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the mobility of the ions in the ionic solution is accelerated by 
increasing pressure so that the average distance between the 
opposite ions decreases. This fact explains the decrease of 
the ionic charge, which results the decrease in the ionic ac
tivity. Second, the degree of hydrogon bonding of water 
molecules can be increased with pressure, which decreases 
the ionic charge to give a decrease in ionic activity?5

From the equations of (1), (2), and (5), we derived the next 
equations.16

(히M心 (Z)/aP)m+RT(31M，N：(H)/aP)“

(10)
Assuming that the activity coefficients of ions in the dilute 
concentration is not dependent on pressure, we can obtain the 
Eqn Hl) from the Eqn (10).

厶*，+ -RT (히n (11)

Similarly we can get the next equations.
^Vcr-fiT(ain7c(_(H)/3P)riB (12)
有“-rRT (히(13)

The volume changes of the sodium, chloride, and bromide ions 
which had been calculated from these equations were listed 
in Table 7. The 厶V,에 values are negative and decrease with 
pressure. This fact is attributed to the electrostriction between 
the ion and water molecules. It can be also illustrated that the 
hydration of the ions increases with pressure to diminish the 
ionic charge of the ions and so the activity of the ions 
decreases.
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In order to synthesize conformationally rigid etorphine analogues having potentially interesting pharmacological activities, 
synthesis of compound 3 by the reaction of compound 4 and compound 5 via intramolecular Diels-Alder reaction has been 
attempted. However, the reaction d서 not go well and the compound 으 would not be isolated. Therefore, intermolecular Diels- 
Alder reaction using dimethyl acetylene dicarboxylate was attempted. As shown in scheme 2, Diels-Alder adduct 9 was con
verted into the target molecule 14 containing the new [2,2,2] bicy시。octane ring in good yields.

Introduction

Many morphine derivatives possess analgesic activities. 
Most of these compounds are converted into the compounds 
with good antagonist activity by the simple substitution of N- 
methyl group. For example, the agonist morphine 1 is con
verted into the antagonist nalorphine 2 by changing the m은thyl 
group.
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Over the years, there have been many theories to explain 
the difference in biological activities with simple chemical dif
ferences. In 1974 Belleau and his coworkers advanced that 
the spatial orientation of the lone pair of electron on nitrogen 
is primarily important in determining the biological activity.1 
The same model has been proposed by other workers? 
Presumably, the N-methyl group, due to its small size, would 
occupy the axial position of piperidine ring for a large per
cent of the time. The methyl group would interact with the 
opiate receptor and cause morphine-agonist activity. Substitu
tion of the methyl group with the larger allyl group would 
cause the allyl group to prefer the equatorial conformation and 
thus interact with the antagonist site of the opiate receptor. 
The purpose of this project is to prepare the morphine 
derivatives with the nitrogen substituent held in a defined con
formation, either axial or equatorial.

On the basis of previous studies,2-3 the target molecule we 
have chosen is compound 3 in which the nitrogen substitu
tion is tied back to one of the carbon of the [2,2,2] bicyclo 
octane ring system 3. This would then force the nitrogen 
substituent into the axial conformation, and according to the 
theoretical model, this should cause interaction with agonist 
receptor 옹ite. Our synthetic plan was to prepare compound 
3 by reacting northebaine 4, prepared from thebaine, with 
a,p-unsaturated ketone 5 via intramolecular Diels-Alder reac
tion, although there are few reports in the literature on Diels- 
Alder reactions with thebaine.3 4

Results and Discussions

For the preparation of enone 5, allylic bromination of enone 
16 with N-bromosuccinimide was first attempted but a mix
ture of several products was obtained. Moreover, reaction of 
northebaine with a mixture of several products obtained from 
allylic bromination did not give the desired product.

J、八g • • “門，户 > 心人/、/
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Therefore, we tried another synthetic plan as shown in scheme
1. The northebaine was also synthesized according to literature 
producedure.3 Since 3-trityloxypropanol was a known com
pound,6 1,3-propanediol was converted to 3-trityloxypropanol 
by the procedure of Bauman et al? with a yield of 40%.

The aldehyde was prepared by oxidation with buffered 
pyridinium chlorochromate.8 In order for the Wittig reaction 
to proceed, another phosphorous ylide was synthesized. 
Chloroacetone was treated with triphenyl phosphine to form 
the phosphonium salt which was converted to the phosphorane 
8 with aqueous sodium hydroxide. The phosphorane was 
treated with the aldehyde 7 in benzene to give "-unsaturated 
ketone 5. Removal of trityl either group was attempted by 
using benzenesulfonic acid, at 0°C and room temperature. On
ly decomposition was seen by either TLC or NMR. Attemp
ted cleavage using trimethyl silyl iodide, either the reagent 
itself9 or prepared in situ from trimethylsilylchloride and 
sodium iodide/0 also gave no isolable products. Therefore, an 
attempt was made to first do the Diels-Alder reaction, then 
convert the trityloxy group into the leaving group. Reaction 
of at fi-unsaturated ketone 5 with anthracene or thebaine in 
benzene at reflux temperature gave no adduct by either TLC 
or NMR. Therefore, we tried the Diels-Alder reactions bet
ween thebaine and "-unsaturated ketone 5 at high 
pressured 5 Kbar) for 48h at room temperature and gave many 
spots by TLC. Further Diels-Alder reaction was not at
tempted.

When the reaction between thebaine and diethyl acetylene 
dicarboxylate was carried out, ester 9 was produced. When 
the ester was reduced with lithium aluminium hydride, a lac
tone 10 was formed. Similar lactone has been prepared by 
Bentley" using the addition of methyl Grignard to the dimethyl 
maleatethebaine adduct. Although we attempted to methylate 
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the lactone by forming the anion with lithium dii옹oproyl amide 
(-78°C) and quenching with excess methyl lithium, NMR 
showed that no methylated lactone had been formed.

There has been one attempt: addition of methyl lithium 
to the lactone. This gave the hydroxy lactone and the 
cyclic hemiketal. The NMR spectrum indeed shows the 
desired compounds, in approximately 1:1 ratio.

The other reaction of lactone 10 which has been in
vestigated is N-demethylation. When the lactone was treated 
with lithium methanthiolate in HMPA, there was no reaction.

A procedure to open the lactone would be the treatment 
with trimethyloxoniumtetrafluoborate to form the oxonium 
salt, then treatment with methanol. This procedure gave on
ly recovered starting material. Treatment of lactone 10 with 
solid potassium hydroxide in dimethyl formamide followed by 
potassium hydride and then methyl iodide gave a good yield 
of chromatographed esterether, 11. But we changed the sol
vent to dioxane and the experiment became reproducible, af
fording the ester-ether 11 in 70% yield.

When the lactone was treated with cyanogen bromide and 
hydrolysis in sodium nitrite, it gave nor-ester-ether 12. The 
compound 12 was treated with ethyl brooacetate, followed 
by treatet with sodiu hydroxide gave compound 13 in 60% 
yield. The compound 13 was treated with sodium methoxide 
in methanol to give compound 14 in 75% yield, chemical 
odificatio of compound 14 and biological studies of confor- 
mationally rigid etorphine analogues will be the subject of our 
next research.

Experimental

Infrared spectra were recorded with Shimadzu IR-440 
spectrophotometer. Proton NMR were taken on a Brucker WP 
80MHz spectrometer, using tetramethyl silane as an internal 
reference. All solvents and liquids were distilled before use.

3-Trityloxypropanol. A solution of 13.6g (0.18mol) of 
1,3-propanediol and 16.8g (0.06mol) of chlorotriphenylme
thane in 10 mL of pyridine was stirred at 100°C for 19h. The 
solution was allowed to cool to room temperature. Water was 
added and the mixture was extracted with 3x50 mL of ether. 
The etheral extracts were washed with water, 0.25M aqueous 
sulfuric acid, 1% aqueous potassium carbonate, and water. 
The organic layer was dried over potassium carbonate. 
Evaporation at reduced pressure gave a solid residue. Hep
tane (400 mL) was added and the mixture was heated at reflux 
for 10 min, then allowed to cool to room temperature The 
crystalline precipitate was filtered off, washed with cold hep
tane and air dried and afforded 9.4g (40%) of the alcohol as 
colorless needles: mp 119-120.5°C (lit?4 118-120°C).

3-Trityloxypropanal. A solution of 12.55g (58 mmol) of 
pyridinium chlorochromate and 0.79g (9.6 mmol) of sodium 
acetate in 10 mL of dichloromethane was stirred vigorously 
at room temperature. 7.74g (23 mmol) of alcohol in 45 mL 

of dichloro methane was then added in one portion. After 2h, 
ether was added and the solvent filtered through a small pad 
of Florosil. The black gummy residue and the product were 
allowed to solidify to give 6.5g (87%) of aldehyde: mp 100- 
102°C (lit.15 mp 101°C):NMR CCD13) d: 2.51 (d, J = 6Hz, 
2H, CH2 CHO) 7.05-7.4 (m, 15H, ArH) 9.6 (t, J-2Hz, 1H, 
CHO).

6-Trityloxy-3-hexene-2-one. A solution of 3.6g (11 
mmol) of aldehyde (R=CPh3) and 3.5g (10.7 mmol) of triphenyl 
phosphineacetylmethylene in 100 mL of benzene was heated 
at reflux temperature for 18h. The mixture was allowed to 
cool to room temperature and the solvent was evaporated. The 
residue, chromatographed on silica gel tiding 5% ether-hexane 
as the eluent, afforded 2.98g (78%) of the unsaturated ketone: 
】H—NMR(CDCL) 2.14(s, 3H, CH3) 2.40(apparent t, J = 6Hz, 
2H, CH3) 3.11(t, J = 6Hz, 2H, CH2O), 7.05-7.4(M, 15H, ArH); 
IR(neat), 2940,1675,1635,1605,1485,1445,1075, 705 cm.'1

6-trityloxy-3-hexene-2-ol. A solution of 2.56g (7.2 
mmol) of 6-trityloxy-3-hexene-2-one in 10 mL of ether was 
added dropwise over 5 min to a mixture of 0.31g (8.16 mmol) 
of lithium aluminium hydride in 15 mL of ether (cooled to 
-20°C). After 20 min, at 20°C, ethyl acetate was slowly added 
to quench the hydride and the mixture was poured into ice
water. After stirring for 30 min the mixture was extracted 
with ether. The combined ether layers were washed with 
water and brine, and dried over sodium sulfate. Evaporation 
gave a colorless oil which was used without further 
purification. Yield. 2.32g (90%), *H NMR(CDCL) d: 1.20(d, 
J = 6Hz, CH), 2.28(q, J = 6Hz, CH) 3.0(t, J = 6Hz, OCHJ, 
4.12(m, 1H), 5.47(m, 2H), 7.0-7.4 (m, 15H).

N-Alkylation of northebaine. A solution of 0.17g (0.6 
mmol) of northebaine, 0.15g (0.6 mmol) of iodo compound10 
and 0.1g of potassium carbonate in 4 mL of acetonitrile was 
stirred at room temperature for 19h. Water and chloroform 
were added and the layers were separated. The aqueous layer 
was extracted with chloroform. The combined organic layers 
were washed with water and dried over sodium sulfate. 
Evaporation gave a residue which was chromatographed on 
silica gel using 2.5% methanol-chloroform as eluent and af
forded 0.16g (66%) of the alkylated northebaine; 
NMR(CDC13) d: L28(d, J = 6Hz, 3H, CH3) 2.00(s； 3H, COCH3) 
3.53(s, 3H, OCH3) 3.78(s, 3H, OCH3); IR (neat) 2830, 1730, 
1600, 1230 cm.시

Dimethyl Acetylene Dicarboxylate-Thebaine (9). A 
solution of 8.8g (28.3 mmol) of thebaine and 3.51g (28.2 mmol) 
of dimethyl acetylenedicarboxylate in 75 mL of benzene was 
heated at 50°C for Ih, and allowed to cool to room tempera
ture. After 24h, the crystals were filtered off and washed with 
benzene. The combined filtrates were condensed to 50 mL 
and the crystals were filtered off and washed with benzene. 
The crystalline adduct was air dried: yield 8.11g (71%); mp 
138.5-142°C (lit.16141-142°C);NMR(CDCL) 2.25 (s, 3H, 
NCH3) 3.18(d, J = 19Hz, 1H, C1o-H6) 3.52(s, 3H, OCH3) 3.68(s, 
1H, C厂H) 5.48(d, J = 8Hz, C18-H) 6.18(d, J = 8Hz, lHt C)9-H) 
6.48(d, J = 8Hz, 1H, ArH) 6.61(d, J = 8Hz, 1H, ArH).

Lactone(10). A solution of 3.0g (6.62 mmol) of adduct, 100 
mL of ether and 100 vaL of tetrahydrofuran was treated with 
0.75g (18.7 mmol) of lithum aluminum hydride. The mixture 
was then added to 100 mL of 20% aqueous sodium hydrox
ide. The layers were separated and the aqueous layer was well 
extracted with chloroform. The combined organic layers were 
washed with water and dried over magnesium sulfate. 
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Evaporation and recrystallization from hexane gave a colorless 
crystalline solid: yield, 2.20g (84%) mp 245-248°C (lit.17 mp 
249.5-250°C):NMR(CDCL) d: 2.36(s, 3H, NCHJ 3.53(s, 
3H, OCH3) 3.72(s, 3H, OCH3) 3.8—4.2(m, 4H, C20f 8, 9-H) 
4.41(s, 1H, C5-H) 5.42(d, J = 8Hz, 1H, C19-H) 5.86 (d, J = 8Hz, 
1H, C18-H) 6.47(d, J = 9Hz, 1H, ArH) 6.60(d, J = 9Hz, 1H, 
ArH).

Ester-Ether(ll). A 0.1g (1.51 mmol) portion of crushed 
85% potassium hydroxide pellet was added to a solution of 
0.51g (1.28 mmol) of lactone in 11 mA of dioxane. The mix
ture was stirred at room temperature for 23h. Degreased 
potassium hydride (0.1 횸, 2.5 mmol) was added and the mix
ture stirred at room temperature for Ih. 6 mL (13.7g, 86 mmol) 
of methyl iodide was then added and the solution was stirred 
at room temperature for 6-12h. Water and chloroform were 
added and the layers were separated. The aqueous layer was 
extracted with chloroform. The combined organic layers were 
washed with water, dried over sodium sulfate, and evaporated 
to give an oil. The residue was chromatographed on silica gel 
using ether-hexane (3:2) as eluent to give ester-ether as a col
orless solid: yield 0.38g (67%) JH NMR(CDCL) d: 2.34(s, 3H, 
NCH3) 3.13(s, 3H, 0CH3) 3.52(s, 3H, OCH3) 3.62(s, 3H, 
COOCH3) 3.79(s, 3H, OCH3) 3.97(d, IH, J = 10Hz, C8-H) 
3.56(d, 1H, J = 2Hz, C厂H) 5.42(d, IH, J = 9Hz, C19-H) 5.77(dd, 
IH, J = 2Hz, 9Hz, C”H) 6.46(d, IH, J = 9Hz, ArH), 6.50(d, 
IH, J = 9Hz, ArH) MS m/e (rel. intensity) 441(m+, 11) 382(11), 
230(20), 43(100).

Nor-Ester-Ether(12). A solution of 0.5g (4.7 mmol) of 
cyanogen bromide in 4 mL of distilled chloroform was 
decanted from magnesium sulfate and added to 0.34g (0.70 
mmol) of ester-ether. The solution was heated at reflux 
temperature for 3h, allowed to cool to room temperature, and 
evaporated at reduced pressure. A 20 mL portion of 3N 
aqueous hydrochloric acid was added and the mixture was 
heated at reflux temperature for 3h. The solution was allow
ed to cool to room temperature. After lh, the solution was 
cooled to 0°C and aqueous sodium nitrite was added. After 
15h at room temperature the solution was made basic with 
ammonium hydroxide and well extracted with chloroform. The 
combined chloroform layers were washed with water and dried 
over sodium sulfate. Evaporation and chromatography on silica 
gel using 60% ether-hexane as eluent afforded the nor-ester- 
ether as a colorless solid: yield 0.15g (50%), 'H NMR(CDC13) 
d: 3.08(s, 3H, CH2OCH3) 3.43(s, 3H, OCH3) 3.53(s, 3H, 
COOCH3); IR(neat), 3450, 2940, 1720,1625, 1600, 750 cm/1

Diester-Ether(13). Nor-ester-ether 0.22g (5 mmol) was 
treated with methyl bromo acetate 0.1g(6 mmol) in acetonitrile 
at reflux temperature for 5h. The solvent was evaporated. 
White solid diester-ether was obtained when the residue was 
purified by silica gel chroatography, usig 30% ether in hex

ane as eluent.】H NMR(CDC13) d: 2.4(s, 2Hf NCHJ 3.13(s, 3H, 
OCH3) 3.24(s, 3H, COOCH3) 3.5(s, 3H, OCH3) 3.6(s, 3H, 
COOCH3) 3.78(s, 3H, OCH3) 3.9(d, IH, J = 10Hz, C8-H) 3.56(d,
IH, J = 2Hz, C5-H) 5.4(d, IH, J = 9Hz, C19-H) 5.7(d, IH, 
J = 2Hz, C18-H) 6.45(d, 1H, J = 9Hz, ArH).

Ester-Ketonc(14). By the Dieckman cyclization method, 
diester-ether 0.1g (0.2 mol) was treated with sodium methox
ide in methanol. This was stirred for 3h at 0°C and quenched 
with distiled water. This solution was well extracted with 
chloroform. After purification by chromatography, colorless 
stout prism was obtained: ri이d 0.07 g(70%). NMR(CDC13) 
& 3.13(s, 3H, OCH3) 3.5(s, 3H OCH3) 3.6(s, 3H, C00CH3) 
3.64(s, 3H, COOCH3) 3.78(s, 3H, OCH3) 3.92(d, 1H, J = 10Hz, 
C8-H) 3.56(d, IH, J = 2Hz, C厂H) 5.42(d, 1H, J = 9Hz, Cl9-H) 
5.7(d, 1H, J = 2Hz, C18-H) 6.45(d, 1H, J = 9Hz, ArH). p 146°C 
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