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Ah&act-!hrting from bcrberrubiw (I). huooemanine (VIIa) has been syntbati using Perkin’s 
method. Protection of the phcnolic group during several steps of the synthesis was afforded by bcnzylation. 

HUNNEMANINE (Vlla) is the only known phenolic base of the protopine group of 
alkaloids, first isolated’ from Hunnemunnia jiunariuefolia Sweet (Papaveraceae) and 
its presence in that species recently confirmed2 Its structure was determined! by 
transforming it into allocryptopine (VIIb) by methylation with diaxomethane. The 
position of the phenolic group was determined by ethylation and degradation of the 
O-ethyl-hunnemanine (VIlc) to 3cthoxy4methoxy-2-methylbenxonic acid, by 
applying the procedure employed by Perkin.’ 

In view of our synthetic work on protopine alkaloids,4* ’ it was of interest to synthe- 
sixe hunnemanine (VIIa). Fortunately, berberrubine (I), the starting material, could 
be easily prepared from berberine.6 

Catalytic hydrogenation of berberrubine (I) was the best method for preparing 
(f)-nandinine (II), which on treatment with methyl iodide afforded the u- and 
~nrethiodides (IIIa); which were easily transformed into the a- and @methochlorides 
(IIIb). 

When the mixture of nandinine methiodides was submitted to the Hoffman reaction, 
the usual uinylic (IVa) and cyclic (Va) methines were obtained, which were differentiated 
by their W and NMR spectra and the chemical characterization of the vinyl group. 

Difficulties appeared when the preparation of the N-oxide of the cyclic methine (Va) 
was attempted by the usual methods. We did not succeed in preparing a pure sample 
of the N-oxide (Via) but acidic isomerixation of the impure product gave a small 
amount of a compound that in TLC behaved as hunnemanine. Several other sub- 
stances giving a positive alkaloidal reaction’were also present, and it proved to be 
very difficult to isolate and purify the product responsible for the hunnemanine-like 
spot. 

As the presence of theesensitive phenolic OH could account for the difficulties, 
it was decided to protect this group. Benylation of the mixturt of a- and &nandinine 
methiodides afforded the pure 0-benzylnundinine m&iodide (111~)’ which when 

’ R H. F. Martake. L. Marion and A. E. Ladingham, 1. Am Chem Sot. 64.1659 (1942). 
a L. Slavfkovi and J. Slav& Coff. Czech. Chem Comn~ 31, 1355 (1966). 
’ W. H. Perkin, 1. Chem Sot. 815 (1916). 
’ D. Giacopcllo, V. Dculofeu and J. Cornin, Terrnh&on 20.2971 (1964). 
’ D. GiacqcUo and V. Dculofcu, Tetrahedron hrters 2859 (1966). 
‘ G. Frcrichs, Arch. Pham 24&276(1910)1 E.Spgthar~I G. Burger. &. hch. Chum Gu.S9.1486(1926). 
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Synthesis of hunnemanine 3267 

submitted to the Hoffman reaction gave also the two usual methines (IVb and Vb). 
The cyclic methine (Vb) was obtained in good yield and transformed into a crystal- 

line N-oxide (Vlb), which when boiled with a mixture of acetic and hydrochloric 
acids, was isomerized and simultaneously debenzylated, affording as a main product, 
a base identical with natural hunnemanine (VIIa). 

EXPERIMENTAL 

Mps are uncorrected. UV spectra were recorded in 95% EtOH and IR spectra in CHCI,. except as 
indicated. The NMR spectra were taken in a Varian A-60 spectrophotometer, employing TMS as internal 
reference. TLC was carried out on “Avicef” ce11u1ose’ employing n-butanol saturated with water:AcOH 
(955:05) as solvent ; spots were developed with the modified DragendortT reagents and iodoplatinic acid.’ 
All evaporations were done in urzcw and at the lowest possible temp. Organic sols were dried with Na,SO,. 

Berbermbine (1). An adaptation of the method of Frerichse gave a purer product in an increased yield. 
Berberinium chloride (25 g) and urea (50 g) were fused for 30 mm in an oil bath (ZOO”) with constant stirring. 
The resulting red mass was dissolved in water (200 ml) and continuously extracted with CHCls for 24 hr, 
The dried CHCI, extracts, on evaporation, yielded 20g of a red solid residue which was chromatographed 
on 600g neutral alumina (Woelm, grade III). 

The column was washed with benzene: MeOH (99 : 1) which eluted a yellow solid which was discarded. 
Benzene : MeGH (95 : 5) was then used, when berberrubine was eluted. The fractions containing that base 
were evaporated to dryness and the residue, on recrystallization from FtOH. gave IOg red needles (44%). 
m.p. 297; R, 0.21. Frerich@ gave m.p. 285”. UV maxima at: 214 (log E 4,37), 240(4.421.279(4,31). 327(3.92). 
394(4.01), 51q3.67) rn& 

~e~uby~?obffbe~~~. (rt ~~~j~~~e. (II). To a som of 1.5 g I in 200 ml EtOH, I50 mg PtO, was added 
and the mixture hydrogenated for 24 hr at room temp (45 Ibs). After filtering the catalyst and evaporating 
the filtrate, a colorless oil was obtained, which was recrystallized from n-propanol, giving colorless prisms 
of 11 (1.1 g; 76%) m.p. 185-186”; R, @51. UV maxima at: 287 (log E 3.79) rn& IR bands at 3450 cm-’ 
(OH). Lit.“’ m.p. 1869 

Reduction of I with NaBHy also gave II, but the product obtained always contained small amounts of the 
original base which could only be eliminated by chromatography. 

(~~Nu~i~i~ a- and &methiodides. (IIIa). (+f-Nandinine (15g) was boiled for 30 min with MCI 
(10 ml) when a yellow solid separated out from the soln The excess Mel was evaporated to dryness, yielding 
a white residue (1.80 g, m.p. 261-270”). TLC showed that it was a mixture of two products R, @15 and @33, 

,It was suspended in 18 ml MeOH at 25” and the suspension shaken for 30 min. Tbe insoluble material 
was then filtered off (IO g, 45 %) m.p. 266-267”. R, 015, and on recrystallization from MeOH, long needles 
of pure IIIa were obtained, m.p. 28&281*. W maxima at: 287 {logs 3-75) m(r. (Found: C, 51.57; H, 4.75: 
I, 2682 C,,H2,04NI requires: C, 5140; H, 4.75; I, 27.18%). 

The filtrate from the separation of the crude &isomer was cooled at 0” for 2 hr. Small prisms of the 
a-isomer separated (04g; 18x), m.p. 167”. which were recrystallized from EtOH, m.p. 1723 R, @33. 
W maxima at: 287 (log E 3.76) mu (Found: C, 51.20; H, 5.18; I, 26.93. C2,,HZtOlNI requires: C, 51.20; 
H, 4.75; I, 27.18%). 

(i I-Nan&tine a-and B-methochlorides (IfIb). The original mixture of methiodides (240 g, m.p. 265- 
270”) was suspended in MeOH (110 ml) and HCl was passed through the suspension until complete 
dissolution.” 

It was then boiled until nitrous acid gave a negative test for I, (40 min) and then the solvent removed. 
The residue, dissolved in warm water (13 ml), gave needles (1.70& 88%) m.p. 249”. which on further re- 
~stall~tion from MeOH produced the pure &isomer of IIIb, mp. 267-270“. R, O-20 W maxima at: 
236 (log E 3.95). 286 (3.83) mp. (Found: C, 6410; H, 5.80; Cl, 984. CaaH,sO,NCl requires: C, 6391; 
H, 590; Cl, 944 %). 

’ D. Giacopello, J. Chromog. 19,172 (l%S). 
s R. Munier and M. Macheboeuf, &N. Sot. C&m. Bbl. 38.846 (1951). 
9 L. R. Goldbaum and L. Kayak, Analyt. Chem. EB, 1989 (1956). 

lo T. R. Govindachari. S. Rajadurain and C. 4. Ramada& J. Sci and ind. Res. India 18B. 533 (1959). 
” A. P. Phillips and R. Baltzly, J. Am. Chem. Sot. 74, 5231 (1952). 
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Tk queous mother tiquom wcm evaporatat to dryna~~ and-t&: solid rcsiduc morystallized acvcral 
times from water yicIdin~ the pun: a-isomer of IIIb (018 g; 95 y& m.p 237-X38’, R, 046, W maxima at: 
237 (log t 3*97), 287(3.83) ~JA (Found: Cl, 9.68. CJOH1,O,NCl requires: Cl, 944%). 

Ho- reaction wfth the (f)-t&v&he methiodides. The crude did mixture of the methiodib 
(15% & mp. 265-270”) was suspcstd& in 20% mcthanolk NaOH (100 ml) ad boiled for 30 m& wiwn a 
reddii clear solo was obtainul. It was then diluted with water, fraod from MeOH b partial ova,poration 
a& the ucw extracts were evaporattd to dryous giviug a bro~~~~ oil which coxttaisred 2 haam 
(R, 0.57 aud @341. 

The oily residue was pass& throu~ a cotumu of 40 g silica gel (200 mesh), eluting with u;etoue The 
base with R, 084 was &ted fit (440 m;g) uad latter identifkd as IVa; and afterwar& the sccoml w R, 
057, was colkcted (250 mgl aud characteri& as Va, 

(a) N-M~hy~y~otetr~~ydra~~i~ A fva). Tbr: fractions cortmiuing the acooud baac, R, 057, 
yitlddd on evaporation to dryness au oily product (250 tug, 28x), which uysmllkcd on soratchittg. It 
was thou mcrystallixd from AcOEt, @ing plates, mp. 113-1159 W maxima at:2s8(logsMo)m& 
XR bands at: 3600 cm-’ (OH) (Found: C 68.24; H, 6.96; 42lM); N, 404. C!,0H210dN. 65 H,O rcquiros: 
C, 68.95; H, 637 ; 0, B67; N, 442 %& It gives a rtcgativa Lomieuxl” reaction aud oa boii with EtOH- 
water was quatcmizod, and after add@ Nal Iffa, mp. 280-281” (m&xl mp. 2804 was obtain&. 

(bl N-Metby&rJ?vdrofelr~~ro~~j~ B (IVa) b~dr~~e. The &cd n&dim (440 mg, 450/3 of 
the fra~io~ ~n~~~g the base, RI O&, was dissoival in 5 ml EtOH aud ou add@ a few dropa ofdon~ 
HCl, the bydr~~o~e ~stallizod our. It was puri&d by ~st~~ti~ from EtOH. giviu& prisms, 
m.p. 238”. UV maxima at: 265 (logs 3911292(3-593 rn@ IR bands at: 3600 (OHa 990 md 92o@inyl ~ou~I 

cm-l. (Found: C, 63.87; Ii, 5.76; Cl, 9.30. C,,H,,O,N.HQ requima: C, 6331; H, 5%; Cl, 944”& 
Tbc IR and W spectra am typical of th.c vinyl base B (IVal and this was coufirmsd beuuac tba &es krc 
gave a strong positive Lcmieux12 reaction. 

Acetyktioa of the crude IVa with pyridioc-AcOH iu the usual way pve SVc, wIti& was mcryM&& 
from EtOH to give small prisms, mp. 1839 R, 091. W maxima at : 263 flog 6 398), 301@60) m+~ SR bands 
at: 1780 (CO), 1200 (acetate band), 990 mud 920 (vinyl group) un-I. Tks l.emkux ruactiott’~ was positive. 
(Found: C, 6950; H, 6.18; N, 3.63. CllHtsOJN rcquim: G 69.28; H, 608; N, 368%). 

0-benzyl-nandinine-&~t~iodide (Xllcl A solo of 2.5 g ( f ~n~~~ rnet~~u (mp. 265-2?@‘) 
in 100 ml EtOH was mixed with 100 ml 10% Na,COsaq, and tbut Xl ml bettry chloride added. The 
2-phase mixture, which became horno~o~ oa warming, was refiuaud for 3 hr. It was then evaporated to 
drya- 120 ml water added at& tbc sok again eva~rat~ rcpcatiog this proaxfum until all tbt bcuzyl 
chloride was elimiuatul. The yellow solii r&due was suspended in 100 ml cold watt and filtered; the 
ppt, dissolved in 60 ml warm 80% EtOH, gave oh co&i plats d 1Iic m.p 247” (20s; 600/3, Rf W5 
(2-pro~ol:water; 3: 1). The m.p. did not cbangc on rcorystalliration from EtOH. (Found: I, 23+!& 
Cs,HssO,NI requires: I, 23.26%). 

Ho- reaction with O-benzyl-&niandinine m&iodide. Tltc ti O-bcnzyl-ttaudirtimt mothiodide 
(IO g; m.p. 247”) was dissolved in 300 ml warm water, previously freed of CO,; moist &so (from 800 rug 
AgNOd was added and the suspension shaken for 20 min. It was ftltcral off and the clear aoia evaporated 
to dryucss avoiding lunatic during the operation The yellow solid r&due on hea* to 95-100” 
in vacua for $5 mitt was t~fo~~ into u1 oil. Ether was then added (40 ml), a small inaoiubk fiaotiott was 
frltnrcd off aud well washed witb the same rotvent The filtrate ott eva~rati~ to drymxa ~pv~ 700 mg 
of a solid residue. m.p. laO-105°, whkh by TLC contained 2 bases (R, f&56 and 0931. 

(al 0-~~~-N-mcrby~roylankidrortrrahydrobcrber A (Vb). Thr &ii raiduc (7Ul nyt mp. iOil-i~5”l 
was rcfluxcd wit& 25 ml pet ether (b.p. 6%71’), an iosohibk fraction filter& on, and tk filtrate on coohug 
gsve510~(66~)0fVb.~p.114-119”whicbrscrysrrl~f~mthrr~rdvealunsal1r*,mp,117-1193 
R, Q56. W maxima at: 229 (log e 418), 284(3*87) mu. (Found: C, 75.63; H, 6.39; 0, 14.74; N, 321. 
f&Ht,O.N requires: C, 7550; H, 634; 0,14-90; N, 3.26%). It gave a ncprtivc tut for vktyl group and on 
boil& with EtOH-water was quaternizai aud what addii Nal, O-Ml-WC-&methiMe 
rrystallti out, m.p. 246-247” (mixed m.p. 246”). 

(b~b~yf-N_methytby~ote~~yd~~r~i~ B (iVb1 ~y~r~~~. Tbs former pet ethcx fikrate 
from the isolation of the crude Vb was evaporated to drytkss giviag 217 mg of a yellow oil which oyad 

borno~~o~ on TLC (R, a931 It was dissoivcd in 5 ml warm &OK fiitercd from a #mail amount of 
im~u~~im and to the clear filtrate @3 ml oouc HCl wen added. Oa cooliug the h~~~~~~~ ~@8tdlivsd 

” R. W. Lomkux and E voo Rudloff, &nod. 3. Cnenr 33,1701(1955l. 
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out fi% IV& is%)_ 381.~. 195-198” which rC!Crystahixed from tk same sokent as pri6liL¶, mp. &‘&-%Xl*, 

R, 093. WV maxima at: 262 (log c 347), 29763493 rn& (Found: C 69.39; H, 602 C,,H,,O,N * HCl 
requires: C 6959; H, 606%). It gives a positive Lcmicux reaction** for viny1 groups. 

O-behzyl-N-mrthyl~yd~otrtrabydrober~~i~ A N-oxide (Vlb). To a soin of 200 mg vb m 20 ~IIJ 
ether cooled at O”, 120 mg perbenxoic acid in 2 ml etim at tk same temp was slowty added. Tk resulting 
suspension was I& for 15 hr at - 5” when a satid ppt was formed. It was then shaken with 10 ml 2N NaOH, 
the white solid filtered offand washed with water. After r~~~al~~tion from ~~H-~t~ it gave needles 
(170 mg; 82%) of VIb m.p. ~~llO”, R, Of?. W maxima at 216 (log E 4531 ~l(4.22~ m)r For aAysi~ 
it wasdriat for 24hrat 309 tuming~ilow at bigher temp. (Found: C 7044: H.659; OJ8.96. Cs,Hl&sM 
)1,0 requires: C 69.95; H, 631; 0, XV71 %). 

Htatnmraninc (Vlia). To 129 mg VIb in 5 ml &OH, 5 ml cone HCI were added and tk soln rciIuxed for 
30 mia TLC analysis of the reaction mixture, sbowed tkt it contained 3 substances giving alhakidal 
reactions, with R, @19,049 and @83. 

The soln was then evaporated to dryness and tk r&due chromato~aph~ on 12 g oellulose and eluted 
with water saturcd n-butanol : AcOH (995 :@S). Fractions of 1 ml were ~ilwted and tbc bases eluted in the 
expected order. The substances with R, D83 and 019 were present in small amount and diided. The 
middle fractions (RI 049) ~ntaini~ Vtia were evaporated to dryness and gave 91 mg of an ~o~ho~ 
residue. It was dissolved in 7 ml water, 5 % NaHCO, sofa added to pH 8 and tk soln extractal with CJX&. 
On eva~ratioo of tk extracts 75 mg (65 %) were obtained as an oil which crystalfixed by adding a few 
drops of 2-propanol and ~atcbin~ The crystals, m.p. 203-204” on r~staili~tion from the same solveot 
gave prisms m.p. 207-2089 W maxim at 233 (log E 4.1 lb 2893923 rnlr. IR bands at 3SlO(OH~ 165qCO of 
protopi~ ~~~oi~~3) cm-‘. NMR signelf at l-88 ppm (3H, singlet, N-Me), 260 (2H, m~tipl~ Cs- 
metbyiene).2.92 (2H. multiplet, G,-methyi~c~,~~3 (4H, singlet, Cs- and C, ,-metbyknc su~~~~* 
3.88 (3Ei, singlet, Oh@, 598 (2H, siagiet, m~hylen~ioxy~ 665-698 (4H, multiplex aromatic protons) 

The synthetic product showed no depression of tk m.p. when mixed with a sample of natural hunne- 
manine, m.p. 207-2087 R, values, W znd IR spectra were identical for both samplea and also with the 
spectra recorded by Slav&d and Sfavik.2 
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is F. k L Aaet, A. S. Bailey and Sir Robert Robinsok C&m. 8 fnd. 944 (1953). F. A. I_. Anet and L. 
Marioq. clan&f. J. c&m. 32,452 (1954). 


