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CHROM. E61$ 

A NEW GAS CHROMATOGRAPHIC METHOD FOR THE ESTIMATION 
OF REZSERE’INE AND RESCIhWAMfNE* 

SUMMARY 

Under the conditions described for alkaline hydrolysis of reserpine and 
reszimamine in absoIute and aqueou s methanol, and after ester&at+ (with 
diazomethane) of the resulting acid fraction, methyl 3,4,5_tn’metHoxybenzoate was 
quzntitativefy recovered, whereas methyl traP;s-3,4,5-trZmethoicycinnamate* in normal 
iighting conditions, ~-2s either partly isomerized to methyl cis-trimethox~cinnamate 
or formed an adduct with a molecule of methanoI, yielding methyl Z-methoxy-s- 
(3,4,5-trimethoxyE>henyl)propionate. The structures of the products were established 
by synthesis, nuclear magnetic resonance studies a& mass spectrometry- This inves- 
tigation of the hydrolytic conditions allowed a reliable and rapid gas chromatographic 
determination ofreserpine and/or resclnnamine in amounts down to 5000 and 2000 pg, 
respectively, to be devised. 

EPFRODUCTLON 

There are many methods for qualitative ad quantitative determination of 
reserpioe arxdjor rescinnamine in the Iitsrature. Such methods can be ciassified, ac- 
cord& to the technique used, into direct spxtrophotometric @JU and visible), cd- 
orimeiric, fluorimetr& chromatographic, potentiometric or electrophoretic proce- 
dures (see refs. I-6 and references cited therein), and indirec: hydrofy5c ones, these 
fast-named being followed by spectrophotometric determination of the free tri- 
methoxybenzoic acid (TMB_~)7~S andjor trimethoxycinnamic acid {TMCAjg_ 

Many quantitative control determinations of reserpine and/or rescinnanine in 
pharmaceuticafs are based on these hydrolytic methods. Such a determination, within 
the reported EimW, appears to be acceptable only for reserpine; a similar determina- 
tion of rescincami-,e by W spectrophotometry of the free TMCX cannot be con- 

* Presented as a shorr ccmmmication at the X Meeting of the Pharma~utica! Society of Latin 
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sidered 2s reli2ble. Thus, qrrant&tive anaiysis of mixttxes of reserptie 21x3 

rescinnamine by z method involving UV absorption, malYing use of a two-poiot cor- 
rection techniqu@, is of EIO practical use. The sex&ivity of TMCA to d&i&t ami 
to heat is the cause of unrefiabillty in UV determinations of rescinnamine: the in- 
-iofv~d titer&on of tke molecule kas been attributed to CL%-tram iso-merisn of 
%MCA’“. 

Our present work WES directed Erst at identifying the transformSion products 
of TMCA in the mixture obt&ned on alkaline hydrolysis of rescinnamine, and verify- 
ing that no aIter&ion of TMBA ocecurred under the szme cunditions. Thus, we sub- 
mitxd methyl 3,4, 5-trimethoxyben~o~te (MTMB ; IV) iird methyf &r~~3,4,5tri- 
meti;oxycinnamate (trtuxs-MTMC: III) to alkaline hydrolysis, and determined the 
resutting methyl esters of TM%%, TMCA and rhe derived acids by gas chromatogm- 
phy (GC). To our knoivledge, no direct or indirect GC detetinzttion of the two 
alkaloids hzs been reported in the chemicaf literature. 

00 zLkafine hydrolysis 2nd esterifkdion of the resubing mixture with diazo- 
methan_e, tram-MTMC yiefded three products identified by GC 2s described later, 
VS., methyl 3-me~oxy-v_3-(3,C5_trtmethoxVpheny~~~~op~o~~re (X), cis-MTMC (IQ 
and unchmged III. 

These compounds were isolated by column chromatogmpky and identltied by 
means of their NMR and m~s spectra (see Experimental). 

-Moreover* f was prepared by a Reform&sky corrdensatlon of 3,4,5timethoxy- 
benzaIdehyde wiEh methyl bromoacetate, folfowed by methylation of the aicoholic 
hyC.roxyI g~oerp of the obtined metkyI 3-hydroxy-3-(3,4,5-trimetkoxyphenyl)propio- 
II&Z (see reaction scheme above). 
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The featmes of the UV absorption spectra of 1-m are cleariy different: Fig. I 
shows their m&r absorption curves in me’&ranof solution (and that of IV), and their 
NMR and LIV spectral data are giveo in Table I. 

It is obvious from Fig. 1 that rescinnamine determinations based on LW 
spectrometry of free TMCA wiIt be unreliabfe; moreover, vtiations dan occur in the 
relative proportions of the resuIting E-III. 
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Fig. I. W mok ahxption curves of compounds I-IV iri methanol solution. 

-41 solvents and reageerrts were of analyticat grade and were used as received, 
unless otherwise stated. 

MTMB and fnnzs-MT-MC were prepared by diazomethhane esterification of 

TMBA and tram-T&IO% (Fluka, Buchs, Switzerland). Pure MT_MB meited at 81” 
(n-hesane); pure wzns-IMTMC melted at 98” a5er repeated crystaflization from 
cyclohexane. 

Reserpine and rescinnamlne (Fluka) were respectively purified from 80% 
aqueous acetone and benzene, and comp!ied with the requirements of the eighth edi- 
tions of the Farmacopea Italiana and the Merck Index. 

Column chromato_gaphy was carried out OII silica ge-el 60, 70-230 mesh, (E. 
Merck, Darmstadt, G.F.R.) and on acetyg’lcelftiose (WoeEm, Eschwege, G.F.R.). 

The GC was performed with a Perk&Elmer 900 instrument equipped with a 
flame ionization detector, a Hitachi Perk&Elmer 150 recorder (I mV full-x&e) and 
an electronic digit& irSe_gator (Ken-Iett-Packard KP 33733). 

amass spectra were obtained with a Perk&Elmer 270 spectrometer operated at 
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cV.?ks for solution in ca_Xbon tetrzuzbloride: s = sk@et; d = doubkt; q = quadrup!et.Tfie 
iigurcs ;A parezzbs Irrdiczte the ctmtbew of protons integated. 

=* For solution in cyciobene. 
*** FGT soiution irr methanol. 

70 eV (EIO~A, 2 kV) w&h 2 heiirrm flux, and UV spectra (for cyclohexane and 
me-hanol sohttions) with 2 Gary 17 spectrophotometer. 

NbfR specctrz were recorded fen av2rian T60 spectrometer) for sotutions io 
carbon tetrachloride, 2nd chetica! shifts were reported relative to tetrame&yEk-zoe 
zs intenraf stzndxd. 

tire trrzs-MTMC (E.2 & was heilted irnder refbx for 3 h in 50 mI of absolute 

methurol conkn2ng 140 mg of sodium hydrotide. After cooling and neutraIiz&ion 

with dilute hydrochtoAW b. r.a vid, the methanolic solution wag treated with an excess of 

ethereal diazomethane,aQowed roreactforafew minutesatroom temperature, then 
evrporatedto d_~=ess.Tbe residue wasclissohedin chloroformandchromafo_erapheci 

on a silica gef colrrnnn (Bern x 3 cm I.R.), ~5th chEoroform as eluent; fractions of 
50 nrf were coILecte& Fractions 3-S conLtained mzidy cis- and trmss-_MTMC @Z and 
EIQ, wkreas methyl 3-methoxy-3-(3,4,5trlmethoxypfienyl)propionzte (9, the main 
productS w2.s duted in fractions 9-t& 

After removaf of the solvent, the residue from fractions 3-8 (251 mgj was 

chromato,oraphed on an acetykel!alose column (?O cm x 3.2 cm Lf).), with i;-heuane 
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as eluent 2nd colkction of 3%mt fractions; c&-MTMC (LL), containing about 2% of 
111, was first eluted (146 m& Pure E (m.p. 47-49” as reported= and confirmed by 
GCj was obtained through repeated column chromatography OR zcetylc&uEose: its 
mass spectrum was identical with that of IIT f_M’ at rrzje 252)). 

Tfre residue of fractions 9-16 (i42 m.!~) was again chromatographed on a siiica 
ge1 column (37 cm x I.5 cm I.D.): with chloroform ES efuent and collecting I S-ml 
fractions: pure I (I t2 mg; m.p. 67-69’ after cXystafIization from cycEohex2ne) was 
obtained. Its mass spectrum showed the mofecukx-ion peak M’ at ~Z/E 284. 

Analy.G~ fur CL-5HZO06. Fourrd : H = 6.98 o/o; C = 59.03 %; OCHj = 54.27 %_ 
Calcrrlated: H = 7.09%; C = 59.14%; OCH, = 54.50 7;. 

_MerhyE 3_t~~dro~~-3-(3,4~~-~r~~e~~~#x3~~~~e~~~~pr~p~~~~~e 
This compound was prepared as described for a simi!w Reformatsky conden- 

sation” from 59 g (0.3 moIe) of 3,4,5trimethoxybenIdehyde, 38 g (0.25 moie) of 
methyl bromoacetate znd 20 g (0.3 g-atom) of activated zinc dust. The yield was 19.3 
g (24 %), and the prodnct melted at 94” after crystzllization from carbon tetrachloride. 

A.~a&s& $w CL3H1606. Found: H = 6.68 %; C = 57.840,/,. Calculated: 1-I = 
6.71%; C = 57.770/,. 

XiKR d&Q (CDCf,). Chemical shift (61, ppm: s(2) 6.60; t(I) 50.3; s(9) 3.82; 
s(3) 3.70; s(I) 3.44; d(2) 2.73. 

To a solution of 9.2 g (0.034 mo!e) of methyl 3-hydroxy-(3:4,5-trimethoxy-. 
phenyljpropionate and 6.9 ml (0. E I moie) of iodomethane in 70 mf of freshly distilled 
dlmethyIformamide in a tightly seaIed a&tic-glass vessel were slowly added 8.5 g 
of washed and dried silver oxide (0.037 mole) rtt room temperature; there was no 
increase in temperature during the addition. T&e suspension was stirred for 24 h In 
the dark & room temperature, then centrifuged, and the resultlag precipitate was 
thrice rinsed with 3 voIumes of chloroform ; the rinsings were combined with the pre- 
viousEy separated dimethylformamide solution. From the resuiting cfear and colorrriess 
soktion the chloroform-insoluble compiex 2Agf - NH(CK& (ref. L 5) separated (the 
separation was completed in a refrigerator). The cold solution was filtered, and solvent 
was evaporated under reduced pressure from the fiitke. The resulting viscous yellow 
residue (which crysfa%zed on standing) was found by GC to be a mixture OF I and ‘IfI. 

These two compoads were separated by fractional cryStaIliz&ion from cyclo- 
hexane 0 was the more sokbie) and puri&d by chromatography on a sika gel col- 
umn (80 cm x 3.3 cm I.D.), with dichloromethane as eluent. E was eluted fist: it 
cryst&ized from cyclohexsne in colourless needle-shaped druses (m-p. 69-70”). The 
yield was 4.3 g (46%). By means of GC, NMR and mass spectrometry, the product 
was shown to be identical with the compound obtained ehrough alkakxe hydroiysis 
of ~~Dz.P_MTMC (see Table I)_ 3 

A solution of 2.12 g of frms-l&fT’MC lo 150 ml of methanol was irradiated for 
I h by an immersed LT source (Qustrtiampen, Hanau, G.F.R.), cooling externally 
with ice and water: the internlal temperature was maintained at B-30”. 



Tests by GC ieveakd that *&he cis-to-tram ratio rezhed its maximum v&e 
after f h; therefore, Ionger irz&iation would tezd only to BR increwed formation of 
resfnocs polymerization products. 

After evaporation of the methanof, the residue obtzined was chromatographed 
on zm acetyIcell&ose colunrn in subdued day!ight, eluding with n-hexane 2s previously 

described. This coh~mn chrom2togr2phy vas repeated, and 420 mg of pure cis- 
MTMC (m-p. 4749”) were thus obtzined. 

PRt=CEDURE 

Preiiminary observations 
The methods for a*kaIine hydrolysis are essenti2fEy those reported for 

reserpine and re.scinnamine74~‘6, but under two different sets of conditions, Y~z., 
with sodium hydroxide io absolute methanol, 2nd with sodium hydroxide in aqueous 

80 7; methhanol in cons&&-temperature conditions. In both i~stnces, the base con- 
centration was the szme (0.03 A4), and was chosen in order to minimize formation of 
I v&ho~t diminishing its h\;drolytic power. 

-me diazomethane methylztior, of the acids obtained by hydroiysis of rescin- 
zamine, when not carried out under controlled conditions (freshly prepared d&o- 
methane, and esterificztion at 0” for 25 min) also fed to the formation of by-products 
(not revealed by GC), possibly resulting from the addition of diazomethane to a,$- 
unsaturated esters17*‘S. The yields of II and XII were thus diminished. 

Equal amounts of trazs-MTMC were hydrolyzed nnder the same conditions 
as used for rescinnamine with methanolic sodium hydroxide: when the resulting 
products were methylzted with freshly prepared diazometbane at 0” for 25 mix, the 
tota! recoveries of I, II and HI rzmged from 92 to 100%. When methyl&ion wits 
czrried out at room tempe_rztuE-2 for the same time, the over-211 recoveries of I, II and 
III ranged from 60 to 96% (depending OR the room temperature). 

The sample of purieed reserpine and/or rescinnamine (in the amounts shown 
in Db!e 11) wzs heated under reBu;i for 90 mire in 5 mi oft&e chosen hydrolysis reagent, 
the temperature of the water-bath being kept constant at 70-75”. After cooling, the 
pH of the solution was adjusted to 65 with 0.1 N hydrochloric acid (about 2.5 ml), 
then the mixture was diluted with 10 mZ of distilled water, transferred to 2 XXII-ml 
sepzrariag-f-funnel ad extracted with three 25ml portions of peroxide-free diethhyl 
ether: the co_mbined ether extracts were collected in 2 Eask, 2nd the solvent ~2s 

evapomted. The water always present in the residue was removed by addition of 
small volumes of benzene-2bsolute ethanol mixtures and distillation. The residue 
wzs then dissolved in 2 few _tililitres of peroxide-free dietbyl ether 2nd co&d at 0” 
with ice-water; i mE of freshly prepared ethereal di2zomethane solution” wits then 
added, and the mixture was allowed to react for 25 min 2t 0”. 

The excess of diaomethane and the soEvent were removed under reduced 
pressare from the cold solution, 2nd I mf of 2 diehforometbane sohztion of the intern& 
strndard (methyl steazte; 1 mg/ml) ~2s 2dded to the residue. The resrrfting methyl 
esters (I-N) and the iaternal stmdstrd were dissolved in arbon disrrfphide 2nd 
quantitatively trrmsferred to 2 5-mf volumetric Bask, and this soLution, after being 



diluted tc volume vcrith carbon disulphide, was submitted to GC under the conditions 
described below. 

A tJ@X+l Ch~OM~tO~~M far the ZiEEdySiS of a mixture of 5oo[Kg of reserpine 
and 2006,ug of rescinnamine is shown in Fig. 2. The retention times of compounds 
L-IV, relative to that of the internal standard are .zs follows : I, 0.30; II, 0.37; ffl, 0.60.; 
IV, 0_13. 

Fig. 2. Gas chror~~to~am of compounds I-IV resulting from the zzl k&ne hydroIysis of a reserpine- 
resc-irmam*e mixture (5COpg -+- %NO~rg)). 

Gfass column: 240 cm x 0.2 cm f.D. 
Stationary phase: f 5 % of Apiezan L (purieed by column chrqmatagraphy on 

alumina) on Chromasarb W (AW; SC?-100 mesh). 
SaLnple volume: 5,ul; injected with a G!enca L990!?-EO nxkra-syringe. 
Carrier gas: nitrogen (puriss.) at a fiaw-rate of 30 mf/min. 
AuxiIiary gases: hydrogen (30 mI/min); dry air (300 mI/min). . 
Temperatures: column, 230”; injector, 260”: detector, 200”. 
Recorder-chart speed : 20 mm/n&. 
Determination of esters f-IV was accomplished by means of cafibmdon curves 

of the relative response factors of the pure compounds established from the ratios 
between their pezk areas and the peak area of the intern& standard. 

As the aim af this work WCS to ac_hieve rapid determinsrtian of total amonnts 
of the two alkaloids in the range 50@-2O#Q,~cg, the calibration curves were drawn to 
cover the concentration interval 25-t 50 p,o per 5 mf for E and II, and EOO-600 ,%g per 
5 ml for III and IV. Over these interv&, the relationship between quantities and GC 
responses wzs rectilinear. 

RESULTS .4ND DESCUSSEON 

The results obtained are reported in Table ET: they indicate that sodium 
hydroxide in absolute methznal is the best hydrolytic reagent. 

As hydrolysis of reserpine ahvzys leads only to TlMMBA, whereas, in the same 
circumstances, rescinnamine yields rrLZR.Y-TMCA, cis-TMCA znd 3-methaxy-3-(3,4,5- 
trimethoxyphenyl)propionic acid, the sensitivity of the method for rescinnvnine is 



SOdiium 
II> droxide- 
maxxl01 500 Ii.1 2’ -. 6 - 2.7 & 2.5 67.4 + 3.4 XL.0 f 5.0’ 92.4 _’ 4.7’ 

loc0 13.1 & 1.8 4.3 f 2.4 69.1 & 5.5 S6.6 & 6.3” 94.2 & 3.6” 
2ixxl 12.7 2 1.7 9.7 & 1.6 74.6 2 5.1 97.0 k 5.6”’ 96.4 f 4.2”’ 

so&Ml 
by&-oxide- 
80% aq. 
med;uoI mm 5.1 & 2.5 9.2 & 1.5 73.1 i 3s 87.3 &4_5f 92-2 f 3.71 

* C&&ied on 6 determinations. 
l * CaIc~~Iated 0~1 8 determktions. 

l ** C&ukted on 22 determi;iatioJs. 
f Ca!ctllated on 4 dete,tizt,ions. 

affected by the c&ulation errors for three peak xeas. Thus, although the method is 
reIi&Ie for reserpioe determinations down to SW pc_ = for rescinnamine it is saatisfactory 
only for quantities down to 2oc3@yg. However, consistent recoveries of HEI were 
obkned from minor quantities ofrcscinnamine (see Table Q.. 
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