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Abstract
The slructures of two opioids derivatived from thebaine have been determined by single crystal X-ray

crystallographic mcthods. Epimer I ofN -cyclopropylmethyl-[?, s']-dihydro-2 -furanone- 6,14, -?ndo-ethenotetrahydrolhe -
baine, crystallized in monoclinic system having space group p21 etith a = ?.645(2), b = 9.319(14), c = rO.ozo(s) A
and B = 103.a(2). Epimer II crystallized in orrhorhombic sysrem having space group Pzppl with a = ?.948(l), b =

r6.652(3), c= 16.661(r) A. the two epimers have opposite stereochemistry at the spirojunction ofring H.In otherrespects
the molecular structures are similar.

Introduction

Vorphiner has long been used in modern medicine

as a lreatment lo relieve moderate to scvere pain. However,

il causes several undesirable effects such as respiralory

deprcssion, lo$ering of the blood pressure, some nausea,

vomiting and constipation. The mosl serious disadvantage

is that on continued administration of the drug, patie s

develop not only lolerance but also dependence.

Allhough a large number ofselective compounds for
the opioid receptors have been synthesised and evaluated,

therc is still a great deal to be leamt about how these

compounds interacl with the receptor at the molecular level.

Recently il was discoreredz that the ? c. - clnnamoamr-

nomethyl derivativcs of thebaine (t) werenon-competitive,

selcctrve p antagonists with an extremely long duration of
activity.
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Since the colsely relatived ? o. -cinnamoylamino

derivatives of thebaine (z) were much less eflecrive, ir can

be concluded that th€ location ofrhe cinnamoylamino group

is of major importance for the ineversible inleraclion ol
these derivatives with p opioid receprors.
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To the funher explore this situation, we wished to

constrain the aminomethyl group within a pyrolidine ring

with spiro attachment to C(?) (3 and a).
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The preparation ofthese compounds involves a route

rhrough the conesponding lactones (compounds I and II),
3 being synthesised from the Yiactone I and { from the

epimeric y-lactone ll. Thus it was crucial that the

slercochemistry about C(7) was known with certainty.

Single crystal X-ray crystallographic methods were em-

Dloved to achieve this aim.

Experimental

The structure determinations of I and II were

canied out on blocklike crystals chosen from samples

recrystallized from methanol for I and dichloromelhane/

methanol solutions for II. From these one single crystal was

selected. Since the compounds were air stabl€ the crystal

was mounted on a glass fibre with silicone grease. For I all

diffraction measurements were made at low temperature

(r?3K) with a Siemens three-circle SMART3 area detector

diffractometer using gaphite mono-chromated Mo-Ko

radiation. The intensities in a hemisphere of reciprocal

space for 2 0.55' were integrated using the SAINT4 program.

For II all diffreaction measurements were made al room

temperature (2s3K) on a Siemens Pn diffractometer,

using graphite monochromated Mo-KoX-radiation.
XSCANSs software was used for all data measuremenls.

Diffracted intensities were measured in a unique octant of

reciprocal space for l.o<20 <55.0' by 0 /2e scars.

Lorgntz and polarisation corections werc applied.

The structures were solved by direct methods and refined

using full-matrix least-squares refinement on F2 wilh

the SHELXTL programo on a Silicon Graphics IRIS com-

puter. AII non-hydrogen atoms were assigned amsotropic

displacement parametols and refined without positional

constraints, Hydroggn atoms were constrained lo idealised

positions. An isotropic extinction conection? was applied

for I, parameter i rr.n*d 
lr", 

0'0132(.18) where Fa =

'uncon/(l+o.oo1xFc'/sine)'',Thelatticeof Iispseudo-

orthorhombic C-centred (a = 7.6a5, b= 31,2??, c = 9349

A and y = so.3d ) but Laue symmetry is clearly monoclinic

(R onhorhombrc o.4It, R monoclinc 0.040), The t"in
tuJlt-r o o 0 1o r0Tl *as apptleo for refinemenr

and gave twin component values 0.9975(12) and

0.0025(r2) indicating no significant pseudo-orthorhombic

twinning. The Flack absolute structure panmeters x3

werc used as the check on whether or not the absolute

configuration could be determined from the expeflmental

data, the values,-2(2) for I and -1(2) for U, for this

parameter indicates therg is no evidence for an incorect

assi$ment of chirality,

Table r lists peiinent physical data and details of thc

structure analyses.II
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Summary of crystal parameters, data coll€ction ard refinement for
the crystal structures

Table I

Compound

Empirical iormula

Formular weight

Temperature/K

Wavelengrhr A
Crystal system

Space group

4/ A.

b/L

pt'
T' A"

D tgtcm"

p /mm

F(O0O)

Crystal sizehm

Reflections collected

IndeDendent refl ections. R

Data/ restraints/panmeters

^2uooqness-oI-nt on I
Final Rro and wRz'

Absolute structure parameter

!velgnlng Iaclors

Largest difi peak and holere. . . 
-3

I
C H ON273t5
44 9.53

r ?3(2.)

0.71073

monoclinic

Pzt
7.6as(2)

e.34s8(14)

16.0?6(5)

103.1(2)

1r ?.6( 5)

2

1.336

0.092

{80

0.4x0.2x0.2

711I

4701,0.039S

1?00/t/301
1.161

0,0?48,0.1154

-212)

0.0337, 1.75 39

0.609, -0.422

C H ON
2? 31 5

44 9.53

203(2)

0,?10?3

orthorhombic

P212121

7.9482(11)

16.652(3)

r8.66r(3)

90,00

2205.1(6)

4

1.354

0.093

960

0.4x0.3x0.2

3 699

349r, O.O297

3497/O/298
1.094

0.0513,0.1098

- 1(2)

0.03?, 1.2709

o.22t, -o.23O

o.structure 
was refined on F' using all datai the value of Rr is given ior companson

with older refinements based on F ' with a qpical threshold of

F,no(F) 
o

'wR, = 1 Xw{Fo2-Fa2)1:*{Fo')']"'r"he1e ,"-t=1 o'1F ';*1ulo1'*69

and P =[Max(Fo-,0)+2F 
-]/3
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Resulls and Discussion

The molecular structures of I and II are illustrated

in Fig. r. The molecules are made up of five components;

(i) the dihydrobenzofuran (A and B rings), (ii) C and E

rings, (iii) the propalene (D, F and G rings), (iv) the Y-
lactone (H ring), and (v) the cyclopropane (l ring). In

general, for these compounds the absolute configuration

known excepted for that of the spiro lactone ring.

The numbering of the carcn atoms (Fig. 2 and 3) in

the crystal structures conespond to the commonly accepted

conventions for the morphine class of molecule. The T

shape" of the rigid morphine - like pan is displayed in both

compounds.

Fig.2 Structure and numbering scheme for l. Thermal elliPsoids are the

30ft probability level and hydlogen atoms are omitted for cladty

3 Structure and numbering scheme for lI. Thermal ellipsoids are the

3096 probability level and hydrogen atoms are omitted for clarity
Fig.
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The atoms of the benzene ring, A, are essentially

coplanar whereas the dihydrofuran dng, B, adopts a

somewhat lwisted envelope conformation as are those
10.12_10.2I

IOUnq ln momnme oenvallves

The carbocylcic ring, C: [C(14)-C(22)-C( tb)-
C( tt) C(10)-C(9)1, having five atoms roughly in a plane

with c(14) our of plane (-o.rr A in I and 0.40 A in Il),
is in a sofa confomation" whereas the E, piperidine ring

[N(r) C( 12)-C(rs)-C(2?)-C(14)-C(e)], assumes a chair

conformation in both I and ll. The rubstiluent group ar

nitrogen atom is in the equatoial conformation, leaving the

lone pair at nitogen axial. The nitrogon atom doss not

participate in any hydrogen bonding, in conhast, the

conesponding nitrogen is hydrogen bond€d in the crystal

structurc of morphine monohydrate'-.

The fused dng system, propalene, contains rings D,

F and G. the three carbocyclic rings, D: [C(5)-C( 6)-C( t 8)-

Thaksin.J., Vol.r (r) May - April. ree8

c(rz)-C(14)-C(2?)l and G: [c(6)-C(?)-C(s)-c(14)-
C(1?)-C(18)1, all adopt the boat conformations and rhe

confomation of the fused ring is as those found in other

thebaine derivatives'o,

The Ylactone, H dng, in both compounds has an

envelope conformation. The compounds have opposite

stereochemistry at the spiro ring junction, as shown in

Fig. l, with torsion angles [C(1?)-C(18)-C(ls)-C(20)]
-ss.5' in I and [C( 1z)-C( 18)-C( 1e)-C(20)] -146.y' in II
(see Table 2).

The cyclopropylmethyl side-chains (ring I) have

different conformations (see in Fig. a) in I and lI. In l, il
has a gauche- conformation with torsion angle {N(r)-
C(22)-C(23)-C(25)I -80.0' and in I a gauche* confor-

mation with torsion angle [N(l)-C(22)-C(23)-C(25)]
1o 1.1'

Fig. a The least square fit of I (broken line) to II (solid line) the oxygen and nitrogen atoms

were used to perform the fit are labelled, The hy&ogen atoms were omined for clarity.



1't: d-ri!l.ni U't o"rJn"n ! t|r
-l - ,l
utl l tuult 1 lrqln]fllr - fl$tlfDJ 2541

Crystal and Molccular S@clures

Hirihattaya Phe|I)rung

Thiksin.J., Vol.r (I) May - April. ree8

Table 2 Selected torsion ansles for I and II

torsion angles l/' lr torsion angl€s l/'
c(12)-N(1)-c(s)-c( ro) 5 6.6 c(6)-C(r8) C(re)-C(20) 144.0 -90.2

C(r2)-N(r)-C(e)-C(r4) -68.4 -68.4 C(12)-C(r8)-c(rs)-C(20) 89.5 146.?

c(22)-N(1)-c(e)-c(10) -68.? C( 21)-C( 18) -C( 1s )-C(20 ) 27,2 25.2

c(r2)-N( 1)-C(s)-C(14) 166.4 166.{ C( r8)-C(r e)-C(20) -o(4) 30.3 26.1

N(r)-C(s)-C( ro)-C( r r) -93.6 -93.6 C( 6) -c( 18)-C(21)'O(4 ) 13 5,5 -99.I

c(14)-c(e)-c(10)-c(1 1) 29.6 29,6 C(6)-C(1 B)-C(zr)-O(b) 4 9.3 80.3

c(e)-N( 1)-c(r2)-c(r3) 60.3 60,3 C( r7)-c( r 8)-C(2r )-O(a) 105.2 138.9

c(22)-N(1)-c(12)-c(13) 172.9 t72,9 C(r?)-C(r8)-C(2r)-o(b) ?0.1 -40.9

N( r )-c( 12)-c( r3)-C(2?) C(rs)-C(r8)-C(21)-O(4) -15.3 16.6

c(z)-c(s)-C(ra)-c(e) - I71.6 r 71.8 c(1s)-c(18)-c(21)-O(5) 169,5 163.3

c(7)-c(8)-c(14)-c(2?) C(s )-N( r)-c(22) -c(23) -74.6 63.r

N( r ) -C(s ) -C( 14) -C(8) 1?9.I 179.1 C( r2)-N( r ) C(22)-C(23) 159.8 171.0

N( r ) -C(e) -C( r4) -C( r z ) -56.4 -56.4 N(1)-C(22) C(s3)-C(24) 154.5 171.9

N(1)-C(s)-C(14)-C(2?) 63,8 63.8 N( r)-C(22)-C(23)-C(25) -80.0 101.4

C( 1o)-C(e)-C( r4)-c(8) 54.1 54.1 C(22)-C(23)-C(24)-C(25) 115.9 t 10.5

C(ro)-C(s )-C( L4)-C(r ?) 1? 6.8 17 6.8 C(2s)-c(23)-C(24)-C(25) 0,0 0.0

Table 3, Selecled bond distanc€s for I and II

Bond I II Bond I II

o(4)-c(2r) r345(5) 1.342(4 ) C(e)-C(10) 1.56r,(6)

o(4)-C(20) 1459(6) 1,4 5 3(4 ) C(r2)-C(r3) 1.504(?) r.512( 5)

O(b)-C(2r) rle(6) 1.20r(4) C(r3)-C(2?) r.546(6) 1.540(4)

N(1)-C(12) 1.441(7.) r.47 4(4) C(14)-C(2?) r.53?(6) 1.54 5(4 )

N(1)-C(22) r-46(6) r.466(4) C(1a)-C(r?) L54q5.) 1.538(4)

N(1)-C(s) 1,489(?) 1.474\4) C(15)-C(2?) u9?(5) 1.483(4)

C(4)-c(15) 1.37E6.) 1.3?3(4) C(r?)-C(18) 1.566(6) r.557\4)

i)-C(21) 1.5316) r.533(4) C( r8)-C( 1s) L54o(6) 1.5 3e (4)

C(5)-C(6) 1543(6) r,548(4 ) C(r8)-C(21) r.531(6) r.5 34 ( 4)

c(6)-c(z) r.5o5(7) 1.507(4) c(re)-c(20) r.509(?.) 1.521(5)

c(6)-c(18) r"573(6.) 1.5e3(4) C(22)-C(23) Dq10) 1.4e3(5)

C(?)-C(8) mr7(?) 1,3 r4(4) C(2s)-C(2b) 1.475(9) 1.L7 r\7 )

c(8)-c(14) 151(6) 1.5r2(4) C(23)-C(21) r.501(9) r.49e(6)

c(e)-C(14) 1.54(6) 1,54 5( 5) C(24)-C(25) 1144.n) 1.489(7 )
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Table l Selected bond ansles for I and II

Angles I II Angles I II
C(21)-O(4)-C(20) l lo.4(4) 1r 1.4( 3) C(2 r )-C( 18) -C( r s ) 10r.3(3) r 01.0(2)

C(12)-N(1)-c(e) 1r 1.2(1) 112.2(3) C( re)-C(18)-C(l ?) r r4.0(3) 114, r( 2.)

c(22)-N(1)-c(e) r r3.4(5) 114.s(3) C(2r)-c(r8)-C(6) 10e.1(3) 10e.1(2)

C(2?)-c(b)-C(6) 108.0(3) 208.8(2) C( r e)-C( 18)-c(B) r r3.7(4) 1r0.5(2.)

C(?)-C(6)-C(r8) 1o?.5(4) 105.5(2) C(20)-c(r e)-C(r s) r03.7(4) r04.6(3)

C(?)-C(8)-C(r4) 114.7(4) r15.e(3) O(5)-C(21)-C(r8) r28.7(4) 128.0(3)

N(1)-c(e)-c(r4) 108,2(3) 108.9(2) O(4 )-C(21) -C( 18 ) 110,5(4) 11r.0( 3)

N(1)-C( rz)-C( 13) l to.1(4) r r r.6(3) C(22)-C(23)-C(25) 12?.6( 8) 120.5(4)

C( r2)-C(r3) -C(z?) 1r2.6(1) r12.5(3) C(22)-C(n)-C(24) r 25.e( 8 ) 1 1s. r(4 )
C( 8) -C( 14)-C(2? ) t 0't,2\4) 106.6(2) C(25)-C(2s)-C(24) 5 8.1( 5) 60.1(3)

C(8)-c(r4)-C( 1z) 105.8(3) 105.6(2) C( 15)-C(27)-C( 14) 106.1(4) 106.?( 2 )

c(2? )-C( 14)-c( r ? ) r08.?(4) r08.6(2.) C(r5)-C(2?)-c(5) r02.3(4) r0 r.9( 2)

c(8)-c(ra)-c(e) l13.8(4) 112.6(3) C( r 4)-C(2?) -C( 5) 112.3(3) r r r.6(2)

C( 27)-C( r a) -C(e ) 105.3( 3) 105.6(2) C( 15)-c(2?)-C(rs) lrl ?(3) 1r2.7(3)

C( r?)-C(r4)-C(e) 115.9(4) 117.t(2) C(r4)-C(2?)-C(r3) rrr.4(4.) 111.2(2)

C( 1{)-C(r?)-C( t 8) 10e.1( t ) r r0.1(2) C(5)-c(22)-C( r3) r r2.6(4) r 12.4(3)

The crystal packing in both compounds showed weak

intermolecular interactions dominated by normal Van der

Waals contacts.

The selected bond lengths and bond angles for the

non-hydrogen atoms arc shown in Table 3 and L In general

the bond lengths and bond angles are not significantly

diffcrent. The thee C-N bonds have an average length of
1.465(4) A as is normal and as seen in morphine deriva-
tivesr3. Similar lengths are seen in opiate alkaloidsl6,

morphine derivativesl?, dihydromorphine- o- o-sulfatel8, and

in naltrexone hydrochloridere

The bond distances of I and II in the 6,14 erdo -
etheno bridge are similar to those in the other opioids, such

as morphine and various of its derivativeslT

Conclusion

Valuable information has been gained from X-ray
studies of these compounds idenlifying the stereochemislry

of epimers I and II and hence of 3 and r.
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