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AWract-Deoxy-N-cyanodihydronorhippeastrine (IX), obtained by the von Braun reaction of dihydroly- 
corinc (VII), has been converted into deoxydihydrohippeastrine (XIV). Degradation of diacetyilycorine 
(XVIIIb) with cyanogen bromide and subsequent treatment of the degradation products with 5% ethanolic 
potassium hydroxide afford a neutral (XIXa) and two basic products (XX and XXI), of which, XIXa and 
XX may be transformed via a secondary amine XXIIa into hippeastrine (XVII). The structure determination 
of XXI was based on the structure elucidation of its two hydrogenation products, XXIVa and XXVa. 
The stereochemical relationships between dihydrolycorine and dihydrohippeastrine (XVI), and also 
between lycorine {XVIIIa) and hippeastrine (XVII) have been accomplished. Thus the absolute configura- 
tions of dihydrohippeastrine and hippeastrine are unequivocally established. 

MIZUKAMI’ reported previously that acetyl-o-bromo-N-cyano-cl-dihydrosecocara- 
nine (Ha) formed in the treatment of a-dihydrocaranine acetate (Ia) with cyanogen 
bromide results from the cleavage of the D-ring whereas, when a-dihydrocaranine 
(lb) is subjected to the van Braun degradation reaction, ring cleavage, not only in 
the D-ring but atso in the B-ring, rest&s in two products, IIb and III in the ratio of 
2 : 1. The transformation of III to deoxy adihydrolycorenine (IV) established the 
stereochemical relation between caranine and lycorenine type alkaloids. 
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This work prompted the conversion of dihydrolycorine (Vii) into deoxydihydro- . 
hippeastrine (XIV) and then the direct transformation of lycorine (XVIIIa) into 
hippeastrine (XVII) which is of chemical as well as biogenetic interest.2 The results 
obtained are the subject of this paper. 

Previously Kondo and Katsura,3 and later Uyeo et al’ carried out the von Braun 
reaction of diacetyldihydrolycorine (V) giving an almost quantitative yield of di- 
acetyl w-bromo-N-cyanodihydrosecolycorine (VI). Reexamination of their works 
proved that there is no degradation product due to the cleavage of the B-ring. 
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In order to obtain degradation products of the B-ring necessaq for the p&sent 
purpose, we undertook the von Braun degradation of dihydrolycorine (VII), which 
appeared diffcult because of a low solubility of VII in the usual organic,solvents, 
but heating under reflux in a large excess of chloroform gave two ‘products, 
CL9Hz405NZ, m.p. 144’, [ax4 +362” and C1,HlsObN2, m.p. 222”, [alA + 10@6”. 
Other products resulting from D-ring cleavage may also be present, but-were not 
examined. The first product VIII is different from the known substance VIII” in 
chemical properties, analytical values, and IR and NMR spectra and it was assumed 
that it is produced by the reaction of the intermediate VIII” with ethanol which was 
present as antioxidant in the commercial chloroform. The second product has no 
bromine and exhibits IR absorptions at 2198 cm-’ and 3460 cm-‘, characteristic 
of a CN and an OH group, respectively, and was expected to have the structure IX. 
Oxidation of IX with chromic acid-pyridine complex afforded two products, X 
and XI, in a ratio of 1: 8, the structures of which were based on the IR and W spectral 
data. Formation of X with a lactone moiety suggested that the expected structure 
of IX is correct and this was confirmed by the following experiments. The conversion 
of a N-CN group to a secondary amine may be achieved with mineral acids or by 
a LAH reduction4. s Gentle refluxing of IX with 30% sulfuric acid or 10% hydro- 
chloric acid afforded no secondary amine XIII and resulted in the formation of 
undetectable water-soluble substances but when IX was heated at 50&Y with 3% 
hydrochloric acid, a urea derivative XII, m.p. 240-241” (dec) was formed instead of 
the expected amine XIII. The conversion of XII into XIII in an alkaline or acid 
medium was unsuccessful and the LAH reduction of IX to XIII also failed in refl uxing 
TIE or ether, but when IX was carefully reduced by gentle r&fluxing in ether-THF 
(5 : 1 v/v) for 10 hr under a nitrogen atmosphere, the secondary amine XIII, m.p. 
155-l 56’=, [a],, -23*1*, was obtained although the yield was not good (about 32 %), 

Chart 3 
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probably on account of the m&ability of XIII. Methyla$ion of XIII with f’de- 
hyde aud formic acid afforded an N-Me derivative XIV, q.p. lU9-1 10°, [a$, +62*6”, 
characterized as the hy~o~~o~de, mp. 285--286” (de@, [a& +8*?“. ti hydro- 
chloride was identical with that of deoxydihydrohippeastrine, derived from dihydro- 
hip#eastrine (XVQ6 Y&Z trio1 XV by a LAH reduction followed bysa.+rizg closure with 
3% hydrochloric acid.? As expected, dihydroly~~e (VII) could be converted into 
deoxydihydrohippeastrine (XIV), derived from the hydrogenation product ofhippea- 
strine (XVII). Thus the chemical relation between dihydrolycorine and dihydro- 
hippeastrine has been established. 

The von Braun degradation of lycorine resulted in the complete recovery of the 
starting material, because of insolubility in the usual organic solvents, but treatment 
of diacetyllycorine (XVIIIb) with cyanogen bromide in rcfluxing benzene afforded 
the products, A and B, detectable in equal intensity as poorly isolable spots on a 
thin layer plate. * As separation of the products seemed difiicuh, the mixture was 
treated with 5% etfianolic potassium hydroxide at room temperature, affording one 
neutral and two, basic products. Hydrogenation of an oily neutral product with 
platinum oxide in ethanol gave deoxy-N~yanodihydronor~~p~~t~n~ (IX} with the 
structure assigned as XIXa, the acetate XIXb of which was obtained in a crystalline 
state, m,p. l&5-197*, [Gifu +276+4”. Of the two basic products, an oily one was con- 
verted by refluxing in 5% hydrochloric acid to a secondary amine XX&t, m.p, 
239-240” (dec), [aID +87*30, which was also obtained from XIXa by heating in 
3 % hydr~hiori~ acid. Consequently, the structure of the oily basic product could 
be an iminoether derivative, XX, which was confirmed by analysis and IR spectrum. 
An iminoether XX could readily be formed by a further action of the alkaline reagent 
on XIXa. In this case, the easy hydrolys~ of XIXa and XX with mineral acid to a 
secondary amine XXIIa contrasts with the difftculty in the case of IX. N-Methylation 
of the secondary amine XXIIa gave deoxyhippeastrine (XXIIb), characterized as 
the hydr~hlo~d~ m.p. 270-271” {de@, [a$, + 331.5”. This hydro~~o~de was also 
obtained from hippeastrine (XVII) by LAH reduction followed by a ring closure 
with 3% hydrochloric acid, On acetylation, oxidation with chromic acid-pyridine 
complex and hydrolysis of the acetoxyl group, deoxyhippeastrine (XXIIb) was 
reversely converted into hippeastrine itself. Uyeo et ai.’ have reported the reverse 
conversion of hippeastrine into lycorine ff-methiodide,“l 

The remaining basic product, m.p. 205-206” (dec), [a& - 133.So, also appeared to 
be an iminoether derivative, XXI, from the IR spectrum and its structure was de- 
termined in the follow~g manner. XXI was treated with 10% ~t~siurn hydro~de~ 
giving the secondary amine XXIII, m.p. 234-236” (de@, (ah -53+4”, which on 
hydrogenation with platinum oxide in acetic acid afforded, after absorbing about 
2.4 molar equivs of hydrogen, two products, XXIVa, m.p. 21U0, [or& - 1700” and 
XXVa, m.p. 267-269” (dec), [a&, - 100+9”, These were found to be stereoisomers at 
CSa based on the results of the NMR spectra (IOU MC, CDCl,) of the diacetates of 

+ TLC of the product (SK&, CHCIS : MeOH 30: 1, cone H3S04) showed two spots, not perfectly sep- 
arately at about R,@6, oue of which culoured dark-grey and the other black. From our empirical knowledge 
regarding the relation between the structures and the cotours developed with concentrated sulfuric acid, 
we presumed the structures of the products as A and B, respectively. 

t Verj recently, the absolute configurations of diastereoisomeric mcthiodides in the lycoriue-type 
alkaloids have distinctly been determined. 
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XXIVb and XXVb. The C1 ,,-proton signal of XXIVb diacetate appears at 7.55 r 
(d-d, J = 11 and 4 c/s) and that of XXVb diacetate is at 7*18 z (d-d, J = 11 and 9 c/s). 
In both spectra the larger coupling constants (11 c/s} correspond to those between 
c 1 lc- and Clluprotons, showing a trans relation of the B/C-ring juncture. The 
smaller coupling constants (4 and 9 c/s) are attributable to those between Crr=- and 
&,-protons and show clearly that the relation between the C-N bond and the ethyl 
group is cis in the former and trans in the latter.* Furthermore, one of the reduction 
products, XXIVa, was chemically correlated with the known compound VI. Treat- 
ment of VI with zinc dust in ethanol gave the product XXVIa by a reductive elimina- 
tion of the bromine atom. The LAW reductions of XXVIa and XXVIb afforded a 
secondary amine, identical with XXI&. Accordingly, the cn-configuration of the 
C&hydrogen of XXIVa is confirmed. The other reduction product XXVa must have 
the ej-configuration at C&. Therefore, the iminoether XXI is formed by dehydro- 
bromination of the intermediate A with base and has a conjugated diene system, as 
shown in the formula. 

Very recently, our group studied the stereochemistry and absolute configurations 
of lycorine derivatives using NMR, CD and ORD spectroscopy’* lo and X-ray 
analysis of dihydrolycorine hydrobromide,’ ’ and showed that the pieviously pro- 
posed stereochemistry” and absolute configurationsi are correct. 

Thus the stereochemistry and absolute configurations of dihydrohippeastriae 
(XVI) and hippeastrine (XVII) have been determined and agree with Uyeo m aL7 

* The NMR study on the diacetates of the C,,-stereoisomers, XXIVb and XXVb. has been performed 
leading to the interesting results, which will be presented elsewhere! in details. 
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EXPERIMENTAL 

All m.ps dcterminaf in capillary tubes were uncorrected. Speciftc rotations were measured with Rudolf 
Photoelectric Polarimeter Model 200. NMR spectra were taken in CIX!ls sotn coutainmg TMS as an 
intemal standard using a Variarr A-60 spectrophotometer. UV spectra wete determined with a Hitachi 
EPS-2 recording spectrophotometer and IR spectra with a Nippon Bunko DWOIB spectrometer. Unless 
otherwise stated, solutions were dried over anhyd Na$O+ 

A suspension of dihydrolycorine (45 g) in Cbf(300 ml) was added dropwise to a sola of cyanogen bromide 
(45 g) in Chf (100 m!) w&b stirring at room temp. The mixtun was refluxed for 3 hr and after cooling 
filtered to remove a small amount of an amorphous substance produced during the reaction, The filtrate was 
washed thoroughly with H20, 5% HClaq and again with H,O, dried and evaporated in wove giving a 
brownish residue (2.76 g). which on ~~st~l~tioR from acetone alTorded IX (654 mg), as prisms m.p. 
220-222”. The mother liquor was evaporated under reduced press and the residue (146 & chromatographed 
on neutral Al,O, (activity grade III). The fractions eluted with bcnzeae-Chf (6:5) wctc combined and 
crystallixed from acetone to give an additional crop (357 mg) of IX, mp. 220-222”; total lull g. Further 
recrystallixation from acetone gave pure IX as white prisms, m.p. 2229 [a]F + 1006” (c, 07@7 EtOH), 
Shdd 3460 cm-* (OH), 2198 cm-’ (N-CN). A E 236.1 mp (e 4OW), 292 m+r (e 4530). (Found: C, 64.99; 
H, 5.89; N, 997, CI,H,,O,N requires: C, 64.95; H, 5.77; N, 891%.) The yellowish residue (859 mg) 
obtained from the mother liquor was ~chromatograph~ over neutral A&O, (86 III). Elution with 
benxene-chf (5 ~4) gave crystalline fractions, which on recrystallization from betuene_AcOEt alIorded 
colourless rods of VIII, (150 mg) m.p. 141-142”. Further recrystallization from benzene-AcOEt gave a 
pure samptc for analysis, m.p. 144-145”. [a];* ~36.2” (c, lGd6 Cbff. v&i& 3550 cm-i, 3350 cm-’ (OH), 
2213cm-’ (NAN). n=u 240 mu (e 5180). 287 mu (a 3730). NMR: 5.60 T (s, --C?H2--0---), 8.77 T (tt 
J = c/s, --O-CH,---$&). (Found: C, 63.41; I-I, 686; N, 7.87. Ci9H2,0,N, requires: C, 63.32; H, 
671; N, 7.77 %.) 

Oxidation of IX with C!rO,-pyridlne 
Compound IX (I@2 g) in pyridine (10 ml) was oxidized with the Sarett’s reagent prepared from 00, 

(O-8 g) and pyridine (8 ml) at room temp for 18 hr. The reaction mixture was diluted with Hz0 and txtracted 
with Chf. The extract was thoroughly washed with H,O, dried and evaporatal in wcuo to give an oily 
residue which was dissolved in Chf, and the soln washed with 5 % HCl aq and H,O, dried and evaporated 
to give a radish-brow oil (105 g). ~romatogra~y on 5 % H~O~onta~~ Al,O, (30 g) gave a crystalline 
product (334 mgJ eluted with benxene+Chf (7 : 1), which on recrystallization from Chf-MeOH gave XI 
(221 mg) as prisms, m.p. 231-233” (dec). Concentration of the mother liquor gave au additional crop of 
XI (31 mg). m.p. 230-233” (dec). For analysis, the lIrst crop was mcrystallixed from Chf-MeOH to give 
pure Xi, m.p. 231-233” (deck [a]if”” + 665” (c, 0986 Chfj. p:$” 2305 cm - r (N-CN), 1720 cm - 1 (cr=o). 
I=’ 236 mp (e 3840), 292 mp (s 4600). (Found : C, 65.58; H, 5.43; N, 8.77. C1,Hi60,,N1 requires: C, 6537; 
H, 5.16; N, 897%) Further elution with benxene-chf (7: 1) afforded crystalline fractions, which on 
crystallization from acetone gave prisms (208 mg), m.p, 219-2223 identical with the starting material by 
comparison of m.p., mixed m.p. and IR spectra. Further fractions eluted with benzene-Chf (1:2) were 
recrystallixed from MeOH giving colouriess needles (35 mg), ap. 219-220’. Recrystalliition from MeOH 
gave an analytical sample of X mp. 219-2203 [a];“” +W6” (c, 0.M Chf). pd’ 3399 cm- ’ (OH), 2212 
cm-’ (N-CN), 1703 cm-’ (&membered ring lactone). R E 309,s mu (s 5870), 270 mp (e 5170) (Found : 
C, 62.13; H, 5G1; N, 8.37. Cr7Hi605N2 requires: C, 62.19; H, 4.91; N, 8+53%.) 

Conversion of IX into urea dtiuative XII 
A suspension of IX (52 mg-) in 3% HClaq (2.5 ml) was heated at 50-60” for 1 hr. Evaporation followed 

by trituration with acetone yielded a crystalline solid which was recrystallized from acetone to give Xl1 
(38 mg) as colourIess prisms. An analytical sample was obtainal after two recrystallizatious from acetone, 
m.p. 240-241” (dec), [a]$@ -7.2” (c 106 EtOH). +z’ 1605, 1654 cm-” (NCONHA. (Found: C, 61-48; 
H, 6.30; N, 851. C1,H2cOJN2 requires: C, 61.43; H, 647; N, 843%) 

Attempted hydrolyses of IX and XII to XIII with mineral acids or c(u(stic alkali 
(i) A suspension of IX (50 mg) in 30% H$O,aq (3 ml) was refluxed for 2 hr, The reaction mixtutc was 

diluted with H 1O and washed with C&f. The aqueous Iayer was llftered to remove an amorphous substar~c, 
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basifted with 5 % Na&O,aq and extracted with CM. The extract was washed with H,O and dried. Evapora- 
tion of the solvent gave no residual product. 

(ii) A suspension of XII (20 mg) in 20% ethanolic KOH was heated under reflux for 2 hr. After cooling, 
the crystals deposited (28 mg) were collected by filtrations and recrystallized from acetone to give prisms, 
m.p. 240-241” (dee). The IR spectrum was identical with that of the starting material. 

Reduction of IX with LAH 
A soln of IX (510 mg) in THF (27 ml) was added dropwise to a suspension of LAH (600 mg) in abs ether 

(100 ml) with stirring over a period of 20 min. After stirring for 10 hr at 40” under N,, a small amount of 
Hz0 to the reaction mixture was added to decompose excess LAH. The resulting ppt was liltemd off and 
the liltrate and the washings were combined, dried and evaporated to give an oily residue. The Chf soln 
of the residue was extracted with 3% HClaq, and the acidic layer made alkaline with 5% NaOHaq and 
extracted thoroughly with Chf. The extract was dried and evaporated to dryness in voctw at room temp. 
Trituration of the oily residue (323 mg) with acetone gave a crystalline product which was carefully re- 
crystallized from acetone in a following manner: the crystalline product was dissolved in acetone at 
rmrn temp, the soln concentrated at about 40” under N, and allowal to stand at room temp to yield 
XIII (146 mg) as colonrless needles, m.p. 155-156°, [a]i4 -23-l” (c, 0792 C&f). Y$& 3615 cm-’ (OH). 
JF 236 mp (~3740), 292 rnl~ (s 4600). (Found: C, 66.29; H, 6.75; N, 4.77. Ci6Hi904N requires: C 66.42; 
H, 6.62; N, 4.84 %.) 

The Eschweiler-Clarke reaction of XIII 
A mixture of XIII (91 mg), 85 % formic acid (@2 ml) and 37% formalin (005 ml) was refluxed for 6 hr. 

The mixture was evaporated to dryness under reduced press, taken up in 5% HClaq, filtered, basified 
with 5% NaOHaq and extracted with benzene. Evaporation of the dried extracts gave a yellow oil (100 
mg), which on recrystallization from acetone-pet ether afforded XIV (51 mg) as colourless needles m.p. 
90-95”. A small portion was repeatedly recrystallized from the same solvent to give pure XIV for analysis 
m.p. 10%111’ [a]$“.” +65*6” (c, l-13 Chf) vz’ 3340 cm-’ (OH). (Found: C, 67.48; H, 7.36; N, 4.56. 
C,,Hs,O,N requires: C. 67.31; H, 6.98; N, 4.62%) The mother liquor was evaporated to dryness and 
the residue was dissolved in 5% HClaq, filtered and evaporated to dryness under reduced press. Recrystal- 
ltition from MeOH gave the hydrochloride of XIV as colourless prisms, m.p. 285-286” (dec) [a]F + 8.7’ 
(c, 104 MeOH). $$$‘I 3314 cm” (OH), (Found: C, 60.25; H, 6.70; N, 4.37. C1,H2i04N~HCl requires: 
C, 60.08; I-I, 653; N, 4.12%) 

Reduction of djhydro~ppe~f~~e (XVI) with LAH 
A soln of dihydrohippeastrine (85 mgl in THF (8 ml) was added dropwise to a suspension of LAH (114 mg) 
in THF (10 ml) with stirring at room temp. The mixture was refluxed with stirring for 5 hr and after cooling 
a small amount of Hz0 was added. The ppt was filtered off, and the filtrate and washings were combined, 
dried and evaporated to dryness The residue was dissolved in Chf and the soln was washed with H,O 
and dried. Evaporation gave a yellowish oil (54 mg). The aqueous soln was saturated with NaQ and ex- 
tracted with Chf. The Chf layer was dried and evaporated to leave an oily residue (19 mg). Trituration of 
the combined oily residue (73 mg) with acetone gave crude crystals which were recrystallized from acetone 
to yield XV (40 mg) as colourless prisms, m.p. 99-lOI’, [a]i4 -9-Q” (c, 0.876 Chf). $$$’ 3511 cm- i, 3286 
cm-’ (OH), 1700 cm-’ (C===O). d “sH 241 m)l (E 5160), 289 mp (G 4080) (Found: C, 6340; H, 7.82; N, 3.70. 
C, ,H,,O,N*MeCOMe requires: C, 63.30; H, 770; N, 3.69x.) 

I)eoxydihydrobippeastrine (XIV)--HCI from XV 
A suspension of XV (12 mgl in 5% HClaq was heated at 90-93” for 2 hr. After cooling, the mixture 

was fdtered, evaporated to dryness under reduced press and the residue was crystallized from acetone to 
give the hydrochloride of XIV as colourless prisms (8 mg), m.p. 285-287” (dec). The hydrochloride was 
identical with a sample of XIV HCl derived from dihydroiycorine in the m.p. mixed m.p, optical rotations 
and IR spectra. 

von Brnun reaction of diacetyllywrine (XVIIIb) 
A soln of cyanogen bromide (3.7 9) in dry benzene (70 ml) was added to a soln of XVIIIb (5.1 g) in dry 

benzene (250 ml) and the mixture refluxed for 3 hr. The reaction mixture was washed with H,O, 5% 
HClaq and again H,O, and dried Evaporation of the solvent gave an oil (6-f g), which showed two spots 
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(RI, around 0.6) by TLC on silica gel using the solvent system (Chf: MeOH ; 100: 3) with the spray reagent 
of cone H$O,. Attempts to separate two reaction products (A and B) by column- or preparative-TLC 
were unsuccarsful. 

Trearmens of the reaction mixture (A and B) with etlranolic potassium hydroxide 
A soln of the oily reaction mixture A and B (31) g) and KOH (78 g) in abs EtOH (130 ml) was allowed 

to stand at room temp for 3 hr. CO1 was introduced, the ppted K&O, was filtered off, and the combined 
filtrate and washings were evaporated to dryness under reduced press. The residue was dissolved in Chf 
and the soln was shaken with S% HClaq to separate neutral and basic fractions. 

(i) N eutralfractiun, The Chf sotn was washed with HxO. dried and evaporated to give a yellow oil (366 mg), 
which was chromatographed over 5% water-containing AllOs, Elution with benxene-Chf (7:3) gave an 
oily XIXa (256 mg), which showed one spot on TLC. Acetylation of XIXa (76 mg) with Ac,O and pyridine 
after allowing to stand at room temp overnight gave a brown oil (80 mg). Trituration with benzene gave the 
crystalline acetate, which was recrystallized twice from MeOH to give XIXb (68 mg), m.p. 196-197”. 
colourless needles, [a]:: ’ +2764” (c, 1.058 Chf). vzd 2202 cm-l (N-CN), 1730 cm- I (OAc). e” 
237 mp (e 3930), 292 mp (s 4460). (Found: C 6446; H, 5.29; N, 7.79. C19H,a0,N, requires: C, 6440; 
H, 5.12; N, 7.91%) 

(ii) Baricfiucdon. The preceding 5% HClaq extract was basified with 5% NaOH aq and extracted with 
Chf. The soln was washed with H,O and dried. Evaporation of the solvent gave an oily residue (I.67 g) 
which on trituration with acetone afforded XXI (650 mg) as colourless prisms, m.p. 203-205” (dec). A 
small portion of crude XXI on repeated recrystallization from acetone gave an analytical sample, m.p. 

205-206” (deck (a];” - 1335” (c, 1475 Chf). +z 3340 cm-’ (OH), 1613 cm-’ (-C\ /;; ). c 292 

mp (E SO20) (Found: C, 6390; H, 6.39; N, 797. Cr9HZ10sN2 requires: C, 63.67; H, 6.19; N, 7.82%) 
Tk combined mother liquors were adsorbed on column of A1205 (act III). Fractions eluted with 

benxenechf (1: I) gave an oily XX (85 mg) which showed the IR band at 1610 cm-t, characteristic of an 
iminoether group and showed one spot on TLC. Further crops of XXI (60 mg), m.p. 203-205” (dec) were 
obtained by elution with Chf-MeOH (400: I) followed by recrystallization from acetone. 

Catalytic hydrogenation oJXIXa ouer PtO, 
Compound XIXa (105 mg) was dissolved in EtOH (5 ml) and hydrogenated with Adams’ catalyst 

(65 mg) for 25 hr. Working up yielded an oily residue, which was crystallized from acetone to give m-p. 
220-2223 as colourless prisms (60 mg), identical with IX in m.p., mixed m.p. and IR spectrum. 

Acid treutnmt of XIXa 
A mixture of XIXa (504 mg) and 3% HClaq (15 ml) was heated under reflux for 1 hr, then diluted with 

H,O and washed with Chf. The aqueous som was made alkaline with 10% NaOHaq and extracted with 
Chf. The extract was washed with Hz0 and dried. Evaporation of the solvent gave a solid which was 
crystallized from EtOH to give XXIIa (167 mg)as colourless needles, m.p. 237-239” (dec). Further recrystal- 
lization gave an analytical sample, m.p. 239-240” (de@, [a-$*” +873” (c, @6S4 Chf). The JR spectrum 
showed no N-CN absorption. I1’z 235 mp (s 3860). 292 mp (e 4740). (Found: C, 6699; H, 615; N, 4.71. 
Ct6H,,0iN requires: C, 66.88; H, 5.96; N, 4.88x.) 

The Eschweiler-XXwke reaction of XXIIa 
A mixture of XXIIa (157 rngh 85% formic acid (OS ml) and 37% formalin (0.1 ml) was refluxed for 6 

hr. The mixture was evaporated to dryness under reduced press, taken up in S % HClaq, filtered, basified 
with 10 % NaOHaq and extracted with benzene. Evaporation of dried extract gave an oily residue (143 mg). 
The residue (84 mg) was dissolved in S % HCl aq and evaporated to dryness under reduced press Trituration 
with MeOH gave a solid which was crystallized from MeOH to yield the hydrochloride of XXIIb as 
colourless prisms, m.p. 270-271” (deck [a&, +131S” (c, l-115 H,O-EtOH), eAd 3282 cm-’ (OH), 
;CF 293 rn(l (E 4810) (Found: C 60.63; H, 6GJ; N, 440. C,,H,,O,N-HCl requires: C 6044; 5.97; 
N, 4.15%.) 

Prepamtion uf deoxyhippeastrine (XXIIb)fiom hippeastrine (XVII) 
To a suspension of LAH (36 mg) in abs THF (3 ml) XVII (107 mg) was added. After refluxing for 5 hr, a 

small amount of H,O was added to decompose the complex. The resulting ppt was Ntered off, the filtrate 
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and the washhgr combined were dried and evaporated to give an oily residue. The residue was dissolved 
in CM, dried and evaporated to leave an oily product (86 mg), which was again dissolved in 5% HClaq 
(5 ml). The HCl soln was warmed at 90-95” for 2 hr and then evaporated in uacuo below 40”. The residual 
solid was crystallized from MeOH to giw the hydrochloride of XXIIb (44 mg) as colourless prisms, m.p. 
269-270” (deck [x]F + 130.6“ (c, l-144, H,O-EtOH) which was identical with XXI&-HCl obtained 
above. 

Conoersbn @XX into XXIIa 
A soln of XX (59 mg) in 3% HClaq (1.8 ml) was refluxed for 5 hr. After cooling, the soln was diluted 

with Hz0 and washed with Cbf. The aqueous layer was basified with 5 % Na&O,, aq and extracted with 
Chf. The extract was washed with 5 % Na,CO, aq and H,O, dried and evaporated to give XXHa which 
was crystallized from acetone as needles m.p. 237-239” (deck The IR spectrum was identical with that of 
XXIIa obtained by treatment of XIXa with 5% HClaq. 

Conversion of deoxyhippeastrine (XXIIb) into hippeastrine (XVII) 
Acetylatioo of deoxyhippeastrine (410 mg) with Ac,O and pyridine gave the crude acetate (446 mg) 

as an oil. This acetate (310 mg) and CrOa (302 mg) in dry pyridine (3 ml) was allowed to stand for 24 hr 
at room temp and the mixture poured into ice-water (100 ml) and extracted with ether. The ethereal 
extract was washed with Hz0 and dried. Removal ofether gave an oily residue (265 mg) which was chromato- 
graphed over neutral Also,. Elution with benzene: pet ether (3: 1) alforded an oily substance which was 
identical with the starting aatate by comparison of the IR spectra Further elution with benzene and 
benzene: AcOEt (100: 1) gave hippeastrine acetate (60 mg) as an oil. The oily acetate (35 mg) was heated 
with 5% KHCOs in MeOH (3 ml) under reflux for 45 min. After removal of MeOH, the residue was 
diluted with Hz0 and extracted with Chf. The extract was washed with H,O and dried Evaporation of 
the solvent and recrystallization of the residue (28 mg) from acetone gave prisms, m.p. 213-2144 which 
was identical with an authentic sample of hippeastrinc in the m.p., mixed m.p., and the UV and IR spectra 

Treatment of iminuetlrer XXI with 10 % KOH oq 
A suspension of XXI (645 mg) in 10% KOHaq (40 ml) gradually changed to a clear soln while refluxing 

for 1.5 hr. After cooling, the ppt formed was collected by filtration, washed with Hz0 and EtOH. Re- 
crystallization from MeOH gave XXIII (260 mg) as prisms, m.p. 234-236” (deck [a]:” -53.4” (c, 0245 
MeOH) vN”z 3335 cm-’ (OH), c 293 rnp (e 5550). (Found: C, 6733; H, 609; N, 5.19. C,6HL,01N 
requires: C, 66.88; H, 5.96; N, 4.88 %.) 

Hydrogen&on ofXXII1 ouer PtO, 
A soln of XXIII (102 mg) in AeOH (2 ml) was shaken in the presence of Adams’ catalyst (X, mg) in 

an atom of H,. After the absorption of Hz (19.5 ml at 23”), the catalyst was removed by filtration and the 
filtrate evaporated. The residue was dissolved in Hz0 (10 ml) and basified with Na&Os at about pH 80 
to give a solid (66 mg), which on crystallization from MeOH gave XXVa as colourleas needles, m.p. 
268-270” (deck [x]is - 1009 (c 0.226 MeOH). PdDt 32% cm-* (OH). e 293 mg (E 4440X 234 mp 
(E 3450). (Found: C, 65.73; H, 7.27; N,4-83. C,,Hs,O,N requires: C, 65.95; H, 723; N.4.81 %.)Tbe filtrate 
and the washings were combined. made more alkaline and then extracted with Chf. The extract was 
dried and con.centrated to dryness in oacuo. Trituration of the oily residue (37 mg) with MeOH and rc+ 
crystallization from the same solvent gave XXIVa (32 m) as prisms, ap. 2104 [a]g6” - 17W (c, 6484 
MeOH). e 3250 cm - ’ (OH). AZ 292 q (a 475Ok 234 mf~ ( e 3760). (Found : C 63.11; H, 7.89; N, 449. 
C1gHILOIN*CH30H requires: C, 63.14; H, 779; N, 433%) 

Reaction ofV1 with 2% in EtOH 
A mixture of VI (1.29 g). Zn-powder (12 g) and EtOH (120 ml) was refluxal under stirring for 5 hr. After 

cooling the mixture was filtered and the Zn washed with EtOH. The filtrate combined with the washings 
was evaporated to dryness in vacua. The residue was dissolved in Chf, and the soln washed with 5% HCl aq 
and then H20. The solvent was removed under reduced press and the resulting crystalline substance 
(IO g) was recrystallized from MeOH to give XXVIa as colourless prisms, mp. 205-207“. Evaporation of 
the mother liquors and crystallization of the residue from MeOH gave an additional crop of XXVIa 
(180 mg) as prisms. m.p. 204-206”. A pure sample for analysis was obtained by further recrystallization 
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from McOH as needles, m.p. 208-2094 [ali -902” (c, 1051 Chl). fl> 1760, 1742 cm-i (OAc), 2209 
cm-’ (N-CN). (Found: C 62.86; H, 616; N, 736. Cl,Hs40sN requires: c; 6299; H, 604; N, 7m%.) 

Saponifcarion ofXXVIa with 1% EtOH-KOH 
A soln of XXVIa (240 mg) in I % ethanolic KOH was allowed to stand at room rcmp for 2 hr. The soln 

was evaporated in uoaw, diluted with HsO and extracted with Cht Tk extract was dried and evaporated. 
The residue (197 mg) was crystalked from AcOEt to yield XXVIb (144 mg) as prisms, m.p. 195-196”. 
Rccrystallixation from tk same solvent gave an analytical sample of XXVIb, m.p. 195-196”, [ag”’ 
-179.8” (c, 1024 Chf) pd’ 2208 cm-’ (N-CN). (Found: C, 6464; H, 647; N, 8.97, C,,H,,O,N, 
requires : C, 6454 ; H, 637; N, 8.86%) 

LAH reduction ojXXVIb 
A soln of XXVIb (92 mg) in dried THF (6 ml) was added dropwise with stirring to a suspension of LAH 

(96 mg) in dried THF (15 ml). After refluxing for 3 hr, a small amount of Hz0 was added to the reaction 
mixture. The resutting ppt was filtered 04 and tk filtrate and the washings combined were dried and 
evaporated to give an oily residue (90 mg). T&ration with McOH gave XXIVa as colourlcss prisms, 
m.p. 210”. 

LAH reduction ofXXVIa 
A sotn of XXVIa (414 mg) in dried THF (2t.l ml) was added dropwin: with stirring to a suspension of 

LAH (500 mg) in THF (30 ml). After stirring for 3 hr under reflux, a small amount of Hz0 was added to 
tk mixture to decompose tk complex. The ppt was filtered off, and tk liftrate combined with washings 
concentrated to dryness in oacuo. Tk residue was dissolved in Chf, washed with Hz0 and dried. After 
removal of tk solvent under reduced press at 4@‘, the residue (269 mg) was crystalked from McOH 
to give XXV&r as prisms, m.p. 209-210”. This product was identical in all respects with XXIVa obtained 
by tk hydrogenation of XXIII and also by the LAH reduction of XXVIb. 

The Esc~weifer-4Zark.e reaction oJXXIVa 
A soln of XXIVa (628 mg), 85% formic acid (1.6 ml) and formalin (04 ml) was nfluxcd for 5 hr. The 

solvent was evaporated in aacuo, and tk residue was dissolved in 5 % HCI aq and filtered The aqueous layer 
was basified with 5 % NaOHaq, extracted with Chf, dried and evaporated to give XXIVb as an oil, which 
afforded tk picrate as needles, mp. 215’ (from AcOEt-EtOH), [a]F’s - 1039” (c 0976 ChI). (Found: 
C, 50.68; I-I, 5.31; N, 10.52 C,,H,,OiiN,*+H,O requires: C, 5068; H, 501; N, 10*31%.) 

Acetylation #XXIVb 
A soln of the oily XXIVb (520 mg), AcsO (7 mI) and pyridine (15 ml) was kept overnight at room temp. 

After concentration d the reaction mixture in uocuo at 40”, 5 % Na&O,aq was added and the mixture was 
extracted with Cht The extract was washed with HsO and dried. Evaporation d the soivent gave a crystal- 
line product (573 ms) which on crystallization from McOH afforded coloudcss prisms (480 mg), rap. 
215-217”. Further recrystallization gave an analytical sample of XXIVb diaatatc, m.p. 220-2219 [a]:‘” 
-97.2” (c, 1.162 Chf). v$$’ 1747 cm-’ (OAc). 1, Edm 2925 tnti (8 4810), NMR: 755 t (III, d-d, 11.0,4-O c/s, 
Hi,,) (Found: C, 64.61; H, 7.20; N, 3.83. CsiHs,O,N requires: C, 64.76; H, 699; N, 3+60x.) 

Preparation of XXVb diacetute 
A mixture of XXVa (144 mg), 85 % formic acid (04 ml) and 37% formalin (009 ml) was rcfluxcd for 

55 hr. The mixture was evaporated to dryness in IMCUO, and 5% Na,CO,aq added to tk residue, which 
was extracted with Chf and tk solo successively waskd with 5% Na&Osaq and HsO. Tk dried Chf 
soln was evaporated to give an oily product (152 mg), which was subjected to the next reaction without 
further purification. Tk crude oily XXVb was acetylatcd with Ac,O and pyridinc. Working up and 
rccrystalliz.ation from acetone gave xxyb diacctatc as prism m.p. 2OO-201”, [alif’ -7.9” (c, 0480 Chf), 
shl”’ 1750 cm - ’ (OAc). II,, BLOH293~(e4930).NMR:7.18r(lH,d-d, llQ,9Gc/s,H,,J.(Found:C,6490; 
H, 6-88; N, 3.49. C, ,Hs106N requires: C 64.76; H, 699; N, 360%.) 

Achowledpment-Tbc authors are indebted to Dr. K. Takcda, director of this laboratory, for his keen 
interest. 

ZB 
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