
644 J. Org. Ch,em., Vol. 40, No. 5, 1975 Jeffs and Scharver 

13P-Hydroxystylopine. Structure and Synthesis 

Peter W. Jeffs*l and Jeffery D. Scharver 

Paul M .  Gross Laboratory, Duke University, Durham, North Carolina 27706 

Received September 3,1974 

The isolation of 13P-hydroxystylopine (2, R = OH) is described and the elucidation of its structure by spectral 
methods is confirmed by a synthesis of the alkaloid. 

Despite the large number of alkaloids belonging to the 
protoberberine group, most of which differ from each other 
in the number and placement of various oxygen functions 
on the two aromatic rings, ophiocarpine (1, R = OH) is the 
only alkaloid of this group containing a 13-hydroxyl group 
that has been reportede2 Since 13-oxygenated protoberber- 
ines are established as the biosynthetic precursors of the 
phthalide-isoquinoline alkaloids3 and are potential inter- 
mediates in the formation of other alkaloid families, such 
as the r h ~ e a d i n e s , ~  it is somewhat surprising to find that 
13-hydroxylated protoberberines are not of more wide- 
spread occurrence. 

In connection with a study of the biosynthesis of ophio- 
carpine, we have reinvestigated the alkaloids of Corydalis 
ophiocarpa, one of the two plants in which this alkaloid is 
reported to O C C U ~ ~ ~  

Chromatography of the crude alkaloid fraction over alu- 
mina in benzene-ethyl acetate gave (-)-tetrahydroberber- 
ine (1, R = H), (-)-stylopine (2, R = H), and a fraction 
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eluted with benzene-ethyl acetate and ethyl acetate:ethyl 
acetate-methanol (9: 1) which contained a mixture of three 
components. Preparative layer chromatography of the mix- 
ture on silica gel impregnated with 5% K2C03 afforded 
(-)-13~-hydroxystylopine (2, R = OH), which crystallized 
as colorless prisms from ethanol, mp 214O, [a],589 -259O. 
The molecular formula Cl&I17N0& for this base was de- 
rived initially by high-resolution mass spectral analysis and 
was subsequently supported by the results of combustion 
analysis. Classification of the new alkaloid as a member of 
the protoberberine series was readily apparent from exami- 
nation of its lH nmr and mass spectral features and eluci- 
dation of its structure relied on many parallel comparisons 
which could be made with its companion alkaloid, ophio- 
carpine. 

The 100-MHz 1H nmr spectrum (Figure 1) contained 
four proton signals in the aromatic region as two singlets a t  
6 6.80 and 6.02 and a pair of doublets at  6.95 and 6.79 ( J  = 
8.0 Hz) and established the substitution pattern on rings A 
and D. These signals are accompanied by a two-proton sin- 
glet at  6 6.00 and a two-proton “quartet” a t  6 5.94 which we 
assigned to two methylenedioxy groups in which the hydro- 
gens of one of these groups exhibit chemical-shift nonequi- 
valence. These observations and the general appearance of 
the spectrum suggested that the alkaloid was a protober- 
berine base related to stylopine. Further evidence in sup- 
port of this contention was the occurrence of the C-8 meth- 
ylene group as an AB system a t  6 4.07 and 3.53 ( J  = 16 Hz). 
This significant difference in chemical shift is indicative of 

a 9,lO-substituted protoberberine in which the presence of 
a 9-oxygen function enhances the nonequivalence of the 
C-8 methylene hydrogens by selective deshielding of the 
more proximate quasiequatorial C-8 fl  hydrogen.6 

Placement of the fifth oxygen function as a hydroxyl 
group at the C-13 position was suggested by the occurrence 
of a broadened singlet a t  6 4.80 ( W I ~ Z  = 8.0 Hz) in the nmr 
spectrum of the alkaloid which sharpened upon addition of 
DzO (Wl/2 = 4.0 Hz). Support for this assignment was pro- 
vided by the mass spectrum which displayed prominent 
ions a t  m/e 176 (a) and m/e 164 (b) resulting from separate 
cleavage pathways leading to the characteristic retro-Diels- 
Alder fragmentation of ring C of the protoberberine sys- 
tem. Confirmation of the presence of a hydroxyl group in 

b, m/e164 

the alkaloid was provided by the formation of an 0-acetyl 
derivative (vc-0 1730 cm-l). 

The infrared spectrum of the alkaloid exhibited a broad 
hydroxyl absorption a t  3500 cm-l which proved to be con- 
centration independent in CHClB solution over the range 
10-3-10-4 M and was thus in’keeping with an intramolecu- 
lar OH-H hydrogen bond.7 The infrared spectrum also 
showed multiple absorption bands (Bohlmann bands) in 
the region 2700-2800 cm-l and indicated the predominant 
conformation of the alkaloid was represented by a trans- 
quinolizidine structure.8 On the basis of a trans-quinoliz- 
idine structure, the existence of an intramolecular hydro- 
gen-bonded hydroxyl implies that the 13-hydroxyl is trans 
to H-14 as indicated in the partial structure 3. The oppo- 

U 

site stereochemistry at  C-13 cannot lead to an intramolecu- 
lar hydrogen bond between a hydroxyl a t  this position and 
the nitrogen. The dihedral angle between H-13 and €3-14 in 
the partial structure 3 is ca. 60’ and it is known in related 
systems to give rise to J13,14 = 2-4 Hz.9 While the broad 
singlet of the H-13 resonance observed in the spectrum of 
the alkaloid is in conformity with this stereochemical as- 
signment, the spectrum (Figure 2) of its 0-acetyl derivative 
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Figure 1. 'H nmr spectrum of 13P-hydroxystylopine. 
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Figure 2. lH nmr spectrum of 130-acetoxystylopine. 

2 (R = OAc) reveals this more clearly in that the H-13 sig- 
nal appears as a doublet at 6 6.46 ( J  = 3.0 Hz). Confirma- 
tion of the assignment of the latter signal was obtained by a 
spin-decoupling experiment in which irradiation of the H- 
14 signal a t  6 3.78 resulted in collapse of the H-13 reso- 
nance to a singlet (Figure 2). A somewhat distinctive fea- 
ture of the spectrum of the 0-acetyl compound was the oc- 
currence of the acetate methyl resonance a t  abnormally 
high field ( 6  1.76). A similar situation is observed in the 
spectrum of 0-acetylophiocarpine in which the acetate 
methyl shift is a t  6 1.78 whereas the acetate methyl shift in 
0-acetyl-13-epiophiocarpine appears a t  a more typical 
value of 6 2.23. It has been pointed out by Ohta and co- 
workers1° that the acetyl group in 0-acetylophiocarpine is 

shielded by ring D and a similar situation obviously obtains 
in the analogous 13P-acetoxystylopine. 

With the foregoing spectral evidence supporting the 
structure of the alkaloid as 13P-hydroxystylopine it re- 
mained to establish its absolute configuration. Tetrahydro- 
berberines belonging to the 14R series exhibit a negative 
ORD spectrum from 600 to 240 nm.ll Before applying this 
method to 13P-hydroxystylopine it was necessary to estab- 
lish what effect the introduction of a 13P-hydroxyl group in 
this ring system would have on the ORD spectrum. Exami- 
nation of the ORD spectrum of (-)-ophiocarpine showed a 
plain negative dispersion curve from 600 to 250 nm and in- 
dicated that when the new chiral center at  C-13 is a P-hy- 
droxyl the sign of curve is not affected. Consequently the 
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plain negative dispersion curve subsequently determined 
for 13P-hydroxystylopine served to establish its absolute 
stereochemistry as 13R,14R as depicted in structure 2 (R = 
OH). 

Final verification of the structure of 13P-hydroxystylop- 
ine has been achieved by a stereoselective synthesis from 
protopine. Although there have been several synthetic ap- 
proaches described to ophiocarpine which are potentially 
adaptable to the synthesis of 13P-hydroxystylopine they 
suffer from certain disadvantages. The procedure of Gov- 
indachari12 is both lengthy and nonstereoselective while 
Elliott's13 method of hydroboration-oxidation of the enam- 
ine 4 provides 13-epiophiocarpine ( 5 )  as the major product 
rather than ophiocarpine. The most successful route em- 

4 5 

ploys the phenol-betaine, 13-hydroxyberberinium chloride 
(cf. 6), which is obtained from berberine as first described 
by Pyman.14 Reduction of 13-hydroxyberberinium chloride 
with sodium borohydride is reported15 to proceed in a high- 
ly stereoselective manner to afford (&)-ophiocarpine. 

I t  appeared that it might be possible to devise a more 
convenient route to the analogous phenol-betaine 6 re- 
quired for the synthesis of 13P-hydroxystylopine than by 
employing the original procedure of Pyman. Our approach 
was based upon the rationale that the enamine 7 should 

Scheme I 
Synthesis of (f)-13j3-Hydroxystylopine 
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react with an electrophilic oxygen, such as a peracid, to af- 
ford the hydroxylated iminium salt 8, which should under- 
go a facile oxidation to the required phenol-betaine 6 (see 
Scheme I). 

Dihydrocoptisine (7) required for the synthesis was ob- 
tained by the procedure of Haworth and Perkin16 by treat- 
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ment of protopine wit,h P0Cl3 followed by pyrolysis of the 
resulting salt 9 in Addition of 1.2 equiv of m-chlo- 
roperbenzoic acid to dihydrocoptisine at  -78’ led to rapid 
oxidation as evidenced by the disappearance of starting 
material when monitored by tlc.ls The stoichiometry 
suggests that the iminium salt 8 is formed initially in this 
reaction. However, after allowing to come to room tempera- 
ture, the product isolated in 78% yield after crystallization 
is 13-hydroxycoptisine chloride (6) as yellow-orange crys- 
tals, mp 285’. The latter is presumably formed by a highly 
efficient air oxidation of 8. Reduction of 6 with sodium bor- 
ohydride in aqueous ethanol gave (f-13P-hydroxystylop- 
ine, mp 219-220°, identical in its chromatographic and 
spectral properties with the natural alkaloid. 

Careful exarnination of the borohydride reduction failed 
to show the presence of any of the 13a-hydroxy epimer of 2 
(R = OH) in this reaction. The high stereoselectivity of this 
reduction is presumably a simple consequence of steric fac- 
tors governing “approach control” of the borohydride. Al- 
ternatively, similar arguments can be made assuming a 
product-like transition state where, in the case of the 13a- 
hydroxy isomer, it is destabilized by nonbonded interac- 
tions of the C-13a hydroxyl with the C-1 hydrogen. Fur- 
thermore, if a product-like transitipn state is involved, the 
136-hydroxy system may gain additional stabilization by 
the development of an intramolecular hydrogen bond (cf. 
3) with the incipient electron pair on nitrogen. 
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