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Th e paper rep or t s on str u ctura l investi gation and phase analysis of a
new ly synthesi zed p otent lo cal anesthetic with chiral molecula r structure .
A bsolute structure and absolute conÙguration on four chiral centres w as

determined using micro crystal li ne single -cry stal di ˜racti on w ith anomalous
scattering of X -ray radiation azimuthal scan techni que. Phase analysis for
new comp ound ( K P23SS) and its epimer (K P23 RS) w as carried out using
classical and synchrotron radiation powder di˜raction . Enantiopurity of the

bul k material w as veriÙed for both isomers by comparison of exp erimental
and simulated high- resol utio n p owder di˜raction diagrams. The presence
of tw o new p olymorphi c phases of K P23RS w as documented. C omparative

conf ormational analysi s w as carried out using di˜erential Fourier synthesis
and least- squares molecule overlap technique. A model of epimeric disorder
w as discussed for the homo chiral phase.
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1. I n t rod uct io n

Chi ra l pharm aceuticals are bui l t o f m olecules possessing one or more chira l
centres. Since 1956, when Pf ei˜er documented hi s thesi s: \ lower e£ ci ent dose of
drug impl ies larger stereospeci Ùc di ˜erence in i ts enanti om er acti on" [1], chira l
m olecules have been in focus of pharm acologists [2], pharm aceuti cal and chemical
industry [3], and legislati ve agencies worki ng on standardi zati on of medical pro d-
ucts [4{ 6]. Pro ducti on growth rate of chi ra l pharm aceuti cals reaches now m ore
tha n 10% per year, especial ly wi th employm ent of asymm etri c cata lysis [7] and,
recentl y, geneti c engineering [8]. Duri ng the last decade, the development of chira l
drug s is the resul t of e˜o rt of multi discipl inary team s [9]. R esearch area covers
physi ological acti vi ty of isomers, thei r intera cti on and inÛuence of chira l i t y on ad-
m inistra ti on of tra nsderm al drugs (see for exa mpl e [10{ 12]). Interna ti onal rul es
[4{ 6] requi re sophi sticated pro cedures for provi ng stabi l i ty and puri ty of stereoiso-
m ers in vit ro and in vivo. Mul ti -di recti onal interest in chi ra l drug s results in in-
compati ble nomenclature. Theref ore som e deÙniti ons are incl uded in the paper.

A chira l centre is created by an ato m wi th substi tuents or l igands not super-
im posable on i ts m irro r im age, i t has no sym metry operati ons of the second ki nd,
i .e., m i rro r pl ane, centre of inv ersion, ro to -inv ersion axi s.

¯ Abso lute conÙgura ti on | the spati al arra ngement of the ato ms of a phys-
ically identi Ùed chi ra l m olecular enti ty (or group) and i ts stereochemical
descripti on | chira l i t y sense.

¯ The chi ra li t y sensedenoted R(ectus) or S(ini ster) deÙnesthe absolute conÙg-
ura ti on of stereoisom er. Absolute conÙgurati on is assigned by X- ray anom a-
lous scatteri ng or circul ar dichro ism (CD ) experim ent.

¯ Co nform ati on | spati al arra ngement (shape) of a molecule of given conÙg-
ura ti on deÙned by the set of i ts to rsi onal angles.

¯ Stereoisom ers wi th inv erted al l chira l centres are cal led enanti omers. Inver-
sion of one of mul tipl e chi ra l centres gives epim ers. Epi m ers form a subset
of diastereoisom ers.

¯ D iastereom ers are isom ers wi th multi pl e chi ra l centres tha t di ˜er in conÙg-
ura ti on at one or some, but not al l, chi ra l centres.

¯ R acemate is a 1:1 mixture of two enanti omers.

At present, about 70% of local anestheti cs are chira l . Chi ra l resoluti on, i .e., sep-
arati on of enanti omerical ly pure form s, of several racemic anestheti cs resul ted in
lower to xi city of the enanti opure form [13].

The investigated com pound, expressing strong local anestheti c acti vi ty
(- )-3-[2-hydroxy- 3 -(N - isopro pyl ami no)-propoxyi mi no]-ci s -carane hydro chl oride
(C 16 H3 0N2 O2ÂHCl ), acronym KP2 3 [14{ 17], is synthesi zed partl y from com po-
nents of Pi nus sylvestri s turp enti ne [18]. Both parts of the molecule: carane head
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and isopro pyl side chain, m ay app ear in stereoisom eric form s. Fi gure 1 shows con-
necti vi ty and ato m numb ering scheme wi thi n the molecule. The presence of three
chi ra l centres at carbons C13, C14, and C1 6 al lows, theo reti cal ly, for the existence
of 8 stereoisom eric form s (each centre may appear in S or R absolute conÙgura-
ti on). The isopropyl side-chain possessesone chi ra l centre, at carbon C6, implyi ng
the possibi l i ty of 2 stereoisomers.

Fig. 1. Epimeric form of (- )-3- [2-hydroxy- 3-( N -isopropylamino)- prop oxyimi no ]-

-c i s -carane hydro chloride (C 16 H 3 0 N 2 O2 ÂH C l) w ith the atoms numb ering scheme and

thermal vibratio n ellipsoi ds. T he picture was made w ith ORT EP- 3 program.

Crysta l structure of KP2 3RS [14] revealed tha t thi s compound crysta l l izes
in tri cl ini c system (space group P 1 ), wi th two epim ers in the uni t cell. In both
m olecules, the absolute conÙgurati on at carane carb ons is identi cal (C1 3 | R,
C1 4 | S, C16 | R ), whereas at C6 ato m of the side-chain i t is opposite (R , S)
in both m olecules of the epim er. Indep endent two -way stereospeciÙc syntheses
[19] were carri ed out to obta in enanti opure isom ers. The resul ti ng com pounds
were homochi ra l (denoted KP2 3SS and KP2 3R R) wi th identi cal chemical f orm ula
C 16H30 O2N 2ÂHCl .

2. Si ng le-cr y st al X-r ay st r u ct u r e an al ys is of K P 23SS

KP2 3SS crysta l l izes from a m ixture of hexane and acetone (b oth anhy-
dro us) g ivi ng smal l, colourl ess platel ets wi th typi cal gra in size below 0.05 m m.
The crysta ls are pl astic and m ost of them are twi ns or overgrown | mani festing
by non-uni form m osaicit y. Attem pts at separati ng gra ins resulted in smeari ng out
rather tha n cleavage. The sampl e selected f or sing le crysta l di ˜ra cti on exp eriment
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wa s an i rregular plate 0.03 mm thi ck and 0 : 1 5 È 0 : 0 9 m m wi de. D i ˜ra cti on data
were col lected usi ng CAD -4 (Enra f-Nonius) 4-circl e di ˜ra ctom eter and Cu K ˜

graphi te m onochroma ti sed radi ati on. In order to im pro ve the counti ng stati stics
the m axi mum measuri ng ti m e for a single reÛection was extended to 180 seconds,
whi ch was possible due to good radiati on stabi li ty of the sam ple. A to ta l of 4130
independent reÛections were col lected wi th 3800 for I =¥ ( I ) > 2 . Two intensi ty
standards col lected every hour were used to correct intensi ty Ûuctua ti ons of the
data . The data reducti on was carri ed out usi ng XCAD 4 program from the W inGX
crysta l lographi c package [20]. D ata were corrected for Lorentz polari zati on and
semi-empi rica l absorpti on correcti on was calculated by the pro gram XABS. The
structure was solved by di rect m etho ds usi ng SHELXS pro gram in space group
P 1 (l atti ce param eters a = 7 : 4 0 2 4 (2 ) ¡A, b = 7 : 5 5 5 2 (2 ) ¡A, c = 1 7 : 2 4 9 3 ( 6 ) ¡A,
˜ = 8 3 : 2 6 (3 ) £ ; Ù = 8 5 : 5 6 (2 ) £ ; Û = 8 5 : 6 6 (2 ) £ ). It is noti ceabl e tha t the param eters
have cl ose values to al ready determ ined uni t cell parameters of KP2 3RS (T able).
Simi larl y to KP2 3R S, the asymm etri c uni t consi sts of two independent m olecules
form ing a dim er. Interm olecular hydro gen bonds invol ving ni tro gen, chl ori ne and
oxyg en ato ms bi nd neighbouri ng molecules into dim ers. A perspect ive drawi ng of
the dim er wi th therm al vi brati on ell ipsoids is given in Fi g. 2.

Fig. 2. H omo chiral structure of K P23SS. A bsolute conÙgurati on at chiral centres in

the side-chains is identical (S) in both molecules.

The absolute structure wa s determ ined using anomalous scatteri ng of Cu
radi ati on on chl ori ne ato ms. Using the structura l m odel , pai rs of reÛections wi th
the largest Bi jvoet di ˜erence I (h ) À I ( À h ) , resul ti ng from anomalous scatteri ng
contri buti on to the structure factor, were selected and caref ul ly rem easured using
azi mutha l scan techni que [4]. The absolute conÙgurati on at three chi ra l centres
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T ABLE

U nit cell parameters for K P23RS, its p olymorph and epimer.

a [¡A ] b [ ¡A ] c [ ¡A ] ˜ [£ ] Ù [ £ ] Û [£ ] V [ ¡A 3 ]

K P23RS, unit cell parameters measured for various single crystal samples

7.3504 7.5304 17.4922 82.66 83.82 84.39 951. 20

7.3600 7.5320 17.5090 82.62 83.85 84.48 953. 68

7.3637 7.5405 -17.4865 82.76 83.91 84.52 954. 44

7.3680 7.5490 17.4760 82.76 84.12 84.64 956. 00

7.3647 7.5431 17.5020 82.74 83.88 84.53 955. 70

7.3600 7.5392 17.4967 82.69 83.85 84.42 954. 00

Superstructural polymorphi c form ( a
0

a ; b b; c c )

7.352(1) 37.65(1) 34.94(2) 82.70(3) 83.98(2) 84.42(1) 9508(5)

K P23SS unit cell parameters

7.4024(5) 7. 5552(5) 17.2493(8) 83.26(5) 85.56(5) 85.66(5) 954. 0

(single

crystal)

of carane heads wa s identi cal for both m olecules and the sam e as in KP2 3RS.
The absolute conÙgurati on on chi ra l centres in the side chain is S for both centres
C6 and C6A, as expected by synthesi s. Since a stereospeciÙc reacti on rarely re-
sul ts in enanti om eric excess above 95%, careful analysis of electron density in the
vi ci ni ty of C6 and C6 A ato ms was carri ed out using di ˜erence Fouri er synthesi s.
No residual density above 0.28 e/ ¡A was observed on the di ˜erence Fouri er m ap,
whi ch conÙrm s the hom ochira l it y of the dim er. T o com pare the conf orm ati ons of
two molecules form ing the di mer, root- m ean-square (R MS) displacement for two
least-squares (LS Q) superimposed molecules was calcul ated, givi ng the value 0.71.
Thi s value seems rather hi gh, because analogous parameter calcul ated for epimeric
m olecules (wi th opposite absolute conÙgurati ons on C6) from the crysta l structure
of KP2 3R S is 0.77. Thi s leads to a conclusion tha t there are tw o signi Ùcantl y di f-
ferent conf orm ati ons in the uni t cell. Fi gure 3 shows superim posed carane m oieti es
of the m olecul es and diverg ing side chains due to di ˜erent to rsional angles around
bond C8{ O9 | 83.4 and 72.0 degrees, respectivel y.

Fig. 3. Molecules of homo chiral K P23SS isomer w ith superimp osed carane moieties.
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It was observed tha t in one m olecule, the valence angles around the chira l
centre C6A have values very close to tho se corresp ondi ng to tetra hedra l (sp 3 ) hy-
bri dizati on, as expected, whereas ato ms C5, O7, C8 to gether wi th C6 chira l centre
have nearl y Ûat conÙgurati on | the sum of the three corresp ondi ng valence bonds
equals 3 5 9 : 7 £ . It is noti ceabl e tha t C8 and O9 ato ms have elongated therm al el-
l ipsoids. Deta iled analysis includi ng the reÙnement of parti al occupancy factors
wa s carri ed out for ato ms wi th large anisotro py of therm al vi brati ons: C8, O9.
For the C8 ato m bonded to C6 and O9, a disorder m odel was reÙned resul ti ng in
two al terna ti ve positi ons of thi s atom wi th nearly equal occupanci es. The Ûat con-
Ùgurati on around C6 suggests the occurrence of epim eric disorder. Large therm al
vi bra ti ons observed for term inal m ethyl groups of carane, C17, C19, C20, could
be attri buted to thei r m obi li t y. D isorder of the side chain is tra nsmi tted to the
carane head. Stati sti cal character of therm al displ acements for al l carane ato ms is
conÙrmed by the fact tha t R MS displacement for two LSQ superi mposed carane
m oieti es of the dim er has a low value of 0.09.

3. Co m par i son of KP 23R S an d KP 23SS m ol ecu l ar st ru ct u res

Both compounds preserve a simi lar volume (pa cking density), in spi te of
slight vari abi li t y of latti ce consta nts. T abl ecompares uni t- cell param eters for both
compounds and i l lustra tes the vari abil it y of the uni t- cell parameters of the epimeric
form . The crysta l and m olecul ar structure s of both com pounds (KP2 3RS and
KP2 3SS) reveal a signiÙcant sim i lari t y. The existence of polym orphi c form and
structura l simi lari ty of both compounds, as well as appearance of KP2 3RS f orm
duri ng recrysta l l izati on of enanti om erical ly pure KP2 3SS, ra ises three questi ons:

¯ whether a substi tuti on of epimeric molecules is possibl eduri ng the nucl eati on
stage of crysta l l izati on;

¯ whether a conglomerate crysta l l izati on could occur;

¯ how representati ve the inv estigated sing le crysta l sam ple is for the bul k m a-
teri al .

T o answer these questions phase analysis was carri ed out.

4 . P owd er d i ˜ r act ion exp er im ents

La rger quanti ti es of KP2 3RS, KP2 3SS and KP2 3RR bul k materi als were ob-
ta ined by crysta l l izati on of the reacti on product in the mixture of anhydro us hex-
ane and acetone. Fi gure 4a i l lustra tes envi ronm enta l scanni ng electron micro scope
pi cture of a typi cal crysta l l i te of KP2 3R S bul k m ateri al , wi th fai rly wel l developed
gra ins in the shape of para llelepipeds; Fi g. 4b presents a spherolyti c conglom erate,
characteri sti c of KP2 3SS lam ellae. The m orpho logy of KP2 3RR is not uni form :
m icrocrysta l l ine spherol ites and rectangular form s are vi sibl e (Fi g. 4c), suggesting
the presence of two di ˜erent phases.
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Fig. 4. SEM pictures of (a) typical crystalli te of K P23RS bulk material, (b) spherolyti c

conglomerate, characteristic of K P23SS lamellae, (c) micro crystall i ne spheroli tes and

rectangular forms of two di˜erent phases of K P23RR.

D i˜ra cti on pattern recorded wi th a laborato ry X-ray source (Phi l ips X 'Pert,
Cu K ˜ radiati on, Bra gg{ Brenta no geom etry) for KP2 3RS (Fi g. 5a) wa s suc-
cessful ly indexed using TR EOR program yi elding cell param eters (a = 7 : 3 7 1 ;

b = 7 :5 6 0 ; c = 1 7 : 5 2 9 ¡A ; ˜ = 82:63; Ù = 83:85; Û = 84:34£ ) wi th Ùgure of meri t
M2 0 equal to 40 and F2 0 equal to 86. However, the numb er of resolved di ˜ra cti on
intensi ty proÙles wi thi n the sampl e di ˜ra cti on lim i t range was to o smal l ta ki ng
into considerati on the numb er of structura l param eters of the simpl est structura l
m odel (168).

A di ˜ra cti on experim ent for KP2 3R S carri ed out at ESR F Grenoble (BM- 16
beam l ine, wa velength 0.803107(1) ¡A, capi l lary 0.8 mm ) resulted in a well -resolved
powder pattern (Fi g. 5b). The pattern was indexed using the program TMO giv-
ing the latti ce parameters a = 7 : 3 6 1 ; b = 7 :5 3 5 ; c = 1 7 : 5 1 4 ¡A ; ˜ = 82:68;

Ù = 83 :86; Û = 84:34£ ; V = 954:35 ¡A3 , wi th Ùgure of meri t M2 0 equal to 84.5.
The pattern was consistent wi th tha t calculated from single-crysta l structure.
T aki ng into considerati on the spread of latti ce consta nts determ ined for di ˜er-
ent single-crysta l gra ins (T abl e), the sim ulated pattern wa s calcul ated assuming
the correctne ss of latti ce param eters from powder pattern indexi ng. D ue to high
resoluti on of the SR pattern, i t was possibl e to identi fy 11 peaks not belonging
to the predom inant structure of KP2 3R S; they were indexed separatel y givi ng
ortho rhom bic param eters (a = 1 1 : 0 3 5 ; b = 1 2 : 1 0 8 ; c = 1 4 : 2 6 8 ¡A ; ˜ = 90:0;
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Ù = 90:0; Û = 90:00£ ; V = 1 9 0 6 : 5 ¡A 3 ). The uni t cell vo lume of thi s adm ixture is
alm ost exactl y twi ce tha t of R S phase, whi ch suggests the presence of yet another
polym orph in the bulk m ateri al .

Fig. 5. Pow der di˜raction patterns of K P23 stereoisomers: (a) K P23RS | Philip s

X ' Pert, C u K ˜ , Bragg{Brentano geometry , (b) K P23RS | synchrotron radiatio n, ESRF

Grenoble, BM- 16 beamline, w avelength 0.803107 ¡A , (c) K P23SS | synchrotron radia-

tion, DES Y - HA SY LA B, B2 beamline, w avelength 1.3572 ¡A , (d) K P23RR phase mixture

| synchrotron radiation , DESY -H A SY LA B, B2 beamline, wavelength 1.3572 ¡A .

The m easurem ents for KP2 3SS were perform ed at the beam l ine B2 at the
Ha mburg er Synchro tro n Stra hl ungslabor (HAS YLAB), Germany [21]. A diver-
gence reduci ng, cyl indri cal , Pt- coated m irro r and a Ge(111) doubl e crysta l mono-
chro m ato r were used for beam condi ti oni ng. The selected wa velength was
1.3572(1) ¡A. The sam pl e was Ùlled in a capi l lary wi th 0.9 mm di ameter. Intensi ty
data were detected wi th a NaI scinti l latio n counter wi th a Ge(111) channel cut
analysing crysta l m ounted at the detecto r arm to reduce background and increase
resoluti on.

The di ˜ra cti on pattern of the KP2 3SSform (Fi g. 5c) was successful ly indexed
usi ng TR EOR pro gram yi eldi ng cell parameters (a = 7 : 4 0 9 ; b = 7 : 3 9 6 ; c =

1 7 : 7 4 5 ¡A, ˜ = 8 1 : 7 6 ; Ù = 8 5 : 1 7 ; Û = 8 7 : 1 0 £ ) wi th Ùgure of m eri t M2 0 equal to 79
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and F2 0 equal to 241. The calcul ated pattern based on sing le-crysta l di ˜ra cti on
of a m icrocrysta l l ine grain matched fai rly wel l wi th the exp erimenta l one, pro vi ng
phase homogeneit y of the species.

Two di ˜ra cti on patterns of the KP2 3RR m ateri al (two batches synthesi zed
by di ˜erent m etho ds) recorded under the same condi ti ons revealed a more com plex
spectrum . At low Bra gg angles, the peaks were apparentl y spli t (Fi g. 5d), and the
intensi ty rati o in each pai r wa s reversed in the other batch. Thi s indicated tha t
each sam pl e consists of two phases. Both phases were successful ly indexed wi th
TR EOR yi elding cell parameters:

phase 1: a = 5 :3 7 0 ; b = 1 0 : 3 6 0 ; c = 1 7 : 1 3 2 ¡A ; ˜ = 90:0; Ù = 90:0,
Û = 9 0 : 0 0 £ ; V = 9 5 3 : 0 6 ¡A3 ;

phase 2: a = 1 9 :1 9 0 ; b = 8 : 6 3 5 ; c = 8 : 7 1 6 ¡A ; ˜ = 90:0; Ù = 94:66,
Û = 9 0 : 0 0 £ ; V = 1 4 3 9 : 4 9 ¡A 3 :

Af ter the recrysta l l izati on pro cess, selected gra ins of a size suita bl e for sin-
gle-crysta l di ˜ra cti on turned out to be the KP2 3RS variety . Addi ti onal ly, sing le
crysta ls of KP2 3R R synthesi zed wi tho ut hydro chloride, C 16H30 N2 O2 , were also
exam ined on a Ka ppaCCD (No nius) di ˜ra ctom eter indi cati ng turb ostati c struc-
ture.

5. Co n cl usion s
The epim eric form of the investi gated (- )-3-[2-hydroxy- 3-(N - isopro pyla mi no)-

-propoxyi m ino]-cis -carane hydro chl ori de (C 16H 30N 2O2ÂHCl ), KP2 3RS, turned out
to be the easiest to crysta l l ize. Apa rt from the predom inant tri clinic phase, two
polym orphi c form s were detected. The observed spread of uni t cell param eters
is probably ori ginati ng from the natura l substra te (carane). A structura l sim i -
lari ty of form s KP2 3R S and KP2 3SS facil i ta tes the conglom erate crysta l l izati on.
Co nform ati onal analysis of KP2 3SS structure revealed epim eric di sorder around
the C6 ato m. For low- symmetry , non-perf ect organic crysta ls, micro crysta l l ine and
hi gh-resoluti on powder di ˜ra cti on techni ques wi th synchro tro n radiati on app eared
to be suita bl e to ols f or structure determ inati on and phase characteri zati on.
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