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From degradative evidence and partial syntheses, crinamidine and flexinine have been assigned structures Va and Va 
(no O c a ) ,  respectively. A key intermediate (XVIa) in the proof of these structures has been identified aa the naturally 
occurring alkaloid nerbowdine. 

Crinamidine, a relatively rare alkaloid of the 
Amaryllidaceae, occuw in small amounts in Crinum 
moorei Hook. f . ,2 ,a  Nerine b d e n i i  W. Wat8.,214 
N .  corusca Herb.s and N .  jlermosa Herb.s It was 
characterized by the German workers as a tertiary 
base, C17HloNOs, which contains one methylene- 
dioxy and one methoxyl group but no N-methyl 
f u n c t i ~ n . ~ - ~  The two remaining oxygen atoms were 
considered to be present in hydroxyl groups be- 
cause crinamidine was reported to form both a 
mono- and a di-0-acetyl derivative. As the infra- 
red spectrum of crinamidine is nearly identical 
with that of powelline, these authors proposed 
that the alkaloid was a hydroxypowelline. Based 
on the structure of powelline considered most 
likely at  that time,6 crinamidine was formulated 
as I.6 With the determination of the correct struc- 
ture of powelline (XIV),7p8 Boit and Dopke9 
amended the structure of crinamidine to IIa. 
Additional support for this structure was claimed 
in the observation that crinamidine gave a positive 
test for vicinal glycol with periodic acid.g 

In previous papers of this series the structure of 
undulatine has been elucidated to the complete 
stereostructure Vb.8~10 Conformational assignments 
cited for the substituents of ring C of Vb are valid 
when this ring is in the half-chair form. As 0- 
methylation of crinamidine afforded undulatine,s 
and it has been demonstrated that this methyla- 
tion takes place with retention of configuration at 
Cs, we consider Va the only tenable structure for 

(1) Previous paper, Y. Inubushi, H. M. Fales, E. W. 
Warnhoff, and W. C .  Wildman, J. Org. Chem., 25, 2153 
(1960). 

(2) R. E. Lyle, E. A. Kielar, J. R. Gowder, and W. C. 
Wildman, J .  Am. Chem. SOC., 82, 2620 (1960). 
(3) H.-G. Boit, Chem. Ber., 87, 1704 (1954). 
(4) H.-G. Boit and H. Ehmke, Chem. Ber., 89, 2093 

(5) H.-G. Boit and H. Ehmke, Chem. Ber., 90, 369 

(6) W. C. Wildman, Chem. &Id., 1090 (1956). 
(7) W. C. Wildman, J .  Am. Chem. Soc., 80,2567 (1958). 
(8) H. M. Fales and W. C. Wildman, J. Am. C h a .  Soc., 

(9) H.-G. Boit and H. DBpke, Chem. Ber., 92, 2582 

(10) E. W. WarnhoiT and W. C. Wildman, Chem. &Id., 

(1956). 

(1957). 

82, 3368 (1960). 

(1959). 

1293 (1958); J .  Am. Chem. SOC., 82, 1472 (1960). 
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b. R OCHI 
c. R = 2-tetrahydropyranyloxy 

crinamidine. The additional degradations described 
below provide complete substantiation for this 
structure. 

In agreement with structure Val crinamidine 
was found to contain only one active hydrogen 
and was not reduced by catalytic methods in neu- 
tral solution. It gave no test for a 1,2glycol with 
periodic acid" in the cold but gave a positive test 
when the crinamidine, periodic acid, and dilute 
nitric acid solution were warmed briefly. This be- 
havior is consistent with a hydrolytic cleavage of the 
epoxide group in the warm, acidic reaction mixture. 
Acetylation of crinamidine in the presence of acetic 
anhydride and pyridine at room temperature gave, 
in our hands, a single, crystalline mono-0-acetyl 
derivative in good yield. The infrared spectrum of 
the product, either in chloroform solution or as a 
Nujol mull, showed no hydroxyl absorption from 
5000-3000 cm.-l It could be converted to  an 0- 
acetylcrinamidine hydroperchlorate which proved 
to be dimorphic. The two melting points of this 
salt, 157-160" and 200-206", agree well with those 
reported by Boit and Ehmke6 for "diacetylcrin- 
amidine perchlorate'' (m.p. 160-161") and "mono- 
acetylcrinamidine perchlorate" (m.p. 205206" 
dec.), respectively. We were not able to obtain any 

(11) R. L. Shrmer and R. C. Fuson, S&9muticZ&ntifica- 
lion of Organic Compounds, p. 115, John Wiley and Sons, 
Inc., New York (1948). 
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evidence that crinamidine formed an 0,O-diacetyl 
derivative under these acetylating conditions, and 
the nature of the 0,Odiacetate reported by Boit 
and Ehmke6 remains uncertain. 

A second degradative sequence supporting struc- 
ture Va for crinamidine was found in the oxidation 
of crinamidine with manganese dioxide. It has 
been our experience that usually one gram of acti- 
vated manganese dioxide will oxidize completely 
one mamole of an alkaloid containing the allylic 
alcohol group * within three hours. In contrast, 
saturated alcohols, e.g., a-dihydroundulatine'O and 
nerbowdine,2 require several days for even partial 
oxidation. With crinamidine, oxidation was found 
to proceed as rapidly as it had for powelline. While 
this observation might be considered to support 
the Boit and Ehmke structure (IIa), the spectral 
and analytical data derived from the oxidation 
product were consistent with structure IX, rather 
than I1 (R = 0) which would result from the oxida- 
tion of IIa. The oxidation product, oxocrinamidine 
(IX), showed carbonyl absorption at 1724 cm.-' 
The a,@-unsaturated ketone derived from the oxi- 
dation of IIa would be expected to absorb near 1681 
cm.-l, the frequency found earlier for X. No 
hydroxyl absorption was found in the 5000-3000 
cm.-* range. The ultraviolet absorption spectrum 
was nearly identical with that of the starting 
material. At 230 mp, where intense absorption due 
to an a,b-unsaturated ketone group would be ex- 
pected if IIa were the structure of crinamidine, 
oxocrinamidine, and crinamidine differed in e 
values by only 800.'2 These data are incompatible 
with formulation of oxocrinamidine as I1 (R = 0). 
Reduction of oxocrinamidine with sodium borohy- 

dride gave largely (85%) an epimeric alcohol 
(XIII), along with a trace of crinamidine. The 
epimeric nature of the Ca hydroxyl in XI11 was 
demonstrated by the facile reoxidation of XI11 to 
IX by manganese dioxide. Although the oxidation 
of cyclopropylcarbinols to ketones by manganese 
dioxide has been r e p ~ r t e d , ' ~ . ~ ~  the utility of this 
reagent in the oxidation of a,p-epoxyalcohols has 
not been appreciated. It would appear- that a 
combination of the steric strain due to the epoxide 
group and the electronegative nature of the hetero- 
cyclic oxygen atom provides activation comparable 
to that of a double bond. 

In the presence of zinc and acetic acid at room 
temperature, oxocrinamidine was converted to 
oxopowelline (X). When the reduction was carried 
out at reflux temperature, dihydrooxopowelline 
was the predominant product. Presumably reduc- 
tion occurs fist  a t  the C2-0 bond to forma p- 
hydroxy ketone which is dehydrated to X in the 
acidic reaction medium. Further reduction of X 
to dihydrooxopowelline at reflux temperature is 
feasible, as pure X afforded dihydrooxopowelline 
under these conditions.16 The isolation of X from 
this degradative sequence may be taken as an alter- 
nate proof for the (+)-powellane nucleus of the 
alkaloid and the Ca location of the hydroxyl group 
of crinamidine. 

(12) l-Acetoxy-Myconnone possesses a similar arrange- 
ment of functional groups to 11 (R = 0) and shows hZ,"t"" 
235 m p  (E 15,800) and 290 m p  (e 5000); the unsaturated 
carbonyl band is at 1675 cm.-'. Y. Nakagawa and S. Uyeo, 
J .  Chem. Soc., 3736 (1959). 
(13) R. M. Evap, Quart. Revs., 13, 61 (1959). 
(14) G. Ohloff, H. Farnow, W. Philip, and G. Schade, 

Ann., 625, 206 (19.59). 
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With oxocrinamidine established as IX, it seemed 
possible that some oxocrinamidine might be formed 
when oxopowelline (X) was treated with hydrogen 
peroxide and alkali. The reaction product proved 
to be a single, crystalline epoxide. Analytical data 
showed that one atom of oxygen had been intro- 
duced, and the infrared and ultraviolet spectra were 
in agreement with the change of an alp-unsaturated 
ketone to an a,p-epoxycyclohexanone. However, 
the product was not identical with oxocrinamidine 
as shown by differences in melting point, optical 
rotation, and infrared spectrum. Like oxocrinami- 
dine, this product was converted to oxopowelline 
with zinc and acetic acid. Because it can differ from 
oxocrinamidine only in the configuration of the 
epoxide group, this epoxy ketone is assigned struc- 
ture XI. The stereochemistry of the epoxy group of 
epoxyoxopowelline (XI) is in accord with an initial 
axial attack of HOO- at  C1 of X on that side of 
ring C which is unhindered by the 5,lOb-ethano 
bridge. 

It has been reported that lithium aluminum hy- 
dride reduces undulatine (Vb) to a mixture of IIIb 
and IVb.'O In a comparable manner, the free 
hydroxyl of cinamidine was protected by conver- 
sion to a mixture of diastereomeric 2-tetrahydropy- 
ranyl ethers (Vc) . Subsequent reduction of the mix- 
ture with lithium aluminum hydride afforded two 
alcohols (IIIc). These alcohols differed in the con- 
figuration at  Cz of the tetrahydropyranyl protecting 
group, as both isomers gave the same diol (IIIa) 
upon mild acid hydrolysis. The vicinal nature of 
the diol was apparent from the consumption of 
1.05 equivalents of periodic acid. The relative slow- 
ness of the reaction (tl,9 = 86 min.) may be indic- 
ative of the trans arrangement of the hydroxyl 
groups, but the failure to obtain a cis isomer from 
analogous reactions with either XI11 or XV for 
comparison makes any conclusion based on this 
observation of dubious value. It is unlikely that 
the configuration of the hydroxyl of crinamidine 
has been altered during the reaction sequence, and 
it is still cis to the phenyl and axial in IIIa and IIIc. 
The hydroxyl a t  Cz would be expected to retain the 
configuration (axial) present in the epoxide group 
before reduction. Proof that the hydroxyls at CI 
and CS are trans diaxial is obtained from the infra- 
red spectra of IIIa and IIIc, neither of mhich 
showed any evidence of intramolecular hydrogen 
bonding. 

Crinamidine, possessing an unprotected hydroxyl 
at  C3, behaved in a different manner when reduced 

(15) This reduction is in contrast to a recent report on 
the action of 5inc and acetic acid on several 4,&unsaturated 
%oxo steroids, where loss of the oxygen atom and double 
bond migration were observed. Cf. J. McKenna, J. K. 
Norymberski, and R. D. Stubbs, J .  Chem. Soc., 2502 
(1959). 

(16) A critical analysis of the 3650-3400 cm.-1 region 
of the infrared spectra for oxygenated derivatives of crinane 
and powellane will be reported in the near future. 

with lithium aluminum hydride. The product, 
dihydrocrinamidine (VI), was a nonvicinal diol 
as determined by periodate titration. It formed an 
amorphous 0,O'diacetyl derivative which was 
stable to distillation at 130" (1 p). The infrared spec- 
trum of VI in the 50W3000 cm.-I range showed 
only one stretching frequency at 3625 cm.-l, 
characteristic of an unbonded hydroxyl group. 
The positions and stereochemistry of the hydroxyl 
groups of VI are in accord with the supporting 
data cited above and are derived from the pre- 
cursor (Va) by attack of hydride ion at  Cz. Analo- 
gous reductions have been cited in the steroid 
series." No reduction occurred when either epicri- 
namidine (XIII), epicrinamidine perchlorate, or 
the 3-(2-tetrahydropyranyl) ether of epicrinami- 
dine was treated with lithium aluminum hydride 
under conditions comparable to those which were 
successful in the reduction of crinamidine. 

As might be expected, two diols were formed 
when XI was reduced with lithium aluminum 
hydride. Neither diol (VI11 or XVIa) was vicinal 
as shown by lack of oxidation by periodic acid. 
Prolonged stirring of a chloroform solution of 
XVIa with manganese dioxide resulted in a %yo 
yield of a hydroxy ketone (XII). The structure 
of XI1 was proved through a facile conversion of 
XI1 to X by aluminum t-butoxide in refluxing 
toluene. An attempt to prepare the 2,4dinitro- 
phenylhydrazone of XI1 resulted in the formation 
of the 2,4-dinitrophenylhydrazone of X. Barring 
an unlikely epimerization at  CI during the reduc- 
tion of XI, the configuration of the C1 hydroxyls of 
XVIa and VI11 would be cis to the phenyl. When 
XI1 was reduced with sodium borohydride, both 
XVIa and VI11 were produced. This conversion 
demonstrates that XVIa and VI11 have the same 
hydroxyl configuration at  CI and are epimeric at  
C3. Finally, XVIa was established 5ts the cis diol 
because it formed a monomeric 0,O'-carbonate. 
The infrared spectrum of the carbonate showed 
carbonyl absorption a t  1748 cm. -I, characteristic 
of the carbonate of a 1,3-glyc01.~* With regard to 
ring C, the hydroxyls of XVIa should be cis to the 
phenyl if the lithium aluminum hydride reduction 
of XI proceeds with no inversion of the C1 oxygen 
function. If ring C of XVIa is in the chair form, 
both hydroxyls are axial. 

Reduction of XI with the milder reagent sodium 
borohydride gave two epimeric epoxy alcohols, 
epoxypowelline (XVa) and epiepoxypowelline (VII). 
Both could be reoxidized by manganese dioxide 
to XI, indicating that the compounds were epi- 
meric at Ca. The hydroxyl configurations at cs 
of VI1 and XVa are assigned from the reduction of 
each with lithium aluminum hydride; epoxypowel- 

(17) P1. A. Plattner, H. Heuser, and A. B. Kulkarni, 
Helv. Chim. Acta, 31, 1885 (1948). 

(18) Carbonates of 1,2-glycols show carbonyl absorption 
near 1817 cm.-l; J. L. Holes, J. I. Jones, and W. Kynsston, 
J .  Chem. Soc., 618 (1957). 
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line (XVa) afforded a 65% yield of XVIa, while 
VI1 gave a 77% yield of VIII. 

Structure XVIa is significant in another respect. 
From the bulbs of Nerine bowdenii W. Wats. 
and one unidentified Brunm'gia species we have 
isolated an alkaloid, C1,HzlN06, which was named 
nerbowdine.2 From deductions provided by the 
analytical and spectral data, the alkaloid 
was tentatively considered to be a dihydroxypowel- 
lane. A comparison of XVIa prepared from oxo- 
powelline with nerbowdine isolated from N .  
bowdenii showed the two substances to be identi- 
cal. I9 

Studies on the structure of flexinine were limited 
in scope because of the scant supply of Nerine 
jZexuosa. This alkaloid, C1&t1,NO4, was isolated 
first from this source by Boit and Ehmke.s It was 
reported by them to contain one methylenedioxy 
and one hydroxyl group but no methoxyl. Acetyla- 
tion of flexinine afforded a monoacetylflexinine, 
the infrared spectrum of which showed no hydroxyl 
absorption. A solution of flexinine in dilute hydro- 
chloric acid absorbed no hydrogen in the presence 
of a platinum catalyst. We have confirmed these 
observations and found that flexinine was oxidiwd 
by manganese dioxide t p  a ketone, oxoflexinine, 
which, like oxocrinamidine, showed infrared car- 
bonyl absorption a t  1724 cm.-l and no band attrib- 
utable to a hydroxyl group. The ultraviolet spec- 
trum showed only the normal methylenedioxy- 
phenyl absorption which was present in the parent 
alkaloid. In the presence of zinc and acetic acid, 
oxoflexinine was converted to oxocrinine (X, no 
OCH3). This conversion establishes the basic ring 
system, (-)-crinane,* of flexinine and locates the 
hydroxyl group at  C1. To accommodate the mo- 

(19) In a recent paper [A. Goosen and F. L. Warren, 
J. Chem. Soc., 1097 (19GO)J an alkaloid "buphanitine," 
possessing the same melting point behavior, optical rotation, 
and empirical formula as nerbowdine, has been reported 
to be a 1,3-dihydroxy derivative of 5,lOkthanophe 
nanthridine in which the B:C ring fusion is cis rather than 
trans as in XVIa. ks nerbowdine can be synthesized from 
oxopowelline and degraded via XI1 to oxopowelline, it is 
impossible for XVIs to have a B:C ring fusion other than 
that of oxopowelline. Overwhelming evidence from our 
laboratory that oxopowelline (as well as powelline and cri- 
nine) has a B:C trans ring fusion has been cited in earlier 
pnper~.**'O~~-*' The same degradations, reasoning and con- 
clusions as those presented in these papers have been pub- 
liphed in recent articles by Warren and his 

(20) P. P. Highet and W. C. Wildman, J. Org. Chem., 25, 
287 (1960). 

(21) H. M. Falea and W. C. Wildman, J. A7n. Chem. 
Soc., 82,  197 (1960). 

(22) S. Uyeo, H. M. Fales, R. J. Highet, and W. C. 
Wildman, J. Am. Chem. Soc., 80, 2590 (1958). 

(23) H. M. Fales, D. H. S. Horn, and W. C. Wildman, 
Chem. & Ind., 1415 (1959). 

(24) W. C. Wildman and H. M. Fales, J. Am. Chem. SOC., 
80,6465 (1958). 

(25) J. Goosen, P. W. Jeffs, J. Graham, F. L. Warren, 
and W. G. Wright, J. Ch" Soc., 1088 (1960). 

(26) P. W. Jeffs, F. L. Warren, and W. G. Wright, J. 
,Chm. SOC., 1090 (1960). 

lecular formula CI6€L7NOa, flexinine must contain 
either a double bond or a sixth ring. As flexinine is 
stable to catalytic reduction and oxoflexinine is a 
saturated cyclohexanone containing no free hy- 
droxyl, a l,%epoxide is in accord with the experi- 
mental facts. Although these data do not provide 
complete proof of the stereochemistry of the 1,s 
epoxide of flexinine, the evidence that flexinine and 
crinamidine occur together in N .  Jlemsa, possess 
strikingly similar infrared spectra, and undergo 
identical reactions indicates a close relationship 
between them. Also, epoxyoxocrinine (XI, no 
OCH,) prepared by the alkaline epoxidation of 
oxocrinine is isomeric but not identical with oxo- 
flexinine, and the epimeric nature of the epoxide 
group in the two derivatives thereby is established. 
By analogy with this relationship in the powelline- 
crinamidine series, the epoxide group of flexinine 
is established as trans to the phenyl, and flexinine 
is ardemethoxycrinamidine (Va, no OCHs). 

 EXPERIMENTAL^ 
Isolation. Isolations of crinamidine from the seeds of 

Ci-inum moorei J. D. Hook. and the bulbs of Nerine bowdenii 
W. Wats. have been reported previously.*Flexinine, ambelline, 
crinamidine, lycorine, and undulatine were obtained from 
Nmne  $ m s a  Herb. The mme major alkaloids were 
reported from this source by Boit and Ehmke.6 

Flexinine (V, no OCQ). The alkaloid waa recrystallized 
twice from ethanol to give long prisms, m.p. 230-231 ", and 
finally sublimed in vacuum for analysis, m.p. 232-234", 
[a]::, -12.7", [a]::g -38.8" (c 0.82); reported? m.p. 221- 
222", [a]::, - 1 4 ° ( ~ 0 . 8 5 ) ; X , 2 3 8 ~ ( e 3 9 0 0 ) a n d 2 9 5 m ~  
(L 5550). 

Anal. Calcd. for ClsHt,NO,: C, 66.88; H, 5.96; N, 4.88; 
OCHs, 0.00. Found: C, 66.92; H, 5.93; N, 4.85; OCH, 0.00. 

Ci-imniidim (Va). The physical constants of crinamidine 
have been reported in an earlier paper.' In addition, 0.27% 
active hydrogen was found (calcd. for one hydroxyl, 0.32%). 

0-Acetylcrinamidine. A solution of 207 mg. of crinamidine 
in 5 ml. of anhydrous pyridine was treated with 1 ml. of 
acetic anhydride and allowed to stand 5 days at 0". The 
mixture was poured into water. Sodium bicarbonate was 
added and the mixture was extracted with chloroform. 
Evaporation of the chloroform left 255 mg. of oil which was 
chromatographed over ethyl acetatewashed alumina and 
eluted with 5% ethyl acetate in benzene. The O-acetyl- 
m'namidine was crystallized from ether-cyclohexane, 210 
mg. (89%), m.p. 133-136". One recrystallization from ether 
raised the m.p. to 137-139", I a J ~ ~ ,  +15", [a]::, $32" ( C  
1.0). The compound exhibited no absorption from 5000- 
3000 cm.-l but showed an @acetyl band a t  1733 cm.-1 
and Amax 287 mp (t 1600). 

Anal. Calcd. for CloHzlNOs: C, 63.50; H, 5.89; (1) 
OCOCH, 11.98. Found: C, 63.72; H, 6.06; OCOCHS, 
12.08. 

(27) All melting points were observed on a Kofler micro- 
scope hobstage and are corrected. The boiling points are 
uncorrected. Unless otherwise noted, rotations were meaa- 
ured in chloroform solution on a Rudolph photoelectric 
polarimeter, using a 2-dm. tube, and ultraviolet spectra 
were obtained in absolute ethanol solution on a Cary model 
11 MS recording spectrophotometer. Infrared spectra were 
recorded on a Perkin-Elmer model 21 double-beam spectro- 
photometer, in chloroform solution unless noted to the con- 
trary. Analyses were performed by Mr. J. F. Alicino, 
Metuchen, N. J. 
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A sample waa converted to the pcrdrlomtc with aqueous 
perchloric acid and r e c m e d  from water to form small 
prisms, m.p. 157-160'. Another sample, prepared in the 
same way, melted at 2o0-206". The two polymorphs ex- 
hibited identical infrared spectra in chloroform although 

ture of the two forma melted a t  200-208'. The compounds 
exhibited maxima a t  3508 an.-' (N+-H) and 1739 cm.-1 
(O-acetate) in chloroform. 

A d  Calcd. for C!I~H~NO~.HCIO~: C, 49.62; H, 4.82; (1) 
OCOCE, 9.36. Found, polymorph m.p. 157-160": 
C, 49.32; H, 4.99; OCOC&, 10.11. Found, polymorph m.p. 
200-206": C, 49.47; H, 5.00; OCOC&, 9.75. 

Om'namidine (E). A solution of 500 mg. of crinamidine 
in 50 ml. of chloroform waa combined with 3.0 g. of activated 
manganese dioxide and allowed to st i r  for 6 hr. The oxidant 
waa removed by filtration, and the solvents were evaporated, 
leaving 500 mg. of crude ketone which waa crystallized from 
ethyl acetate to yield 327 mg. (65%) of prism, m.p. 202- 
212'. An additional 85 mg., m.p. 190-195', waa obtained 
from the filtrates. A sample waa recry- from ethanol, 
m.p. 20&211', and sublimed a t  200' (0.1 mm.), m.p. 210- 
212', [a]::, -64.8', [a]::, -141' (e OS), A, 287 mp 
(e 1540). The compound lacked absorption from 5oo(r3000 
cm.-l (Nujol) but ahowed a strong band a t  1724 cm.-' 

Anal. Calcd. for GrH17NOs: C, 64.75; H, 5.43; N, 4.44. 
Found: C, 64.86; H, 5.29; N, 4.53. 

Sodium borohydride redudion of ozoerinumidine. An ice 
cold solution of 252 mg. of oxocrinamidine and 500 mg. of 
boric acid in 25 ml. of methanol waa trebted with 500 mg. of 
sodium borohydride. The mixture was allowed to warm to 
room temperature, acidified with acetic acid, then made 
basic with sodium hydroxide and extracted with chloroforni. 
On evaporation, the extracts yielded 257 mg. which waa 
chromatographed over Florisil and eluted with l-lO% 
methanol in chloroform. Ehrly fractions consisted of a 1: 1 
mixture of crinamidine and epicrinamidine which was 
separated into ita components by preparative-scale paper 
chromatographyon WhatmanNo. 3 filter paperusingasolvent 
system consisting of n-amyl alcoho1:water:acetic acid 
(8:l:l). The section containing crinamidine (R, 0.51) was 
separated from that containing epicrinamidine (R, 0.39), 
and the crinamidine was eluted with ethanol. The solvent 
was evaporated; the residue was made basic with alkali and 
extracted with chloroform. Evaporation left crystals of 
minumidine which were recrystallized from ethyl acetate 
and found identical in infrared spectrum (potassium bro- 
mide), m.p. (236') and mixture m.p. with authentic mate- 
rial. 

Further elution of the original column provided 215 mg. 
(85%) of epzkrinumidine hydrate (XIII), m.p. 114-118', 
which was strenuously dried a t  100' (0.1 mm.) before 

(e 1488). 
A d .  Calcd. for Cl,HlpNO~: C, 64.34; H, 6.04; neut. 

equiv., 317. Found: C, 64.27; H, 6.01; neut. equiv., 316. 
Epicrinamidine did not sublime a t  140" (10 p). At higher 

temperatures, i t  formed an insoluble glsss. 
A solution of 68 mg. of epicrinamidine in 5 ml. of chloro- 

form waa oxidized with 500 mg. of activated manganese 
dioxide by the procedure described for the oxidation of 
crinamidine. Evaporation of the solvent gave amorphous 
ozocinamidine which waa crystallized from ethyl acetate, 
m.p. 2 0 8 - 2 1 1 O  alone or when mixed with authentic mate- 
rial. An infrared spectrum (potassium bromide) confirmed 
the identity of the product. 

0-3,6-Dinitrobew&pi&wmidine. The free baee (XIII) 
was mixed with an equal weight of 3,li-dinitrObenaoyl 
chloride in pyridine. The mixture was allowed to stand 
overnight at room temperature and then was poured into 
aqueous sodium bicarbonate and extracted with benzene. 
Recrystabtion from ethanol produced yellow prisma, m.p. 
246-249' dec. 

their spectra in potsssium bromide were dissimilar . A mix- 

analysis, [Q]::g -35") [Q]::, -86' (C 1.0), A- 287 mp 

A d .  Calcd. for C&uN,O,o: C, 56.36; H, 4.14. Found: 
C, 56.16; H, 4.10. 

Dihydrocrinumidine (VI). A solution of 247 mg. of 
crinamidine in tetrahydrofurso waa refluxed with an ex- 
of lithium aluminum hydride for 3 hr. After decomposition 
with ethyl acetate and water, the mixture waa extracted with 
chloroform and the chloroform waa evaporated. The residue 
WascryEUmd from ethanol fo yield 177 mg. (72%) of h e  
prkm,  m.p. 255-260", [a]::, +22.7', [a]:& +52.6' (C 
0.5, ethanol), A- 286 m , ~  ( e  1479). 

Anal. Calcd. for C17HllNOS: C, 63.93; H, 6.63; N, 4.39; 
Vic. glycol, 0.00. Found: C, 64.02; H, 6.62; N, 4.34; vie. 
glycol, 0.00. 

O,o'-Di~yldihydrocrinamidine. Preparation in the u d  
manner gave an oil which refused to crystallize. A sample 

Anal. Calcd. for C&HtSNO.r: C, 62.52; H, 6.25; OcOcHs, 

~ - T ~ r ~ y d r ~ ~ a n ~ ~ ~ ~ . w m i d i n e  (Vc). A solution of 
630 mg. of crinamidine in 6 d. of freshly dist&d dihydro- 
pyran and 5 ml. of chloroform w a ~  cooled to 5" and treated 
with sufscient hydrogen chloride to render the mixture dis- 
tinctly acid to congo red paper. The solution stood 4 hr. a t  
room temperature and was poured into dilute sodium 
hydroxide. The basic and neutral compounds were extracted 
with chloroform. The oil r e d g  after evaporation of sol- 
vents was chromatographed over alumina. Neutral com- 
pounds were removed with 5% ethyl acetate in benzene 
while 25% ethyl acetate in benzene eluted a basic, amor- 
phous solid which could not be induced to crystalhe. This 
oil possessed no absorption in the hydroxyl region from 3400- 
3800 cm.-l but exhibited a profusion of intense bands in the 
1030-1124 cm.-l region characteristic of cyclic ethers.% 

Anal. Calcd. for Ct2HnNOe: C, 65.82; H, 6.78. Found: 
C, 65.87; H, 6.82. 

Q- and ,9 - 2- T e t r a h ~ r o p l r a n y l o d i h y d r o c t i n a m i d i  
(IIIc). A solution of 850 mg. of Vc in 15 ml. of tetrahydro- 
furan wns refluxed overnight with 2.0 g. of lithium aluminum 
hydride. The mixture was decomposed with ethyl acetate 
and sodium hydroxide and extracted with chloroform. 
Evaporation of the extracts left 792 mg. of an oil which 
yielded 351 mg. of crystals on trituration in acetone, m.p. 
235-250'. Chromatography over alumina or Florisil did not 
change the melting point, but after many recrystallizations 
from ethanol and ethyl acetate, a pure eample of the a-isomer 

(e 0.62), eoE 287 mp (e 1790). The infrared spectrum 
(chloroform) of the pure material was nearly identical with 
that of the initial product, indicating that the initial product 
contained only traces of a persistent impurity. 

A d .  Calcd. for &HION06: C, 65.49; H, 7.25; neut. 
equiv., 403. Found: C, 65.49; H, 7.34; neut. equiv., 409. 

The &isomer was obtained from the filtrates of the Q- 

isomer by recrystallization from ethyl acetate and chro- 
matography over alumina. The yield waa 119 mg. (14%), 
m.p. 225-227", [a]:& -75.7', [a]::, -142' (c OB), 
287 mp (e 1820). The infrared spectra (potassium bromide) 
of the two isomers were different although in chloroform 
they were identical. The &compound depressed the melting 
point of the a-isomer. 

Zsodihydroctinamidine (IIIa). A solution of 20 mg. of 
either isomer of IIIc waa warmed briefly with 0.5 ml. of 4N 
hydrochloric acid. The mixture was made basic with sodium 
hydroxide and extracted with chloroform. The extracts were 
evaporated, and the residue waa crystallized from acetone 
aa fine needles, m.p. 245-247' after recrystallizing as short 
p h  a t  210°, [a]:& -25", [a]::, -46' (c0.58, CJ&OH), 
& T O H  287 mp (e 1690). In ex- 0.4% aqueous potassium 

waa distilled a t  130" (1 p)  for analysis, =OH 287 m cc 
(€ 1550). 

21.34. Found: C, 62.53; H, 6.39; OCOCHa, 21.09. 

W&8 obtained, m.p. 252-254', [a]::, +11", [a]::, +28' 

(28) L. J. Bellamy, The Infrared Spectra of C m p h  
Molecules, 2nd ed., John Wiley and Sons, Inc., New York 
(1958), p. 119. 
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periodate (pH 6.5) at 25", the diol exhibited a pseudo first- 
order rate constant of 1.34 X lo-' =.? 

A d .  Calcd. for GHtlNOr: C, 63.93; H, 6.63; neut. 
equiv., 319; glycol, 1.0 mole. Found: C, 63.75, 63.71; H, 
6.73, 6.67; neut. equiv., 316; glycol, 1.05 mole. 

Conoersion of Ozorrinomidim to ozopoloeUim (X). A stirred 
solution of 200 mg. of oxocrinamidine in 15 ml. of 50% 
acetic acid was treated with 3 g. of ainc dust in small por- 
tions over 30 min. a t  mom temperature; 3 ml. of ethanol 
was added and stirring continued for 10 min. The solution 
waa fdtered, made strongly basic with sodium hydroxide, 
and extracted with chloroform. Evaporation of the extract 
left 180 mg. of an oil which was dissolved in ethyl acetate 
and passed through a small column of alumina to produce 166 
mg. of crystalline O z q p d i m ,  m.p. 165-166". This proved 
to be a lower melting polymorph of oxopowelline since it 
recrystallized when seeded with authentic oxopowelline7 
(m.p. 179-180") and remelted a t  179-180". A mixture with 
authentic oxopowelline showed no depression of m.p., and 
the infrared Spectra (chloroform) of the two materials 
wereidentical, [a]::, -273", [Q]::, -727" (c0.5); reported7: 
[a]::, -258", [a]::, -697". 

A solution of 27 mg. of oxopowelline and 27 mg. of 54- 
dinitrophenylhydrazine wm refluxed in 4 ml. of ethanol with 
the addition of 3 drops of 12N hydrochloric acid. After 5 
min., water and ammonia were added; the orange precipitate 
was collected, washed with water, and dried. The ozqporoel- 
line 8,.+din&qhenylhyd"e was recrystdized from 
chloroform-ethanol to form bright red prisms, m.p. 246- 
247". 

Anal. Calcd. for c&f&~N&: C, 57.62; H, 4.42. Found: 
C, 57.32; H, 4.68. 

EpozyowpaDeUine (XI). A solution of 0.5 ml. of 30% 
hydrogen peroxide was added dropwise to a stirred solution 
of 510 mg. of oxopowelline and 400 mg. of potassium car- 
bonate in 50 ml. of SO% ethanol a t  0". After 15 &. a 
small amount of palladium-on-charcoal waa added to destroy 
excess hydrogen peroxide, and the mixture waa extracted 
with chloroform. Evaporation of the solvents left 515 mg. of 
residue which spontaneously crystallized, m.p. 190-200". 
One recrystallization from ethanol produced fine prisms, 
m.p. 199-200°, [a]::, -147", [a]::0 -382" (cO.4), X- 287 
mp ( B 1820). The infrared spectrum in chloroform differed 
from that of oxocrinamidine and showed absorption at  
1709 cm.-1 (pota;ssium bromide). 

A d .  Calcd. for Cl7Hl7NO6: C, 64.75; H, 5.43; neut. 
equiv., 315. Found: C, 64.77; H, 5.50; neut. equiv., 310. 

N e r W i m  (XVIa) and/or epimrbowdine (VIII). (a) From 
ozonerborodine (XII). A solution of 175 mg. of oxonerbowdine 
(XII) was treated with an equal weight of sodium bo- 
hydride in 10 d. of methanol at 0". After standing 10 min. 
a t  0" and 2 min. a t  reflux temperature, the mixture was 
acidified with acetic acid and subsequently made basic with 
ammonia. The solution was extracted with chloroform, and 
the extracts were evaporated to leave 167 mg. of an oil 
which was chromatographed on Florid. Elution with 2-5% 
methanol in chloroform produced 88 mg. (50%) of ner- 
W i n e  (XVIa), identified by infrared spectrum. M y ,  
10-20'% methanol in chloroform eluted 54 mg. (31%) of 
epinerbocodine (VIII). 

minerbowdine recrystalliied from wet benzene aa an ill- 
defined hydrate, m.p. 150-165", [a]'.:, -77", [Q.I:;, -166" 
(c 0.74), XzmE 287 m p  ( e  1210). The hygroscopic MtUre of 
the product prevented eatisfactory analytical results; how- 
ever, from one strenuously dried sample, a neut. equiv. Of 321 
(calcd. 319) was obtained. 

E&&~nodine picrate crystallized aa fine prisms from 
wa&, m.p. 162-169'. 

Anal. Calcd. for C,H&,Ol,: C, 50.36: H, 4.41. Found: ~. .. ~ 

C, 50.15; H, 4.49. 
-A sample of epincrbowdine, recovered from the picrate 

by pssage over IRri-400 resin in ethanol, showed properties 
identical with thom of recrystal.lized material. Epiner- 

bowdine (15 mg.) waa irreVerably admrbed from a &lox- 
form solution on #)o mg. of activated manganm & d e .  

(b) By redudion of cpazyompococ2liM (XI). A solution of 
208 mg. of epoxgoxopowelline in 10 mL of distilled tetra- 
hydrofuran was refluxed 4 hr. with a lsrge exces~ of lithium 
aluminum hydride. After decompoeition of e x c e ~ ~  hydride 
with ethyl acetate and water, the baaea were extrscted with 
chloroform and the extracts dried over aodium d a t e .  
Evaporation of the chloroform left a r e d u e  which was 
chromatographed on alumina with 0-5% ethanol in & l o w  
form. The first product eluted, 72 mg. (34%), proved to be 
identical in melting point, mixture melting point and infra- 
red spectrum (potaeaium bromide) with nerbcncdine (XVIa). 
Further elution gave 97 mg. (41%) of epinerbowdine (VIII). 
This was confirmed by the preparation of epinerMm 
picrate, m.p. 162-169" alone or on admixture with authentic 
material. Infnved spectra (potassium bromide) ale0 con- 
firmed the identity of these picrates. 

(c) From cine ( m a ) .  A solution of #1 mg. of 
epoxypowelline in 5 ml. of tetrahydrofuran was refluxed 
overnight with 200 mg. of lithium aluminum hydride. The 
hydride was decomposed with ethyl acetate, acidi6ed with 
dilute hydrochloric acid, and extrsded with benzene. The 
acidic layer was made basic with d u m  hydroxide, ex- 
tracted with chloroform, and the extracts dried with d u m  
sulfate. Evaporation of the solvent left 13 mg. of nerbowdine, 
m.p. 233-238" alone or on with an authentic 
sample. Infrared spectra (potassium bromide) confumed 
their identity. 

Under identical conditions, 100 mg. of epiepoxypowelline 
hydroperchlorate monohydrate waa recovered unchanged. 

(d) From epiepozarpaoeU ine (M). A solution of 48 mg. of 
VII was refluxed with exceas lithium aluminum hydride in 
tetrahydrofuran for 4 hr. and p d  as above to yield 37 
mg. (77%) of an oil poscPesrring an infrared spectrum identical 
with that of epiner-ne. A picrate prepared from the oil 
melted at  162-169" alone or on admixture with authentic 
epiwbmdim pimate. 

N e r M i n e  O,O'-caraonate. Nerbowdine (200 mg.) was 
dissolved in 5 ml. of pyridine and cooled to 0". A large aces8 
of phosgene in benzene was added to the pyridine solution 
which was allowed to stand overnight at 0". The mixture 
was then poured onto ice, neutralised with sodium bicar- 
bonate, and extracted with chloroform. The dried solutions 
were evaporated, leaving 210 mg. of a partially crystalline 
residue which was chromatographed over ethyl acetate- 
deactivated alumina. Elution with 15% ethyl acetate in 
benzene produced a cryetalline carbonata (82 mg., 38%) 
which was recrystallized from ethyl acetate as small tablets, 
m.p. %9-250", [Q]::, -I&", [a]::o -263" (C OM), X, 
287 xtu ( E  1510). A maximum was observed at 1748 cm.-' 
(chlorliforrm). . 

Anal. Calcd. for G&LNO': C. 62.60: H. 5.55: mol. wt.. 
345. Found: C, 62.75;Hi-5.46; mbl. wt. ?&st), 5 2 .  

Oumesbowdim (XII). A solution of 400 mg. of nabowdine 
in 20 ml. of chloroform was allowed to stir for 36 hr. with 
4.0 g. of activated manganese dioxide. On filtration and 
evaporation, 380 mg. of a glsss WBB obtained which ex- 
hibited only one band at 1720 cm." in the carbonyl region. 
This was chromatographed over activated, basic alumina 
with chloroform; 37 mg. of owpowdine, m.p. and mixture 
m.p. 176-178", waa obtained, presumably by Mlimination 
of the hydroxyl group during chromatography. Subsequent 
elution with 2 4 %  methanol in chloroform produced 199 
mg. (50%) of pure 0zon~fMine .  One recr.WaK%ation 
from ethyl acetate gave fine prisms, m.p. 20&212", [a]::, 
-104", [a]::, -226" (e 0.52), A,, 28'7 mr, (t 15%)). 

A d .  Cald.  for G,&S"Or: C, 64.34; H, 6.04; neut. @v., 
317. Found: C, 64.31; H, 6.29; neut. equiv., 316. 

An attempt to prepare the 2,44%tropheny&-ne of 
oxonabowdine in ethanolic hydrochloric acid gave the S,4- 
dinitmphenylhyhwm of owpoudine, m.p. 246247", 
presumably by acid-catalyzed &eli"tion of the hydroxyl 
group. The derivative was identical in melting point, mix- 
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ture melting point and infrared epectnun (potassium bm- 
mide) with an authentic sample. 

CoMersion of ownmlnnod<ne to ozqporwllitu. A eolution of 
80 mg. of oxonezbowdine and 80 mg. of aluminum &butoxide 
in 5 mL of toluene was refluxed 4 hr. The toluene layer was 
washed with water and evaporated, leaving 46 mg. of oil 
which was chromatographed over alumina. Elution with 
50% benzeneethyl acetate produced 20 mg. of crystals, 
m.p. 176-178" alone or on admixture with authentic 

Sodium borohydride redudia of epozyozopdine .  A 
solution of 670 mg. of epoxyoxopowelline (XI) in 30 ml. of 
methanol at 0" was reduced with 500 mg. of sodium bo- 
hydride in the usual w e r .  The oil was chromatographed 
twice over ethyl acetstRdesctiwted alumina. Elution with 
2% methanol in ethyl acetate furnished a total of 231 mg. 
(35%) of crude epoqpwdine ( m a )  which was crystal- 
lized from ethyl acetate to form bladed prisms, m.p. 195- 
195.5", -30.8", [a]::, -65.5" (C 0.36), A- 287 mp 
( 6  1620). 

A d .  Calcd. for GIHlcNO~: C, 64.34; H, 6.04. Found: 
C, 64.48; H, 6.17. 

Further elution with 243% methanol in ethyl acetate pro- 

Rechromatography of this material over Florisil and 
examination of the i&arid spectra (chloroform) of the 
varioua fractions suggested that the compound was pure, 
but it reakted cryatallisstion as did ita picrate, perchl~rate,'~ 
and 3,5dinitrObeneoate. It could not be distilled a t  170" 
(1 p )  and at higher temperaturea formed an insoluble glass. 
The infrared spectrum Wered in many wpecta from that 
of epoxypowelline, and there waa ample evidence for the 
absence of epoxypowelline in the product. A sample that 
had been subjected to 100" (1 p) for one day showed [a]::, 

When solut~ons of either epoxypowelline or epiepoxy- 
powelline were allowed to stir for 5 hr. with activated man- 
ganese dioxide in chloroform, epoxyoxopowelline was formed 
in yields of 67% and 76%, respectively. The product was 
identified by infrared spectrum (potassium bromide) and 
m.p. 198-199" alone or on admixture with authentic material. 
S?-Teimhf&manyZozyepazozz14#xcypococuine (Xvc). By the same 

method ueed in the preparation of Ztetrahydropmyloxy- 
crinamidine, 763 mg. of epoxypowelline ( m a )  was con- 
verted to ita 2-tetrahydmpmyl ether, an amorphous solid 
purified by chromatography on alumina and distilled at 160" 
(1 p )  for analysis. 

A d .  Calcd. for CrHnNOa: C, 65.82; H. 6.78. Found: 

owpowuine. 

duced a total of 220 mg. (33%) of epiepozyporoeU ine (VII). 

-32.5". [a]::? -64" ( C  0.6). 

.~ ~~ ~ 

C, 65.62; H, 6.88. 
s(9-Te.kahydrmanyloq)ndWmiim (XVIc). A solution 

of 981 mx. of XVc was allowed to reflux overnixht with 2.0 E. 
of lithium aluminum hydride in tetrahydro&. The &- 
ture was decomposed with d u m  hydroxide and extracted 
with chloroform. On evaporation, the midue was purified 
by cbrumatography over basic a l u "  with beme-e thy l  
acetate to yield 705 mg. (72%) of a product which could not 
be crystallieed. A sample was distilled a t  130" (<1 p )  for 
analyak. 

(29) A compound previody referred to as Gpiepozy 
polo~Uine hydmperchhate monoh- [W. C. Wddman 
in R. H. F. Manske, The Alkulds, VoL VI, p. 407, Aca- 
demic Press, New York (196O)J, m.p. 153-155", [a]::, -Bo, 
[a1 -69" (e 0.4, ethanol), has been found to be the hydm 
perchlorate of another substance. This material could be 
formed by allowing the methanol-borohydride reduction 
mixture to evaporate to dryneea on the steam bath before 
isolation of the baaic materials as described above. It 
neither was oxidized by " p n y e  dioxide to epoxyox+ 
powelline nor was affected by hthum aluminum hydride in 
tetrahydrofuran. It may be a dimeric dioxane caused by 
condensation of the epoxy alcohol functions. 

Anal. Calcd. for (C,,H1rNO'.HClO,.H*O).: C, 46.85; H, 
5.09. Found: C, 47.02; H, 5.18; vic. glycol, 0.0. 

And. Wed. for f&HaOa: C, 65.49; H, 7.25; neut. 
equiv., 403. Found: C, 65.38; H, 7.17; neut. equiv., 402. 

A sample of the ether was hydrolyzed in 2N hydrochloric 
acid to produce a high yield of nerbaodine as the only 

O%ojhinine (IX, no O m ) .  By the method deacribed for 
oxocrinamidine, 225 mg. of flexinhe was oxidized by 2.0 g. 
of activated manganese dioxide to give 220 mg. of oxo- 
flexinine which showed carbonyl absorption at 1724 an.-' 
and no absorption due to a hydroxyl group between 4ooo- 
3oOO cm.+ Because the product resisted crytddlizstion, it 
was converted to the hydroperchhaie monolrydrote and 
r e c m  from water to yield prisms which gradually 
decomposed from 200-260". 

Anal. Calcd. for ~J3&O4.HC104.H~0: C, 47.59; H, 4.49. 
Found: C, 47.83; H, 4.59. 

Another sample was dried at 137" (vac.) before ad*. 
A d .  Calcd. for G & N O 4 . H ~ 0 4 :  C, 49.81; H, 4.18. 

Found: C, 49.70; H, 4.30. 
The free base, rewvered from the hydroperchlorate, 

powwwi an infrared spectrum (Chloroform) identical with 
that of the crude oxidation product. 

Omminine (X, no O m ) .  A solution of 100 mg. of 
oxoflexjnine in 8 ml. of 50% acetic acid was treated with 1.5 
g. of zinc dust and worked up according to the procedure 
outlined for oxocrhmidine. A yield of 93 mg. of product 
showing an i n f d  spectrum (chloroform) identical with 
that of oxocrinine was obtained. Two recrystdizations 
from ether provided prisms, m.p. 186-187" alone or on ad- 
mixture with authentic oxocrinine, [a]::. -321", [a]::, 
-885" (e 1.3); reported? m.p. 184-186", [a]::, -'&No, 

Epozyozorrinine (XI, no OCG). By the method ueed in 
the conversion of oxopowelline to epoxyoxopowelline, 390 
mg. of oxocrinine was converted to 320 mg. of crude epoxy- 
oxocrinine. This was chromatographed over deactivated 
alumina to yield 210 mg. (51%) of epoxyoxocrinine which 
c e e d  from ethanol as a solvate, irregulsr prisms, m.p. 
62-75", [a]::g -156", [a]::, -402" (e ON), & 237 m/i 
(t 3590) and 294 mp (e 4920). The unsolwted base waa an 
oil exhibiting maxima due to the unconjugated carbonyl 
group at 1709 cm.-* (chloroform) and no absorption in the 
hydroxyl region. 

Anal. Calcd. for C~,&.NO,.CLHSOH: C, 65.24; H, 6.39; 
neut. equiv., 331. Found: C, 65.02; H, 6.33; neut. equiv., 
329. 

A sample was dried at 100" in vacuum, forming a &ES. 

product. 

[a]::, -848". 

A d .  Calcd. for c1&.&04: C, 67.36; H, 5.30. Found: 
C, 67.17; H, 5.37. 
cia-l,S-Dihydrozycrinune (XVIa, no O m 8 ) .  A solution of 

103 mg. of XI (no O c a )  in 10 ml. of tetrahydrofuran was 
refluxed overnight with 100 mg. of lithium aluminum hy- 
dride. After decompoation with d u m  hydroxide and 
extraction with chloroform, 89 mg. of semicrystalline prod- 
uct was obtained. Three recrystallizations from ethanol 
fumiahed bladed prisms which recrsgtsllized on the hot- 
stage at 250" and finally melted at266-%7", [a]::, -88", 
[a]::, -198' (c 0.67, ethanol), A,- 235 mp ( E  3460) and 
292 mp ( e  4820). 

A d .  Calcd. for G,H1,N04: C, 66.42; H, 6.62; neut. 
equiv., 289. Found: C, 66.57; H, 6.54; neut. equiv., 287. 

&-l,SLXhydroxycrimne O,O%rrrbon&. A solution of 7 
mg. of XVIa (no O m )  was treated with phosgene in ben- 
zene and pyridine under the conditions used in the forma- 
tion of nerbowdine O,O%srbonate. The product crystal- 
lieed on evaporation of the solvents, m.p. 252-256'. The 
total sample was sublimed at 160" (1 p), forming rectangular 
plates, m.p. 2 5 P 2 5 6 O .  A I1[18xi" was observed at 1748 
em.-' due to the cyclic carbonate. 

A d .  Calcd. for C17H,,NOs: C, 64.75; H, 5.37; mol. wt., 
315. Found: C, 64.85; H, 5.37; mol. wt. (Rast), 329. 

BETBEEDA 14, Mn. 


