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Abstract: This review summarises some of our work on the

chemistry of six Indian Piper specles.
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I. Introduction
The family Piperaceae consists of four genera and contains more than 2000
specles, all belonging to the tropical parts of the world. Forty-five Piper
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species appear in the Flora of British India and of these, thirty-two occur in the
Indian territory including the lhulams.ns!.2

A variety of compounds bave been lsolated in the few Piper spaecies which have

been investigated for their chemistry. These are aliphatic and aromatic anides,3

51657 8,9 1

cyclohexaene napox:l.dem,l+ lignauns, flavonoidsw, sesquiterpenes

and slkaloids.’?

& ~pyTrones,
The chemistry of Piper species has been reviewed ees.rl:l.er.13 s
The present contribution summarises some of our work on six plants of the Piper

species.

II. PpPiper attenuatum Ham., P. galeatum Wight., P. hookeri Hook, P, nigrum Linn,
Crotepoxide, pipoxide and pipoxide chlorohydrin.

Hexane extracts of the whole plant of P. galeatum, P. hookeri and P. attenua-

fun afforded urotepoxida15 {1) which i1s ¥nown to possess gignificant anititumour
activity in Lewis lung carc:l.noma.16 Chromatographic separation of the hexane

CH,0COPh CH OCOPh
O’ H
OAc Ha O
"oOAc OCOPh
0
1 2 2

extracts of P, hookeri and P, nigrum gave colourless plates m.p. 15’-!-’,['0(]]) - 49°,
C,4H,g0¢ which appeared to be identical with pipoxide constituted as (2), except
for the rotation, [«]D + 24.5 * V7 4 direct comparison including ORD showed that
the compounds were ident:l.ca.l.15 The structure (2} was based on spectra and some
chemical reactions. We found that the 60 MHz spectrum does not give clear separa-
tion of the protons. 360 MHz spectrum and decoupling experiments clearly indicated
the structure (3) for pipoxide. Configuration for the epoxbde was based on a com-
parison of the chemical shift H, in (3) at 3.6 % with the corresponding proton at
3.6%4n (&), 3.68% in (1) and 3.47%1in (5), 3.4% in senepoxide (,,6,)."8 Holbert
et al. have recently reported the revised structure of pipoxide as (3) by X-ray cry-
gtal structure determination and have carried cut its total synthesis.19
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£HOCHPh CHHOR HQ CH,0COPh
Hgoe Ac  H, OAc Cl.., OH
“eOAC OAC OCOPh
& 5:R=CH,Ph 1
6:R=COPh
From the methanol extract of P. hookeri and P. nigrum pipoxide chlorohydrin

was iszolated, As it could be transformed to pipoxide on treatment with methanclic
potasaium carbonate'® its structure has been revised to (2).15’17

III. Piper Jongum Linn., Piplartine
Roots of Piper longum, Linn, are widely used in the Ayurvedic System of medi-
cine.?® Atal and Banga first isolated®’ piplartine, G, HoNOg. This alkaloid

named piperlongumine was constituted as (8) by Chatterjee and Dutta based on

MeO 6 5 MeQ
MQOQ-CH=CH-CO*-N ) McOQCH‘JCH-CO-N />
MeO 0
8

MeO
9

1 Our investigations showed that the double

spectral and degradation studies.2
bond at the 5,6-position of the pyridone ring was incompatible with the observed
NMR spectrum. Dihydropiplartine was syntheslzed by reaction of 3,4,5-trimethoxy-
cinnamoyl chloride with < -piperidone, A UV Jifference curve between piplartine
and dihydropiplartine showed ) max 225 nm (£, 11000} which is in good agreement
with an o,B-ungaturated lactam chromophore. Piplartine has been assigned the

structure (9) having the unsaturation at 3,4-position of the pyridone ring.22

IV. Piper trichostachyon C.DC.
This Piper species 1s a twining climber growing in most of the evergreen
forests of the Western Ghats of Indla. Barlier chemical investigations of thig
plant reported the isolation of a diene amide trichostachine, and also the triene-
amide 1-piperettyl pyrrolidine.23 Trichonine, the pyrrolidine amide conteining a

diene attached to a 15 carbon aliphatic chain has alsc been isolatad.eh
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During the screening of medicinal plants for their bdbiological activityzs we
examined the stems of P, trichostachyon.

0ily hexane extracts on chromatographlic separation on alumina afforded four
alkalolds. Two of these, pipsrstachine and cyclopiperstachine are lsomeric and
the other two which are also isomeric have been designated eyclostachine A and

eyclostachine B.

1. Structure of piperggachin226 :

ma at 216, 283, 293 and 315 nm, Infra-red bands dve to NH or OH, conjugated amide

Thigs analyses for 022H291\IO3 and shows UV maxi-

carbonyl, methylenedioxy and olefinic trans double bond groups are observed. The
PMR spectrum acecounts for all the 29 protons in the molacule. It showed 9 olefinic
or aromatic protons, a methylenedioxy group, an smide NH adjacent to a methylene
group, two allylic or benzylic methylenes, two saturated methylenss and an isopro-
pyl groupings.

Double resonance studles established the following arrangement of groups :
{1) The NH at 5.86 on irradiation changed the methylene triplet at 3.135%to a
doublet indicating that these are adlacent. (2) The methine proton at 1.79 % on
irradiation simplified the triplet at 3.13‘S to a doublet. The methylene should
therefore be spin coupled with the amide NH. (3) The allylic or benzylic methy-
lene at 2.28 on irradistion simplified the saturated methylenes at ~1.58 and
also simplified the olefinic region at 6.0-6.4% . This data indicated a partial
structure (10) for piperstachine where the CqoHqy @liphatic unit contains three
olefinic double bonds and four contiguous methylene groups.

Me Me
- ~CH-~CH™ . /
(CyoH4) - CONH-CHy-CH_ 0 (CHg), o ~CONH—CHy-CH_
Me L\ Me
10 n

Piperstachine on hydrogenation gave the hexahydro derivative (11) the struc-
ture of which was confirmed by its syathesis.

2. Synthesis of hexahydropiperstachine (11)2® ; The chloride of etnyl hydrogen
sebacats was reduced with NaBHh to the corresponding aleohol which on treatment
with PBr3 gave ethyl 10-bromodecsnoate. The triphenyl phosphonium derivative
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prepared from the bromosster on Wittig reaction with piperonal afforded (32)}. The
sgme compound was alsc obtained by Wittlg reaction of piperonyl-triphenyl-phospho-
alum bromide with methyl 9-formylnonanoate, ester exchange taking place in the pre-
sence of sodium ethoxide. Hydrogenation afforded the saturated ester (13_) which
was hydrolysed to the acid (14) and condensed with isobutylamine to give (11)
identical with hexahydro piperstachine.

0 (CH=CH)-(CHQ) -CO.Et ¢ (CHp), 5 COOR
12 13:R=Et
14:R=H
26 .

3. Position and stereochemistry of the double bonds in piperstachine”™ : The

i ——

PME spectrum of piperstachine using the shift reagent Pr(;t‘ot:l)3 indicated that the
terminal carbon of one of the olefinic double bonds must be attached to the ol -
position of the amide carbonyl. The value of the vicinal coupling constant (15 Hz)
established & trapns configuration of this double bond. Piperstachine gave a Diels-
Alder adduct with maleic anhydride indicating a trans-diene system of two of the
threes olefinic double bonds. Only three structures {15}, {18) and (17) can be
considered for piperstachine to fit the above data., In order to establish the

o
0 Me
{ NN O NH-CHy-CH,
0 Me
15
0 1 /Me
N N NH-CHy=CH__
Me
16
0
0 Me
{ NN N SNH-CHmCH_
0 Me
17
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position of the olefinic double bonds and their stersochemistry, the synthesis of
these compounds was undertaken.

4, Synthaesis of N-1isobutyl-11-(3,4-methylenedioxyphenyl)-undeca-2,4,6-4rans,

trans, trang-trienoic amide (§)27 : Wittig reaction of piperonal with the
yiid from carbethoxy-propyltriphenylphosphonium bromide gave the ester (i8) which

on hydrolysis to the acid, reduction of the double bond and esterification gave
(12). 1iAlH, reduction of (13) to the alcohol and oxidation with Collins reagent

— 0 R
%Dﬂ_\/\cozm %:@\/\/
- 20: R= CHO
affordsed the aldehyde (20). The next step was to extend the chain to give the

triene acid. Wittlg condensation of (20) with the phosphonium bromide (21) ob-

tained from methyl -w-bromo-itrans, trang-sorbate gave the trang,treng,irans-trisne
ester (22). The newly generated double bond has to be trans since the reaction

CO.M
22

21

involves the condensation of a resonance stabilised phosphorane.28 The ester 22)
wag hydrolysed to the acid and condenged with isobutylamine to give {15) which

wag found to be different from piperstachine.

5. Synthesis of piperstachine (2)2? s+ Condensation of 3,l-methylenedioxy-
lrang-cinnamaldshyde with the ylid from carbomethoxypentyl-triphenylphoaphonium
bromide gave a mixture of the frang,trang (23) and the trans,cis (24)-diene esters
in the ration of 4:6. Alkaline hydrolysis of the mixture of esters gave the acids
which were separated by utilising the differential solubilities of their potessli-
um salts in ethanol. The compounds could be distinguished, as only the acid from
(23) gave the maleic anhydride adduct (25). LiAlH, reduction of (23) gave the
corresponding alcohol which was beat oxidised by the Pfitgner-Moffaft px-ocadure29
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COLEY

to give the aldehyde (26). Witti reaction of (26) with carbomethoxymethylenetri-
phenylphosphorane ylelded the triene-ester (27). This was hydrolysed to the acid
(28) and then converted to the amide (12) which proved to be identical with piper-

stachine.

CO,R
o 2

i

27: R=Me; 28:R=H; 33:R=Et
Another synthesisz of piperstachine has recently been repOrted.30 Hittig re-
action of 6-(tetrahydro-2'-pyranyloxy) hexanal (29) with the phosphonium bromide
(30) gave the trans,trans-diene (31) which after removal of the protecting group
and oxidation gave the aldehyde (32). Wittig condensation of (J2) with ethyldie-
thylphosphonoacetate gave the ester (33) which on hydrolysis afforded the trienoic
acid (28) obtained in the previous syathesis,

CHo” A H20THP

O
=2 @
<0 P-Phj <O R R
o 0
29 Br

23 30
= 31: R =CH,0THP

32:R=CHO

6. Cyclogtachine 531’32 $ This alkaloid 02232?N03 showed in the IR spectrum a
tertiary amide band at 1630 em”'. Its PMR spectrum indleated a methylenedioxy
group, an isolated double bond and an acyllpyrrolidine moliety. The UV spectrum
ghowed that the double bond 13 not conjugated with the aromatic ring. Hydrogena-

tion gave dihydrocyclostachine A and acid hydrolysis of cyclostachine 4 afforded
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pyrrolidine. On the basls of the above data and the mass-spectral fragments
{prominent ions at M/e 255, 218, 135 and 98 attributed to tons g to d) a gross
hypothetical structure ilr_ was considered. The presence of a disubstituted double

+.
9 +

i
¢ “ &)

o-N_]

bond was confirmed by 08°|+ oxidation to the diol and periodate cleavage to the

di aldehyde. LiAlH\_b reduction of the alkaloid afforded the amine characterised as
the crystalline sulphate. The X-ray crystal structure of this (Figure 1) showed
that atoms C(7), C(B), C{(9), C(10) and C(15) of the cyclohexene ring are coplanar
and C(1), C(14) and C{17) are all axially cl:Lspv:ased.31 This is in contrast to the
PMR spectrum of cyclostachine A (35) in solution showing these three substituent

Figure 1

atows equatorial, In the solid state the amine shows a conformation different,
probably because of the greater volume required for the non-planar amine ring
compared with the amide form and the need to proximate the sulphate ion to the
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nitrogen atom for the lonic and hydrogen bonded linkage.

7. Cyeclostachine B?’2 : This has similar UV, IR and mass spectral fragmentation
indicating that this is a stereolsomer of cyclostachine A, It was visualized that
the aryl-octa”hydronaphthalene skeleton in 35 originates from a trienamide related
to piperstachine (17). Intramolecular Dielg-Alder reaction of this hypothetical
precursor (36) would be expected to give two race:mates.33’3h Ae cyclostachine A
is known to be the gis isomer, cyclostachine B could have a trang stereochemistry
for the naphthalene ring as in (37). The PMR spectrum of cyclostachine B is in
excellent agreement with the conformation shown.

0
> _ ,O
——p
6
0™\

H

;\g
é T
i

8. Czclog;gerstgchine32 ¢t This alkaloid, isomeric with piperstachine has spec-

tral properties similar to (3%} and {(37)}. The PMR and mass spectra show the pre-
gsence of an isobutylamide group. The PMR spectral similarity with cyclostachine
A suggested a ¢lg fusion and the structure (38) for this alkaloid.

H

Me
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9. Synthesls of cyclostachine A, cyclostachine B and cycloplperstachine : The

ester (27) when heated in xylene gave a mixture of two compounds (39) and
{40) separated by chromatography. The major product has the gig configuration.
Alkaline hydrolysis of (33} and conversion to the amide gave (35), identical with
eyclostachine A. Esterification of the acid with dlazomethane gave (33) proving
the absence of any isomerisation during hydrolysis. Under vigorous hydrolytic
conditions, isomerisation took place to give the acid (41).

H
COH

H
¢o-N_]

41 42 43

The minor ester (40) on hydrolysis to the acld was converted to the pyrrolyl-
amide (37) identical with natural cyclostachine B. Vigorous alkaline hydrolysis
of (40) resulted in the epimerisation at C-16 to give (42) which could be converted
to the isomeric alkaloid (4%3). The acid obtained by mild hydrolysis of (33) on
treatment with isobutylamine afforded (38) identical with natural cyclopipersta.

chine.

V. Pharmacological activity

Plants of the Piper specles are known to be widely used in medicine and the
pharmacological activity could be attributed to a variety of chemical constituenta.
The essential oil of P, betle Linn. has been shown to have antheilmintic act:l.vity..35
Extracts of P. peepuloides Royle have been c¢claimed to exhiblt insecticidal and
larvicidal activity in mosquito and the housefly.36 Extracts of P, chabg Hunter.
have been demonstrated to possess hypotensive and smooth muscle-relaxant proper-
ties.3’ The marked central stimulant activity of P, lopgum Linn. has been shown
to be due to piperine.38 P, novag-hollandige contains amides having tumour inhi-
biting properties.39 It can be seen that only a few species of this genera have
been evaluated for their chemistry and phamacology. It appears worthwhile to
gereen many more Piper specles in order to isolate novel structures having useful

medicinal properties.

— 1318 —




HETERQCYCLES, Yol 15 No 2,

REFERENCES

1.

10.
1.

12.

13-
1k,
19.

16.

17.
18.

19.

Contribution No.588 from CIBA-GEIGY Regearch Centre, This review is based on
the Dr. R.C. Shah Memorial Lecture given on behalf of the University of
Bombay on 20th April 1979.

J.D, Hooker, "The Flora of British India", R, Reeve & Co., London, Vol.V,
195%, p.78.
K.L. Dhar and C.K. Atal, Indian J. Chem., 1967, 2, 588.

a) J. Singh and C.K. Atal, Indian J. Pharp., 1969, 31, 129.

b) J. Singh, K.L. Dhar and C.K. Atal, Curr. Sci., 1969, ;g, 471,
¢.K, Atal, K.L. Dhar and R.N. Girotra, Indian J. Chem., 1966, 4, 252.
C.K. Atal, K.L. Dhar and A. Pelter, J, Chem. Sog., 1967,2228,

A. Chatterjee, S.C. Basa and A.B. Ray, J. Indian Chem. Soc., 1963, 1_3‘5, 723.

J.D. Bu'lock and H.G. Smith, J. Chem. Sog., 1960, 502.

R. Hinsel and L. Klaproth, Arch. Pharm,., 1966, 322, 503.

K.L. Dhar, C.K. Atal and A. Pelter, Planta Med., 1970, 18, 332.

R.K. thapa, V.N. Vashist, J. Singh and R.K. Sharma, Curr. Sci., 1970, 92, 182.

H.G. Boit, "Brgebnisse der Alkaloid-Chemie", Akademle-Verlag, Berlin, 1961,
130.

C.K. Atal, K.L. Dhar and J. Singh, Lloydia, 1975, 38, 256.

A.T. Shulgin, Bull, Narcoties, 1973, 2'5, 59.

B.S, Joshi, D.H. Gawad and H., Fuhrer, Tetrahedron Letters, 1979, 2427.

8.M. Kupchan, R.J. Hemingway, P. Cogan, A.T. McPhail end G.A.Sim, J. Am. Chem.
Sec., 1968, 90, 2982.

J. Singh, K.L. Dhar and C.K. Atal, Tetrahedron, 1970, 26, 4403.

a) M.R. Demuth, P.B. Garrett and J.D. White, J, Am, Chem. Soc., 1976, 98, 634,
b) R. Hollands, D. Becher, A. Gandemer and J. Polonsky, Yetrahedron, 1968,
_2};, 1633,

G.W. Holbert, B. Ganem, D. van Bngen, J. Clardy, L. Borsub, K. Chantrapromma,
C. Sadavongvivad and Y. Thebtaranonth, Ietrahedrop Letters, 1979, 715.

— 1319 —

19817




20.

21,

22.

23.

24,

25.

26,

27.

28.
29-

30.

31,

32.

33.

A,

36.

37.

K.M. Nadkarni, 'Indlian Materia Medica', Vol.I., Popular Book Depot, Bombay 7,
3rd Edn., 1954, p.365.

C.K. Atal and S.8. Banga, Indian J. Pharm., 1962, '23:, 105; Qurr, Sei., 1963,
;&, 354. A. Chatterjse and C.P. Dutta, Tetrahedron, 1967, ?‘_}_., 1769,

B.S. Joshi, V.N. Kamat and A.K. Saksena, Tetr n L » 1968, 2395.

a} J. 5ingh, K.L. Dhar and C.K. Atal, Tetrghedron Letterg, 1969, 4975,
b} J. Singh, M.A. Potdar, C.K. Atal and K.L. Dhar, Phytochemistry, 1974, 13,
677.

R. Grewe, W, Freist, H, Neumann and S. Kerstew, Chem. Ber., 1970, 103, 3752.

H.K. Desai, D.H. Gawad, B.S. Joshi, P.(. Parthasarathy, K.R. Ravindranath,
M.T. Saindane, A.R. Sidhaye and N. Visvanatban, Indian J. Chem., 1977, 13B,
291.

B.S, Joshi, N. Viswenathan, D.H. Gawad and W. von Philipsborn, Helv, Chim,
Agta, 1975, 28", 1551,

N. Viswanathan, V. Balskrishnan, B.S. Joshi and W. von Philipsborn, Helv.,
Chip. Acta, 1975, 58, 2026.

J. Reucroft and P.G, Sammes, Quart, Rev., 1971, 32, 135.

K.E. Pfitzner and J.G. Moffatt,J, Am, Chem. Soc., 1965, §Z, 5661, 5670.

0.F. Vig, S8.D. Sharma, 0.P. Sood and $.S. Bari, Indian J, Chem., 1980, 1‘9’]2,
276.

B.3. Joshi, N. Viswanathan, D.H. Gawad, V. Balakrishnan, W. von Philipsborn
and A. Quick, Experientis, 1975, 31, 880.

B.8. Joshi, N. Viswanathan, D.H. Gawad, V. Balakrishnan and W. von
Philipsborn, Helv, Chim. Acta, 1975, 2&, 2299,

G. Mehta, J. Ch Bducation, 1976, 53, 551.
W. Gppolzer, Angew, Chemie (Int. 4. Engl), 1977, 16, 10.
S8.M. Ali and R.K. Mehta, Indian J, Pharm., 1970, 232_, 132.

J.B. Srivastava, Indian J, Fxptl, Biol., 1970, 8, 224,
ScSc Mishra and J.P. Tewari, J‘g Eha;m. Sg;., 19611', 21’ 1“’23-

— 1320 —




HETERQCYCIES, Vel 135, Ne 2, 198]

38. H. Singh, V.K. Kulshrestha, B.K. Srivastava and R.P. Kohli, J, Res. Indlan
Medigine, 1973, 8, 1.
19, J.W. Loder, A. Moorhouse and G.B. Russell, justrai. J. Chem., 1969, 22, 1531.

Received, 30th August, 1980

—1321 —




