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In previous publications, we have reported 
the isolation from the bark of Daphniphyllum macro- 
podum Miquel (Euphorbiaceae) of eight new alka- 
loids, vizl., daphnimacropine, la macrodaphnidine (yu- 
zurimine),lbv2 daphniphyllamine (daphniphylline), lbr2  

daphmacrine, lb f d  3 macrodaphniphyllidine, lb macro- 
daphnine, lb ,* macrodaphniphyllamine, lb and daphma- 
cropodine,lb and have elucidated the structures of all 
of them, except for daphmacropodine. These alka- 
loids possess unusual structures and apparently belong 
to  a new group of alkaloids. 
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The present paper describes the structure of the 
remaining alkaloid, daphmacropodine,4 from this same 
plant, and its chemical interrelation with daphma- 
crine (la).lb8d88 
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Daphmacropodine (lb), C32H5104N, crystallized from 
acetone to  show mp 214", [ a ] ~  4-4.9" ( c  1.11, CHCL), 
hydrobromide mp 215-218" (from acetone). It showed 
an ester carbonyl band at  1740 ch- l  in the infrared 
spectrum. The mass spectrum gave peaks a t  m/e 
513 (XI+), 498 (M+ - CH3), 470 [M+ - (CH&CH], 

300, 286, 272, and 230. The fragment peaks at m/e 
286, 272, and 230 are typical of daphniphyllamine 
and related alkaloids.lb The nmr spectrum (CDCI,, 
100 Hz) displayed signals at 7 9.10 (3 H) and 8.99 (3 
H) (doublets, J = 6.5 Hz, one isopropyl), 9.02 (3 
H), 8.96 (3 H), and 8.68 (3 H) (singlets, three quater- 
nary methyls), 7.92 (3 H, singlet, one acetoxyl), 
and 5.26 (1 H, triplet, JAx+Bx = 8 Hz) equatorial 
proton adjacent to  the acetoxyl group). A one- 
proton singlet a t  r 5.22 suggested the presence of a 
hemiacetal grouping [HO (H) C (OC) R ]  .5  

Mild alkaline hydrolysis of daphmacropodine (lb) 
and subsequent chromatography afforded a deacetyl 
derivative (2) , C30H4903N. The hemiacetal structure 
shown in l b  was confirmed by oxidation of this de- 
rivative with Jones reagent6 at  0". The crude prod- 
uct obtained was converted into the hydrochloride 
and chromatography furnished a pure keto lactone (3) 
as the hydrochloride, ir (KBr) 1766 (y-lactone) and 
1716 cm-l (six-membered ketone). Reduction of 
daphmacropodine (lb) with lithium aluminum hydride 
in ether-dioxane yielded a triol (4)) C30Ha103N, mp 
238.5-239" (from ethanol-acetone). Chromatography 
of the mother liquors of this triol7 yielded a second 
alcohol ( 5 ) ,  C3oH4903N, mp 204-205' (from acetone). 
The infrared spectrum of this alcohol proved to be 
different from that of the deacetyl derivative 2 ob- 
tained by alkaline hydrolysis of daphmacropodine 
(Ib), and it is assumed that they are momers which 
cliff er in the configuration at  the asterisked carbon.8 
On reduction with lithium aluminum hydride, daph- 
macropodine (lb) yielded the same two alcohols, 4 
and 5 .  

The above experimental results revealed the hemi- 
acetal nature and also the close relation of daphmacro- 
podine (lb) t o  daphmacrine (la), whose lactonic 
structure and absolutr configuration have been estab- 
lished by X-ray crystallographic a n a l y ~ i s . ' ~ , ~  

The crude product from Jones oxidationG of daph- 
macropodine (lb) was converted into a lactone hydro- 
bromide, mp >300" (ca. 315") (from acetone-ether), 
which was identical with daphmacrine (la) hydro- 
bromide. 

453 (]I+ - CHsCOOH), 430, 412, 407, 392, 364, 

Experimental Section 

PvIelting points were taken on a Kofler hot-stage apparatus and 
Ir  spectra were recorded with a Perkin-Elmer are uncorrected. 
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337 spectrometer for potassium bromide disks. Rotations were 
measured at  26" with a Kreis polarimeter 0.01 for solutions in 
chloroform. Nmr spectra were obtained for solutions in deuterio- 
chloroform with a Varian HA-100 spectrometer, with tetra- 
methylsilane as internal standard. Mass spectra were recorded 
on a Hitachi Perkin-Elmer RMU 6E at 70 eV using a direct inlet 
system. Thin layer chromatogram were prepared on silica gel 
G and developed with chloroform-ethylamine (usually 100: 2-5, 
v/v); the spots were observed either by spraying with Dragen- 
dorff's reagent or by exposure to iodine vapor. All extracts were 
dried over anhydrous sodium sulfate or magnesium sulfate before 
evaporation, Microanalyses were carried out by A. Bernhardt, 
Microanalytical Laboratory, 5251 Elbach uber Engelskirchen, 
West Germany. 

Alkaline Hydrolysis of Daphmacropodine ( lb )  .-The alkaloid 
(100 mg) was heated under reflux with 1 N methanolic sodium 
hydroxide (10 ml) for 1.5 hr. After addition of water, the prod- 
uct was extracted with chloroform and the chloroform extract 
was washed with water, dried, and evaporated. The crude prod- 
uct (92 mg) thus obtained was chromatographed over Merck 
standardized alumina (activity 11-111). Elution with 2-5% 
methanol in chloroform yielded the deacetyl derivative 2 (35 mg). 
After recrystallization from acetone, it showed mp 130-135'. 

Anal. Calcd for C ~ O H ~ W O ~ N :  C, 76.38; H, 10.47; N, 2.97. 
Found: C,76.15; H, 10.26; N,3.10.  

Oxidation of the Deacetyl Derivative 2 with Jones Reagenk6-- 
The deacetyl derivative 2 (50 mg) in acetone (3 ml) was oxidized 
with stirring a t  0" with Jones reagent (0.08 ml). After 10 min, 
methanol was added to destroy the excess reagent. The solution 
was diluted with water and basified with aqueous ammonia, and 
the product was extracted with chloroform. Washing of the 
chloroform extract with water, drying, and evaporation yielded a 
crude product (49 mg). This was converted into the hydro- 
chloride and purified by chromatography over Mallinckrodt silicic 
acid (3 g). Elution with 10% methanol in chloroform yielded a 
keto lactone (3) (25 mg) as the hydrochloride, mp 179-180" (from 
acetone-ether), mass spectrum m/e 467 (M+ - HCl), 452, 424, 
369,302,290,286,272, and 230. 

Anal. Calcd for C~oHrbOsN.HC1: C, 71.40; H, 9.19; N,  
2.77. Found: C,71.25; H ,  8.89; N,  2.51. 

Reduction of Daphmacropodine ( lb )  with Lithium Aluminum 
Hydride.-A solution of the alkaloid (300 mg) in anhydrous 
dioxane (6 ml) was added dropwise a t  room temperature to a 
stirred suspension of lithium aluminum hydride (150 mg) in 
anhydrous ether (80 ml). After 4 hr, a mixture of ethyl acetate 
( 5  ml) and chloroform (15 ml) was added and the solution was 
stirred for 40 min. Then ethyl acetate (5 ml) saturated with 
water (1 ml) was added and stirring was continued for a further 20 
min. The solution was filtered and the filtrate was concentrated 
in vacuo and extracted with chloroform. The chloroform extract 
was washed with water, dried, and evaporated to yield crystals 
(290 mg) which gave two spots on tlc. Purification by recrystal- 
lization from ethanol-acetone yielded a triol (4) (139 mg), mp 
238-239', mass spectrum m/e 473 (M+), 465 (M+ - HzO), 440 

[HzO + (CHa)&H] 1, 372, 300, 286, 272, and 230. 
Anal. Calcd for C3oHslO3N: C, 76.06; H, 10.85; N, 2.96. 

Found: C,75.89; H, 10.66; N ,2 .79 .  
The mother liquor of the above triol was chromatographed on 

neutralized Mallinckrodt silicic acid' (10 g). Elution with 1-274 
ethanol in chloroform yielded a second alcohol (70 mg) ( 5 ) ,  mp 
204-205" (from acetone), mass spectrum m/e 471 (&I+), 456 

[M+ - (CHa)zCH], 412, 388, 306, 300, 294, 286, 272, and 230. 
Anal. Calcd for Cs~HawOsN: C, 76.38; H, 10.47; N, 2.97. 

Found: C, 76.27; H, 10.28; N ,  2.69. 
The ir spectrum of this alcohol was found to be different from 

that of the deacetyl derivative 2.  
Reduction of Daphmacrine ( la )  with Lithium Aluminum Hy- 

dride.-To a stirred suspension of lithium aluminum hydride (100 
mg) in anhydrous ether (10 ml) was added dropwise at room 
temperature a solution of the alkaloid (98 mg) in anhydrous ether 
(10 ml). After 1 hr, anhydrous ether (30 ml) was added and the 
mixture was stirred at  room temperature overnight. The excess 
reagent was decomposed by addition of a saturated aqueous solu- 
tion of sodium sulfate. After basification with aqueous am- 
monia, the product was extracted with chloroform. The chloro- 
form extract was washed with water, dried, and evaporated to 
yield a crude product (95 mg) which gave two spots on tlc. After 
recrystallization from acetone, a triol (4) (44 mg), mp 238-239", 

[M' - (Hz0 + CHs)], 424 [M+ - (HzO + CHzOH)] ,412 { Mf - 

(M+ - CHI), 453 (Mf - HzO), 438 [AI' - (H20 + CHs)], 428 

was separated. The mother liquor of this triol was chromato- 
graphed on neutralized silicic acid7 and elution with 1% methanol 
in chloroform afforded a second alcohol (5) (12 mg), mp 202-203" 
(from acetone). These two alcohols were also obtained by the 
lithium aluminum hydride reduction of daphmacropodine (lb) 
(see above). 

Oxidation of Daphmacropodine ( lb )  with Jones Reagent.6- 
The alkaloid (80 mg) in acetone (8 ml) was treated with Jones 
reagent (0.2 ml) a t  0" for 10 min. Methanol was added to de- 
compose the excess reagent. The solution was then basified with 
aqueous ammonia and the product (80 mg) was isolated in the 
usual way. The product was converted into the hydrobromide 
and purified by chromatography on Mallinckrodt silicic acid (1 .O 
g). Elution with 1% methanol in chloroform furnished a lactone 
(la) as the hydrobromide (50 mg), mp >300°. 

Anal. Calcd for C32H4904N.HBr: C, 64.84; 13, 8.50; N, 
2.36. Found: C,64.56; H,8.32; N,2.17.  

Its ir spectrum was identical with that of daphmacrine hydro- 
bromide. 

Registry No. -la, 19775-48-5; l a  HBr, 39729-20-9; 
lb,  39729-21-0; lb  HBr, 39729-22-1; 2, 39729-23-2; 3 
HC1,39729-24-3; 4,39729-25-4; 5,39729-26-5; lithium 
aluminum hydride, 16853-85-3. 
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Of the variety of synthetic routes used to prepare 
aminoethanethiols, one of the most direct involves the 
addition of amines to episulfides or episulfide precur- 
s0rs.l Although this reaction is general, applying to  
both aromatic and aliphatic amines, it suffers from the 
fact that it often requires elevated temperatures in 
sealed tubes and that the yields are dependent on sol- 
vent polarity.1,2",d A further disadvantage of this re- 
action is that the product aminoethanethiols are further 
mercaptoethylated on sulfur or nitrogen to give bis- 
mercaptoethylated products or polymers resulting from 
polymercaptoethylation.2 The addition of excess 
amine has been successfully used to obviate these side 
reactions,1-2& but has also necessitated separating the 
excess amine from the product). 

We have found that the mercaptoethylation of pri- 
mary aliphatic amines can be carried out near room 
temperature with equimolar amounts of episulfide and 
amine in aqueous media containing amine-silver ion 
complex. Although only little effort has been spent 

RNHz + qR1 + Ag' 

Rz 
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