after 
hydrolysis and acidification of 4. Chlorination resulted in 
2,4-dimethylpyridine-3-carbonyl chloride (6), which was 
converted to N,N-dimethyl-2,4-dimethyl-3-carbamoyl- 
pyridine (7). Alkylation with n-dodecyl bromide afforded 
the racemic CI2CPB. The separation of both enantiomers 
of C12CPB was accomplished by complexation with opti- 
cally pure silver a-bromocamphor-r-sulfonate mono- 
hydrate and repeated crystallizatiqn of the diastereoiso- 
meric mixture. Full details are presented in the Experi- 
mental Section. 

Experimental Section 
General Remarks. The 'H NMR spectra were recorded with 

a Varian EM-360 A NMR spectrometer using Me4% as internal 
standard (6 = 0.00). The optical rotations were measured on an 
Optical Activity AA-10 polarimeter. The CD spectra were re- 
corded on a Jobin Yvon Dichrograph Mark 111-s. The W spectra 
were obtained from a Perkin-Elmer double beam grating spec- 
trophotometer. Ethyl @-aminocrotonate (2) and crotonaldehyde 
(1) were purchased from Aldrich. Ethyl 2,4-dimethyl-1,4-di- 
hydronicotinate (3): ethyl 2,4-dimethylnicotinate (4): 2,4-di- 
methyl-3-carboxylpyridine hydro~hloride,3?~ N,N-dimethyl-2,4- 
dimethyl-3-~arbamoylpyridine,~~~ and silver (+)-a-bromo- 
camphor-*-sulfonate monohydrate10 were prepared by using 
modified literature procedures. 

(-)-N~-Dimethyl-l-dodecyl-2,4-dimethyl-3-carbamoyl- 
pyridinium Bromide ( (-)-C12CPB). A stirred solution of do- 
decyl bromide (25 g, 100 "01) and amide 7 were heated to 90-100 
"C during 2 days. The excess dodecyl bromide was decanted. The 
precipitate was washed with EhO and dried, which resulted in 
6.6 g (69%) of bromide ClZCPB: oil; 'H NMR (CDCI,) 6 0.90 (t, 
3, CHzCH3), 1.25 (m, 20, 10 CH2), 2.50 (s,3, CH3), 2.77 (s, 3, CH,), 

H), 9.06 (d, 1, pyr H). A diastereoisomeric pair of C&PB was 
obtained after complexation with silver (-)-a-bromocamphor-r- 
sulfonate monohydrate. Repeated crystallization from acetone- 
/hexane resulted in the pure (-) diastereoisomer. Treatment of 
the (-) complex with Amberlite IRA-400 (Br- form) resulted in 
(-)-Cl2CPB: CD (H20) Ac +0.6 (278 nm), +0.65 (240 nm); [aImD 

(+)-N~-Dimethyl-l-dodecyl-2,4-dimethyl-3-carbamoyl- 
pyridinium Bromide (( +)-C12CPB). Prepared analogously to 
(-)-C12CPB by using silver (+)-a-bromocamphor-*-sulfonate 

3.00 (8,  3, CH3), 3.17 (e, 3, CH3), 4.73 (t, 2, NCHZ), 7.80 (d, 1, P y  

-12.4" (HzO, c 0.005). 

(8) Hantzsch, A. Ber. 1890,23, 1474. Tsuda, K.; Satch, Y.; Itekawa, 

(9) Ohno, A.; Ikeguchi, M.; Kimura, T.; Oka, S. J. Am. Chem. SOC. 

(10) B. E. Douglas, Ed. "Inorganic Synthesis"; Wiley: New York, 1978; 

N.; Mishima, H. J. Org. Chem. 1956,21,800. 

1979, 101, 7036. 
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monohydrate: CD (H20) At -0.6 (278 nm), -0.65 (240 nm); [al"O~ 
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It has been reported3 that photolysis of acetonitrile so- 
lutions containing di-tert-butyl peroxide and carbon tet- 
rachloride in the cavity of an EPR spectrometer yielded 
the spectra of methyl and trichloromethyl radicals, even 
when the carbon tetrachloride was screened from direct 
photolysis. 

The methyl radical was presumed3 to have been formed 
by @-scission of tert-butoxyl, which was accelerated by the 
polar solvent, eq 1 and 2.* However, literature data6 

t-BuOOBu-t 2t-BuO. (1) 
(2) 

indicated that the rate of chlorine abstraction by methyl 
from carbon tetrachloride was too slow to have given rise 
to trichloromethyl under the reaction conditions. I t  was 
therefore concluded3 that carbon tetrachloride was acting 
as a quencher of the peroxide photolysis to yield C 1  and 
.CC13. 

These experimental results have been confirmed in our 
laboratory. However, their original interpretation3 conflicta 
with gas-phase6J and theoretical8 work which suggest that 
the singlet excited states of dialkyl peroxides are disso- 
ciative and therefore ought not to be quenched by carbon 
tetrachloride. We now describe a number of experiments 
designed to resolve this problem. 

The decomposition of carbon tetrachloride can be sen- 
sitized by ketonesD whose triplet energy is greater than the 
carbon-chlorine bond dissociation energy of 73 kcal mol-l.lo 
Thus, photolysis of benzophenone (0.1 M) in carbon tet- 
rachloride at  25 OC did not give rise to an EPR spectrum 
of trichloromethyl since the triplet energy of the ketone" 
is only 68.6 kcal mol-'. However, trichloromethyl was 

t-BuO. 4 (CH3)&O + CH, 

(1) Issued as NRCC publication No. 23568. 
(2) University of York. 
(3) Paul, H.; Small, R. D., Jr.; Scaiano, J. C. J. Am. Chem. SOC. 1978, 

100,4520. 
(4) Walling, C.; Wagner, P. J. J. Am. Chem. SOC. 1964,86, 3368. 
(5) Trotman-Dickenson, A. F.; Milne, G. S. Natl. Stand. Ref. Data 

(6) Calvert, J. G.; Pith, J. N. J. 'Photochemistry"; Wiley: New York, 

(7) Dorer, F. H.; Johnson, S. N. J. Phys. Chem. 1971, 75, 3651. 
(8) Evleth, E. M. J. Am. Chem. SOC. 1976,98, 1637. 
(9) Scaiano, J. C., unpublished results. 
(10) McMillen, D. F.; Golden, D. M. Annu. Reo. Phys. Chem. 1982,33, 

Ser., Natl. Bur. Stand. 1968, 9, 51. 

1966; pp 172,443. 

493. 
(11) Murov, S. L. "Handbook of Photochemistry"; Marcel Dekker: 

New York, 1973; p 3. 

observed when di-tert-butyl peroxide was added to the 
reaction mixture under conditions where the benzophenone 
absorbed essentially all of the light. Clearly the ketone 
could not have transferred enough energy to the peroxide 
for the latter to have sensitized the decomposition of the 
carbon tetrachloride. However, the ketone certainly pro- 
vided sufficient energy to induce the decomposition of the 
peroxide.12 Hence, trichloromethyl must have been 
formed in a chemical reaction between one of the products 
of the peroxide decomposition and carbon tetrachloride. 

In a second set of experiments, the mixtures described 
in Table I were photolyzed in a merry-go-round apparatus 
at  35 OC. The compositions of the mixtures and the choice 
of photolysis wavelengths ensured that the light was being 
absorbed by the peroxide alone and that the same amount 
of light was absorbed by each sample. The samples were 
photolyzed to low conversions <LO% so to avoid com- 
plications from secondary reactions. Products were iden- 
tified by mass spectrometry and were quantified by GC 
using a 20 ft, 12% OV-101 column. tert-Butylbenzene was 
used as an internal standard, and pure samples of each of 
the products were used as sensitivity calibrants. 

Sample I contained di-tert-butyl peroxide and cyclo- 
hexane and acted basically as an actinometer. Photolysis 
gave tert-butyl alcohol as the only peroxide-derived 
product. Bicyclohexyl was also detected but cyclohexene 
could not be resolved from cyclohexane at these low levels 
of conversion, thus making it impossible to quantify the 
radical combination-disproportionation yields, eq 3-5. 
The yield of tert-butyl alcohol divided by the photolysis 
time gave the rate of initiation, Ri, as 1.04 X M s-l 
under our experimental conditions. 

t - BuO. + 0 --+ l - B u O H  + 

0. -0-0 (4) 

Sample I1 was similar to I except that it contained 
carbon tetrachloride. Nevertheless, the yiels of tert-butyl 
alcohol were the same, within experimental error, in both 
cases. This confirms that the photolysis of the peroxide 
was neither quenched physically nor chemically by carbon 
tetrachloride. 

The yield of cyclohexyl chloride was greater than ex- 
pected on the basis of reactions 6 and 7 alone and chlo- 

(61 - ( 3 C l  + .CCI, 0 0 + CCI, 

- c2c'6 (7 )  

roform was also detected as a product. These results imply 
that there was significant hydrogen abstraction from cy- 
clohexane by the trichloromethyl radical, eq 8. The 

2 .CC13 

product yields are exactly consistent with the stoichiometry 
dictated by this additional process. Thus eq 6 and 8 
represent the propagation steps of a chain reaction. 
Moreover, since no bicyclohexyl was detected, reaction 7 
must have been the termination step, Le., k6 >> k8. Ap- 

(12) Scaiano, J. C.; Wubbels, G. G. J. Am. Chem. SOC. 1981,103,640. 
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