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Abetract: Controlled catalytic hydrogenation of the proeporphine (+)-atepharina (LJ 

proceeded by preferential approach of the catalyst from the aide opposite N-6a to 

provide (+)-8.9-dihydroatepharine (2). accompanied by smaller amounts of (-)-ll,lZ- 

dihydroatepharioe (2) and (+)-tetrahydrostepharine (2). NaRH4 reduction of 2 

led to (+)-a- and (+)-B-hexahydroatepharina (5 and 1). Complete spectral and optical 

data were obtained for all reduction products. thus supplying reliable standards for 

the characterization of reduced proaporphine alkaloids. 

10 the course of a recent investigation of the alkaloids of Turkish Roemeria species 

(Papaveraceae), we obtained a l eriea of proaporphine and reduced proaporphine alkaloids. While 

several reduced proaporphinea have been reported in the literature, no cmplete NRR spectral 

data were available. ‘-Additionally, no finite correlations had been drawn between specific 

rotations and CD curvea on the one hand, and relative and absolute coofigurntiooe ore the other. 
2 

Fortunately, ve had on hand a supply of the known proaporphine (+I-atepharioe QJ which bad 

been obtained from the roota of Thai Stephania venoaa Spreng. (heoispermaceae). Our objective 

was thus to carry out a study of atepharine itself, aa well as its various reduction.producte. 

with the aim of setting up reliable spectral and optical etandarda by which to aaeign the atruc- 

turea of novel proaporphinoida. This approach waa deemed particularly relevant since it did 

not entail the destruction of any new natural product for the purpose of chemical correlation. 

The absolute configuration of a proaporphioe may be determined simply by the sign of its 

specific rotation. since it is known that compounds of the C-60 S configuration possess a nega- 

tive rotation, while those of the C-6a R series are dextrorotatory. 3.4 10 practice, however, 

all proaporphines with a dienooe ayatem such as (+)-stepharine CL), are unstable and lead to 

oxidation products upon standing for even a half hour. Ihe resulting colored aolutiona make 

optical meaaurementa difficult ff not impoaeible. 

Alternatively, CD measurements may also lead to the aaaignmcnt of absolute configuration, 

since proaporphine dienones of the S configuration exhibit a maximum near 235 nm. vith a negative 

tail beyond 220 nm; while for the R configuration, as in the case of (+)-atepharine CL), the 

oppoaite pattern is observed. 3.4 

Since CD spectrometers are not commonly available in some laboratories, a reliable method 

for the determination of absolute configuration cooaiats of the acid catalyzed dienone-phenol 

rearrangement of the proaporphloe to supply the corresponding aporphine. The latter is usually 

stable, and its specific rotation may be readily measured. For the aporphinea. it la well known 

that the C-60 S configuration displays positive specific rotation, and the opposite R configura- 

tion has a negative rotation. 
4 

In the present instance, acid rearrangement of (+I-atepharine 

(A) led to (-)-tuduraoine (2). 
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* It la important to note that for each of the dihydro proaporphinea 2 ead 3. two different 

half-chair cooformations of ring D are possible. The ooe drawn here la that ahwn to 

exist in the x-ray analyaie of 11,12-dihydroglaziovine hydrobromide.2 Additionally, 

molecular aodele indicate that the conformation adopted here for apeciee 2 and 5 is the 

lees eterically hindered. 
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The assignment of the +I chemical shifts for (+)-stepharine is indicated around expression 

l_, and is based upon spin decoupling as well as NOEDS studies. It is in accord with related 

spectral data available for the proaporphines (+)-pronuciferine and (-)-glasiovine. 
6 

Animport- 

ant difference, however, is that in (+)-stepharine (A) the amine function is secoadrry rather 

than tertiary. This leads to a downfield shift of some of the aliphatic protons, particularly 

those at C-5 and C-6a. 

It will be noted that the difference in chemical shifts (A6) between adjacemt vinylic pro- 

tons ou ring D depends upon their stereochemical relationship to Ii-6a. For example, in the (+I- 

stepharine (L) case with the C-6a R configuration, A68 9 is 0.48 ppm. while A611 12 is 0.72 ppm. 

For the S configuration, these values will be reversed: given that the numbering'syetem for the 

proaporphines is independent of absolute configuration. 

In order to obtain the two dihydroproaporphine diastereomers incorporating an enone system 

in ring D, (+)-stepharine (L) was subjected to a controlled catalytic hydrogenation using 5% 

palladium on charcoal. After thirteen minutes, a mixture of starting material 1, the two 

dihydrastepharine diastereomers 2 and 2, and tetrahydrostepharine (21 was obtained. 

Initially, some difficulty was encountered in separating this mixture. Rrentually, however, 

after some forty different TLC solvent systems were tried, it was found that the best separation 

could be achieved by successive column chromatography on TLC quality silica gel, using first 

acetonitrile-benswe-ethyl acetate-methanol-ammonium hydroxide (40:30:20:5:5). and then hexane- 

chloroform-methanol-ammonium hydroxide (4:5:1:trace). 

It is interesting to note that although proaporphinee have been known for almost twenty-five 

years, the present effort is the first attempt to obtain dihydro derivatives starting from a 

proaporphine dienone. The first concern vaa in finding out vhich side of the molecule would 

reduce preferentially. Several hydrogenations of (+)-etepharine ($ were. therefore, carried 

out, and from all of these the two dihydro isomers 2 and 4 were obtained in a ratio of 70:30. 

I'he hydrogenation catalyst thus prefers to approach the dienone moiety from the aide opposite 

B-6a. 

As an initialstep in the structure elucidation of species 2 and 4. detailed NMR spin decoup 

ling and NOE studies were undertaken. It was demonstrated (Experimental) that Ii-6a. which is 

known to be in the beta configuration (R series), is syn the R-78 (-62.60) and anti to H-7~ 

(-- 6 1.90). 

The major dihydro product proved to be (+)-8.9-dihydroatepharine (2). The relative confi- 

guration of this species was determined through NIig spin decoupling and NOE experiments. Irra- 

diation of Ii-6a (6 4.12) enhanced H-12 (6 6.92) which indicated that the double bond in ring D 

liea syn to H-6a. An insight into the conformation of ring D could be derived from the observed 

W long range coupling betveen H-12 (6 6.92) end H-8 ,,,es (6 2.00) pointing to these hydrogena 

beiog essentially in the same plane. 

Ihe minor dihydro sterecmer corresponds to (-)-11,lZ-dihydrostepharioe (4,. Irradiation of 

A-7a (6 1.60) led to enhancement of E-S (6 6.81) indicating that the double bond of ring D is 

situated anti to II-6a. Again, lo this instance, a W long range coupling could be observed bet- 

ween H-S (6 6.81) and E-12 Qeq (6 2.19) so that these hydrogen8 must also lie nearly in one plane. 

The difference in Nklg chemical shifts (A6) between the two vinylic protons of a dihydro- 

proeporphine is significant and diaguostic of the relative configuration. In the csse of syn 

species 3, in which A-6a and the riog D uosaturstioo are on the same side of the molecule, the 

A6 = 6.92 - 5.98 - 0.94 ppm. In the anti example 4. A6 - 6.81 - 6.06 - 0.75 ppm. Thus, even a 

cursory analysis of the NMR spectrum of a dihydroproaporphine allows for differentiation between 

the eye and anti series. 

A significant observation is that dibydro derivatives 2 and a ehow opposite specific rota- 

tions, with the msin product 2 exhibiting [a]D +190' (c 0.1, cBC13). while the minor component3 

presenta [a]D -95* (C 0.1, aCl3). These differcnces are also reflected in the CD spectra. 
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Scheme I 

If the catalytic hydrogenation were allowed to proceed for an hour, the main product was 

(+)-tetrahydrostepharlne (2). The ring D conformation wae derived from NMR epin decoupling and 

NOE studiee (Experimental). Particularly telling were two W long range couplinge. The first was 

betveen A-8,q (6 1.86) and B-12eq (6 2.03). and the eecond between B-12,(62.17) and H-7 

(6 1.64). eo that each of these paire of hydrogme lie on a plane. Such an arrangement is pos- 

l ible only ubn ring D exists lo a chair conformation as indicated in expreselon 2. 

The specific rotation for epecies 2 zr** poeitive. as expected of a tetrahydroproaporphine 

of the R configuration. The CD curve exhibited a trough at 240 nm. 

Since naturally occurring hexrrhydroproaporphiner are known, the tetrahydroproaporphine 2 

wae reduced with eodium borohydride. Two huahydro derivatives were obtained. The main product 

wae (+)-a-hexehydroetepharlne (2) which incorporates an equatorial hydroxyl on ring D. The 

minor component was (+I-B-hexahydroetepbarie (1, which bents (L C-10 axial hydroxyl. 

Through spin decoupling and AOE experlments. all of the chemical ehifte for the protons of 

rings C and D of alcohols 2 and 1 could be assigned unequivocally. In both inatancee. ring D 

eseumee a chair conformation. The B-10 signal at 6 3.75 for alcohol6 appeared as a broad 



Reducedpronpolphilua 1763 

multiplet vhich ia diagoo6tic of 66 axial ConfiKuxatioU. Furtharwore, 6iguificant WOE intct- 

actioua could be detected (Kxp6rimmtal) betweeu E-10 (6 3.75) aad H-9eq (6 1.94) and E-l16q 

(6 1.99), a8 well a6 bctw66e II-10 and H-8,. (6 2.59) aed E-12ax (6 1.74). Fieally, WOE inlet- 

action6 were 6100 prcseut between H-6a (8 4.02) aud H-12 eq (6 1.76). 

Tuming~uov to the mfnor alcoholz, the shepa of the H-10 absorptfan was narrmr, indicatiag 

small coupling Con8tpat6 with the viciual proton6 charactcriatie Of 6u equatorial COnfiguratiOu. 

Detailed 8pio doupliug8 allowed for a complete aesfgnmant of all the protons of ring8 C and D. 

Important NOE's were recorded betwew H-10 (6 4.11) and R-gax (6 1.67). sad II-9,q (6 l.gl), 

Ii-11 (6 1.81) and H-11 (6 1.81) (Experimotal). Additional NOE interaction6 obtained 

betwE:o R-6a (6 4.03) an?&12 (6 1.50). 

equatorial (6 4.11) than when %a1 

A8 expected. H-10 appeared further downfield when 

(6 3.75). 

Both alcohols 2 and 1 were dextrorotatorp, with [a]D values of +49* aud +40' in chloroform, 

reepectively. 

Some intereating gexeralitatfona concerning the sign and magnitude of the specific rotatiou8 

for the proaporphines aud reduced proaporphioe6 cau now be drawu, and have been sumarixed ix 

Scbewe I. A dextrorotatory proaporphine dienone of the R configuration will lead to two dihydro 

prosporphines. The syo dihydro species will show a relatively large positive epecific rotation, 

while the anti analog will display a negative rotation of smaller magnitude. Through further 

reduction, both dlhydroproaporphinee can lead to tetrahydro and hexahydro derivatives. all of 

which vi11 ehow dextro rotation. Fxoaporphines of the opposite C-6a S configuration vfll, of 

course, exhibit the oppoalte optical activity. 

A final relevaot observation derives from perusal of the RXR epectra for the six proapor- 

phinee described here. This indicates that the chmical shift8 for the protona at C-4 and C-S 

rawaio e88eutially conatant, regardlean of the degree of reduction in ring D - a coneequeuce of 

the conformation ofriogs A, B and C for proaporphines being rigid and uocbangiug. Ao ixportant, 

reciprocating, HOE may, in fact, always be obsenred between 8-6a and H-Swax (Rxperimeutal). 
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Experincntal 

All compound8 are amorphous. RWR spectra were obtained ie CDC13 at 360 Htr. Merck F-Z% 

silica gel wa6 u8ed for the chromatography. 

Diauone-Phenol Rearraugewent of (+)-Stepharine (A): Dienone A(5 mg) va8 diaeolved in RCAc 

(2 aLf and coned. HCl (2 drops) added. After 4% b etandiog, the soln wa8 baaified vith NaRCO3 

and extracted with CEC13. Further work-up providad (-)-tuduranioe (4 ug). 

Catalytic Hydrogenation of (+)-Stepharine (l_): Pure 2 (20 wg) wa8 dissolved in HeoH (2 6L) and 

5% Pd/C (10 mg) added. The mixture wa8 stirred in a hydrogen atmosphere for I3 min. Followiug 

work-up, the crude reaction mixture was subjected to double devalopmot TLC using the eolveut 

8p8t6!6 acetouitrile-benzeue-methyl acetate-methanol-axmooiux hydroxfde (&0:30:20:5:5). Elution 

supplied (+)-etepbarine (l_) (6 r8gr 30X), (+)-tetrahydroatephariue (2) (4 wg, 20%). and a mixture 

of dihydro stereomers 2 and i (10 6~. 50%). The dihydro mixture wee then parti6lly separated by 

double development TLC using the system h-e-c~orofo~met~~ol-coin hydroxide 

(40:SO:lO:trace). The top part of the band Save pure (+)-8.9-dihydrostepbarine (2) (3 mg), 

while the bottom psrt provided (-)-11,12-dihydroatephariee (A) (1 mg). Alteruatively and 

preftrably, the name solvent systems could be used in 6ucceaeion on chrowatographic coluwm 

using Merck Silica Cel Ii for TLC. to provide tha 8ame quality of separation. If the catalytic 

reduction were allowed to procaed for an hour. (+)-tetrahydro6tepbariee (2) w66 obtained in 

92% yield. 

Reduction of (+)-Tatiahydroateuhariue (A): - Ketone 2 (20 wg) waa dirsolved in methanol (1 mt) 

and NaBIi4 (10 all) waa added. Work-up, including TLC using the system hexaoe-chloroform-wetha6ol- 
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ammonium hydroxide (25:60:15:trace) led to (+)-a-hexahydrostaphariue (2) (10 mg. 50%) and (+)-B- 

hurahydrostepharinc (L) (3 mg, 15%). Compounds 5-7 are not reedily visible under 254 nm light -- 
on a fluorescent plate, but can be detected using the Drageudorff reagent. 

(+)-Stepharine (A), CleEi9NO3; [aID +lOOO(cO.l, CHcl3); CD (MeUi) At (nm) 0 (310). +2 (263), 

0 (245). -0.3 (240). positive tall near 235 nm. 

Principal lsna NOE's are ~0-2 to E-3 (24%). E-3 to MeO-2 (13%). H-4a to H-3 (8%). H-3 to H-ba 

(4X), H-58 to Ii-6a (9X), H-6a to H-58 (7X), H-6a to R-76 (7X), H-7B to H-68 (6X), H-60 to h-12 

(14X), H-12 to H-60 (6%). H-7a to H-8 (15%). H-8 to H-76 (5X). 

(+)-8.9-Dihydrostepharine (A), C18H21N03; [UID +190' (c 0.1, CHCl3); CD (MeOH) AE (nm) 

0 (310), +3 (228). negative tail near 210 nm; 

m/s 299 (M+). 64), 298 (lOO), 297 (25). 282 (lo), 270 (El), 256 (23), 257 (22). -- 
Principal NnB NOE's are MeO-2 to H-3 (20%). H-3 to MeO-2 (11%). H-56 to A-6a (4%). 8-6a to H-56 

(4X), H-68 to H-76 (2X), H-~B to Ii-6a (5X), H-6a to H-12 (6.X). H-12 to H-6a (2%). 

(-)-11.12-Dihydrostepherine (5). C18E21N03; [aID -95' (c 0.1. CHCl3); CD (MeOH) AE (nm) 

0 (290). + 0.2 (270), 0 (254). -1.4 (225). positive tail near 218 nm; 

m/z 299 CM+, 70), 298 (100). 282 (12), 270 (78). 256 (23). 227 (21). -- 
Principal ~13~ NOE's are J&J-2 to H-3 (8%). H-3 to MeO-2 (20%). H-3 to H-4 (2%). H-4 to H-3 (6%). 

~1-56 to H-6a (5%). Pi-6a to H-58 (5%). R-6a to H-76 (2X), H-6a to H-12 lleq (2%). &12$,q to H-6a 

(4%). D-7a to H-8 (8%). H-8 to H-7a (4X). 

(+)-Tetrahydrostepharine (I). C18E23N03; [U]D +89* (c 0.25, CHCJ& CD (MeOh) AE (11~1) 

0 (250). +0.6 (225), negative tail near 215 nm. 

m/s 301 cn+, -- 36). 300 (100). 299 (12). 273 (15). 272 (75). 

Principal m NOE's are MC+2 to E-3 (25X). H-3 to MeO-2 (17%). X-3 to a-46 (3%). a-46 to H-3 

(10%). 11-56 to H-6a (9X), B-6a to H-50 (7X), H-6a to H-7(3 (4X), H-78 to H-60 (8%). H-6a to H-ltsq 

(3%). H-12.q to H-6a (6X), H-70 to H-11, (6X), H-11, to H-78 (3%). H-Ear to D-12ax (3%)~ 

H-0 eq to H-7a (4X). 

(+)-a-Haxahydrostepharine (5). C18H25N03; [a)D +49O (c 0.6, CHCl3); 

m/z 303 (k, -- 32). 302 (100). 275 (12). 274 (60). 

principal NMR NOS's are A-6a to H-5@ (4%). H-6a to H-76 (5X). H-76 to A-ha (5x1, ma to E-12eq 

(4%). H-12,q to H-6a (2X), H-8= to H-10 (8X), H-10 to H-S= (3%). H-12ax to R-10 (7X), H-10 to 

H-12ar (2X), H-10 to H-9,q (3%). H-10 to H-lleq (4%). 

(+)-&Haxahydrostepharine (7). ClaH25NO3; [o]D +40° (c 0.25, CHCT3); --- 
m/s 303 -- (II , + 30). 302 (100). 275 (10). 274 (53). 

prfncipal m NOE's are MeO-2 to H-3 (14X), H-3 t0 h&2 (9%). R-3 t0 E-46 (2%)~ Hm4fi t0 H-3 

(5%). H-56 to.&6a (4%). H-6a to H-56 (2%). H-6a to H-7B (3%). H-76 to S-6a (5%). H-6a to H-LZeq 

(2%). R-12,q to H-6a (5%). R-10 to H-11 and H-9 eq (4X). 
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