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PURIFICATION OF A WATER-SENSITIVE 
NATURAL PRODUCT W I T H  AN APROTIC 

CPC SOLVENT SYSTEM 

MICHAEL R. JIROUSEK AND 
ROBERT G. SALOMON* 
Department o f  Chemistry 

Case Western Reserve Uitiversity 
Cleveland, Ohio 44106-2699 

ABSTRACT 

The partition cocflicients o l  arachidonic acid (AA), prostaglandin 
(PG) H2 and PGE2 in the binary acctonitrile-hexane two-phase solvent 
system can be favorably modified by addition of diethyl ether. In the 
ternary two-phase solvcnt systcni acctonitrilc-hcxanc-diethyl ether the 
partition coefficients of AA and tlic prostaglandins divcrge as the ratio 
of ether to acctonitrilc-hcxanc (1:l) is incrcascd from 0.00 to 0.15 while 
the partition cocfficicnts of PGH2 and PGE2 divcrgc as the ratio of ether 
to acctonitrilc-hcxanc (1:l) is incrcascd from 0.15 to 0.30. Isolation by 
CPC of PGH2 from thc AA bioconvcrsion rcaction mixture is described. 

INTRODUCTION 
The prostaglandin cndopcroxidc PGH2 is a water-sensitive 

intcrnicdiatc in thc biosynthcsis of prostaglandins, c.g. PGE2,  from 

arachidonic acid (AA). Isolation and purification of PGH2 is complicated 

by the fact that i t  dcconiposcs with a half Iilc of 5 min in the aqueous 
environmcnt of its biosynthcsis producing a 4: 1 mixturc of prostaglan- 
dins and lcvuglandins, c.g. LGE2 (1). Extraordinary instability in protic 

*Author to whom corrcspondcncc should bc addrcsscd. 
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WATER-SENSITIVE NATURAL PRODUCT 2509 

solvents was shown to bc a charactcristic of the 2,3-dioxabicyclo- 
[2.2.l]hcptane nuclcus 1 of PGH2 (2).  Isotopic labeling and kinetic 

studies rcvcalcd that protic solvents foster dccomposition to give levulin- 

aldehyde (3)  by migration of a bridgehead hydrogen and simultaneous 
cleavage of carbon-carbon and oxygcn-oxygcn bonds (3). Apparently 

hydrogen bonding of protic solvcnts with a dipolar transition state as in 

2 promotes the rcarrangcmcnt of 1 to 3 .  Silica-gel also catalyzes 
decompositions of PGH2 ( 4 3  and 1. Hydrogcn bonding as in 4 may play 

a role in this catalysis. Dinicthylsulfoxidc (DMSO) promotes rearrange- 
ment of PGH2 to form lcvuglandins virtually cxclusivcly (3). This 

dipolar aprotic solvcnt apparently abstracts a bridgehead proton from 
the 2,3-dioxabicyclo[2.2. llhcptanc nuclcus of PGH2 resulting in simul- 

taneous clcavagc of C-H, C-C and 0-0 bonds as in 5 .  
Purification of PGH2 by chromatography on silica-gel (4,6) or 

countercurrent  par t i t ioning bctwecn two-phase solvent  sys tems 

containing protic solvents or  DMSO is hampered by chemical instability. 
However, wc now report that purification is readily achieved by 

centrifugal partition chromatography (CPC) using acctonitrile-hexane- 
ether, an a p r o t i c  two-phasc solvent system. 

EXPERIMENTAL 
HPLC gradc acctonitrilc and n-hcxanc wcrc used. Reagent grade 

ethyl ether was purificd by distillation from lithium aluminium hydride 

under dry nitrogcn imnicdiatcly prior to USC. Aftcr mixing by vigorous 

shaking, two phasc solvcnt systcms wcrc allowed to stand overnight 

beforc separation of thc phascs. 
CentrifuPol Parti t ion Chromatogranhy 

CPC scparations wcrc pcrfornicd with a Sanki Engineering Limited 

model NMF ccntrifugal partition chromatograph cquipped with 6 type 
250W partition cartridgcs with a 1200 rpm rotor speed at 19OC. Solvents 

were pumpcd with a Watcrs model 6000A solvent delivery system 

equipped with cxtcndcd flow heads. Solvent switching and sample 
injection was accornplishcd with a Sanki modcl FCU I1 valve module. The 

effluent was monitorcd with an Instrumentation Specialties (ISCO) model 

1840 absorbancc monitor at 220 nm. 
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CPC Pirrificcitinn o f  PGH2 
P G H 2  was prcparcd as described prcviously (3) by incubation of 

arachidonic acid (AA, 40 mg) in thc prescnce of lyophilized ram seminal 
vesicle niicrosomcs (1.8 g) in 0.1M pH 7.5 phosphate buffer (320 mL). 

With a rotor spccd of 1200 rpm, thc CPC cclls wcrc filled with the lower 

phasc of an acctonitrilc-hcxanc-cthcr (1.0:1.0:0.4 v/v/v) solvent system. 
The solvcnt flow was sct at 2.2 mL/min, and thc UV detector at 0.1% 
absorbance. Thc uppcr phasc was elutcd (ascending mode). After 15 
minutes, onc fourth of thc crudc bioconvcrsion rcaction product mixture 
(15 mg) in thc uppcr phasc (1 niL) was injected and the upper phase 

elutcd for 165 min. Thc flow was thcn rcvcrscd and the lower phase was 
elutcd (dcsccnding modc). Aftcr 19 min PGH2 clutcd as a sharp UV-active 

peak which rcspondcd positivcly to a pcroxidc test with acidic 
Fe(NH4)2(SO4)2/NH4ScN. Solvent was rcmovcd by rotary evaporation 

below room tempcraturc to dclivcr purc PGH2 (6.9 mg) which was 96% 

pure according to lI-1 NMR comparison of the intcgral areas of the 
olefinic hydrogen absorptions at 65.33 - 5.48 (4H) with the bridgehead 
hydrogen absorptions at 64.52 (H, s) and 64.41 (H, s). 

Partit ion Coef f ic ients  

The H NMR mcthod cmploycd to dctcrminc partition coefficients 
is exemplificd for PGE2 for an 0.2:l.O ratio of cther to acctonitrile-hexane 

(1: l ) .  The two phascs which form aftcr allowing a mixture of dry cther 

(40.0 mL), acctonitrilc (100.0 mL), and n-hcxanc (100.0 mL) to equilibrate 

at 23OC wcre scparatcd. The top phase (10.0 mL) and bottom phase (9.9 
mL) wcre placcd in a sniaII scpcratory funncl and PGE2 (0.3 mg) in the 

bottom phasc (0.1 mL) was addcd. The mixture was shaken vigorously for 
5 min and then allowed to stand 10 min. Thc two phases were then 

separated and the solvcnt was removed by rotary evaporation under 

water aspirator vacuum. Thc residue from cach phase was dissolved in a 
solution (750 pL) of bcnzcnc (0.1% v/v) as intcrnal standard in CDC13. 1H 

NMR spcctra of thcsc solutions wcrc recordcd with a Varian XL-200 FT 
instrumcnt. Thc ratio of thc intcgral intcnsitics for  the olefinic 
hydrogen absorptions of PGE2 (64.6 - 4.9) and the benzene hydrogen 

absorption (67.2 - 7.4) wcrc dctcrmincd. Thc top phasc gave 0.0199 while 
the botlom phasc showed 0.6936, The partition cocfficient was then 
calculatcd to be K = 0.0287 for [top phasc]/[bottom phasc]. 
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Ternarv Solvent Phase Diagram 

The molar ratio of components of cach phase at 23OC or 60C was 

determincd by H NMR analysis as illustratcd for acetonitrile-hexane- 

ether (1.0:1.0:0.4 v/v/v). A spcctrum was recordcd for an aliquot of the 
top phasc (100 yL) in CDCl3 (600 yL). Thc composition of the mixture was 

calculatcd to bc 19.9% cthcr, 13.2% acctonitrilc, and 66.9% n-hexane 
from thc rclativc intcgral inlcnsitics of the absorptions at 63.56 (4H, q, J 

= 7.03 Hz) for cther, 61.38 (3H, s) for acctonitrile, and 60.95-1.09 (6H, m) 

for n-hexanc. Thc bottom phasc was analogously dcterrnined to contain 

10.6% cthcr, 79.4% acctonitrilc. and 10.0% n-hcxanc. 

RESULTS AND DISCUSSION 
Thc 2,3-dioxabicyclo[2.2.l]hcptanc nucleus 1 of PGH2 i s  most stable 

in nonpolar solvcnts, i.c. with diclcctric constants K * 2, such as benzene 

or cyclohexane (2). Although the ratc of dccomposition in water ( K = 80) 
is about a thousand timcs grcatcr, the ratc of decomposition in aceto- 
nitrile (K = 28) is only four timcs that in nonpolar solvents (2,3). This 
suggested the possibility of purifying biosynthctic PGH2 by counter- 

current partitioning bctwccn a p r o t i c  two-phasc solvent systems such as 

acctonitrile and a hydrocarbon (7). As a modcl for the complex reaction 
product mixture from the biosynthcsis of PGH2, we dctcrmined partition 

coefficients K = for AA, PGH2, and PGE2 

in acetonitrilc-hexane (1:l). In thc dcsccnding mode K was 0.225, 0.037, 
and 0.026 rcspccitvcly. In the asccnding modc K is thc inverse of these 
values, i.e. 4.4, 27, and 38 respectively. These partition coefficients are 

satisfactory €or scparation of AA in eithcr the ascending or descending 
mode but not satisfactory for scparation of PGH2 and PGE2. 

Ternarv Ace tonitrile-Hexane-Diethvl Ether Solvent Svstems 

Addition of dicthyl cthcr to the acctonitrilc-hcxane solvent system 

was then examincd since this would incrcasc the solubilities of the 
relatively polar prostaglandins in the less polar uppcr phase. A phase 

diagram was constructed for the ternary acctonitrile-hexane-djethyl 
ether solvent systcm (figurc 1). Mixturcs containing up to 26% diethyl 

ether scparatc into two phases at 23OC. Thc dicthyl ether additive is 

distributcd approximately 60% into the less polar uppcr phase and 40% 

into the morc polar lowcr phase. The tcmperature dependence of the 
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32%)  
(26%) 

Figure 1. Phase diagram for acctonitrilc-hcxane-diethyl ether at 23OC 

(lowcr curvc) and binodal curvc at 60C (upper curve). 

plait point is cvident from a comparison of binodal curves for  this 
system at 230 and 60C (figurc 1). At 60C two phases are obtained with 

diethyl ethcr comprising as much as 32% of the solvent mixture. Thus, 

phase volumcs and compositions arc expcctcd to be espccially sensitive to 

temperaturc for niixturcs containing high ratios of dicthyl cther versus 

acetonitrile-hcxanc. This should have a corresponding influence on the 

reproducibility of CPC separations using solvent mixtures near the plait 
point, solvcnt compositions which ore best suited for separation of 
prostaglandins (v ide irzfra). 
Denendence of Partition C o e f f  icient on Solvent Cornnosition 

Partition cocflicicnts were dctcrmined for AA, PGH2, and PGE2 in 

two phase solvcnt mixturcs prepared from acctonitrile-hexane (1: 1) and 

various amounts of dicthyl cthcr. A plot of these data (figure 2) shows 

that the partition cocflicicnts of AA and the prostaglandins diverge as 
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1 .O 
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Arachidonic Acid 

A Prostaglandin H2 

Prostaglandin E, 

0.0 0.1 0 . 2  0.3 
Ether:Acetonitrile-Hexane(ll1) (v/v) 

Figure 2. Partition of AA, PGH2, and PGE2 in 1:l hexane-acetonitrile 
solvent systcms containing various amounts of ether (v/v). 

the ratio of dicthyl cthcr to acctonitrilc-hcxanc (1: l )  is increased from 
0.00 to 0.15. Most importantly, the partition coefficients of PGH2 and 

P G E 2  divcrgc as the ratio of diethyl cthcr to acctonitrile-hexane (1:I) is 

increased from 0.15 to 0.30 whcrc cthcr conipriscs 23% of the solvent 

mixture. Furllicr iniprovcmcnt is limitcd by the solvent composition of 

the plait point, 26% cthcr at 23OC (sce figure 1). 
CPC Purification of PGH2 

P G E 2  and PGH2 arc not rcsolvcd by CPC with acetonitrile-hexane 

( 1 : l ) .  Although nonpolar impuritics arc rcmovcd during an initial two 
hour extraction in the ascending rnodc, all polar components of the 
mixture including PGH2 and PGE2 exit the system immediately upon 
reversal of flow (figure 3 top). Isolation of pure PGH2 can be achieved 

with acetonitrilc-liexane (l:l)/cthcr 1:0.15 (figure 3 middle) or 1:0.25 
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PGD2 + PGE2 
t 

1 -  

Inject . 

I - 

0 5 0  100 150 
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Figure 3. CPC purification of PGH2 from AA bioconversion. 
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WATER-SENSITIVE NATURAL PRODUCT 2515 

(figure 3 bottom). With thc 1:0.15 solvent system, a mixture of polar 
byproducts including PGE2 exit the systcni immed ia te l y  upon reversal of 
flow. PGH2 clutcs aftcr the morc polar prostaglandins and is followed by 

a large pcak containing lcss polar inipuritics. With thc most polar 1:0.25 
solvent systcm (figurc 3 bottom), the pcak containing prostaglandins E2 
and D2 clutcs a few minutes after rcvcrsal of flow from the ascending 
to the dcscending mode and shows some rcsolution as do the less polar 
impurities which clutc aftcr PGH2. Thus, acetonitrilc-hexane (1:l)-ether 

mixturcs close to the limiting dicthyl cther content of the plait point 

provide optimum rcsolution of the reaction mixture from bioconversion 

of arachidonic acid. 
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