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Thc~ major a1k:iloitl.: i n  Senecio tnikanioirles Otto arc sarracinc and its N-oxide. Snrr:winc is shown to t ie  plntynecin(J esieri- 
fiecl on tht. I-hydroxyn~ethyl group witli 2-hydroxynieth~l-Z-hit~rtioic acid, and on t h r  i-hydroxyl groiip w i t h  angcllic acid. 
Angelic acid amide was :dso isolntcd from the plant, but tdhis m : ~ y  1)c 3.11 artefact. 

htyntotouic ac’tii ity. 
-$dams mid Gianturco6 corrected the m o l e d a r  

formula of miknnccic acid to CloH1204, and, on the 
hasis of spcctral and hydrogcnation data proposed 
the structure 111. In a preliminary cwmmunic.ation7 
we ‘lave -shonn that mikanecicx acid is actually 1- 
vin~l-3-cyc~lohesc~nc-l,4-dimrl)oxylic acid (IFT). This 
acid is dc r i~wl  not 1)y dirwt hydrolysis of thc 

hypothetical “mikmoidiiieJ’ hut by condensation 
of two molecules of a C5 acid. 

An initial sample of A’. mikanioides had 1.17, 
total alkaloid, of which 90% was N-oxide. Paper 
chromatography indicated that there was only one 
.V-oxide, together with the cor1 espondiiig tertiary 
h q e .  The N-oxide crystallized readily from acetone, 
as a hydrate, ClBHiOGS2-IIoOJ m.p: 125-126’, 
which lost water only above 100’ and regained it 
on standing in air. Reduction of the N-oxide with 
ziiic dust-acid gave the tertiary base, CI8H7O5X, 
m.p. 45-4GoJ which was also isolated from the 
tertiary base fraction of the crude alkaloid. The A T -  

oxide could be prepared from the tertiary base by 
hydrogen peroxide oxidation. 

Physical properties and composition of the base 
and its N-oxide agree with those reported for the 
alkaloid sarracine and its N-oxide, isolated by 
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TABLE I 
COMPARISON OF PROPERTIES OF BASES FROM 
Senecio naikanioides WITH SARRACING AND 

SARRACINE N-OXIDE 

Base, property 
_ _ ~  

Sarracine 
Melting point 
Specific rotation 
Picrate m.p. 
Bitartrate m.p. 
Bitartrate spec. 

Sarracine 
N-oxide(hydratr ) 
Melting point 
Specific rotatiuii 

Picrate m.p. 

rotation 

Danilova et al. 
(1953) 

. - . - __ 

51-52" 
- 129.7' 

140-141" 
177-170" 

-70" (water) 

123 -12.4" 
-81 .Bo 

107.7-108.5" 

Present work 

45-46" 

141-142" 
1SZ--I 83 

- 121°(etlianol) 

-7 to(water )  

125-12G" 
- 94"(ethanol) 
-(ici (water) 
108-109" 

r, 0 

Danilova et aL8 from S. sarracenius. The identity of 
the compounds from S. mikanzoades and those from 
S. sarracenius was confirmed by the preparation of 
derivatives (Table I) and by the results of hydrol- 
ysis. 

The Russian investigators hydrolyzed sarracine 
with dilute hydrochloric acid and obtained platy- 
necine, angelic acid and an acid, C5Hs03, called 
sarracinic acid. Sarracinic acid was an oil, charac- 
terized only by its zinc and silver It was 
shown to have one double bond and a hydroxyl 
group in an allylic position, subject to hydrogenol- 
ysis. Thus, on catalytic hydrogenation i t  gave 2- 
methylbutanoic acid. The two acids in sarracirie 
esterify the two hydroxyl groups of platynecine. 
These observations were confirmed and led to either 
V or VI as possible structures for sarrncinic acid, 

CH2 CH,OH 
II I 

CHSCHOH-C-COOH CH3CH=C-COOH 
V v I 

Catalytic hydrogenition of sarracine gave a mix- 
ture from which derivatives of tetrahydrosarracine 
and desoxytetrahydrosarracjne have been ob- 
tained; but hydrolysis oE the mixed product led 
only to angelic and 2-methylbiitanoic acids. Hydrol- 
ysis of mrracine with 2 .5N sodium hydroxide at 
100' for an hour and a half gave a mixture of 
acids from which angelic acid, a crystalline acid, 
c6&03, m.p. 56-57' and, in small amount, an acid, 
CIOH1204, m.p. 240', wcre isolated. Increasing the 
period of hydrolysis to twenty-four hours caused 
the yield of the CIo acid to increase to 50%, while 
the acid C~H803 could no longer be isolated. Slow 
conversion of the later acid into the former under 
these conditions was readily demonstrated. As re- 
ported earlier,7 the Clo acid is the acid isolated by 

(8) A. V. Danilova, R. Konovalova, P. Massagetov, and 

(9)  A. V. Danilova and A. Busovkov, J .  Chem. V.S.S.R. 
M. Garina, J. Chem. V.S.S.R., 23 (85) ,  1417 (1953). 

23 185), 1597 (1053). 

Manske5 and named mikanecic acid. I t  has the 
structure IV, and is evidently the end product of 
reactions which would he expected to give 1,3- 
butadiene-2-carboxylic acid. E'or example, the 
nickel carbonyl carbonylation of vinylacetylene,IO 
and the pyrolysis of methyl 2-acetoxy-2-methyl-3- 
butenoatell yield the acid IV. The dicarboxylic acid, 
C&,204, m.p. 234', obtained by l ' o p n d 2  from the 
reaction of the disulfone VI1 with alkali, and 
formulatcd as VIII, is untloubtedly IV. 

VI1 vir1 

Although it  is not possible to est,nblish the 
identity of the poorly charact,crized, noncrystalline 
acid of Danilova and Kusovkov \vit,h the acid \vit,h 
m.p. 56-57', i t  is proposed to call the Litter sarrn- 
cinic acid since i t  is the acid moiety actually 
present in the natural alkaloid (see below). In  the 
present work, acid hydrolysis of sarracine gave, he- 
sides angelic acid, a noncrystallizable acid of the 
same R, as the crystalline acid, and possibly a mix- 
ture. The conversion of sxrracinic acid into mikane- 
cic acid is undoubtedly a reaction of the acid V I :  

,-* 
CH-JX4 

- ,--. ,>I 
~ l ( ) ' . ~ r i . - ' ~ ( ' f I ~ - ~ H = ~ ~ -  ('()OF[ - + 

VI 
CHL 

I 1  I + l V  
CH,=CH--(:--COO€I 1 

That sarracinic acid is actually VI, and not V 
which is isomerized to VI in t,he course of convcr- 
sion to  IV, is borne out by the properties of a syn- 
thetic ester of V.la The acetate of V, prepared by 
the nickel carbonyl carboxylation of 5-acetoxy-I - 
butyne, when heated with alkali a t  100' under con- 
ditions that converted sarracinic acid into "mika- 
necic acid," yielded no mikanecic acid. Thus, the 
acid V is not converted into V I  undcr these condi- 
tions. 

Ozonolysis of sarracinic acid gave acetaldehydr 
but no trace of formaldehyde. This is strong ~ , i -  
dence for structure VI, but its value was somewhat 
lessened by the formation also of some pyruvic acid 
in the ozonization, an indication that some re- 
arrangement had occurred. Attempts to hydro- 
genate sarracinic acid were unsuccessful : Thc 

(10) A. Yakubovich and E. V. Volkova, Doklady Akad .  
N a u k  S.S.S.R., 84, 1183 (1952). 

(11) E. A. Brnnde and E. A. Evans, J. Chexn. Soc., 3238 
(1956). 

(12) T. Posner, Ber., 34,2643 (1901). 
(13) C. C. J. Culvenor and T. A. Geissman, J .  Am. Chem. 

Sac., 83, 1647 (1961). A sample of this acid was first prepareil 
by Dr. M. C. Whiting for the experiments described in t l lo  
present paper. 
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Fig. 1. NhlR spectra (solution in deutcrochloroform): 
A ,  sarr:icinie acid; 13, sarlacine iV-oxide. Vcrtical wale 
changes at a 

hydroxyl group was hydrogcnolyzed and only 2- 
rncthylbutanoic acid could be isolat,ed. Attempts to 
i'orin crystalline derivatives of sarracinic acid also 
failed; attempted acetylation with acetic anhydride 
:ind pyridine at) room temperat.ure gave niikariecic 
:1cid. 

I'roof t.hat ~arracinic acid is indeed VI was a t  
I(:ngth provided by the NAlI t  sp 
'This shows only one proton on a doubly bonded 
cmbon atom; its signal, centered a t  385 cps (rela- 
tive to interrial tetramethyl silane, at GO me.), is ~1 

quadruplet as required for the grouping CII,-- 
CH=C. The doublet at, 123, 1?,0 c.p.s. is diie to the 
CFTj protons spin couplcd with t,he adjacent olefinic 
pn)toii, and the signal a t  2% C.P.S. is t,hat of the CII? 
groiip. This spwtrum is comp:Ltii)lc with st:~ic:ture 

1 hwc rcnxtiricd (hi. povibilit,y that sarracine 
\\'as an w t e r  of :irigelic acid and V (not T'I), and 
f li:it during alk:ilinc hydrolysis rcarrangcment of' V 
l o  VI occiirretl (Lilt Iioiigh the experiment descriixd 
almve, usiiig t h c s  ac~(~tt l te of J7, made this unlikely). 
'Thr; S X R  spwt ru in  of s:trracine N-oxide was com- 
p:it,ihlc wit 11 IX, contaiiiiiig VI as the acid moic!iy. 
1,'rom area measureincnts, the signal groups at 
-:370 c.p.s. arid -338 C.P.S. must represent t \ v o  
prof 011s and one pioton, respecti\.ely. The latter is 
t t ~ r i p r z  ture dependent, moving down field with a 
riso i i i  temperature, and thus is due to the hy- 
tlrouylic proton. I ts  triplet nature is characteristic of 
t11c -CH,OII group of structure IX,  whereas the 
- CIIOII group oi" the alternative structure would 
give a doublet. 'Tlic signals centered at -370 cps, 
1,cc::tuse of protons on doubly bonded carbon atoms, 
arv cwmporrd of t \ v o  qiiadruplets in almost ir1cnt)ical 

\ ' I  hilt I I O ~ ,  with \r. 
, >  

positions, as would be expected for the two CH3- 
CII=C groups of structure IX.  If the alkaloid were 
tlii ester of V, only Lrie such group would be present, 

along with a -C=CI12 group, which should pro- 
duce a clearly distinguishable signal. The methyl 
group signals a t  - 1 1 G  and -128 cps are those of 
three methyl groups attached to doubly bonded 
carbon; one should give a singlet and the other two 
doublets in essentially the same position. These 
signals are in agreement with structure I X ;  the 
alternative structure, having a CH3C€IOH group- 
ing, should show a methyl group signal further up- 
field. 

Sarracine is thus a diester of platynecine with 
:~iigelic and sarracinic acid (VI). To establish thv 
rrbspective points of attachment of the two acid 
residues, controlled alkaline hydrolysis under mild 
coiiditions was carried out, with identification of 
the liberated acids by paper chromatography. 
Sarracinic acid was liberated a t  a much faster rate 
than angelic acid. As the acids differ only in the 
presence of a @-hydroxyl group in snrracinic acid, 
too far removed to exert a large inductive influence 
on the rate of hydrolysis of the ester, this is evidence 
that sarracinic acid is attached to the primary 
hydroxyl group of the base. 

The remaining structural detail is the configura- 
tion of sarracinic acid about the double bond. Thc 
answer to this question was readily found with tlic 
aid of the inlormation recently published by Kair 
and Adams, l 4  who have related the chemical Bhift oc 
a series of cis-trans-isomeric acids to the rclntiw 
position of tho proton @- to  the carboxyl group i t 1  

a,@ unsattiratcd acids and esters. The T values of 
the acids related to tiglie (H and COOPS czs) and 
those related to angelic (H and COOH trans) were 
found to differ by about 0.7, the latter having 7 

valiies ranging (for eight compounds) from 3.70 to 
4.03. The T value for the olefinic proton of sarracinic 
acid is found to  he 3.G to 3 8 (depending upon 
whether the value is read from the spectrum of thc 
acid o r  the alkaloid) which established its configura- 
tion :LS shown in the rompletc stc~reoc~hemical rep- 
r ~ w i i ~ ~ ~ t i o r i  ol' uri:iciiic ( IX) : 

I 

It is of interest that the stereochemistry of 
angelic and sarracinic acids is the same. The 
possibility that sarracinic acid is a direct biological 
oxidation product of angelic acid is suggested by  
this observation. It may also be noted that angelic 
(14) M. I). Nair and R. Adams, J. Am. Chent. Soc., 82, 

3788 (1950). 
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wid is isoprenoid ill its carboil skeleton, but that, 
the carbonyl group is in a position corresponding to 
tile niethyl group of the precurso~~ that limy IIc: re- 
garded as immediately derived from mevalonic 
acid (cf., senecioic (p-methylcrotonic)acid), and the 
terminal met'hyl group represent's t'he carboxyl (or 
hydroxymethyl group) of such a precursor. The 
interesting possibility that angelic acid represents a 
rearrangement, and not an  oxidation-reduction, 
product derived from senecioic acid, is under study. 

An acid called plaiitenolic acid, to which striic- 
ture 1'1 was assigned, has been isolated from thc 
seeds Plantago major var. asiaticwn hy Ogatn 
and Kishioji. Like sarracinic acid, it reduced 
Tollen's reagent and gave a positive iodoform test. 
The identity of plantenolic acid and sarracinic acid 
i y  possible but cannot be assumed in the ai)sencc of 
direct comparison. 

From oiie samplc of crude alkaloid from S .  
mikunioides n-as isolated a iieut,ral compouiid, 
C5H,0S. This was identified as angelic. acid amide 
hy comparison witjh an  authentic specimen. 
hngelic acid amide was previously prepared by 
Rruylants'e hy hydrolysis of t,he cis-isomer of a- 
methylcrotoiionitrile. As ammonia was used during 
the isolation oi' the alkaloids it is possible t'hat it is 
an  arf-efact'. 

EXPERIMESTAL 

(a) Extraction of Senecio mikanioides. Dried plant (28 
Ibs.) from Brighton Beach, Victoria, was milled and ex- 
tracted with methanol (Soxhlet). After removal of the sol- 
vent the residue was extracted with dilute sulfuric acid and 
the aqueous solution was made alkaline with sodium hy- 
droxide, saturated with salt, and extracted with chloroform 
in fifteen portions. The first five extracts gave 200 g. of 
greenish-black oil, the  second 38 g., and the third 18 g. of 
dark gum. 

The 200-g. portion was re-extracted into 0.5M sulfuric 
acid and the aqueous solution made alkaline with ammonia 
and extracted with three lots of five portions each of chloro- 
form. .411 of the chloroform extracts yielded crystalline sar- 
racine .V-oxide; total yield 72 g. 

Recrystallized from acetone, sarracine N-oxide has m.p. 
125-126', [ a ]Y  -94" (c,  2.01 in ethanol), [CY]? -73' (c, 
2.14 in water), 

Anal. Calcd. for ClsH270&.H.LO: C, 58.12; H, 7.8; N, 
3.8; H,O, 5 . 3 .  Found: C, 58.3; H, 7.7; N, 3.9; loss on drying 
(130", vac., phosphorus pentoxide), 5.170. 

A4nalyses of the dried sample were unsatisfactory, proti- 
ably because of the rapidity with which water is regained. A 
sainple of sarracine S-oxide heated a t  110" for 30 niin. 
melted sharply a t  140-141". 

Anal. Calcd. for C Y ~ H ~ ~ O ~ N :  C, 61.1; €1, 7.7; N, 4.0. Found: 
after drying, C,  60.1; H, 7.8; X, 3.9. 

IVhen this sample was kept in the air for 10 min. its m.p. 
returned to 125-126". 

The  crude alkaloid remaining after crystallization of sar- 
racine N-oxide (above) was divided into tertiary base and S- 
oxide fractions by taking up in dilute acid, making basir, 
and extracting first with benzene (fraction A) and then with 
chloroform (fraction B). Fraction A showed a single spot, 

(15) A. Ogata and R .  Nishioji, J .  Pharm. Soc., Japan, 

(16) P. Bruylants, L. Ernoiild, and AI .  Dcakoker, Bull. 
1924, 1040. 

.,!cad. no!/. H e l g . ,  16, 721 (1930). 

R ,  0.62 (I~utanol-:i',', :icetic ncid) aiid s11t1\vetl 1 1 0  sign of il l-  

homogeneity \\-lien c:lilomatogr:ipli~tl 011 a1iirnin:l o r  on # I : I R Y  
po\\-der 1icm-ing / J F ~  7 j)ho~I)li:iIe I)\iITtbr. 11 c * t ~ u I d  l i t ) ( ,  ljta i l i :~( le  

to crystallize but \\.hen oxidized M ill1 h> drogeii prokidt;, 
formed an 'V-oxide, m.p. 12:?--124", ftf 0.70, [a]:)% -81" (c ,  
1.79 in ethanol), mixed m.p. ~v i th  mrracine .\'-oxitlc,, 124- 
125". Seeding with s:trracine obt:tiiwd t i ) ,  rctlirc.tion of t l i r  
IV-oxide cauFec1 crystallization of O I I O  fracliun :iiltl :Lftt'r I.lIIJ- 
Ling on a poroiis tile this ni:Lter.ial 1l:itl l , i ,1 ) .  -I l-q:jo, rlriscyl 
m.p.  42-44'. 

(b) Picrute q'snrraciw .V-oxtde. T h e  addition of an :iqiwoii* 
solution of picric :wid to s:irr:ic.ine .\'-oxitlr i n  \\':lt(,r sol\itioli 
!+Ned the pimite.  I<( \llizetl froni a(11iw)us iiieth:iriol, 
then from water, it nielted at 108 -1(l!i' ( ~ , e l ~ o r t e ( l  1)). D:l1lil- 
ova et o / . , ~  m.p. 107.5-108.5"). 

Anal .  Cnlccl. for  C l sH? ;06N.C6Ha07~3 :  C! 4!l,:i; l l >  5.2; 
:3 X C-CH;~ ,  7 . 7 .  Foiinti: C, 40.8; II,  5.3: C-- C113, ; , I ,  

i c )  Sarracine.  '1'0 a stirrrd soliitiori of 5.0 g. of szrrwiri(, .V- 
oxide in 100 nil. of 2.j. siilfurica acaitl was atldetl zinc thist ill 

small portions over a pcriotl of 2 hr. l'hc filtered soiiitioir \\:IS 
made alkaline with aninioni:~ : ~ n d  extracted with t ~ h l o r d o r ~ l i ,  
Removal of thc chlorofurni ! tLf t  a nearly c.olorlt.s:: oil \ v l r i t , l i  
crystallized on st:tnding, 111.p. 45- Jfi", I c y ]  - I2Io (c, I .O!I 
in ethanol) (rrIwrt.cd 1)). I )airi!ov:L e t  t r / . , *  111.11. 51-6?", 

(d) Sarracine p icru /c ,  prcparccl in methanol soliitioii :inti I X ~ -  
crystallized from ethyl acetatr-petl.olrllnn cthc,r (11.1). -I()-- 
G O ' ) ,  formed shining yellow Icxtiets, ni.1). 111-1.12" i r ~ l i o r i c ~ l  
I1y Danilova et a1.,8 ni.p. 1-10--141 "). 

Anal. Calcd. for ClhFL7( )5X,C'6H,>OiX;,: C j  50.9; 11, 6.-L; 

[ a ] ~  -129.7'). 

N, 9.9; 3 x C-CH!, 7.C). l ~ ~ l l n ( L :  C', ? ) I , : { ;  11,  5.4; s, {I.:; 
C-CH,, 5.7. 

(e) Sarracine bitartrate cryst:illized froni eth:inol or : i ( I i i c -  

ous ethanol in glistening plates, m.p. 18'L-18:io, [ a ] : ;  - 7 1 ' '  
(c, 1.9s in water). 

Anal. Calcd. for Cz2€133011~ :  ('I, 5.1.2; 11, 6.8; N, 'L.!). 
Found: C, 54.1; 11, (3.9; S,  3.0. 

Danilova e t  nl.* r t p r t r t l  m.p.  1 77-17!] ' ,  [ ' Y ]  1 1  -70" 
(water). 

(f) Alkaline hydrolpin os .?riTracZ'ne ( i ) ,  'I'ht wrr:iriiic 011- 

tained from the reduction with ziirc of 5.0 g. of tlicl .\'-uxitle 
was reflnxed for 2 hr. \vith a soliition of 3 g .  of potassium 11y- 
droxide in 25 ml. of aqueous methanol. ' I ' h t i  methanol w:is w- 
moved under reduced pressure and the resitliie ac.itlifiec1 ant1 
extracted with ether. The  residue l t s f t  after removal of thr  
ether was steam-distilled, affording I .28 g. of angelic. acid, 
m.p. 43-44' (undepresaed on admixture witli nut hen tic^ nia- 
terial). The nonsteam-volatile residue, aftw ether extrnc- 
tion, was a colorless viscous oil (0.4 g.) v\.hic*h could not I I P  
crystallized. When treated with iodine and ~ o d i i i n i  hydroxide 
solution, iodoform, m.p. 119-121°, was furnied. 'I'ti(9 aritl 
quickly reduced an alkaline Tollen's reagent. 

The aqueous solution resulting from the saponific.:ition, 
after removal of the acids, was made strongly alkaiirie :ind 
extracted continuously with ether. Removal of the ethcar Ivf t  
an oily residue which crystallized xhen seeded with ~ilat!.iit - 
cine. Recrystallized from acetone, i t  had m.p. 145-1-16'; 
mixed with authentic platynecine, m.p. 14G-11io, tlic, i i i t , ! \ -  

ing point was 145.5-146.5". 
In  another experiment, in which the solution after mptini- 

fication of sarracine was made strongly acidic and stclnm 
distilled, recovery of the basic fraction gave anhydroplutynr- 
cine, identified as the picrate, m.p. 265-270' dec. (reported,17 
m.p. 265-270" dec.). 

(ii) Sarracine iV-oxide ( 3  g.) was heated a t  100" for 2 Iir. 
in 2.5.Y sodium hydroxide (50 mL). The  mixtiire was c(~olt:tl, 
acidified to Congo Red with sulfuric acid, extracted with 
three lots of petroleuni ether (b.p. 40-60") (extract A ) ,  then 
Ivith six lots of ether (extract B) ,  and finally continuously 
\\-ith ether for 24 hr .  (extrart C). The acid fractions olItaincJtl 
were as follows: 

(17) A. OrPchov ant1 R .  I<onov:ilov:r, I ler . ,  68, 18Mi 
(1935). 



Ihct ioi i  A is :iiigelic acid, IL)/ 0.27 (I,utaiiol-ainmo~ii:~). A 
\vIiic,h i'orniml in fraction 13 \vert' 

\\.:Ltvr g:ive niilmiwic. aviil, iii.p. 2-10°. 
. I n t / l .  C;alv[l, for. CloH,204 ((1iIi:isir): C, 61.2; I f ,  (i.2; cqiiiv. 

\\ t .  !IS. I ~ c i u n t l :  C, ( i l . 4 ;  11, 6.3;  cxclriiv. wt .  92. 
A niistiirc: I\ i t  t i  :i\itheiitic I - v i i i ~ l - : ~ - c ~ ~ c ~ l o h ~ ~ s ~ ~ i i ~ ~ - l  ,4-di- 

v:irlwsJ lic ac.id \ v u  undepressecl. 1Iik:inrvicS :xid has Zi/ 
0.87 in I,ritanol -aretic ai*iil, 0.04 in I ~ ~ I ~ : ~ I I ~ ~ - : ~ I I I I I I I ~ ~ I ~ : L .  l 'he  

nvtioii 13 \\its evaporatetl to dryness, taltm iip 
, :I 1)ortioii of the solution distilled to reniove 

:iiiy i w i ~ l i : ~  ' \ Lttcr, :tiid t1ir.n ~ ~ l e t l  to givr .sco~racirtic acid :LS 
loiiy I I C Y , ~ '  1ii.p. 57-58', 

i.i1. for CSH803: C, 51.7; H, 6.9; 0, 41.3; (C)CHI . t t d  

( ; l I . ! ,  I :  I ;  ecliiiv. u t .  117. 
S : ~ i , r  Iwiii iv :rcid is not liygroscopic and is optically inactive. 

It i11; t \ .  IJV (Lxtracted completely froin aqueous solutioii k)y 
11:) ii,li\viw vt1ic.r wtraction if the solution is saturated with 
> : i I r ,  1:r:ictiun C was shown to be :tlw a mixture of sarracinic 
: L I I I I  mikanec~ic :witls. 

( i i i )  Sarrariric, .\-oxide (0.5 g.) and 2.5.Y sodium hydroxide 
f 15 n i l . )  i v ~ ~ r o  hv:i t ivI  :it 100" for 24 hr. in n, polythcrie flask. 
' l ' l i i ,  solution \v:is ooolctl and acidifictl and the precipitate 
iilt(:rnl to give niilcinccic acid (92 mg.; 54G$8) m.p. 233-234". 

( g )  . I  r id  hi/r i i .oi ! / .si ,s of sorraciriP S-oxide. Sarrac-ine LV- 
r , \ . i i l t .  i 1.7 g.) \v:ts hv:Lted a t  100" in 10y0 hydrochloric acid 
for -! hr .  Extr:iction kvith petroleum ethrr  (11.p. 40-G0°) gave 
:iiig(,liv :tci[l (0.17 g.). l.'iirthclr cxtrar t ion with ether gave an 
oil (0.54 g.) / 2 ,  0.73 (I)iit:inol-:wetic acid) wliirh was taken 
I I I )  in I~eiizctiir. 'Fhe soliitioii \vas I)oilctl to rt:move \vater, 
r w ) l e t l .  anti wctlrcl \\.it11 sar~r:xcinic~ acid. l'hr, acid precipi- 
t : i t c ~ l  oiily as :in oil. 

h) (:onversion of sarracinic acid into viikanecic acid. 
Sarracinic acid (0.2 g.) was heated at 100" in 2 . 5 s  sodium 
hydroxide (20 mi.) and samples (1 ml.) withdrawn a t  inter- 
v d s ,  ac.itliGetl, satiii,:ited \\ ith salt, and extracted n.ith 
c * l l i c s r .  l ' h c ,  c'xtrwts !\ ('re evaporated, made up to  0.5 nil . ,  and 

~ I i ~ ~ ~ i i i : i t ~ ~ g r a i i i .  l'he c~hromatograin in- 
i,r:iiaiiii(: wid,  !to'): mikanecic acid after 

ly all inikanecic acid after 24 hr. The 
retii:iining so l i i t  iori \v : is  siniilnrly Lvorkd lip after 24 hr. to 
give, nii1c:uieriv : t r i , l ,  i i i . 1 ) .  234'. 

i i )  Par[;(!/ h i / r l i o i ~ j s t . ~  ~i,/'.sarracine. To a solution of 0.96 g of 
eurracine i i i  w:i t r r  c,orit:Lining 2.50 ml. cf 1.09.Y sulfuric acid 
\iI re atlded 1: nil. IJf ethylene glycol a i d  i0.G nil. of 0.51,Y 
sodiii;ii hydroxide, and the soliition \vas made up to 50.0 
inl. Ten-milliliter :iliqiiots were removed (a)  a t  oncte, arid 
then u t  iiiterv:tls of ( 1 ) )  2 lir .> a t  room-temperature, ( e )  after 
I . ?  n i i i i .  a t  No, ((1) 30 iiiin. ]:iter, and (e) 30 inin. later, 110th 
;it No. E:ich aliqiiot \Y:IS uritlifiecl, extracted three times \\.it11 
( J t  Iier, and tho ethcsr whitiorix sli:Lken with sodium sulfate 
. t i i d  ovaporateJ :ifter tlie :iclditioii uf a fen. drops of ammonia. 
'l'he final soliitions w r c  cliroinatographed in butanol satii- 
r'a!ed '.\,ith L' \.. :miiiniii;i .-l!iquot f 1,) shotved snrracinic acid 
:IS i t  f:iint spot. bii t  i io :iilgelic acid, aliquot ( e )  s h ~ ~ v e d  n 
-trong J:irr:ic,inic :irk1 sj)ot :ind :L faint trace of angelic acid. 
IhJth I  , I )  and ( e )  silciu.ot~ !>otli acids 2nd ( a )  containrti none. 

j / ~ ! i i ~ r n ~ J ! , i i ~ ~ / i o t i  qf sicrracine and sarracine iY-oxide. 
\ \ I I , . I I  r i~' I t i~, i* i l  w i t l i  l i \ ~ i l r o p ~ i i  :ind plat~iniim oxide in ethanol 
h t ! '  ethyl :icet:rte - #I . I . I I  i l l ( ,  t o i l k  1 1 1 i  2 i i i ~ ~ l o s ,  s:irr:iriiip ,Y- 

I ? , ! ) :  1 , .  \ \ t .  110. F O U I I ~ :  C, 52.0; H, 6.9; 0, 10.8; (C)- 

oxide 3 moles of hydrogen. Tetrahydro.rarrticine was an oil 
that  could not, be crystallized, but  i t  formed a picrate which 
crystnllized froin methanol-water as soft,, yellow needles, 
n1.p. 70-il".  

A n a l .  Calcd. for C1&OJ .(4H307N3: C, 50.5; H, 6.0; 
N,  9.8; 3 x CHI, 7.9. Calcd. for C18H3104X~CsHI07Sa:  C, 
52.0; H, 6.2; S, 10.1. Found: C, 51.1, 51.2; H, 5.8, 5.9; S ,  . .  
<I.!); C-CHI, 6.5 
i k i  Hiidrolusis of  tetrahiidrosarracine. After the reduction 
, , I  I " 

of 5.0 g. of sarracine S-oxide with zinc-sulfuric acid the re- 
covered sarracine was reduced in ethanol solution with hy- 
drogen (1 atm.  j and Adams' catalyst. After removal of the 
solvent a sample was removed for conversion to the picrate 
and the residual material was saponified 1)y 2 hr. heating 
with n solution of 5.0 g. of potassium hytlr~xide in 50 nil. of 
, 505  nyurous methanol. The solution \vas acidified and stcam 
distilled. The distillate was neutralized ( to  phenolphthalein) 
niid treated with p-phenylplienacyl bromide, to yield 4.1 g. 
of p-phenylphenacyl esters, n1.p. 65-75". A portion of this 
crystallized from petroleum ether (b.p. 40-60°), and after 
recrystallization from benzene-petroleum ether hn.tl m.1). 

Anal. Calcd. for angelic p-phenylphenacyl ester, CIS- 
87-88'. 

Hi&: C, 77.6; H, (i.2; 2 X CCII,, 10.2 Fo1lnd: C, 77.4; 11, 
G.3; C-CH,, 8.8. 

Mixed with an authentic sample of the p-phenylphenacyl 
ester of angelic acid (1n.p. 88-89') the m.p. \vas 87--89'. 

The petroleum ether-soluble material was chromato- 
graphed on a1umin:i. Separation, even with petroleiim ether 
(b.p. 40-60') as the eluant, was poor and incomplete, but 
the first fractions gave crystalline material, m.p. M - G i " ,  
which did not depress the m.p. of authentic a-methylbutyric 
p-phenylphenacyl ester, m.p. 70-71 '. 

Anal. Calcd. for a-methylbutyric p-phenylphenacyl ester, 
C19H2"03: C, 77.0; H, 6.8; 2 X C-CHI, 10.1. Foiind, ester 
m.p. 66-67': C, 77.1; H, 6.7; C-CH,, 7.0. 

(1) Desoxytetrahydrosurracine S -ox ide  picrate. .4fter the 
hydrogenation of a 3-mmole sample of sarracine the oily 
tetrahydro base was treated with 3 ml. of hydrogen peroxide 
(130 vol.) in 10 ml. of ethanol. After 18 hr., the hydrogen 
peroxide was destroyed with manganese dioxide and the sol- 
vent removed. Addition of picric acid in methanol resulted in 
the formation of a picrate which, after recrystallization from 
water, had m.p. 127-128". This appears t o  be the picrate of 
desoxytetrahydrosarracine N-oxide. 

Anal. Calcd. for C, ,HIIO,N.C~H&~O~: C, 50.5; H, 6.0; 
3 X C-CH3. 7.9; 4 X C-CH,, 10.5. Fnund:  C, 50.2; H,  

(m) Oronoiysis of sarracinic acid. Ozone was passed 
through a solution of crystalline sarracinic acid (0.24 g.) 
dissolved in 0.5.Jr sulfuric acid (50 ml.)  for 3 hr. The resulting 
solution was shaken with hydrogen and platinum catalyst 
until hydrogen \ m s  no longer absorhed and then divided into 
two equal portions. One portion was heated in a stream of 
air which passed into dimedon solution. KO precipitate 
formed in the dimedon after leaving overnight but when the 
solution was concentrated, the distillate gave a precipitate of 
acetaldehyde diiiitroghen\.lh!-drazonA (10 mg. j m.p. and 
mixed m.p. l5!)-1GOo, lvhen added to  aqueous 2,4-dinitro- 
phenylhydrazine hydrochloride. The concentmtcd dimedon 

tals (83 mg.), m.p. 140-11l0, niistd m.p. 
thpntic dimedon derivative of acct:ilde- 

I I > ~ ~ V .  The second portion of the ozonolysis solution \vas 
heated and the volatile matc,ri:ils led in to  'L,1-diriitroi)hen!.1- 
hydrazine sollition, to give acc~taltleliyd!~ dinitropheiiylhy- 
dr:izone (66.5 mg.), m.p.  158-15!)', miled n1.p. 15!)-1GO". 
The non-volatile residiie \vas treated n ith diriitroplieri!-lh~~- 
drazine hydrochloride and the precipit:itcs ( 102 my.) filtered 
and crystallized from methanol to give pJmivic nc.itl diiiitro- 
iiheiiylhvtirazonr. m.r). 215' der. iiii(I(,I)rcssrd on adinistiire 

6.0; C-CH3, 7.0. 

- .  
with aiitheritic mate;ial. 

20.0. Foiind: C, 40.9; H, 3.1; 0,  :34.'2; S ,  20.G. 
d m l .  Calcd. for CyHsO&4: C, 40.3; H, 3.0; 0, 35.8; N, 

'L'he paper chromn togrnphic sixtc'ni of G:iqxiric arid 1.v- 



cera1* (paper impregnated with dimethylformamide and de- 
veloped with cyclohexane), was used to show conclusively 
t,hat the initial precipitates of acetaldehyde dinitrophcnyl- 
hydrazone arid their formation solutions coiitained no trace 
uf formaldehyde diriitrophenylhydrazone. 

( n )  Ozorio lp is  of sarrucins N-oxide. Sarracine N-oxide (1.0 
g. j  was ozoiiiaed hy the method used for sarrucinic acid (11, 
i n ) .  Only acetaldchyde diriitrophenylhy(irazoirr (253 mg; 
0.8 mole) was isolated. 

( 0 )  Hydrogenaliotc of sarracinic acid. Sarracinic acid (0.25 
g.) was shaken with hydrogen and a weak Raney nickel 
catalyst in aqueous solution until 1 mole of hydrogen (48 
ml.) was absorhed. The catalyst was removed and the solu- 
tion extracted with petroleum ether (b.p. 40-60°j (extract 
A), saturated with sodium chloride and re-extracted with 
ether (extract B). Extract A gave an oil (0.09 g.) R,  0.45 in 
butanol-ammonia, no spot in butanol-acetic acid (angelic 
acid R10.41, no spot, resp.), which was converted into the p- 
phenylphenacyl ester of a-methvlhutyric acid, m.p. and 
inixed m.p. 68-69'. Extract 13 gave an oil (0.13 g.), R ,  0.25 
in butanol-ammonia, 0.70 in butanol-acetic acid, as ex- 
pected for a hydroxylated Cg acid (sarr:tcinic acid, R1 0.25, 
0.70 resp.). However, no crystalline derivative could be oh- 
tained with phenyl isocyanate or with p-phenylphenncyl 
bromide. A similar result was obtained after hydrogenation 
with a platinum catalyst. 

(p )  Act ion  of acetic anhydride o n  sarracinic acid. Acetic 
anhydride (0.2 9.) was added to  a solution of sarracinic acid 
(150 mg.) in pyridine (0.8 ml.) at 0'. After 36 hr. a t  room 
temp. the mixture was poured into dilute sulfuric acid and 
extracted with ether to give a mixture of oil and solid. Rub- 
bing with chloroform permitted the solid to  be filtered. This 
was mikanecic acid (29 mg.), m.p. and mixed m.p. 238-239. 
The chloroform solution was extracted with dilute sodium 
hydroxide, t,he extract washed with chloroform and then 
acidified and re-extracted with chloroform, then with ether. 
The chloroform extract gave an  oily solid (10-15 mg.) show- 
ing a spot on a paper chromatogram only for mikariecic arid, 
and the ether extract gave essentially pure mikanecic acid 
(24 mg.), m.p. 231'. 

(9 )  Act ion  of sodium hydroxide on S-acetoxy-d-methylene- 
butanoic acid. 3-Acetoxy-2-methylenebutanoic acid (0.2 g.)I3 
and 1"V sodium hydroxide (15 ml.) were heated a t  100' in a 
polythene flask for 24 hr. The solution was cooled, acidified 
(no precipitate formed), saturated with salt and extracted 
with ether to give a gum (0.15 g.) R ,  0.83 in butanol-acetic 

(18) J. Gaepuric and hl.  Vrcerx, Coll. Czech. C h e w  
('omm., 22, 1426 (1%57). 

acid, 0.16 in butanol-amrnoriia (sarracinic a d ,  R ,  0.80, 
0.15 resp., on same sheet). hlikanccic acid was therefore 
absent. Hydrolysis of 3-acetosy-%-rnethyleriebutanoin acid 
with U.5:Y sodium hydroxide at room temperature for sev- 
eral hours gave a product with the siiine /I1 values. 

( r )  Isolation of uttgelic ucid u m d e .  The alkaloid (72 g,) 
calleii fractioir B in section I I h )  was clironiatogrqhed 011 

alumina. Two fractions (total, 0.2 g.) eluted by chloroform 
contained crystals which were separated from amorphous 
material by extraction with hot petroleum ether (b.p. 40- 
G O O ) .  Recrystallization from this solvent gave long needles, 
m n. 128'. r- --- . .... 

Anal .  Calcd. for CJLOS: C, GO.6; H, 9.1; N, 14.1. Found: 
C. 60.F: H. 9.0: N. 14.0. 

'The compound was readily soluble in organic solvents and 
fairly solrible in water, giving a solution neutral to litmus. 
Admixture with authenic angelic acid amide, described be- 
low, caused no depression of the melting point. 

When sarracine was kept a t  50" for 4 days in 21%' aqueous 
ammonia, the alkaloid was completely hydrolyzed Iiut no 
angelic acid amide could be isolated from the solution. 

(s)  Preparation of angelic acid amide f r o m  angelic acid. 
Angelic acid (0.5 g.) was added to thionyl chloride ( 5  ml.) 
at  0". After 1 hr. excess thion\-1 chloride was removed at 
room temperature under reduced pressure. The residue wa5 
taken up in dry et,her (2 m1.j and added drop-wise to concd. 
aqueous ammonia (10 ml.), stirred, and kept bolow room 
temperature. .4fter 30 min., the mixture was diluted with 
water and extracted with chloroform to  give a solid (0.23 9.) 
which after purification on alumina and crystallization from 
petroleum ether (b.p. 40-60°), had m.p. 128" (Found: C, 
60.4; H, 9.0; N, 14.1). Another preparation, in which the 
flask was warmed slightly during evaporation of the excess 
t,hionyl chloride gave a product, m.p. 68-72', mainly tiglic 
acid amide. It was evident also that  angelic acid amide is 
partially converted into tiglic acid amide if refluxing in 
petroleum ether (b.p. 40-60') is prolonged during recrystal- 
lization. 
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