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Ababmct-From the root of Pipr lo~um L. two new alkaloids, pipcrlonpinc and pipcrlon~inine 
have been isolated. Pipcrlonguminc and pipcrlongumininc arc shown to bc N-(3,4,5_trimcthoxy- 
cinnamoyl)-A’-pip&din-Z-one and isobutylamide of pipcric acid respectively. 

Piper longum, a climbing plant grows in abundance in the tropical regions of India, 
known as “Pippali” it is often used as an effective drug’ in the treatment of asthma 
and chronic bronchitis in the Ayurvedic system of medicine. 

Earlier investigations*d with other Piper species, have led to the isolation of 
several alkaloids, the structures of which reflect that they all contain a piperidine 
moiety. The alkaloid amides isolated from the roots of P. longurn, however, deviate 
from this generality. 

Recently. the occurrence of an alkaloid amide, piplartinc (I) was observcd7*8 in 
the stem-bark of Piper longum. From the root of the same species we isolated two 
new alkaloids, piperlonguminee and pipcrlonguminine10 besides pipcrine and a minor 
liquid base which is a colourlcss oil and is yet to be characterized. 
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The isolation, structure and synthesis of piperlongumine and pipcrlonguminine 
are elaborated in the present communication. 

Piperlongumine*, was isolated from the petrol extract of the dried roots. It was 
l The Chur&uy of Pipcrlon@nc was pmcntcd by A. C. in the IUPAC SynioosIwn on 7k 

Chrtn&rry oJ Natural Proabs. Kyoto. Japan (1944). 
1 Kirtikar and Basu. In&n MeaWnul Pkmts Vol. TII; p. 2128. Basu, Allahabad. India (1933). 
l F. S. Spring and J. Stark. 1. Chcm. Sot. 1177 (1950). 
’ E. Otto and F. Ekhlcr, &r. Dfsch. Ckm. Ges. 55.2653 (1922). 
’ W. R Dunstan and H. Garnctt, 1. Glum. Sec. 67,9S, 100 (1895). 
* K. P&NM, Arch. Phfzrm. 234,BM (18%). 
’ J. Stcnhousc. Phorm. 1. Trans. 14,36 (18SJ). 
’ C. K. Atal and S. S. Banga, I&. /. Pharm. U, IOS (1962). 
’ C. K. Atal and S. S. Banga, Curr. Sci. 3fJS4 (1963). 
’ A. chat+ and C. P. Dutta, SC/. and Cvlr 29,568 (lW3). 

I@ A. Chattcrjce and C. P. Dutta. Tetrahedron Letters 1797 (1966). 
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shown to have the formula CI,H,,N0,(OCH3, by mass spectrometric determination 
of the mol. wt. 317, and analysis of the alkaloid and its various derivatives. It was 
found to be a monoacidic weak base (p&, 450) and it failed to form any salt of the 
type B-HX or BCHJ. The three absorption maxima in the UV spectrum (Fig. 1) 
of piperlongumine in neutral ethanol quenched to one errerr’ 328 rnp, (log E, 4.26) 
in presence of acid. The UV spectrum of the alkaloid in ethanolic alkali ~~H-oA- 
232 (log E, 4.37) and 304 rnp (log E, 4.28) was, however, found to be comparable with 
that of 3,4,5_trimethoxycinnamic acid. The IR spectrum of the alkaloid showed 
strong bands at 5.98 and 6.20 ~1 for amide carbonyl and unsaturation. 

Piperlonguminc gave a positive test with tetranitromethane and furnished on 
catalytic reduction a tetrahydro derivative, C1,HssNOI, m.p. 84” (M’,, 321). The IR 
spectrum of tetrabydropiperlongumine lacked the strong band at 6.20 p for ethylenic 
unsaturation and in its NMR spectrum the four olefinic proton signals (4*00, 3.82, 
2.35 and 2.10 T), present in the parent alkaloid, were found missing. The IR spectrum 
of tetrahydropiperlongumine showed twin amide carbonyl peaks at 590 and 5.95 ~1 
indicating the presence of two amides or rather an imide (piperlongumine contains 
one nitrogen atom) linkage in its molecule. 

In conformity with the imide structure of the alkaloid hydrolysis ofpiperlongumine 
in ethanolic alkali gave 3,4,5trimethoxy_cinnamic acid, CrsH,,O,, m.p. 124126”, 
and a nitrogen containing acid, designated as piperlongumic acid, C1,H,NOI, 
m.p. 174”, the latter having the same number of carbon and nitrogen atoms as that 
of the parent alkaloid. The UV absorption piperlongumic acid was found to be 
strikingly similar to that of 3,4,5_trimethoxycinnamic acid and its IR spectrum was 
essentially the same as that of the original alkaloid except that it showed new absorp 
tion bands at 3.0. 3.25, 6.10 p for monosubstituted amide and a band at 590 p for a 
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carboxyl group. The formation of piperlongumic acid thus involved a fission of a 
cyclic imidc of the type 

;. 
o= \‘-N--;‘=O 

to 

without loss of any fragment. Catalytic hydrogenation of piperlongumic acid 
furnished tetrahydropiperlongumic acid, C,,H,NO,, m.p. 114” which exhibited 
IR bands at 290 (-NH), 590 (-COOH) and 6.08 p (-N-C=O). The fact that the 
IR band for the carboxyl group in piperlongumic acid remained unaltered but its 
amide carbonyl band was shifted to lower wavelength after catalytic reduction 
clearly indicated that its amide linkage and not the free carboxyl group was in con- 
jugation with a double bond. 

The hydrolysis of tetrahydropiperlongumine, unlike piperlongumine, furnished 
an acid (3,4,5_trimethoxyphenylpropionic acid, m.p. 102”) and a liquid base, C,H,NO, 
b.p. lOSl10”/2-4 mm. The molecular formula of the liquid base, and its IR spectral 
bands at 2-95 p (-NH) and 5-80 p (6membered lactam) suggested its a-piperidone 
structure which was conclusively verified by its conversion to &amino-n-valeric acid 
hydrochloride, m.p. 84” by refluxing with concentrated HCl and finally by its direct 
comparison (TLC and IR) with synthetic z-piperidone. 

The chemical and spectral data cited so far could be summarized in terms of the 
expression II for tetrahydropiperlongumine and the alternatives III or IV for 
piperlongumine. 
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In order to decide whether III ro IV represents the correct structure of piperlongumine 
it was necessary to determine the position of the double bond in the piperidonc ring. 
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This was possible by ozonolysis of the piperlongumic acid which furnished 3,4,5- 
trimethoxybenzaldehyde and succinaldehydic acid (identified as its DNPH derivative). 
The isolation of succinaldehydic acid provided definitive evidence for the location 
of the double bond at C-5-C-6 in the piperidone ring. It follows therefore that the 
structure IV must be assigned to piperlongumine and V to piperlongumic acid. The 
expression IV for piperlongumine thus derived is in complete consonance with its 
NMR spectrum as evidenced below. 

.---. - .._. - 

The 60 MC NMR spectrum (Fig. 2) of the base exhibited a tall 9 proton signal at 
6.10 7 for three aromatic methoxyls and a multiplet around 7.50 7 assignable to the 
4 protons attached to C-3 and C-4 carbon atoms of the nitrogenous moiety. A triplet 
at 4-00 7 and a doublet at 2.35 7 arc due to the two olefinic protons at C-5 and C-6 
of the same moiety while the peaks at 3.82 7 and 2.10 7 arc associated with the two 
olefinic protons of the cinnamic acid residue. Finally a sharp singlet at 3.10 7 is due 
to the two aromatic protons of the benzene ring. 

Apart from the NMR evidence detailed above, the postulated structure of piper- 
longumine was also supported by an unambiguous synthesis of tetrahydropiper- 
longumic acid (VI). Condensation of 3,4,5-trimethoxycinnamoyl chloride with 
piperidine” yielded N-(3,4,5-trimethoxycinnamoyl) piperidine. m.p. 101-102”. The 
latter upon catalytic reduction furnished the corresponding dihydroderivative 
C,,HSNO,, m.p. 76-78”. which on oxidation with potassium permanganatc yielded 

It S. C. !khottcn. &r. Dfsch. Chem. Ges. 17, 2545 (1880). 
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an acid (VI), C,,HSNO,, m.p. 114’, identical in all respects (m.m.p., IR spectra, 
X-ray powder data) with tetrahydropiperlongumic acid. 

The synthetic intermediate, N-(3,4,S_trimethoxycinnamoyl) piperidine, should be 
structurally identid with piplartine (I) isolated from the stem bark of the same botani- 
cal species,‘** but the physical constants of the synthetic product are completely 
different from the values reported for the natural piplartine. This fact coupled with 
the close similarity between the physical constants of piperlongumine and piplartine 
suggest that piplartine is probably piperlongumine* thereby suggesting the untena- 
bility of the structure advanced for piplartine. 

The mass spectral analysis of pi~rlon~umine and its tetrahydro derivative 
are in complete agreement with the structure advanced for piperlongumine. The 
important peaks recorded in the spectra and their probable mode of formation from 
the parent molecules are shown in schemes I and II. 

Schem I. Mass spectral Fragncntation Pattern of Piperlongumine. 
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The second new alkaloid, piperlonguminine, is a minor constituent of the roots of 
P. longrun. Its molecular formula, C,,H,,NO,, based on analysis was in agreement 
with the mass spectrometricafly derived mol. wt, 273. Pi~rlonguminine did not give 

* Dr. C. K. Atai has reported in a personal communication that pipiartinc is identical with 
pipcrlon~inc. 
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Sehctw II. Maa apaxral fragmentation pattern of Tetrahydropipcrlongumingumin. 
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crystalline salt and its neutral character was revealed from its insolubility in acid and 
alkali. The alkaloid was found to contain an active hydrogen, associated with a 
monosubstituted amide and a methylenedioxy group. Kuhn-Roth determination 
corresponded to the presence of more than one C-methyl group but its NMR spectrum 
(six proton doublets around 8.95 7) indicated that it contains an isopropyl side chain. 

The chromophoric similarity of piperlonguminine with its congener alkaloid, 
piperine was revealed from their comparable UV spectra (Fig. 3). The IR spectrum 
exhibited bands at 3-05, 3.25 and 6.10~ typical of monosubstituted a/?-unsaturated 

HH 

I I 
carboxyamide grouping. ra The intensity of the -C=C- stretching vibration at 
6.20,~ suggested an extended conjugation, an additional evidence for which was 

I’ L. Crosnbic, J. Chum. .%c. 9%. 997, 1007 (1959. 
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secured from a comparatively low carbonyl frequency at 6.10 ,u for the amide carbonyl. 
The absorption peaks at 7.29 and 7.34 p, 1040 p and 1@10~ were attributed to iso- 

propyf,w me~ylen~oxy and rranr ~~~~tion of an olcfinic double bond” 
rcspeetivtfy. 

Pipcrlongumininc gave a faint yellow colouration with tctranitromethane and 
decolourized bromine. On catalytic hydrogenation it furnished a tctrahydro derivative, 
CY&H,NO,, m.p. 66” which exhibited a typical me~ylcnedioxy bcnxcn~~~ UV 
spectrum. 

In order to ascertain the amide nature of piperionguminine and to secure knowledge 
about its basic moiety it was subjected to acid hydrolysis in a sealed tube. The 
product was a complex mixture from which only isobutylamine hydrochloride, 
could be isolated and idcntificd. Ozonolysis of the parent alkaloid produced pipcronal, 
(characterized as its DNPH derivative,) and on treatment of the alkaloid with 40% 
cthanolic alkali piperic acid was obtained. The very isolation of piperic acid and 
isobutylamine by the alkali and acid hydrolysis respectively establishes that piper- 
lunguminine is an isobutylamidc of pipric acid (VII). 

Ia K. R. Verme, M. L.. Mehawari end S. C. 
I4 W. J. Gmstcr end C. M. Camour, 1. Org. 

‘CHAZH&kH 
/ 

Me 
VII 

Bhattacharyya. Temhedron 21, 1 I5 (1965). 
chcm. II, 9 (1933). 
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Supportive evidence in favour of VII for piperlonguminine is presented from its 
NMR spectral (Fig. 4) study. In the low field region the spectrum exhibits signals for 
methylenedioxy group (2H, 4.10 7). aromatic protons (3H, 3.2G3.04 T) and olefinic 
protons (4H, 399, 3.68, 3.25 and 2.50 7). All these signals appear essentially at the 
same positions as are observed in the NMR spectrum1b of piperine thereby affirming 
the presence of piperic acid system in the parent alkaloid. The six proton methyl 
doublet (J : 6 c/s) around 8-95 T coupled with an one proton multiplct around 790 7 
reveals the occurrence of an isopropyl side chain in its molecule. The two proton 
signal centered at 6.55 T is attributed to the methylene protons adjacent to the secondary 
nitrogen atom. 

Ro. 4 

ConGrmatory evidence for the proposed structure VII of piperlonguminine has 
been available from mass spectral analyses of the alkaloid and its tetrahydro derivative. 
The mass spectrum of piperlonguminine in addition to the molecular ion peak at 
m/e 273 exhibits characteristic peaks at m/e, 201, 173 and 172, the genesis of which 
can be rationalized as follows: 

O/ 
HI(‘<~ 

6>1 

I ’ 

m/r 172 m/c 173 

I’ N. S. Bhacca, L. F. Johnson and J. N. Shookry. NMR SjwcrraCatalog Varian Awxiata. U.S.A. (1962). 
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The tetrahydro compound VIII shows the molecular ion peak at m/e 277 and the 
peaks at m/e 205,204 and 1 I5 corresponding to the loss of 72.73 and 162 mass units 
respectively. 

The ion of mass 204 evidently arises by loss of isobutylamine while McLAerty 
type of rearrangement gives rise to the ion mass 115. 

m/e 11s 

Tetrahydropj~rlonguminine also exhibits two other important peaks at m/e 

and 135 which are attributed to the ions a and b respectively. 
148 

a m/e 148 bmfe 135 

The peak at m/e 135 which is common to both the parent alkaloid as well as its 
tetrahydro derivative is in agreement with the presence of a pipcronylidcne or a 
pipcronyl group. l6 The ion of mass 115, though less intense, ouzurs also in the 
spectrum of pi~rfon~minine but it can not be said with certainty whether they 
represent the same ionic species. 

The structure VII was finally established by an unequivocal synthesis of piper- 
longumininc achieved by condensation of piperic acid chloride with isobutylamine 
in dry benzene. 

EXPERIMENTAL 

M.ps and b.ps are uncorrcacd. W spectra were measured in a Beckmann modct DU instrument 
in 9S% EtOH. IR spectra were taken on a Perkin-Elmer Infracord as mulls in nujol. The alumina 
used for chromatography is a Brockmann’s (S. Merk) grade. Samples were dried at constant tan- 
pcraturc al 2-4 mm press over p.01. 

fsolarion of +e&~n&ne, pt~rb~umininc Mdpipcrlorgiru. Air dried finely pulverized roots 
(1 kg) were extracted with petrol (b.p. 60-80’) for 40 hr. The extract on cooling yielded a partially 
crystalline residue (5 g; @5 %) which was trituratcd with cold ether until the washings were co1ourks.x 
This yielded virtually pure pipcrionguminc (2-S g; @25”/3. m.p. 120-122” which was recrystal&d 
from EtOH-cthcr (3: 1) giving white shining noexiles, m.p. 124”. [ag &O (dry EtOH), gyz. 220 
rnp (log c, 4.99). and 328 mp (log E. 450), A$):““‘* 328 mr (log t. 4.28). (Found: C, 64.28; 
H, 6.05; N, 4.41; OMe. 29.45. C,,H,,O,N(OMc), requires: C, 64.35; H. 599; N, 4.41; OMe, 
29.33 %.) 

P~r&~~(~. The mother liquor wasconoentratcd (SO ml) and together with the washings 
was chromatographcd over alumina using benzene, bcnzencxhfand pure chf respectively as elucna. 
the cfuates mn colkctcd in fractions of SO ml each, car&r fractions of pun bcnznc fun&w 
@-sitostcrot, m.p. 137”, while the later fractions of bcnzenoxhf (3: 1) afforded pipe&e, m.p. 128” 

I* B. Willhalm. A. F. Thomas and F. Gautschi, Tttruhdon 20, 11811 (1964). 

1s 
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and a new alkaloid piperIouguminine, mp. 166-68” (O-022 YJ. (Found: C. 69-49; H, 6.56; N, S40. 
C,,H,,O,N requites: C, 70.32; H, 6-98; N, 5.12X.1 zzn 245,2S6,307 and 34Omp (log 6,390; 
4.02,4.33 and 4.52). 

Piperloq@tw. Pure chf ehtates yielded another new base, pipCrot@w, B.P. 11&15”/2-4 mm 
press (0.02%). 

Te~~~~opi~rio~um~ (II). Pi~rIon~~ (O-5 g) in glacial AcOH (50 ml) was hydrogenated 
using Adams PtO, catalyst (@ 1 g) at ordinary temp and press. Absorption of H was complete after 
6 hr during which two moles H were absorbed. The catalyst was filtered off. Evaporation of the 
solvent under reduced press yielded a syrupy liquid which was taken up in ether. The ether extract 
was washed first with NaHCOGq, then with water and t&tally dried over Na$O,. Removal of the 
solvent furnished rrrr~~dro~j~r~o~~rni~e (040 g which gave col~urless prisms, m.p. 83-84’. from 
dry ether. (Found: C, 63.67; H, 7.18; N, 466; OMe, 29.01; Mel wt 321 (mass spectromtry) 
C,,H,,O,N (OMe), requires; C, 63.55; H, 6.54; N, 4.35; OMe, 2&97%, and mol wt 321.) 

Ozonolysis ofpipcrloqumine (IV) and formarion of 3,4,5-rrimrthoxy&nroldeh~~. A stream of 
ozonized oxygen (ca. 5%) was slowly bubbled through a soln of piperlongumine (Q5 g) in AcOEt 
(75 ml) kept at O-5” !ill no further 0, was absorbed. Mg turning (0.2g) and 50% aqueous AcOH 
(10 ml) were then added and the mixture was kept overnight at room temp. The solvent was removed 
under diminished press and the residue was thoroughly extracted with chf (4 x SOSO). The chf 
extract was washed with water and dried. The oil, obtained after the removal of the solvent was 
distilled at 16&165”f10 mm yielding 3.4,s.t~~thoxy~n~&hyde (0.20 g) crystalfiaed in needles 
from water, m.p. 78” (identical with an authentic specimen). 

It fonnod well ddined DNPH derivative, m.p. 238-240” (AcOEt) with an akoholic soln (SYJ of 
2:4-dinitrophenylhydrazine. (Found: N, 14.92. Calc. for C,,H,,O,N,. N, 14.89x.) 

A&a&se hy&otysis of pipcrfo~untine (IV) ro 3.4,~~trinuthoxyci acid a& pipcrlongumic 
acid (V). A mixture of pipetlongumine (3 g) and KOH (5 g) in EtOH (100 ml) was heated under 
reflux for 6 hr. then diluted with water (SO ml). the solvent compktely removed under reduced press 
and extracted with chf (500 ml) (fraction-A). The aqueous alkaline soln was acidSed to pH 5 and 
extracted with ether (500 ml). The aqueous layer fjracrfon-8) was examined separately. The ethereal 
extract waa washed free from mineral acid (congo red), dried over Na,SO,. Evaporation of the 
solvent yielded 3,4,5-trimethoxycinnamic acid (I-SO s>, crystallired from water in fine ocodks, m.p. 
12S-126”. The acid was found to be identical with a synthetic sample of 3,4,5-trimcthoxycinnamic 
acid by their mixed m.p., UV and IR speclra. (Found: C, 60.92; H, 5.91; ONc, 38.77; Equiv wt 
245. Cak. for C,H,O*. (Oh%): C, 60.50; H, 5.88; OMe, 39.07% and Equiv wt. 238.) 

The aqueous extract (ffoclfon-B) was refrigerated for 24 hr. and the crystalline ppt (0.75 g) col- 
lerted, m.p. 166-1700. The ppt was aystailhd from aqueous NcOH in fine tlakes, m.p. 1?2-1749 
L:‘&a 231 and 299 rnp (log c, 4.42 and 4.33). (Found: C, 61.22; H, 6.45; N. 4.20; OMe, 28.01. 
C,,H,,O,N. (Oh4e),requiru: C, 6089; H, 6.26; N,4+19; Oh&, 27.76%) 

Oromiysis ofpi~r~o~~ acid fv) and f orewtion of 3~4,~tr~~~~xy~~~h~ and suceln- 
a&h+c a&f. A weam of oxonized oxygen (ca. 5 Ye) was slowly bubbled through a soln of piper- 
longtunic acid (0.6 g) in glacial AcOH (50 ml) kept at O-Y till no further 0, was absorbed. The 
oaonide thus formed was decomposed by adding Mg turnings (@5 g) and water (10 ml). The pH of 
the soln was then raised to 8 by the addition of Na,COI and the soln extracted with chf (3 x 100 ml). 
The aqueous soln (&rucrfo~C) was kept aside. The chf extract was washed with water, dried and 
distilkd to ykld 3,4,5-trimethoxybenldehyde, m.p. 76-78”. identical with the authentic specimen. 

To the aqueous soln (rrocrfon-C) acidifkd with dil. H&Q an aqueous soln of 2,4+linitrophenyl- 
hydra&se (5 %) was added when a turbidity appeared. The mixture was kept undisturbed when the 
turbidity increased. It was then extracted with bemzne, washed, dried and concentrated (10ml). 
The concentrate was chromatogmphed over silica gel using benzene and benzene-A&Et (t : 1) as 
eluents. The benzene-A&Et elucnts furnished sn orange red DNPH derivative of succinaldehydic 
acid, (0.925 g). crystallired from MeOH in fine needles, m.p. 202-204” and proved to be identical 
with DNPH derivative of succinaldchydic acid by mixture m.p. determination with an authentic 
sample. (Found: C,41+24: H, 3.30: N, 19.86. Cak. forC,,H,N,O: C,41-28; H, 3.20; N, 19.92%) 

T~rrahy&op&er/oqnmfc ucId (VI). Piperlongumic acid (0.4 g) in abs EtOH (40 ml) was hydro- 
genated in presence of Adams catalyst (005 g) and after 2 hr the uptake of H ceased. The filtrate 
yielded tctrahydropiperlongumic acid (0.38 g), which was ctystalliuri from AcOEt-ether (1: 3)in. 
beautiful needles, m.p. 114”. (Found: C. S966; H, 7.38; N. 4.08; OMe. 2794. Mel wt 339 (Mass 
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speurometry). C,,H,,OIN(OMe), requires: C, @Ill; H. 7.37; N, 4.10; OMe, 27.43% and mol 
WC 339.) 

Acid hy&olysis ofp+r/oqqumik acid. A mixture of piperlongumic acid (0.5 g) and 10N HSO, 
(2Oml) was taken in a hard glass tube which was evacuated and sealed. The contents of the tube 
were heated in an oil bath (temp maintained at l2O-125” for 6 hr). The seal was broken after cooling 
the tube and the aqueous acid soln extracted with ether (4 :i SO ml). The ether extract was washed 
with NaHCO,aq. Tbc aqueous bicarbonate extract was carefully acidified with dil HCl and then 
extracted with ether (4 x 50 ml). The ether extract was washed with water, dried and evaporated 
to dryness when a semisolid residue (O-2 g) was obtained. This was crystrdIircd from dilute alcohol 
in fine needles, m.p. 12>126”. It recorded an undepressed mixed m.p. on admixture with an authentic 
sampk of 3,4,5ttimethoxycinnamic acid. 

Synrhcsir of z-p&&&r. Cyclo~tanoneoximc (5 g) was dissolved in 2U ml strong H$Q 
(WI ml cone acid and 20 ml water). It was then heated just to boiling when the solution became 
dark. The content was cooled and diluted with water (20 ml). The solo was then neutral&d with 
2S % NaOHaq and extracted with chf (4 Y 100 ml). The chf extract was washed with water, dried 
over Na,!Q and the solvent removed. The resultant syrupy liquid was distilled under reduced 
press when z-pipcridone (0.9 g) distilled at lO~llO”/2-4 mm. On cooling it solidilkd into needles. 
m.p. 38-40”. 

Acid hy&ofyk of z-pipcricbnr. z-piperidone (0.5 g) was refluxcd with cone HCI (2 ml) for 2 hr. 
Excess acid was removed and the product (@2Og) was crystahired from dry EtOH in 6ne ncedks, 
m.p. 84”. The compound was found to be identical with hydrochloride of 5.amino-n-vakric acid 
from its mixed m.p. with the authentic sample. (Found in a dry sample (dried over acetone): C. 
4368; H, 8.92; N. 10.21; Cl, 25.39. C,H,,ON,HCI requires: C, 4363; H. 8.72; N, 1018; Cl, 
2581%.) 

Cotuksation of 3.4.5.trimethoxyct?tnamoyI chloriak with pijuridine. An cthetd soln of 3,4,3- 
trimethoxycinnamoyl chlortde (2g) (prepared by the action of SOCI, and the acid) was added 
dropwise to a vigorously stirred soln of piperidine (1.9 g) in 10% NaOHaq (20 ml). kept at O-5”. 

The stirring was continued for 1 hr more and left overnight. The product was extracted with ether 
(5 x 100 ml). The combined ether extract was washed succr&vcly with 2N HCI (4 x 25 ml), 
NaHCO,aq (5 %, 5 x 10 ml), water and dried. The solvent was distilled and the resultant brown 
semi-solid mass was cry3talli;rcd from ether-pet. ether (b.p. Scrso’) (1: 3) in Ant colourkas needles. 
m.p. lOl-102”. yield. 1*2Og. (Found in a dry sample: C, 67-U; H. 7.57; N, 4.S7; OMe, 30.58 
C,,H,,O,N requires: C, 66.88; H. 7.54; N, 4.59; 3-OMe. 3&49x.) 

3.45TrimcthoxyphnylpropioMmide of pipcriditae. The condensation product (1 g) dissolved in 
abs EtOH (SO ml) was shaken in an H atm in presence of Adams catalyst (0.13, preruluoed with H. 
Absorption of H (one mok) was complete after 2 hr. The catalyst was filtered off and the filtrate on 
removal of the solvent furnished a coiourleu oil. which solidified on cooling in ice. m.p. 70-75”. The 
product (06 g) was crystallizrxl from acetone in beautiful wlourksa nadles, m.p. 7678”. (Found 
in a dry sampk: C, 66.82; H, 8.18; N, 456; OMc, 30.86; M = 307 (Mass spectronut~). Calc. 
for C,,H,O,N: C, 66.45; H, 8.14; N, 4.58; 3-OMe, 30-29x; mol wt. 307.) 

Tctr~~opi~fo~~c acid (VI). To a suspension of pip&dim amide of 3.4,~trin~tltoxy- 
phtnylpropionic acid (0+5 g> in water (2.S ml) KMnO,aq (1 g in 20 ml water) was added dropwise 
with vigorous stirring at a temp of W-70”. Stirring was continued for 4 hr. Exams KMnO, was 
decomm by alcohol and filtered whik hot. The residue was washed with hot water. The com- 
bined filtrate was concentrated (10 mI). cooled and acid&d with dil HCI (pH 45) when an oily 
substance separated. The product was extracted with chf (4 x SO ml), washal with water, dried and 
distilled. The reaultiog light brown oil was crystallized from AcOEt--cther (I : 3) in shining needles, 
m.p. 114”; yield, 0.2Sg. (Found in a dry sampk: C. 5968; H. 7.39; N, 4-06; OMe, 27%. 
Cak. for C,,H,,O,N: C. 60.18; H, 7.37; N, 4.10; 3-OMe. 27.43x.) 

Cutofytfc h~~e~tjon of piperfoqumink (VII). ~~l~~ini~ (0-l 37 g) dissolved in 
aIdehyde-free EtOH (30 ml) was shaken for 3 hr in an H atm in preaena of Adams catalyst (Oft4 g), 
prereduced with H. H uptake during 3 hr corresponded to 2 mole equivs (25 ml) per mole of piper- 
longumininc and thus indicated the formation of a tctrahydroderivatiw. The alcoholic soln was 
filtered from the catalyst and the Sltrate on removal of the solvent under reduced press furnished a 
colourleas oil (0.11 g) which was crysta11iud from pet ether (hp. 60-So*) in white needles, m.p. 67”. 
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(Pound in a dry sample (dried over acetone): C. 69.U; H, 842; N, $10; M = 277 (Mass spectrom- 
ctry). C,,H,,O,N requires: C, 69.31; H, 8.30; N, SOS?;; mot wt. 277.) 

Ozonolysis of piperio~wninine. Piperlonguminine (0.3 g) was dissolved in AcDEt (4Oml) and 
A&H (10 ml). The soln was cooled to 0” and a stream of ozoniud oxygen (ca. S% ozone) was 
bubbled through the soln till it contained excess 0,. A current of N was then passed through the 
soIn at 0” until the out~ming gas no longer turned a starch iodide paper blue. The oronidc was then 
decomposed reductively by adding a mixture of Ng turnings (0.5 g) and aqueous AcOH (1: 1, IO ml) 
and the reaction mixture was kept ovcmight. The decomposition product was diluted with water 
(SO ml) and extracted with chf (4 x SO ml). 

The aqueous layer was removed and the organic layer was washed with 2N HCl to remove any 
basic material. The chf layer was washed with water, dried and distilled. The residue on d~t~lation 
at lW/lSmm yielded piperonal (0.1 g). It formed well defined DNPH derivative with alcoholic 
soln (5 %) of 2,bdinitrophenylhydrazine. The DNPH derivative was crystalliuxl from EtOH in 
purplish-red crystals, m.p. 264-266”. undcpressed when mixed with the authentic sampk. (Found 
in a dry sampk: C. 6GOl; H. 3.08; N, 16.92. WC. for C,,H,,O,N,: C, 5090; H, 3.03; N, 
16.97 %.) 

Acid hydrolysis of pi+rforipuminint. Piperlonguminine (0.2 g) was heated at 120” for SO h.r in a 
sealed tube with cone HCI (3 ml) and EtOH (5 ml). The seal was broken after cooling the tube and 
the acid soln after the removal of alcohol was extracted with ether (4 x 20 ml). The ether extract 
(B) and the acid extract (A) were separately treated. 

Trearmcnt of the acid extract (A) and is&rion of isobutyfamitu hy&oc&ri&. The aqueous acid 
solution (A) was evaporated to dryness and extracted with A&Et (4 x 10 ml). The organic layer 
upon removal of the solvent furnished isobutylamine hydrochloride, (@OlS g). It aystallized from 
A&Et in flakes, m.p. and mixed m.p. with an authentrc sample, 172-t73”. (Found in a dry sampk: 
C, 4362; H, 11.05; N, 12.92; Cl, 32.62. Cak. for C,H,,NCI: C, 43.83; H, 10.96; N, 12.78; 
Cl. 32.42%) 

Trcarmenr of the rthrr cxtruct (B). The ether extract (B) was washed with water, dried and then 
evaporated to dryness when a brownish red solid (0.05 g) was obtained. m.p. above 340”. It could 
not be crystallized. The compound was found to be solubk in NaHCOsq and gave a catechol type 
colour reaction (light green) with alcoholic FeCl, soln. 

Alkaline hydrolysis of p@crto~uminine. Piperlonguminine (0.2 g) was dissolved in 40% alcoholic 
KOH (20 ml) by slight warming. The soln was heated under reflux for 8 hr. The solvent was removed 
under the reduced press and the viscous jelly thus obtained dissolved in water (20 ml) and extracted 
with ether (4 x 30 ml). The aqueous alkaline soln was acid&d (congo red) with HCI. The ftoccuknt 
ppt (0.1 g) (pipaic acid) was filtered off, washed with water, dried and crystallized from MeOH 
in pak yellow madks, m.p. 217-218”. (Found: C. 65.97; H. 4.85; Cak. for C,,H,P,: C, 66.05; 
H. 4.81X.) 

Pip&c acid. Pipe&~ (2GOg), isolated from P&r n&urn Linn. was hydrolysed with 20% 
methanolic KOH (la3 ml). The MeOH was removed under reduoed prcas and the semisolid mass 
dissolved in water (SO ml). The aqueous soln upon acidifkation with 6N HCI yielded a flocculent 
yellowish ppt of piperic acid (I g). The ppt was Altered oIT and crystallized from MeOH in yellow 
needles, m.p. 217-218” and found identical with a synthetic sampk prepared from piperonal by the 
usual procedure. 

Acid chlorkie of piperic acid. Piperic acid (I g) was added portionwise to freshly distilled PCI, 
(9 ml) at 40-W’ and the mixture heated at -70” for 3 hr. The supematant liquid was decanted 
from the syrupy layer of phosphorus acid, when a brownish solid was obtained. 

Cotnfemation of piperic acid chlorkie with isob#ytamitte. Isobutylamine (1 g) was dissolved in 
dry benzene (SO ml) and pyridine (2 ml). A soln of piperic acid chloride (1 g) in dry benzene was 
added to the mixture slowly with stirring at a temp of O-5’. The mixture was kept overnight. The 
reaction mixture was extracted thoroughly with benzene (4 x SO ml). The berucne extract was 
washed suazssively with 2N HCI, then NaHCO,aq and water. It was dried over Na,SO, and 
concentrated to a brownish oil. The oil was chromatographed over Brockmann alumina using 
benzene and benzene-chf (3: 1) as cluents. The benrtne-chf tluates upon conantration furnished a 
white solid (0.6 g), m.p. I 5d160°. The latter upon crystallization from benzene-petrol (2: 1) fumishcd 
piperlonguminine. (Found: C, 69.53; H, 7.02; N, 5.20. talc. for C,,H,,O,N: C, 70.33; H, 
6.96; N, 512:/,.) 
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