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The isolation of 138-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 reported.? Since 13-oxygenated protoberber-
ines are established as the biosynthetic precursors of the
phthalide-isoquinoline alkaloids? and are potential inter-
mediates in the formation of other alkaloid families, such
as the rhoeadines,* 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 occur.?

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

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% KoCOs afforded
(-)-138-hydroxystylopine (2, R = OH), which crystallized
as colorless prisms from ethanol, mp 214°, [0]zs9 —259°.
The molecular formula C1pH7NOj 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 'H 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 H nmr spectrum (Figure 1) contained
four proton signals in the aromatic region as two singlets at
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” at 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 at 6 4.07 and 3.53 (J = 16 Hz).
This significant difference in chemica] shift is indicative of

a 9,10-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 8 hydrogen.®
Placement of the fifth oxygen function as a hydroxyl
group at the C-13 position was suggested by the occurrence
of a broadened singlet at § 4.80 (Wy/; = 8.0 Hz) in the nmr
spectrum of the alkaloid which sharpened upon addition of
D20 (Wy/; = 4.0 Hz). Support for this assignment was pro-
vided by the mass spectrum which displayed prominent
ions at 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
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the alkaloid was provided by the formation of an O-acetyl
derivative (vc—o 1730 em™1).

The infrared spectrum of the alkaloid exhibited a broad
hydroxyl absorption at 3500 cm=! which proved to be con-
centration independent in CHCI; solution over the range
10-3-10~4 M and was thus in keeping with an intramolecu-
lar OH-H hydrogen bond.” The infrared spectrum also
showed multiple absorption bands (Bohlmann bands) in
the region 2700-2800 cm~! 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-

H

site stereochemistry at C-18 cannot lead to an intramolecu-
lar hydrogen bond between a hydroxy! at this position and
the nitrogen. The dihedral angle between H-13 and H-14 in
the partial structure 3 is ca. 60° and it is known in related
systems to give rise to Ji314 = 2-4 Hz.? 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 O-acetyl derivative
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Figure 1. 'H nmr spectrum of 133-hydroxystylopine.
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Figure 2. 'H nmr spectrum of 138-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 at & 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 O-acetyl compound was the oc-
currence of the acetate methyl resonance at abnormally
high field (6 1.76). A similar situation is observed in the
spectrum of O-acetylophiocarpine in which the acetate
methyl shift is at 5§ 1.78 whereas the acetate methyl shift in
O-acetyl-13-epiophiocarpine appears at a more typical
value of & 2.23. It has been pointed out by Ohta and co-
workers10 that the acetyl group in O-acetylophiocarpine is
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shielded by ring D and a similar situation obviously obtains
in the analogous 138-acetoxystylopine.

With the foregoing spectral evidence supporting the
structure of the alkaloid as 1383-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.11 Before applying this
method to 138-hydroxystylopine it was necessary to estab-
lish what effect the introduction of a 138-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 8-hy-
droxyl the sign of curve is not affected. Consequently the
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Melting poines were derermined on & Thoas-Heover Yel-Tewp apparatus and

2

filtered through Celite. The Filtrate wag washed twice with ether and basified
with concentrated amaoniun hydroxide producing a flocculent precipitate, This
aqueous portlen was extracted several times with chloroform and emulsified
material was Tandily separatod by vacuun filtration through a layer of Celita,
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3

sharpened this to 2 singlet wich Wy/ae4 Wz, 6.07 (4, 1, I-16 iis, C-8BK, 3.72
(e, 1, C~l4H, unafected by Da0), 3.53 (4, 1, J-16 Mz, C-Bal)i ORN (c 0.1 95% ZtOW)

are uncorrected. Infrared spectra vere determined on Perkin-Elmer madels 237
and 621 recording spectrophatometers. Nuclear magnetic resonance spectra were
determined at 60 MHz on Varian 4-60 and T-60 instruments, at 96 MMz on the alkalotds as e davk brown foam.

Bruker HFX-1D, and at 199 Mz on the JEOL }G-100 spectrometer. Chewical shifts

Purification by Colum and Laysr

nesiun sulfate, snd solvent removed in vacuo to give 21.4 gm (0.23%) of crude

The combined organic extracts were washed twice with water, dried ovar mag-

{alygy = 1380°, falygy = 2000° (craugh), [alyg, - 2340° (peakl, [ulyg, - 6100,
{alpyp = 12,100° (erougn), [alygy - 11,500° (peal), [ily,e - 13, 300°.
Anal. Caled for CugMusNOsi C, 67.25; 8, 5.04; ¥, 4.12. Fownd: 6, 57.23;

Hy 5.06; N, 3.86,

{-)-13-Rydroxystylopine Acetate (2, R=0Ac). 70.0 mg (7.2 mmole) of the base

are reported in §-units relative to internal THS. Ultraviolet spectra were
recorded on Beckman JB-G and Cary Model 14 recording spectrophotometars. The
ORD spectrn were obtained an a Durrum-Jasco GRD-UV/S,

Lov resolution pass spectra vere recorded on a DuPont 21-490 and an AET
MS 902 instruments. High resolution epactra were chtained on the ¥§-302 at
the Ressarch Triengle Instituce Center or Mass Spectrometry.

Blemental snalyses were performed by MW Laboratorfes, Gardea City,
Michigan,

Chromatography was routinely perfermed on neutral Noeln Alurinum Oxide,

grade II1, or . R, Grace silica gel wiless otherwioe indicatad, Thin layer
(0.25 ) and

layer (1 am) using alurinum oxtde,
silica gel or silica gel-5% posssiun carbonate was used. Varlous solvent

systems and multi-devel t are noted, Visualizati

was achiaved
by ulexavioler Light snd by spraying with iodoplatinic acid or eeric azmoniua
sulfate n sulfuric acid.

characterization by nmr, ms, and ir s

& 300 ng samnle of the mixture of alksloids contained in Fr. 135-239 vas

A1l solvents vere routinely redistilled prioz to use.

1) giving 125 mg (=)

isolstion of the Alkaloids from Corydalis plants.
Goryealis ophiocazpa plants were grown In the Duke University Phytotcon

from seeda obtained from the Ipswich Sead Co., Grear 3.4tafn. Top growth

from the plants was periodically trimmed and dried. The dried material ga. 9

Kg was thoroughly ground in a Waring blender with 95% sthanol and filrerad. £ Ay (GHCLs) 3300 en™ () OK) (concentration independent over the range

107% 20 107°¥), 2800-270 cn”} (Bohimenn bands, trags-gulnolizidine); wase
spectrun mle (rel infersity) 339 (9), 176 (100), 164 (22); Caled for CyaH,;N0s,
339.1108; Found: 339.1113; nmr (100 MAz) (CDCLs) & 6.95 (d, 1, J=8 He), (C-12 W),
6.80 (s, 1, 0-4 K), 6.78 (4, 1, J=8 Kz, Ce11 W), 6,62 (s, L, O=L H), 5.00 (s, 2,
CCHI0), 5.94 (n, 2, ACHA0), 4,76 (ba, 1, ¥y/ye8 Mz, C~130), sddition of D,0

The f{lter cake was extrected with ethanol in a Soxhlet. The combined ex-
tracts were concentrated in vacus, diluted with a large volume of hot water,
and acidifled wica concentrated hydrochloric acid to a Congo Red endpoint,

The scidlc extract was allowed to stand at room temperatura for 2 days and

B s

(952 ZtoH) 373 am (e 21,000), 356 (e 23,500), 243 sh (c 18,0000, 305 (= L3-Hydroxy=2,3,5,10-b1

The crude alkaloids (12 §) in chlorofors were evaporated over alunina
(100 g) and rharoughly ¢ried under high vacuum. The alkalofd contalning

and eluted successively with the linear gradien!
EtOAc-Et0AC/MeOH (9:1, 2 1) EEDac/MaOR (9:1)~EtOAc/MeCH (4:1, 2 1}, A roral
of 45D fractions of 20 ml wera collseted and every tenth fraction was examined

by tlc and pooled aceording to the results as follows: Fr, 1-50 (trace),

Pr. 51-89 unknown base (L5 mg), Fr. 90114 (tvace), Pr. 115-120, (-)-stylapine
(233 mg), Fr. 121-134, mixture of {=)-stylopine snd (=)-tetrahydroberberine
(1.185 g), Fr. 135-239, mixture of (-)-ophiocarpine, protuplne and (~)-138-
hydroxyatylepine (7.0 g), Fr. 200-450, wiknown alksloids (1,02 g). Prepara-
tiva layer chrooatography (ple) of Fr. 121-134 on silica using a CHCla~EtOAC
(2:1) and triple development gave 300 1g pure (~)-stylopine mp 185-297 (1it,”
™ 202°) and 1,19 g (~)-tatvehydroberberire, mp 131-132° (Lit,
vorted the identification of these alkaloida.

separated by ple on S10;+5% #;C0s by triple develepment with benzere ~
iocarpine, mp 187-188 (11(45 op 188°), 81 mg
arotoptne, np 202204 (1. 207-208%), both of which weve fully characearized
hy their nmx, ms and ir spectral properties, and 73 ng of & new baee, (-)-13p-
hydroxyatylopine (2, R-0R), mp 213-215°C, [aly - 238° (e &1, CHCLa)s Ry 0,723

-5, 6-dihydro-dibenzo(a, gloyinelssy

Vau d{ssolved in dry pyridine (L ol) under nitrogen and freshly diseilled
acetic snhydride (2 ml) was added in one portion. & solid slovly Formed and
after 4 hours it vas removed by filtration, washed with cold water, and air

dried to give 41.0 3g. The filtvate was diluted with water (10 nl) and basi-

aluntna was then placed on @ wet-packed colwm of alumfns (1.5 kg) in benzene

benzene ~ EtOAc (4 I),
fled wich satd, ¥a,00, uncil CO, evolution had ceased, This was washed with

CHCly (2 x 20 ml), the coubined organic layers were washed with HaO (2 x 50 ml),
satd, NeCl (1 x 50 a1}, dried {NaaSOu), and solvent remaved in vacuo to give

a yellow oil contaiaing pyridine. The tle (S10s, CHCly-EcOAc 9:1, 2) indi-
cated that the abave solid and yellow oil vere indentical, B, 0.75. The

yellow oil was dissolved {n CACly and passed through a short colum of slumina.
The acetate was imwediately eluted and this was conbined wlth the above sclld (o
give 69.0 mg (38%) of the acetate.. Recrystallization from GHaCl -pat, ether

0 gave fine nesdles; op 237-239°C (sealed tube); fx A . (CHCLy) 1730 e {Ce0),
1200 en”t {CO0); Rer (100 MHz) (CDCLa) & 7,09 (4, 1, J=B Hr, G-110), 6.76

(d, 1, J=8 Hz, C-i2¥), 6.74 (s, 1, C-4H), 6,60 (s, L, C-18}, 6.46 (¢, 1, Ju3
Hz, C-13H) irradiation at 3.78 collapsed this to & singlet, 6,00 (g, 2, Jul.5
¥z, 0CH:0), 5.92 {s, 2, OCHO}, 4.24 (4, 1, Jol§ ke, C-BH}, 3.78 (ba, 1,
C-14K), 3.52 (4, 1, Julb Hz, C-8a), ca. 3.20 (m, 2, C-SH or C-6), 2.8 (m,
2, €-5R or ©-6%), 1.76 (s, 3, acetats CHa).

2 op 1350, Ral

ane

Anal. Caled For Cpudlied0et C, 66.143 B, 5.02; N, 3.67, TFound: G, 66.19;
Hy 4.955 N, 2,45,

Dihydrocoptisine-N-metha chloride (3), The fellewing 1s a modificstion of the method
of Havorth and Perkin,’® Protopina (2,83 mmole) was refluxed for 20 min under a dry Xa
astmosphers Lo freshly distilled phosphoryl chloride (3 ml). Solveat vas Te-

moved in yacuo and the residue recrystallized frou water to give a yellow solid.

This was filtered, washed with a emall amount of 10X HCl, and air dried. Re-
erystallization from MeOH-EtOAc gave 660 mg (63%) of diaydrocoptisine -
nethochloride (2) as yellow crystais: mp 193-195°C (1163 225°0); wv

ax

6

The rosidue obtained upon diseillacion af the solvent was diluted with ;0

69503, 255 (e 6840): (14c.20 375 (c 21,400), 357 (c 24,0000, 343 sh (c
18,299), 306 (= 17590}, 255 (¢ 6910).

Dihydrocoptisine (7). 111.3 mg, (0.3 nnole; prepared from
VEOtoping wan placed in & supsimation apparatus and the systen evacuated to
107 wa,

solid immediately condensed on the coaler parts cf the system. After cooling

Tais was placed dn @ meral bach at 270°C for one minute and & vellow

to Toom temperature in

acup the product was dissolved in warm benzene, fnsol-

uble materisl removed by filtration, and the filtrate scrinped in vacuo.

This was repeated an additional two times and the benzene goluble portiona
were combined, Tha preduct was chromatographed on alunina (doelm, II, neut.}

in benzene and eluted with benaene-srhyl acetste (9:1). The eluent was

collected tnder ¥, and solvent was remaved in vacue to give 179.0 mg (64%) 61213 B, 3.84; N, 3.12.

of dihydrocoptisine {2} as a yellow solidi wmp 175-179°C {Lit™ 194-196°C);
R, 0,80 (5105, CECL,-TxOhe 1:1)f amr (60 112) (C3C1y) § 2,20 (s, 1, C-Li),
5:67 idy 1, J=B Hz, €-12i), 6.61 (s, L, C-8¥), 6.52 (d, 1, =B Hz, C-11iD,
6.02 (s, 1, C-130), 5.97 s, Z, 0UMD), 5.95 (s, 2, OCN:03, &.28 (5, 2, -84,
3,04 (m, 4, -5 and C-6H.

plain negative dispersion curve subsequently determined
for 138-hydroxystylopine served to establish its absolute
stereochemistry as 13R,14R as depicted in structure 2 (R =
OH).

Final verification of the structure of 138-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 138-hydroxystylopine they
suffer from certain disadvantages. The procedure of Gov-
indachari’? is both lengthy and nonstereoselective while
Elliott’s!® 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-

IO
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ploys the phenol-betaine, 13-hydroxyberberinium chloride
(cf. 6), which is obtained from berberine as first described
by Pyman.!4 Reduction of 13-hydroxyberberinium chloride
with sodium borohydride is reported!® to proceed in a high-
ly stereoselective manner to afford (z)-ophiocarpine.

It appeared that it might be possible to devise a more
convenient route to the analogous phenol-betaine 6 re-
quired for the synthesis of 138-hydroxystylopine than by
employing the original procedure of Pyman. Our approach
was based upon the rationale that the enamine 7 should

{13-Hydroxy-coptisine} (z). A standard solutfon of m-chloropsrbenzaic acid
Was prepated by diasolving 192.7 mg (1.11 mmole) 4n CHaCly (25 ml) under Ny

and the solution cooled to -78°C. The peracid was slowly added dropwilse from

a durette and progress of the reaction was manitored by tlc. Dihydracoptisine
could not e detected after the addition of 1,2 equivalents of peracid. The
reaction minture wns varmed to room temprature, washed with satd, ¥aCl (30 ml),
dried (MgSO.), and solvent removed in yaguo to give a yellow-orange solid.
Recrystallization from 35% EOH containing several drops of 1% HC1 gave 159,4
mg (78%) of the phenol as small orange needles: mp 285°C; uv A x(?i! EtOR)
457 (£ 8,493, 350 (20,682, 345 (19,879), 280 fnEl (10,451), 237 (28,614),

Anal. Caled for GyaByaN0sCl: C, 61,445 M, 3.79; ¥, 3,77, Pound: C,

2)-138-Hydroxystylopine (2, R=QH). The phenol (B) (74.2 mg. 0.2 mole) was
¢lssolved in 60 nl of EtOH-Ha0 {5:1) at roon temparaturs and MaBH (30 mg) was
added under M. after 1 hr an additional 30 mg of borohydride vas added and
the mixture vas stirred overnight before carefully acddifying with 10% HC1.

(100 ml}, washed with beazene (50 ml), and the acidic extract was basifled
with 63 KOK (pK 9). . The precipitated solid wam caken up in CNCla {2 x 60 mi),
the combined organic extracts were washed with H:0 (60 ml), NaGl soln. (60 mb),

dried (MgS0.}, and solvent removed in vacuo to give 47 my (69%) of a light

yellow foam, Rectystallization fzom 95% EtO gave (#)138-Yydroxystylopine ss
fine white needles, up 219-221° (dec), with chromatographic Ry 0.58, §10a-
5% K;3C05, CHCLaEt0Ac Lil 1%); R 0.47, $10,-5% K2COs, CiHy~EcOfc 4:l 2x) and
spectral properties (mws, wor) {dentical with aaturally cccurring material,
anal. Calsé for CugHiN0st G, 67.25; i, 5.04; ¥, 4.12. Peund: C, 67,203
A, 5.03; N, 3.94,
(2)-13p-scetoxyatylopine
(#)-130-Rydroxystylopine (24.5 mg, 0.07 mnole} was dissolved in dry
syridine (1 ml) and freshly dfstilled acetlc anhydrfde {2 m1) and stirred

under Na for 4 hrs. Work-up in the usval masnar pave 27.4 mg {(99%; of the
acetate as a yellow ofl. Recrystallizatios frem CH.Cli-pet. ether gave small
plates, mp 262-243° {dec), which provad indistinguishable chromazographically
Rg €.75, $10s, CHCLy-E2OAc 91v/v, 2x) from {-)}-13B-acetoxystylopine.

Scheme I
Synthesis of (+)-138-Hydroxystylopine

6 2

aPOCl;. b A 4 Qo

¢ NaBHo,.

in vacuo. °©m-Chloroperbenzoic acid.

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 Perkini® by treat-
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ment of protopine with POCl; followed by pyrolysis of the
resulting salt 9 in vacuo.l” 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.!® 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 (+-1383-hydroxystylop-
ine, mp 219-220°, identical in its chromatographic and
spectral properties with the natural alkaloid.

Careful examination 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 hydroxy! with the C-1 hydrogen. Fur-
thermore, if a product-like transition state is involved, the
133-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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