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Abstract .-Trwmcnt of z-dihydrcxwaninc (VI) with etharwlio potassium hydroxide followed by 
hydrolysis of the resulting cthoxymcthylethcr (VIII) and mcthylatton wrth diazomcthanc atTordcd 
wlihydropluviinc (XII). I’hc product, XVIII. obtained by the von Braun rcxtion of z-dihydro- 
caramne. was convened in~e rifcoxydihydrolycorcnine (XXIII) wcthout affecting asymmetric 
ccntres of the rqxctrvu compounds. Thus the configurational relationship between lycarinc, 
caraninc, pluviinc, and lycorcninc have been clarified. 

Pr.r~r~:’ and lycorenine2s3 arc bothalkaloidsisolated from the bulbs of Lycorj.s ruciiaru 
and other plants of Amaryllidaceae. Although the structures of these alkaloids have 
been established, very littlc was known of the stcrcochcmistry until Uyco lq al.4 
recently assigned to them the configurations I and II resptrctively. The present author 
has worked inde~ndently on the stereochemistry of the alkaloids and this paper 
provides further evidence supporting these configurations. 

In previous papers.“*6 the configuration of dihydrolycorinc was discussed and its 
absolute configuration (III) was recently established by Nakagawa and Uyeo:. Since 
caraninc n ‘* . an alkaloid from Ama~llida~eae, was obtained by elimination of the 
hydroxyl group attached to carbon 2 of lycorine without any configurational change 
and likervisc z-dihydrocaranine,*t6 a hydrogenation product of caranine, was derived 
from dihydroly~orine, caranine and z-dihydro~aranine are structurally related to 
lycorine (IV) and dihydrolycorine. and configurations V and VI may be assigned to 
them respectively. 

It has been established that the structure of pluviinc differs from that of caranine 
by two mcthoxyl groups and a mcthylencdioxy group. Similarity of the behaviour 
of the two alkaloids toward a variety of reagents and biogenesis of this group of the 
alkaloids, indicates that pluviine and caraninc, and r-dihydropluviine and rx-dihydro- 
caraninc, have similar configurations. 

As proof, the conversion of the methylenedioxy group in z~ihydr~ranine into 
mcthoxyl groups under conditions which would not aIiect configurations of func- 
tional groups and the skclcton of the base was undertaken. 
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Attempts to cleave the methylenedioxy group in adihydrocaranine with alumin- 
ium chloride or bromide were not successful, but treatment of the base with ethanolic 
potassium hydroxide under nitrogen in a sealed tube gave a satisfactory result. The 
reaction mixture yields, along with x-anhydrodihydrocaranine (VII), two phenolic 
bases which were separated by chromatography and may be represented by the for- 
mulae VIII and IX, according to the result obtained by treatment of safro11”‘5 with 
the same reagents. It is highly improbable that any configurational changes take 
place during the reaction, since some starting material was recovered unchanged. 
Hydrolysis of the phenols VIII and IX, with hydrochloric acid afford demethylenc- 
adihydrocaranine (X) and dcmethylene-z-anhydrodihydrocaranine (XI) respectively, 
characterized as hydrochloridcs. 

Both the phenols X and XI, give a green ferric chloride test and the analytical 
values, infra-red and ultra-violet spectra are in good agreement with the assigned 
structures. As expected, demcthylcnc-z-anhydrodihydrocaraninc (XI) is also obtained 
by treatment of a-anhydrodihydrocaranine (VII) with potassium hydroxide in ethanol 
in a sealed tube followed by hydrolysis with hydrochloric acid. Isolation of the free 
demethylene-zdihydrocaraninc from its hydrochloride failed, since the phenolic base 
is so soluble in water that it could not be extracted from its aqueous solution with 
organic solvents. Therefore, methylation of the free hydroxyl groups in demcthylene- 
adihydrocaraninc (X) was carried out with diazomethane using its hydrochloride 
in methanol. The resulting non-phcnolic base is identical with zdihydropluviine 

” Hirao. h’ippon Kagoku Zarshl 54. 194 (IY33). 

** Hiraizumi. Nippon Kuguku Zmshi 55. 60s (1934). 
u Ono and Imoto. Nippon KCrgakU Zasshl59, 364 (1933). 
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(XII). Thus the structural and configurational relationship between zdihydro- 
pluviinc (XII) and r-dihydrocaranine (VI) and between pluviine (I) and caranine (V) 
are verified. 

An investigation was undcrtakcn to cleave the pyrrolidine ring of adihydro- 
caranine (VI) by the von Braun reaction, analogous to that employed by Kondo and 
Katsuratb for the fission of the pyrrolidinc moiety of diacctyldihydrolycorinc (XIII) 
to give diacetyl-c,j-bromo-N-cyanodihydrosccolycorinc (XIV) as the sole product. 

Treatment of z-dihydrocaraninc (VI) with cyanogen bromide in boiling benzene 
afforded, in contrast to the previous cast, two products, C,,H,,0,N2Br and 

C,,H,,O,N, in a ratio of two to-one. 
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Compound XV contains bromine and exhibits infra-red absorptions at 4.48 and 
290 ~1 characteristic of a CN and an OH group, respectively. The acetate (XVI) is 

I@ H. Kondo and H. Katsura. Yakugaku Zosshi S9. 733 (1939). 



identical with the product obtained by the von Braun reaction of z-acctyldihydro- 
caranine (XVII).” Considering the Gmilarity with diacctyl-c+bromo-N-cyanodi- 

hydrosecolycorinc (XIV) and the ca\e with kvhich pyrrolidinc rings can be cleaved 
with cyanogcn bromide, structure XV is assigned to the compound, CI,H,,O,N,Br. 

On the other hand, C1$1,0,N2 isolated from the mother liquors of XV shows a 
CN band in the infra-red spectrum at 4.54 ~1 but neither a hydroxyl nor a carbonyl 
band could be detected. Since two oxygen atoms in the molecule belong to a mcthyl- 
encdioxy group, the remaining third oxygen is considcrcd present as an ether group. 
In view of this, it seemed plausible that the compound XVIII results from cleavage 

of the pipcridcinc instead of thcpyrrolidinc ring in a-dihydrocaraninc (VI) followed by 
elimination of hydrogen bromide to give an oxygen bridge as follows: 
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Unequivocal evidence for this structure is given by the following reactions: 
Treatment of C1,H,,O,N, with lithium aluminium hydride in ether gives in good 
yield a basic product (XIX), C,,H,,O,N, which exhibits a NH band in the infra-red 
spectrum at 3.00 p but no CN absorption. 

Mcthylation of the secondary amine XIX with formaldehyde and formic acid 
affords the N-methyl derivative XX, C,,H,,O,N, which was treated in a sealed tube 
with ethanolic potassium hydroxide at 180-190” as mcntioncd for the clcavagc of the 

mcthylcncdioxy group in a-dihydrocaranine. The resulting XXI exhibits no infra- 
red absorptions typical of a mcthylencdioxy group at about 9.6 and 10.7 p but a 

hydroxyl band at 2.78 ,u. Hydrolysis with dilute hydrochloric acid of XXII gives a 
dihydroxy derivative characterized as the hydrochloride and giving a green ferric 

chloride test. Mcthylation of the phcnolic hydroxyl groups was accomplished by 
trcatmcnt of the base with cxccss ethereal diazomcthanc, giving a non-phcnolic base, 
C,,H,,O,N, m.p. 123-124’. [x]~, I&7’, which is identical with a-dcoxydihydroly- 
corcnine (XXIII) in m.p., mixed m.p., optical rotation and infra-red spectrum. 

Since in the conversion of’ z-dihydrocaranine (VI) into z-dcoxydihydrolycorcninc 
(XXIII) no asymmetric centre was afl’cctcd, the stcrcochcmical relationship between 
these two bases is established and the configurations of z-dcoxydihydrolycorcnine 
and lycorcnine can be deduced from that of x-dihydrocaranine (VI) and represented 

by formulae XXIII and II. The cxpcrimcntal evidence cstablishcs that the asym- 
metric carbons in caraninc (V), pluviinc (I), and lycorcninc (II) have the same con- 
figuration as those in lycorinc (IV), which is in accordance with the accepted bio- 

genesis of these alkaloids. 

EXPERIMENTAL 

Melting points arc not c0mclcd. 

,Ucrhylencdioxy ring_opcniqq of z-dihydrocurunine (VI) with l thanolic porassium hy&oxtie. 
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KOH (750 mg) was added IO a soluuon of z-dlhydrocaraninc (VI. 600 mg) in 95% ethanol 

(25 ml). The reaction mIxlure was hcalcd under nitrogen in a scaled tube at Iw)-I(u)” for 

I .5 hr. The solvent was rcmovcd under rcduccd prcssurc and the rcsiduc dlvlded into bcnrmc- and 

waler-soluble fractwns. Evapnra~ion of the dried bcnrcnc Icft a colourlcss oil (210 mg) which gave 

on cryslatllrarlon frum clhanol, unchanged tdlhydrtrcaraninc (100 mg) m.p. 165-168’. undcprascd 

on admlxturc a-lth the starling malcrlal. The mother Iquor was chromawgraphcd m bcnzcnc over 

alumina. The bcnzcnc ctuarc ylcldcd z-anhydr&hydrocaraninc (VII. 60 mg) as nccdlcs. m.p. 83-84’. 

Idcnlicnl In m.p. and Infra-red spectrum with the aurhcmrc sample obtained by Takcda and Kolcra. 

On further clutlon with chloroform. addItional unchanged z-dlhydrtx-araninc (20 mg) was rccovcrcd. 

‘fhc uarcr+olubtc fraction was filrcrcd, saruralcd u Ith ammomum chlorldc, and cxrractcd with 

chlon,form. C’onccnlratlon of rhc dried cxtracl gave a brown 011 (425 mg) which uas dissolved in 

chlorofortli-bcnlcnc (6: I ) and chrotn;ltograph~d on alumina (20 g). Eluimn with chloroform- 

bcnrcnc (6: I) g;l\c a coIourIc\s OII w-hlch could IW~ bc cr+alhrcd. Trcatmcnl with So; IICI 

qvc after crvstatlrJatlon from waler. 40 mg of the hydrochlorldc of Xl as nccdlr-. m.p. 260” 

(drvomp); [ii: 34’ (c. 0.42 in 70”. ethanol); i.,,, 263, 306 m/c; log c. 4 06, 3.66; i,,, 2,YS. 2.97 

(OH). 6.20 !i. ‘This gave a green fcrrrc chloride IN. (l~ound: C. 62.62; II. 6.64; N, 5.10. 

C,,H,:O,S.~fCI I/211,0 rcquirrz: C, 62 30: }I. 6.63; N. 4 85”,). 

Furrhcr cltrlion uith chloroform mcrhanol (50: 1 and 30. I) gave colourlrss oil (300 mg) which 

could nor bc crysrallircd. Trcarmcnt ulth 5:; }i(‘l gave the hydrochloride of X. (287 mg) m.p. 

25&255 fdczomp). ‘I’hc analytical wmplc W;LI obramcd by rccrystalliration from water. m.p. 

267-270’ (dccompt: [xl:,’ ‘56’ (c. @26 m 700: ethanol); A,,, 285 m/c; loge, 3.78; i.,,, 2.93 (OH), 

6.21 !L (f otmd: C. 5X.72; H. 7 00; N. 4.72. C,,~1,.0,S~I~CI I:?H,O rcqulrcs: c’, 58.72; H. 6.89; 

N, 457”,). 

Arwmpis w isolate the free phenolic base from the hydrochloride of X fallcd, since it could not 

bc cxtractcd from iIs aqueous solunon by a varicry of solvents. The picratc W;LS prcparcd in dilulc 

cthanolic solution and crystallired from cthanot a.5 yellow plarcs. m.p. 201 202”. (Found: C. 49.Y5; 

f{. 4.79: N. IIGO. C’,,f~,,O,N~C’,H,O,~,~f~~(~ rcquircs: C. 49.61; fi. 4.76; h’. ll.OZ?;). 

Me/h vlenerfio,vy riq-openiqp oJ z-anh~~froJlh~~frocnroninr Y irh ethanolic porassium hydroxide. 
2-Anhydrodihydrocaraninc (VII; 300 mg) was trcalcd with KOfj (375 mg) in 95“: ethanol (I2 ml) as 

for zdihydrocaraninc. z-Anhydrodihydrcxaraninc (136 mg). m p. and mtxcd m.p. 83- 85’. was 

rrfokcrcd unchanged. The phcnolic fraction was chromalographcd on alumina (5 g). Etulion 

with chloroform- bcnzcnc (I : I ,2:t.3:1,4:1.5:1ar~d6:l)gavcacolourl~~soil(110mg)~hichwaJ 

hydrolyscd with tICI to give after conccmralion rhc hydrtwhlorldc of XI (80 mg) as nccullcs, m.p. 

257 261‘ (drromp). Idcnilcal with rhc phcnolic by-product obtained by lrcalmcm of zdlhydro- 

caranmc with potassium hydroxide as dc?icr&cd above. 

.Merlt~./arioR oJc/~*merh~/ene-z-Jih~~frocaronine (X) w irh diazomerhane. To a solution of the hydro- 

chloride of X (200 mg) tn methanol (25 ml) was added crhcrcal dlazomcthanc (150 ml) prcparcd from 

niIrosomcthylurca (IO g). The mixrurc was kept at room tcmp for 4 days. F.xcrss of the diazomcthanc 

was dc%omposcd with dil HCI. the mixlurc conccnrratcd and Ihe resulting oil dissolved in dil lic’l. 

fihcrcd and basificd Hi01 10”. NaOf 1. Extraction with bcnlcnc and cvaporalion aficr washing with 

to”, %a()}{ and drying gave a brown OII (70 mg), which was chromarographcd in hcnrcnc on alumina 

(5 g). f’lurion with bcnrcnc-crhyl acetate (5: I and 4: I) gave z-dlhydropluviinc (XII. 20 mg). The 

analytical sample. m.p. 135-137 , rrqscallizcd from acelone. [I]: - 83.4” (c, 0.31 in ethanol); 

1. ‘ID,x 232.282 rnp; log F; 3.7Y. 3.62. was idcmical by mixed m.p. and infra-red spcclrum with an 

authentic spccimcn. (f,ound: C. 70.30; II, 8.12; N. 4.58. Calc. for C,Jf,,O,h’: C. 70.56; H, 8.01; 

N. 4-84 ““). 

Reac/ion oJ z-dihwirocaranine (VI) h irh c,vanoqen bromide. A solution of cyanogcn bromide 

(250 me) in dry bcnrcnc (8 ml) was added dropwisc 10 a solution of xdihydrocaranmc (VI, 500 mg) 

in dry bcnlcnc (42 ml) and the mixture rcfluxcd for 3 hr. The reaction mixture was washed with waler. 

5 PO fICt and again with water. and conccnlratcd 10 l/3 of ilr volume with separation of XV as nccdlcs 

(138 mg). The analytical sample m.p. 183 ,185’ rccrys’allizrul from ethanol, [z]: - 173.4” (c. 0.51 in 

chloroform); i.,,, 237. 291 m/r; log c, 368. 3.70; A,,, 2.91 (OH), 4.49 /A (N-CN). (Found: C. 

5405; 11. 5.07; N. 7.22; Hr. 20.86. C,,H,,O,N,Br rcquira: C, 53.83; H, 5.05; N. 7.3Y; Br, 

2l.OX”d). 

The mother liquors from Ihe above crystab wcrc cvaporalcd and the resulting brown oil dissolved 

in benzene and chromalographcd on alumina (I5 g). Elution with bcru.cnc afforded XVIII (125 mg) 
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which rccrystallizcd from ethanol as colourlcss prisms, m.p. 187-188”; [z]; -- 1359” (c, 0.38 in 
chloroform); i.,,, 236,290 rnp; log E, 364.3.65; R,,, 4.54 p (N-CN). (Found: C, 68.30; H, 630; 
N, 9QS. C,,Hi,O,N, requires: C. 68.44; i1, 6.08; N. 9.39:/.). Further clution with bcnzcnc ethyl 
acetate (3: I) gave additional XV (73 mg) as colourlcss needles, m.p. 183-185”. 

Reaction of z~ce~yld~y~ocur~ine (XVII) t&h cyaaqen bromide. A solution of cyanogen 
bromide (250 mg) in dry benzene (4 ml) was added dropwise to a solution of zdihydroa~tyl~aranine 
(XVII, 250 mg) m dry benzene (6 ml) and rcfluxcd for 1 hr. The product (XVI, 230 mg) recrystallized 
from ethanol as colurlcss needles, m.p. I 583; [r)? - 127.4” (c. 0 58 in chloroform); 1,.x 237,291 rnp; 
log r. 368. 3.71; i.,,, 4.53 (N-CS), 5.79 P (-OCOCH,). Wound: C. 53.72; H. 5.22; N, 6.56; 
Br, 18.75. C,,H,,O,K*Br rquirrs: C. 54.15; ii. 5.02; 9, 665; Br, 18,980/,). 

Accrylurion o/XV. A solution of XV (I SO mg) in dry pyridinc (0.5 ml) and acetic anhydridc (I ml) 
was allowed to stand at room temp for 24 hr. The reaction mixture was poured into icecold water. 
b&tied with 10% aqueous sodium carbonate and extracted with benzene. Concentration of the 
dried extract gave the acetate (XVI. 100 mg) which after crystallization from ethanol, gave colourlcss 
needles, m.p. and mixed m.p. 158”. The infra-red spectrum in Nujol was also identical with that of 
XVI. 

Reduction o/ XVII I with lithium altuninium hydride. A solution of XVIII (97 mg) in dry ether 
(70 ml) was rtfluxed with lithium aluminium hydride (200 mg) for 3 hr. After addition of water. the 
prccipitatc was liltercd off and the filtrate and washings combined, dried and evaporated IO give 
colourltss nccdlcs (86 mg). Recrystallization from ethanol gave XIX (76 mg), m.p. 139-140‘; [a]:: 
-6.5’ (c, 0.42 in ethanol); A,,, 292 m/d; log E, 366; A,,, 3tS@/r (S-II). (Found: C, 70.02; H, 
7.11; N. 4.97. C,,H,,O,N rcquircs: C. 70.31; Ii, 7.01; N, 5.13:/,). 

7% Eschweifer-Clarke reucrion of XIX. A mixture of XIX (95 mg), 85:: formic acid (0.2 ml) 
and 37 % forrnalin (0.05 ml) was refluxcd for 6 hr. The mixture was then evaporated to dryness under 
reduced pressure, taken up in 5% IiCI. filtcrcd. basifitd with IO:/, aqueous sodium carbonate and 
extracted with bcnzcnc. Concentration of the dried extracts gave an oil (99 mg). which was taken up 
in light pctrolcum and chromatographcd on alumina (5 g). Elution with hght pctrolcum gave a 
crystalline product, which on recrystallization from light pctrolcum gave colourlrw prisms (XX, 
79 mg) m.p. 82-84”; [z]: -i 2” (c, I.01 in ethanol); i.,,, 292 rnp: log P, 367. (Found: C, 71.08; 
Cl, 7.08; N, 4.80. C&l&N requires: C, 71,05; H, 7.37; N, 4.87%). 

,Uerhy~e~dioxy riyopening of XX with erhanolic porussitmt hydroxide. A solution of XX 
(I54 mg) and KOH (I87 mg) in 95:: ethanol (4 ml) was heated under nitrogen in a scaled tube at ISO- 
190” for I.5 hr. The mixture was concentrated to dryness under rcductd prtJsure and the residue in 
water cxtractcd with light petroleum Concentration of the dried extract rccovercd unchanged starting 
material (30 mg). The aqueous layer was saturated with ammonium chloride and extracted with 
chloroform and dried. The rcsiduc was chromatograph-ed m bcnzcnc on alumina (10 g). I.lution 
with bcnzcnc afiordcd a crystalline product (120 mg) which was recrystallized from ether as cdour- 
less needles (XXI, 90 mg) m.p. 9698’; lx];’ i 30.7” (c. 0.55 in ethanol); R,,, 285 mtc; log e, 3.40; 
i *1D.* 2,78 in (OH), 6.25 ~6. (Found: C, 68.64; H, 8.36; N. 3.96. C,,H,,O,N requires: C, 6844; 
H, 816; N, 4.20%). 

Action of hydrochloric acid on XXI. A solution of XXI (5Omg) in dil HCI was heated at 
loo-’ for a few min. The mixture was filtered, evaporated to dryness, and the r&due crystallized 
from water to give the hydrochloride of XXII as colourlas scales. m.p. 235 240 tdceomp); I$’ 37” 
(c, @81 in 70% ethanol); R,,, 288 rnp; log c. 3.57. (Found: C. 61.42; H. 7.20; N. 4.41. 
C,,HI,O,N.HCl requires: C, 61.60; ii. 7.1 I; N. 4.490,:). 

Merhyktfion o/XXII with diazomrthanc. After tcfluxing XXI (140 mg) in 5:; HCI (3 ml) for a 
few min. the mixture was basificd with aqueous ammonia and extracted with ether. Concentration 
of the dried extract gave an oil (XXII, 100 mg) which in ether (IO ml) was treated with ethereal 
diazomcthanc (80 ml) prepared from nitro~mcthylur~ (5 g). After being kept at room temp for 
4 days, the mixture was concentrated to dryness, the residue in ether, filtered and treated again with 
cxass diazomcthanc for further 4 days. The e~o*is diazomethane was destroyed by dropwisc addition 
of 5% HCI, the cthcr evaporated, and the residue in dil HCI. filtcrcd and basificd with 10% aqueous 
sodium carbonate. Extraction with benzene and removal of the solvent afforded a rcsiduc (98 mg) 
which was chromatographcd in benzene-light petroleum (I : I) on alumina (5 g). The bcnrsnc -light 
petroleum (I : I) cluate gave a crystalline product (XXIII. 30 mg) m.p. 118-120’. Three rccrjstalliza- 
tions from methanol gave colourlcss needles, m.p. 123-124”; It&’ 18.7” (c, 0.39 in ethanol); It,,, 
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285 rnp; log c, 3.70. (Found: C, 71.05; H, 809; N. 464. Calc. for C,,H,O,N: C, 71.25; H, 
8.31. N. 4.62”‘) 

Iks was idkkal in m.p., mixed m.p.. optical rotation and infrared spectrum with authentic 
x-deoxydihydrolycorcninc furnished by Prof. Uyco. Further elution with chloroform and chloro- 
form-methanol (IO: I) gave a phcnolic oil (40 mg) which was further mcthylated with diazomcthane 
to zdcoxydihydrolycorcninc (I4 mg). 
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