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Table 2. IR Bands of v(Sn-C) and v(Sn-S) Modes

Compounds i^Sn-C) v(Sn-S)

(t-Bu)2Sn-ebdtc22 507(m), 545(m) 345(m), 390(s)

Me2SnClz20 524(s), 563(s) —

Me2Sn-(dtc)222 559(m) 367(s)

MejSn-p-pbdtc 510(s), 543(s) 340(s), 360(sh)

MeaSn-m-pbdtc 510(sh), 540(s) 310(sh), 325(s)

The spectral data in the table indicate that the methyl 

groups in both of Me2Sn - pbdtc complexes are in czs-configura- 

tion. Furthermore, it is very interesting to compare the v(Sn-S) 

inodes of the pbdtc complexes with those of other known com

pounds in the table. For instance, Me2Sn(dtc)22 which is 

known to have an octahedral coordination with the methyl 

groups in trans configuration exhibits only one v(Sn-S) band 

whereas two v(Sn-S) bands are observed for the ebdtc 

compound in which the tin atom in a trigonal bipyramidal 

coordination with one chelated and one monodentate dithiocar

bamate groups.

It is suggested from such spectral comparisons that the 

local geometry of the tin metal in the Me그Sn • pbdtc complexes 

is probably not an octahedral but trigonal bipyramidal or 

tetrahedral structure. For more decisive conclusion, extensive 

study on the IR spectra of these compounds is necessary.

The H-NMR spectra of organotin(IV) - pbdtc complexes 

exhibit three kinds of proton resonances: N-H proton reson

ance appears as a singlet at <5 = 9.7-9.9 ppm, phenyl protons 

as a multiplet at round(5 = 6.5 -7.7 ppm and aliphatic C-H in 

the range of <5 = 0.8-2.1 ppm. Their integrations are consis

tent with the proposed compositions of the complexes, but 

none of the NMR data could be correlated with their struc

tural aspects.
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Reaction of Lithium 2-Pyridyloxyalkylcuprates Having Improved 
Thermal Stability with Acid Chlorides and Unsaturated Ketones
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A new heterocuprate containing 2-pyridyloxy ligand, lithium 2-pyridyloxy-n-butylcuprate, has shown improved thermal stability 

and it reacts with acid chlorides to afford the corresponding ketones in high yields. Similarly, it can be effectively utilized 

in conjugate addition reactions of。”一unsaturated ketones. Of synthetic significance is that the complete utilization of n- 

butyl group in lithium 2-pyridyloxy-n-butylcuprate has been observed.

Introduction tions difficult to accomplish effectively with other conventional

methods, they have become very popular among synthetic 

organic chemists for carbon-carbon bond formation reactionsSince organocuprates are capable of effecting transforma-
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via conjugate addition reactions and s나bstitution reactions.12 

Moreover, of synthetic importance is that organocuprates 

often react with various substrates in a highly stereoselective, 

regioselective, and chemoselective manner. However, two ma

jor limitations involving the use of organocuprates in synthetic 

applications have been thermal instability and the need of a 

large excess of the reagent. In order to circumvent two ma

jor limitations of or용anocuprates, several new types of 

organocuprates with greatly improved thermal stability and 

reactivity have been recently developed.3-6 We wish to report 

thermal stability of a new heterocuprate containing 2- 

pyridyloxy ligand and the reaction with acid chlorides and 

a,/3-unsaturated ketones.

Results and Discussion

Preparation of Lithium 2-Pyridyloxy-n-butylcuprate 
and its Stability, We have chosen lithium 2-pyridyloxy-n- 

butylcuprate as a model compound among lithium 2- 

pyridyloxyalkylcuprates in our study and its preparation is 

shown in Scheme 1. Treatment of 2-hydroxypyridine 

(2-PyOH) in tetrahydrofuran with 1 equiv of n-butyllithium 

in hexane at 0°C followed by the addition of 1 equiv of 

cuprous iodide produced 2-pyridyloxycopper species which 

were cooled to -30°C and then treated with 1 equiv of n- 

butyllithium in hexane. After being stirred at -30°C for 

10 min, lithium 2-pyridyloxy-n-butylcuprate was obtained as 

a black suspended solution.

2-PyOH + n-BuLi ------- - 2-PyOLi
THF

Cui
---------a 2-PyOCu + Lil

.弋地느—. (2-PyO) (n-Bu) CuLi + Lil

Scheme L

For the purpose of comparing the thermal stability of 

lithium 2-pyridyloxy-n-butylcuprate with other previously 

known organocuprates, we have chosen the previously known 

procedure?7 Thus, lithium 2-pyridyloxy-n-butylcuprate 

prepared as described as above was kept at -50°C, 0°C, and 

25°C and then after 30 min at 은ach temperature was quench

ed with an excess amount (3 equiv) of highly reactive ben

zoyl chloride. The isolated yields of n-butyl phenyl ketone 

were 87%, 86%, and 54%, after being kept for 30 min at 

-50°C, 0°C and 25°C, respectively, indicating our reagent 

might be slowly decomposed to some extent at 25°C. Bertz 

studied illative therm지 stability of a variety of structurally 

different organocuprates and developed several new hetero

cuprates such as diphenylphosphidocopper and dicyclohex- 

ylamidocopper with greater thermal stability than previously 

known heterocuprates.7 For instance, reaction of lithium 

diphenylphosphido-n-butylcuprate with a large excess of ben

zoyl chloride after 30 min at - 50°C, 0°C, and 25°C affords, 

n-butyl phenyl ketone in 90%, 99%, and 95%, respectively, 

whereas the yields of n-butyl phenyl ketone using lithium 

phenylthio-n-butylcuprate8 under the same reaction condi

tion is 100%, 19%, and 0%, respectively? Therefore, lithium

Table 1. Preparation of Ketones from Acid Chlorides with (2-PyO) 
(n-Bu)CuLi**

acid chloride temp, °C yield, %b

CHafCHJXOCl 0 76
c-C6HhCOC1c -78 84

0 83

(CH3)2CHCOC1 0 73

adamantanecarbonyl chloride 0 93

mesitoyl chloride 0 98

Br(CH2)5COCl -78 84

0 87

CIE = CH(CH 山 COCI 0 98

CHQ0C(CHa)4C0Cl 0 84

° The reaction was carried out with 1.2 equiv of (2-PyO) (n-Bu) CuLi 

in THF for 5 min. * Isolated yields.。c-C6hn indicates cyclohexyl 

group.

2-pyridyloxy-n-butylcuprate is thermally less stable than 

Bertz's new heterocuprates but it has much greater thermal 

stability than lithium phenylthio-n-butylcuprate.

Reaction with Acid Chlorides. Although many methods 

on the synthesis of ketones from organometallic regents and 

carboxylic acid derivatives are available/ the use of organo

cuprates is the most convenient and efficient in terms of high 

yi이d, the mildness of the reaction conditions, and functional 

group s이activity. However, convenient ketone synthesis from 

lithium dialkylcuprates and acid chlorides requires the use of 

a large excess of lithium dialkylcuprates to obtain optimum 

yields.10 Therefore, several improved procedures for complete 

utilization of alkyl groups of organocuprates have been 

developed by modifying carboxylic acid derivatives such as 

thiol esters11 and 2-pyridyl esters12 or organocuprates such 

as heterocuprates and mixed homocuprates?'5

Reaction of acid chlorides with 1.2 equiv of lithium 

2-pyridyloxy-n-butylcuprate in tetrahydrofuran proceeded 

almost instantly and cleanly under argon at 0°C. As shown 

in Table 1, the ketones were generally obtained in high yields 

without formation of side products. Similarly, this reaction 

could be carried out at - 78°C and was complete within 5 min. 

Furthermore, it is of interest that sterically hindered acid 

chlorides such as adamantanecarbonyl chloride and mesitoyl 

chloride or acid chlorides having other functional groups such 

as bromo and ester were cleanly converted into the correspon

ding ketones in high yields.

Reaction with a,p-Unsaturated Ketones. Although con

jugate addition reactions of homocuprates to a,p-unsaturated 

ketones are common,1 heterocuprates have been less common

ly utilized in several occasions due to their reduced reactivi

ty.8 Recently, new heterocuprates based on diphenylphos

phidocopper3 and higher order, mixed cuprates13 have been 

developed for this purpose. We have studied the effectiveness 

of our organocuprates containing 2-pyridyloxy ligand using 

lithium 2-pyridyloxy-n-butylcuprate in conjugate addition 

of a,/?-unsaturated ketones. Addition of chaicone to a 

cold tetrahydrofuran solution of lithium 2-pyridyloxy-n- 

butylcuprate led cleanly to the conjugate addition product. 

Some experimental results obtained in this study are sum

marized in Table 2 and the reaction occurred readily at 0°C. 

Sterically unhindered 이3-unsaturated ketones such as
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Table 2. Reaction of a,^-Unsaturated Ketones with (2-PyO) 
(n-Bu)CuLia

temp, time, yield?'

78
n-曾 j?

Ph/y、Ph

° The reaction was carried out with 1.2 equiv of the reagent in THF. 

& The yields refer to isolated yields. The number in parentheses in 

dicates the recovery of the starting material. 1 1.2 equiv of BF3- 

EtiO was added.

2-cyclohexen-1 -one and carvone reacted with lithium 

2-pyridyloxy-n-butylcuprate to afford the corresponding 

ketones in high yields. However, in the case of /3-disubstituted 

이?-unsaturated ketones, low yields were obtained due to 

steric inhibition of the reaction. Thus, reaction with isophorone 

at 0°C for 1 h afforded 나le 1,4 addition product in 22% yield 

along with the recovery of the starting material in 75% yi미d. 

However, the use of boron trifluoride etherate as an additive14 

led to dramatic enhancements in the reaction rate and pro

duct yields, yielding the 1,4 addition product in 88% yield after 

the reaction was carried out - 78°C for 40 min. The similar 

behaviour has been observed with pulegone.

In conclusion, we believe that new heterocuprates contain

ing 2-pyridyloxy ligand offer several advantages over other 

previously reported organocuprates with respect to improv

ed thermal stability, complete utilization of alkyl groups, the 

functional group selectivity, the mildness, and easy workup.

Experimental

Preparation of (2-PyO) (n-Bu)CuLi and Determination 
of its Stability. To a solution of 2-hydroxypyridine (152mg, 

1.6mmol) in tetrahydrofuran (3m/) at 0°C under argon was 

added n-butyllithium in hexane (1.60M, lmZt 1.6mmol), the 

resulting orange suspended solution was stirred at 0°C for 30 

min and then transferred into a suspension of cuprous idodide 

(305mg, 1.6mmol) in tetrahydrofuran (3m/)- After being stir

red at room temperature for 45 min, the reaction was cooled 

to - 30°C and n-butyllithium in hexane (1.60M, Im/, 1.6mmol) 

was added. For the purpose of comparing thermal stability, 

the cuprate was stirred at -30°C for an additional 10 min, 

cooled to - 50 °C, kept at -50 °C for 30 min, quenched with an 

excess amount of benzoyl chloride (675mg, 4.8mmol). The 

reaction mixture was stirred for an additional 20 min and ex

cess benzoyl chloride was quenched with aqueous NH4C1 (30%, 

3m/). The reaction mixture was stirred at room temperature 

for 30 min, diluted with diethyl ether (40m/), and washed with 

aqueous NH4C1 (20m/) and brine (20m/). The organic layer was 

dired over anhydrous MgS04 and evaporated to dryness. The 

residue was subjected to silica gel column chromatography 

with ethyl acetate-hexane (1:30) as an eluant to yield n-butyl 

phenyl ketone (226mg, 87%). Similarly, the freshly prepared 

(2-PyO) (n-Bu)CuLi (1.6mmol) as described above was warm

ed to 0°C and 25°Cf kept at 0°C and 25°C for 30 min, quen

ched with excess benzoyl chloride (670mg, 4.8mm이), 

respectively, n-Butyl phenyl ketone (222mg, 86% at 0°C and 

140mg, 54% at 25°C) was isolated after usual workup. 

NMR(CDCl3M0.72-1.92 (m, 7H), 2.96 (t, 2H, J = 7 Hz), 

7.20-8.00 (m, 5H); IR(film) 1685 cm-1.

Reaction of 6-Bromohexanoly Chloride with (2-PyO) 
(n-Bu)CuLi. To a freshly prepared solution of (2-PyO) (n- 

Bu)CuLi (1.6mmol) in tetrahydrofuran at 0°C under argon was 

added 6-bromohexanoyl chloride (284mg, 1.3mmol). After be

ing stirred at 0°C for 5 min, the reaction mixture was quen

ched with aqueous NH40H (30%, 3mZ), stirred at room 

temperature for 30 min, diluted with diethyl ether (40mZ), 

washed with aqueous NH4OH (20m/) and brine (20m0- The 

organic layer was dried over anhydrous MgS04 and 

evaporated to dryness under reduced pressure. The residue 

was subjected to silica gel column chromatography with ethyl 

acetate-hexane (1:20) as an eluant to yield 10-bromo-5- 

dodecanone (273mg, 87%). NMR(CDCL) d 0.76-2.20 (m, 

13H), 2.26-2.62 (t, 4H), 3.42 (t, 2H, J = 6 Hz); IR(film) 1715 

cm-1.

Reaction of 2-Cyclohexen-1 -one with (2-PyO) (n- 
Bu)CuLi. To a freshly prepared solution of (2-PyO) (n- 

Bu)CuLi in tetrahydrofuran (1.6mmol) was added 2-cyclo- 

hexen-l-one (128mg, After 5 min of being stirred

at 0°C, the reaction mixture was quenched with aqueous 

NH40H (3mZ). The reaction mixture was stirred at room 

temperature for 30 min, diluted with diethyl ether (40mZ), 

washed with aqueous NH40H (20mZ), and brine (20mZ). The 

organic layer was dried over anhydrous MgS04 and evaporat

ed to dryness under reduced pressure. The residue was 

subjected to silica gel column chromatography with ethyl 

acetate-hexane (1:5) as an eluant to yield 3-n-butyl-l- 

cyclohexanone (244mg, 99%) as a colorless oil. NMR(CDCL)d 

0.80-1.30 (m, 3H), 1.30-2.80 (m, 15H); IR(film) 1715 cnM

Spectral Data of the Products. 5-Dodecanone: NMR 

(CDC13) d 0.65-1.20 (mT 6H), 1.20-2.20 (m, 14H), 2.45 (t, 4H, 

J = 7 Hz); IR(film) 1715 cm'1. n-Butvl cyclohexyl ketone: 

NMR(CDC，)d 0.80-1.17 (t, 3H), 1.17-2.62 (m, 17H),; 

IR (film) 1710 cm-1, n-Butyl isolbutyl ketone: NMR(CDC13) 

d 0.80-1.80 (m, 7H), 0.97-1.17 (d, 6H, J = 6 Hz), 2.20- 
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2.60 (m, 3H); IR(film) 1710 cm-1. 1-Adamantyl n-butyl 

ketone: NMR(CDC13)(5 0.70-2.20(m, 22H), 2.40 (d, 2H, J = 6 

Hz); IR(film) 1710 cm-1. n-Butyl mesitoyl ketone: .NMR 

(CDClJd 0.70-2.20 (m, 7H), 2,17 (s, 6H), 2.25 (s. 3H), 2.65 

(t, 3H, J 느6 Hz), 6.83 (s, 2H); IR(film) 1695 cm이. 11-Oxo-l- 

pentadecene: NMR(CDC\)d 0.76-1.10 (m, 1H), 1.10-2.60 

(m, 22H), 4.80-6.20 (m, 3H); IR(film) 1715 cm이. Methyl 6- 

oxodecanoate: NMR(CDCl3)d 0.70-1.10 (m, 3H), 1.10-2.10 

(m, 8H), 2.10-2.80 (m, 6H), 3.70 (s, 3H); IR(film) 1740,1720 

cm-1. /?-Phenylheptanophenone: NMR(CDC，)d 0.80-1.30 (m, 

3H), 1.30-2.80 (m, 15H); IR(film) 1715 cm-. 4-Phenyl- 

2-octanone: NMR(CDC13)<5 0.65-1.95 (m, 9H)t 2.00 (s, 3H)t 

2.65-2.80 (d, 2H, J = 7 Hz), 2.80-3.40 (m, 1H), 7.30 (s, 5H)； 

IR(film) 1715 cm-1. 3-n-Butyl-l-cyclohexanone: NMR 

(CDCL)d 0.80-1.30 (m, 3H), 1.30-2.80 (m, 15H); IR(film) 

1715 cm-1. 4,4-Dimethyl-3-n-butyl-l-cyclohexanone: 

NMR(CDCL)d 0.70-1.05 (m, 3H), 1.05-1.18 (d, 6H)„ 

1.18-2.15 (m, 9H), 2.15-2.70 (m, 4H); IR(film) 1715 cm이 

2,3-Dihydro-3-n-butylcarvone: NMR(CDCl3)d 0.60-1.60 (m, 

9H), 1.70 (s, 3H), 1.80-2.80 (m, 6H), 4.70 (m, 2H); IR(film) 

1715 cm-1 3-n-Butyl-3-methyl-5,5-dimethyl-l-cyclo- 

hexanone: NMR (CDCljd 0.90-1.10 (m, 3H), 1.22 (s, 9H), 

1.30-1.62 (m, 6H), 1.70 (s, 2H), 2.35 (s, 4H); IR(film) 1715 

cm-1. 2-(r,r-dimethylpentyl)-5-methyl-l-cyclohexanone: 

NMR(CDCL)d 0.70-1.50 (m, 18H), 1.50-2.66 (m, 8H); IR 

(film) 1715 cm'1.
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It is demonstrated by using a highly positive uranium ion as a test case that the exact relation between the small and the 

large components of a Dirac spinor in r이ativistic self-consistent-field (RSCF) calculations is not fully satisfied by the kinetic 

balance condition only even for two electron systems. For a fixed number of large component basis functions, total energies 

are sensitive to the change of the size of the small component basis sets even after the kinetic balance condition is fully satisfied. 

However, the kinetic balance condition appears to be a reasonable guideline in generating reliable and practical basis sets 

for most applications of RSCF calculations. With a complete small component basis set, energies from RSCF calculations 

exhibit a variational behavior, implying the stability of the present RSCF procedure.

Introduction

The primary mechanism for variational failure in relativistic 

self-consistent-field (RSCF) calculation for one electron pro

blems has been identified and practical and theoretical ways 

of obtaining variationally safe solutions have been derived 

recently by many workers. Schwarz and Wallmerer1 have 

shown that an inadequate representation of the small compo

nent of the four-component Dirac spinor produces a shortfall 

in the computed kinetic energy, and that this persists even 

in the nonrelativistic limit (c = 105) where the small components 

might be expected to have negligible influence. This leads to


