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TK: 3500 In (COO1-1); 3300 F (NIi); 1750 F, 1720 1', 1685 F (COUH, COOK). RMN IH 
(CUCls); 10,7 et 9,3 (massifs, NH ct COOH); 3,88, 330 ct  3,77 (s, 3 CHaO); 2,97 (2H, massif, 
CHs-cycle) ; 2,40 (2H, massif, CI12...4XX)H) ; 1,77 (4H, massif, CIIs-CHa). 
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221. Piperaceae Alkaloids : Part 111. 
Synthesis of N-Isobutyl- 11 -(3,4-methylenedioxyphenyl) -undeca- 

2,4,6-trans, trurzs, trans-trienoic Amide and N-Isobutyl- 
11 -(3,4 -methylenedioxyphenyl) -undeca-2,8,10 -trans, trans, 

trans-trienoic Amide (Piperstachine)l) 
by Narayanan Viswanathan, Venkatachalam Ealakriehnan 

and Balawant S. Joshi 
Ciba-Gaigy IZesearch Ccntrc, .Hornbay 400 063, India 

ant1 Wolfgang von Philipsborn 
Institutr: of ()rganic Chotnistry, University of Zurich. 8001 %lll'kh, Switzerland 

Usdicalcd lu Prof. T .  It'. Gouindachura on the occasion of his 60th birthday 

(25. vI I r. 75) 

Summary. N-lsobutyl-ll-(3,4-1nethylenedioxyphcnyl) -unrlcca-2,4,G-lvans, trans, Walls-trienuic: 
amide (11) and N-isobutyl-ll-(B,4-rr1~thylcnedioxyphcnyl)-undcca-2,8,l0-lrans, Irans, irans-tri- 
cnuic amidc (111). two of thc thrcc possible structures ol Uic iilkaloid piptrstachinc, havc bcon 
synthesizcd. Compound (111) has been Iounrl to be identical with pipcrstachinc. The ll1- and 
1%-NMR. spectra of thc compound (11) arc discussed. 

The alkaloid piperstdiine 121, CzzHmN03, isolated f roni Pijer lricltostachyot~ 
cmc. (family Pi@eraceae), was found mainly from spectral characteristics to be an 

1) Contribution No. 403 from Ciba-Geigy Rescarch Ccntro; IsC-NMR.-Spcctroscopy, Part 9. 
For Part 8 see [l]. 

. . . - 
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N-isobutyl amide with the partial structure I whercjn tlic ClOH14 aliphatic unit 
contains three olefinic trum double bonds and four contiguous methylene groups. 
From an examination of its IH-NMK. spectrum mcasured in the presence of the shift 
reagent Pr(fodI3 [tris(l ,1, I, 2,2,3,3-heptafluoro-7,7-dimethyl-4,6-octanedionato) 

(C,&4)- C 0-N H- c H*- c H, ,CH3 

CH3 

prdseodymium], 011e of the three double bvnds W ~ L B  shown to be i!ralz.s arid a,b- to the 
amide carbonyl group. The prcsence of a truns-diem system in piperstachine was 
indicatcd by the ready formation of an aclduct with tnaleic anhydride. Thcse data led 
to three possible structures 11, I11 and IV, for the alkabid: 

10 19 
.NH-CH~-CH< 

20 
CH3 

3 
21 

CO-NH-CHZ-CH f CH3 
‘CH3 

111 

, C H 3  CO-NH-CH CH 
‘CH3 

IV 

We wish to report here the synth~sis of coitipounds I1 and 111 and the idcntity 
of the latter with pipcrstacliinc. 

Wittig reaction of piperonal with the ylid frorri carhethoxypropyltripheiiyl~~l~os- 
phonium bromide (V) yielded the ester VI a presumably having the cis double boticl 
131 [4]. Catalytic hydrogenation of V I a  gnvc, with somc difficulty due to tracc 
amounts of a catalyst poison in VIa, the saturatcd ester VIIa. It was found niorc 
convenient to procced through the acid VT ti wllicli was smoothly reduced to VII b. 
Esterification of the latter gave VIIa. Reduction of VlIa with lithium aluminium 
liydtide yielded the alcohol VIIc which was oxidized by Collins reagent 151 to  
the aldehyde. VIId. Wittig condensation of VIId with the phosphonium bromide 
VIII obtained from methyl w-bromo-karcs, #runs-sorbate [6] gave the trans, drum, 
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trans-triene cstcr IXa using sodium methoxide in dimethyl formatnide/~nci~~~LnoI, 
phenyl lithium in tetrahydrofuran or sodium rnethylsulfinylrriethide in dimethyl sulf- 
oxide, The ncwly generatcd C(l1)-C(l2) double bond has to bc trans since the reaction 
involves the condcnsntiun of a resonance-stabilised phosphuranc r3] [4 1. The trienc 
ester IXa was liydrolysed to the acid IXb which was convertcd to thc arnidc (11). 

V 
C T c o o n  P h ,P-(C 0 H2I3 -CO OEt Br' 

VI 
a: R =  E! 
b: R = H  

VII 
a: R = C O O E t  
b: R = C O O H  
C:  R ' C H Z O H  
d: R =  CHO 

VIII 

a: R =  Me 
b: R = H  

Thc synthetic. nniide 11, 1n.p. 146-148°, is diffcrcnt Irom pipcrstachinc in its 
mixcd melting point, TJV., I I<., NMIC. spectra and inass spectral fragmentation. Its 
UV. spectrum shows a single rnaximirtn at 295 nm (log E 4.70) as exyectcd for a con- 
jugated triene amidc 171. Piperstachine in contrast has Amax ZlG, 283,293 and 315 n m  
(log E 4.54, 4.34, 4.39 and 4.26). A significant difference in the mass spectra ol  the 
two compounds is the occurrence of an ion at m/c 187 in the spcctrurn of thc natural 
product. This ion ,assigned to fragment (a) suggcsts structure 111 for piperstachine 
which has been confirrticd by synthcsis. Arnide 11 cxhibits an iritense peak at 
m/e 135, due to metliylunedioxytropylium ion, presumably due to rearrangement 181, 

(a) m/e 187 

Condensation of 3,4-methyl~ncdioxy-lrans-cinxlamaldel~y~c with the ylid from car- 
bethoxyp~ntyl-triphenylpliosphonium bromidc (X) in dimethyl formamide yieldcd a 
mixture of thc trans, tram XIS and the trans, cis XIIa dicrrc esters in the ratio of 
4:6. The mixturc gave an adduct (XIIIa) with Inakic anhydride in a yield of about 
40% in agreement with the expcctation that only X I a  but not XIIa would react 
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with thc anhydride 191, Previous workers have rcportcd that the Wittig condcnsation 
of tvalzs-a,p-unsaturated aldehydes with non-stahilbcd phosphoranes yield only the 
trans, cis-dimes IIO]. Alkaline hydrolysis of  tlic mixture of csters XIa and XIIa 
gave the acids XI b and XIIb which were scparat.cd by utilising thc diffcrentinl 
solubilities of their potassium salts in cthanol. ' he  acid XTb gavt tlic adduct 
XIIIb with malcic anhydride whercas tlic arid XIIb Failed to react. The acid 
XIb was converted to the methyl cster X l c  wliidi was reduced with lithiurn 
aluminium hydtidc to thc alcohol XId. Tlit: acid XIIb similarly gavc tllc ester 
XIIc whicli was reduced to  the alcohol XIlcl. Oxiclatiorl of XId by the Pfitzm--Moffd 
procedure C1.11 furnislicd the aldehyde X 1 c .  Oxidation of X1 d by Collircs reagcnt 
[S] or Cr0& 5-dimethylpyrazole co~nplcx [I 21 was unsatisfactory and resulted in 
thc formation of piperonal and 3,4-metli?;lcnedioxycin1intnaldcl~yde in addition to 

P h3P-(CHZ) 0 - COOEt Br@ 

X <rR 0 

X I  

a :  R = C O O E t  
b :  R = COOH 
C :  R = COOMe 

e :  R CHO 
d : R = CHZOH 

x11 

a :  R = C O O E t  
b :  R f COOH 
c R = COOMe 
d :  R = CHZOH 

H oflcooR 
0 

(0  J 
Xl l I  

a :  R - E t  
b: R s H  

COOR 

XIV 
a : R = M e  
b : R = H  
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the aldehyde XIe. Wittig reaction of tlie aldehyde XIe with carbomethoxymethy- 
lenetriphenylphosphoranc yielded the triene-ester XWa. This was liydrolysed to 
the acid XIVb and then converted to the aniide TTI which proved to be identical 
in all respects with naturally occurring piperstachine. 

In the ’H-NMR. spectra, whereas piperstacliine 111 shows the allylic CHx groups 
as a four-proton multiylet at 2.1-2.2 pprn, in compound 11, the allylic CHs yields 
an apparent quartet at 2.15 arid the henzylir. CH2 a broad triplet at 2.54 ppm. In the 
natural product I’II a significant shift effcct on the vinyl protons upon addition 01 
l’r(fod)~ is not observable (except for H-C(lG), a to the amide carbonyl group), 
whereas in compound I1 the pattern in thc 5.8-7.4 ppm region changes considerably. 
H-C(l6) is shifted from 5.85 to 5.20 pprrl and is seen clcarIy as a doublet ( J  = 15 Hz, 
due to tlie tralzs-coupling with H-C(15)) after deuteration to remove the NH which 
occurs also mar 5.2 ppm in the Pr(lod)s - shifted spectrum. Before addition of 
Pr(fod)3, H-C(1.5) (6 to the arnide carbonyl group) of compound (11) appears as n 
doublet of doublets at 7.24 pprn with J 7. 10.5 and 15 Hz, due to coupling with 
H-C(14) and H-C(16) respectively. Addition of the shift reagcnt moves it upficld and 
causes it to overlap with the rcst of thc vinylic arid aromatic hydrogen atoms. 

The proton decoupled J3C-NMR. spectrum of I1 (figure) exhibits 21 lines with thc 
lowest-frequency signal corresponding to twicc! the intensity of the other proton- 
bearing carbon atoms. IWthermore, the of f-resonance decoupled spectrum revcals 
the presencc of four singlets, tcn doublets, six triplcts and one quartet. A comparison 
of this spectrum with that of thc natural product (111) [Z ]  shows characteristic dif- 
ferences in both the olefinic and aliphatic regions. Of structural significance are the 
high-frequency shift of C(1) and the low-frequency shift of C(15) in going froni 111 
to 11. Assignments of further signah in the spcctrurn of  II are givcn in the figure. 

. I . . . . . ,  . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . .  I l r . . . . ,  . .  I , . . .  . . . . .  

t 
q u !  
I F  

J. , 160, , . , , I  . . . .  ,.1210 . . . . . .  I . .  . . , .  w , . . , . .  I . . . . .  4 0 . .  RPln I . ,  . , , , , ,q 
1%-NMR. spectrum of .[I in CDCIS (proto11 noise-decouplctl) 

We wish to thank I’rofcssor T.R. Govindachuvi for h i s  in1en:st in the work and Dr. S. Sel- 
uavircayakam and his collcagucs for tho analytical data. :&“art of  this work was supported by the 
. 5 h i s . ~  National Research Foundation. 
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Experimental Part 

2031 

UV. and IR. spcctra were dctcrmined on Ilecimzun rnotlcl DIi-2.A ant1 Perkin-Elmer model 421 
spectrophotometers. Mass spectra wcre recorded on an .I tlus Variun M a t  (31-7 spectrometer using 
direct inlet systcm. laC-NM R. spectra were moasurcrl on nn X1.-100-15 spectrometer at 25.2 M I l a  
in the pulsed mode, IH-NMH. spectra on a Variun A-60 instruincnt with tloublc resonance on an 
HA400 instrument. Chemical shifts cY are given in plm. coupling constants in l iz .  l)eutc:riochloro- 
form as a solvcnt and tetranicthylsilanc as an internal rokroiicc wcrc usctl for W-NMR, spectra. 
To obtain the yrascoclymium-shiftcd proton spectrurii, 5 nig of the  shift reagcnt Pr(fod)s were 
dissolved togethcr with 30 iiig of the compound in 0.3 nil of C1KI:j. 

A. Syntheeis of N-isobutyl-11-(3,4-methylenedioxyphenyl)-unJeca-2,4,6-fruns, 
trans, frans-trlenoic arnide (11). - Whyl 5-($ Qmi!~lry2ene~io%.ypLnyl) -c:is-B-Pentenoat~: ( V Tu). 
A solution of Ph3P (26.2 g) and ethyl y-bromobulyratc (lV.5 g) in UMP (50 ml) was hcatcd at 
90-100" for 16 h, coolccl and added to it stirred solution of sodium (2.3 g) in EtOH (100 1111) in 
Na-atmosphere at 20-25". After stirring for 5 miri, pipcronal (15 g) was addcd and the solution 
stirred overnight at room tumpcraturc. The sohition w:is evaporated in uacuo, the residuc cx- 
tracted with ethcr/hexant: 1 : 1 ant1 thc gummy rcsiduc disciirdccl. The cther/hexane cxtract WiM 

evaporated and the oily rcsitluc chroniatugriipherl owr silica. Elation with hexanc/benzcnc gavc 
thc eater (VIa) (9.4 g), b.p. 147-150"/1 Torr.-TR. (w:::::): 1.730, 9G5 em-1. - IH-NMR. (c(:I4) : 
5.2-7.3 (5H. complex, aromatic and vinylic H) ; 5.8 (211, L, ....(.:I * CHx . 0-) ; 4.05 (211, q, J - 7, 

Ci4111604 (248.3) Catc. C 67.7 tT 6.Sf%, I ; c w ~ t l  C, 67.9 11: (1.7% 
5-(3,4-Me~hyZencdiowy~~en~y~)-cis-4-~sit~~noic aoid (Vf b ) .  l'hc abovc: estcr (10 a) was rcfluxed 

for 2 h with KOH (10 9) in MeOlf (90 nil) .znd watcr (10 nil). The solution was cvaporatcd in va~:uo, 
diluted with watcr ancl cxtractecl with uthcr. Tlic! aqueous fiolution was acidified (H'CI) and cx- 
tractcd with cthcr to yicld the ncid (8.5 g), t11.p. 330" (from (:H~Cl~/hoxanc). 

Ci2HiaO4 (220.2) (MI: .  C 65.4 13 5.5% I;ouiitl C 65.4 J1 5.7% 

5-(3,&Metlrylenedioxy~bs~y2yl)-valeric acid ( V l f b ) .  A solutiori of thc abovc: acid (8 g) in a 
mixturc of EtOAc (100 i d )  and EtOII (10 ml) was recluccrl with Hz at 1 rittrn. prcssurc in. prrscncc 
of PtOs (0.5 g) to yiclcl V1l.b ( 7 3  9).  rn.1). 90 91" (froiii 'IrtOAc/h.cxaric). 

-.-0 * CH2 . C:Hs): 2.35 (4H, L J ~ .  S, C H 2 ,  .C.-(:, C,//&OOEt.) ; 1.15 (3H, 1, :i: 7, OCHsCHs). 

ClpHl.404 (222.2) Calc. C 61.9 H 6.4%) I'iltiII(l C 64.8 H G.G;% 

EthyI 5 - ( 3 , 4 - r n e t ~ ~ Z c n e c l . i o x y p ~ e n y Z ) - ~ ~ Z ~ ~ ~ i e  ( V I I f t ) .  :I) .2 solution of thc acid VIlb (23 g) in 
EtOH (250 ml) was refluxctl with conc. HpWn (6 ni l )  for X 1 1 ,  cvy)oratecl in vacuo, pourcd on icc 
and cxtractcd with uthcr to yield thc ester (22 g), b.p. 155"/1 TOIT. -. 1 K. (v:,",":) : 1730 cm-1. 
1H-NMR. (CXL): 6.3.024 ( 3 H ,  aromatic 11) ;  5.8 (211, s .  - .(.) * C H ,  -O-); 4.02 (2H, q, J := 7, 
OCH,-CHJ. 2.45 ( Z H , t . J . . G ,  Ar-CH,); 2.2 (111. 1 .  J 6, (:H2-.COOEt); 1.6 (4H, m): 1.2 (311, 

Cl4HlaC)4 (250.3) Calc. C b7.2 II 7.3';(, 1;ouiitl C 67.6 H 7.6% 

(b) A solution of the cstcr VIa (9.4 g) in 15tOhc (101) 1111) was rcduced with H2 at 1 atirk. prcssurc: 
in presence of P t 0 2  (0.7 g) to yield thc clihylrr~c~stc~ V I  I:i (8 g) idcnticd with thc abom: product. 

.~-(3,CMelhylenedioxypRs~yyl)-trentun-1-(i1 ( l.ll I t - ) .  A solution of the cster VIIa (8.5 g) in clry 
cther (50 ml) was added to LiAIH4 (2.5 g) jn cthcr (100 11-11). 'I'hc solution was refluxcd for 3 11 ;lnd 

t ,  5-7, OCH~-CH~). 

then decomposed to yield V X k  (7 g), b.p. 135 13R"'/l. Tort'. -.. TR. (v,",~): mat 3350 cm-1. 

CirIIisl)s (208.3) Cilc. C 09.2 I1 7.7';4, 'Found C 69.5 H 7.9% 
5-(3, 4 - M e f h y ~ e ~ e e d i o x y ~ h e r ~ ~ - ~ u l e ~ a ~ ~ e ~ y d e  ( V Z l d ) .  Chromic anhydridc (32 g) was d d c d  

slowly during '/a h to pyridine (240 nil) with stirring at 0-5" and t he  suspcnsion stirred €or 1 h 
more. Exccss hexane was added, the solid fi1tc:retl and clritd in vacu~.  This complex was adclcd to 
a solution of the alcohol VIIc (8 g) in CI IzClp (1 1). 'l'lic solution was stirrcd for 45 min at 25", 
filtercd ant1 the solid washed with C€IeC&. The filtrato was washed successively with 5% aq. 
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NaOH, 5% aq. HCI, 5% aq. NnlICOs and aq. NitCI, dried (NaaSO4) and evaporated. The rcsidue 
olAainud was chromatographcd ovcr silica. Elution with 1iexa.nelQHe 1 : 1 yielrlod the aldchyde 
(4.7 8). A sinall s;tmple was sublimed at 160" (bath t.cmp.) at 1 Torr. - IR. ($it:): 2730, 1730 
ern-1. - .  lFL-.NMR. (CCId): 9.7 (IH, t ,  ./ = 1.5, C H O ) ;  6.3-6.7 (311, aromatic 11): 5.85 (2H. s, 

.O * C l f r  * (.I -) : 2.2-2.7 (4H, m) ; 1.55 (4H, h,). 

c1,2~I14c)$ (206.2) C&. C 69.9 H 6.8% 'l?our~d C G9.4 H 6.8% 

5-Mcthoxycarbonyl-2.4-trans,trans-penta~~eny~ trip henylphosphonium lwomide ( 17JI I). h 
solution of methyl w-broinoscrrbate LO;] (21 g) antl T'ti3P (27 g) in C+H, (150 ml) was allowed to 
stand at 30" ovcmight. Tlic prccipitatc ol)tainctl w;i.s filtorccl off, washcd with Cellfi and used as 
such (38 g), rn.p. 187" (dec.). 

Mdhyl 7 1 -(,!I. C-mellsyle~edioxyphc~yZ) -unrZecw2,4,6-trans,trans,trans-~vienoala (]Xu). a) 
Using NuQMe; A solution o [  thc!  pliosphoniurri bromitlc: VlII  (4.9 g) in L)MF (30 nil) was added 
to a solution 01 sodium (260 nig) in MeOH (20 ml) in IGz nlmospherc witli stirring. After stirring 
for 5 inin at ZS", the aldchytle VlIrl (2.4 g) was nc1tlc:rl. 7,'he solution was stirrcd overnight at 25", 
evaporatcd in. V ~ C U O  itnd ihc rcsidue cxtradcd with cther/hcxanlo 1 : 1. Thc insoluble gum was 
discardccl. Thc clher/h.cxanc phase was cvaporntetl and the rcsiduo cliromatographcd owr silica 
in hcxane/CGlIR 1 : 1 to yidtl the cstcr 1Xa (1.3 g), m, p. 63-65" (from ethor/hexant:). -IJV. (e2H) : 

297 nrn (log E 4.56). - J..LL (v:::) : 1700, 1620 cni-1. - 1II-NM H. (CT)Cla) : 5.6-7.9 (911, complex. 
'zrclmaticandvinylicH);5.R3 (21I,.s.--C) - CHz .W-);3,7(3H,s, OMc:);2.5 (2+I,l,J - 7,Ar-C:Ile); 
2.15 (21I, wd. HC .CH-Wf,); 1.5 (br,, 41.1). - M S . :  M+, na/a 314. 

C.19112204 (314.4) Calc, C 72.6 11 7.1% lhuncl C 72.6 H 7.4% 

b) Using PhLi: Urorriobcneeno (1.57 g)  was rcfliixcd unrlcr stirring with .Li (170 mg) in cthcr 
(30 ml) in N2 atrnosphcrc for 2 11, cooled to 25" arid trcatcrl with thc phosphoniurn brornidc V l l I  
(4.7 g) in THF (20 nil). The dark red solution wits stirrctl for 2 h at 25" and thc aldehydc VlIrl 
(2.1 g)  adcletl. The solution was rcfluxecl for li 11, lcft overnight ilt room tcmperature and filtcretl. 
The filtrate was evaporated and the rosidue clirumat~~~raphecl ovcr silica gel to yichl tfic ester 
IXa, m.p. 63. 65" (1 .I g), identical with the above protluct. 

c) Using M c S O C l I @ N u ~ ) :  NaH (0.6 g of 50'70 oil-dispcrsion) was rinsed wilh dry hexanc. 
nMSO (15 ml) was nddctl and the stilution hwtcd at 70-75u with stirring lor 45 min undcr Nz till 
t h o  evolution of H Z  had stoppccl. Thc dark solution wits coolctl to 20-25" antl thc lrrornidc VIIT 
(4.7 g) in DMSO ( 5  ml) ntltlccl. 'I'ho deep rcd solution WLS stirrctl at 25" Ior 45 nncl the aldchytlc 
VIId (2.1 6) adclecl. Thc solution was ytirrccl overnight. at room tcmpcraturc and ilecomposcrl wi th  
NaHSOd "(1. Extraction with cthor gave thc ester I Xn (0.8 g), imp. 63.65", icluritical with tho 
carlicr product. 

11-(3,~-Melhyl~nedioxyphenyl)-ul~cler;a-2,d. &trans, trans, trans-lricnoic acid ( I X b ) .  Thc cster 
TXa (1.2 g) was rufluxcd .lor 45 inin with KOH (0.8 g) in McCIlI (8 ml) and watcr (2 ml). Working- 
up as usual yielclatl the acid (0.8 g), m.p. 12.5-127" (Irom cthcr/hcxnne). -UV. (Azxu): 295 n m  
(log e 4.53). - IILNMR. (CT)Clx + (C:l.la)2SO) : 5.5-7.5 (UH,  crrniplex); 2.55 (2H, 1. J - 7) ; 2.15 
(2H, m); 1.5 (411, m). - M.S.: MI-, m/a 300. 

C1aHzoOr (300.3) Calc. C: 72.0 H 6.70/, I;ou~itl C: 72.1 11 6.9% 

.N-Isohtyl-l7-(.3. rl-rnetlryEsnadioxy~~~~yl)-ulzd~ce-2,4, &trims, trans, trans-trienoic amide (11). 
A solution of thc abovc: acid (1.6 g) in GHe (45 1111) was cooled to 5', stirrcd in Nz atmosphcrc antl 
trcated with NEty (1..5 ml). Aftcr stirring for 10 min ethyl chloroformatc (1.1 nil) was added am1 
the srilution stirred for 2 11 a t  0- 10". IsohulyluIninc (2.5 rnl) was atltlccl and thc solution stirred for 
2 h at 2.5' and finally at 45" for 15 min. Tho sol.ution was coolocl, washcd successivcly with HCI q., 
NazCOa acl. and watcr, dried and cvyioratcd to yinld Llic amide (0.7 g),  r r i . p .  146-148" (from 
C112Cl+:thcr). - IJV. 295 m n  (log R 4.70). . 1R. (v:::): 32x0, 1640, lGl0 cm-I. - 
1lI-NMR. (CDCls): 7.24 ( a x  d, ./ = 10.5, 15, )I-..C(15)); 5.6-6.8 (911, complex); 5.88 (2H,Y, 
- 0 . C H 8 -  (I-); 3.15 (2F1, t ,  J 7, N .<.:Hz); 2.54 (211, 1 ,  .J - 7, hr-CJIa); 2.15 (ZH, m, 
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MS.; m/e 355 (Mk,  30%), 240 (lo), &&-C( I l ) ) ;  1.2-1.9 (5H, cornplcx); 0.92 (6H, d ,  J = 7). 
220 (M), 152 (40), 135 (100). 

CpeIheNOs (355.5) Calc. C, 74.3 H 8.2% Found C 74.7 H 8.5% 

B. Synthesis of N - ieobutyl- 11 - (3.4 - methylenedioxyphenyl) - undeca - 2,8,10 - 
trans, trans, trans-trienolc amide (piperstachine) (111). - Ethyl 9-(3,4-methylenedi- 
oxyphenyl)-6,d-)ronadienoate (X l a  + X I I Q ) ,  A solution of RlaP (44 g) and cthyl &-brornocaproate 
[I31 (38 g) in DMF (70 ml) was heated at 90-95'' for 20 h, cooled and addcd to  a stirred solution of 
sodium (4 g) in EtOH (150 ml) inN9 atmosphere at 20 2.5 '. Aftcr 5 rnin 3,Cmethylene~ioxycinnam- 
aldehyde [14) (25 g) w d S  atltlerl and the solution slirrccl ovcrnight at room temperature. Working- 
up as usual gave after chromatography over alumina in hcxanc/CaHa 9 : I a mixture of the esters 
XTa and XTIa, in thc approximatc ratio of 4:6, as a pale yellow liquid (25 g). A sarnplc sii1)limxl 
at 240°/0.2 Tom had: UV. (ezH) : 222, 283, 293, 317 ntn (log E 4.32,4.35,4.36,4.25) ; 111. (vi::;:) : 
1735, 1680, 1660, 1040, 990, 930 cm-1; MS. : M 

CleH2204 (302.4) Calc. C 71.5 H 7.3% liound C 71.8 H 7.6% 
Rcoction ofthe mixed esters with maleic anhydride. 'I'hc abovt: cstcr (0.3 g) in (:&Is (3 1111) was 

heated at 80" for 16 h with maleic anhydride (0.1 6). The solution was cuncentratcd and hcxanc: 
added to yield the adduct Xll'la (150 mg), m.p.  9.5" (from CH&lS/hexane). - IR. (vz::'): 1850, 
1785, 1730 crn 1. - TJV. 235, 286 nrn (log E 3.67, 3.66). 

CssHa407 (400.4) Calc. C 66.0 I1 6.0%, b'ound C: 66.1 H 6.1% 
9-(3,4-Mcthybnedinxj~pheny1)-6'. 8-nonadienoic ocids ( X l b  and XI I b )  . The mixture oi esters 

X I a  and X I I a  (10 g) obtained in the Witrig reaction was r e h x e d  with KO11 (10 g) in EtOH 
(90 ml) and water (10 ml) for 11/2 h. The solution was cooled in ice, filtered and the solid washed 
with cold EtOH. Thc solid potassium salt was dissolved in water, acidified and extracted with 
ether to  yield Xlb (3.6 g), m.p. 110-.112" (from ethcr/hcxanc). - 1.JV. : 222,283,. 293,317nm 
(log E 4.35, 4.42, 4.43, 4.30). - 11C. (v i r : ) :  1705 cm-l. .. MS.: m/e 274 (M+, 45%,), 187 (a), 173 
(loo), 1.57 (68), 148 (15), 143 (34), 135 (25) .  129 (58), 128 (42). 115 (26). 

ClOH18O4 (274.3) Calc. C 70.1 14 6.6% Found C 70.3 11 6.9% 
The alkalinc alcoholic filtrate was concentrated in vucuo, dilutcd with water, acidified and 

extracted with ether to yield X I I b  (4.6 g), m.p. 53-55' (froni ether/hexane). - UV. (A.",") : 222, 
284,293,317nrn(loge4.32,4.35,4.37,4.28). . l K . ( v ~ ~ ~ ) :  170Hcrn .l. -MS.:m/e274(M+,42%), 
187 (56). 173 (100). 157 (72), 148 (15). 143 (35), 135 (32). 129 (68), 128 (44), 115 (28). 

ClaHirOd (274.3) Calc. C 70.1 H t'i.t'iV4 Found C 69.7 H 6.8% 
Reaction of the acids X I b  and X I I b  with maleic unhyhide.  The acid Xlb  (100 ing) in CoH,; 

(3 ml) was heated at 80" for I 2  h with rnaleic anhydride (270 mg) to  yield the adduct X l l l b  
(300 mg), m.p. 185" (from CHzCla). - IJV. : 234, 286 nm (log E 3.66, 3.65). - IR. (~2:'): 
1850, 1790, 1720 cm-1. 

m/e 302. 

Ca0HaoO.r (372.4) Calc. C 64.5 H 5.406 Found C 64.7 1.1 5.7% 
The acid X l l b  under similar conditions did not yicld any adduct. 
Methyl Q-L?, Cmethyknedioxy#henyI)-6,8-nonadienoule (XTc and X T Ic) .  a) A solution of the 

acid XIb (3 g) in MeOH (5 ml) and ether (50 ml) was treatcd with excess ethereal diazomethanu 
t o  yicld the ester XIC (2.8 g) m.p. 42' (from cthcr/hcxanc). - UV. (c:H) : 222, 283, 293. 316 nrn 

(log E 4.32, 4.38, 4.39, 4.26). - IR. (vZlcL): 1735 cm-1. 

C17HaoOs (288.3) Calc. C 70.8 1.1 7.0% Pound C 70.7 H 7.3% 
b) The acid XIIti (3 g), on similar treatmcnt, gave the ester XIIc  (2.0 g) as a viscous oil, 

222, 285, 293, 317 nrn (log E 4.30, 4.29, 4.31., sublimed at 180-190"/0.7 Torr. UV. 
4.23). - 1K. (vg:) : 1715 cm-1. 

C17&0O4 (288.3) Calc. C 70.8 H 7.0% liound C 71.1 €I 7.2% 
128 
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Q-(3,4-Mcthyy2elzed~oxyphrenyZ)-6, 8-nonadicn-1-01 ( X l d  ond X Z I d ) .  a) A solution of the cstcr 
XIc (7.8 a;) in dry ether (100 ml) was zultled to LiAlH4 (2 9) in ether (100 ml) and thc mixturc 
stirred at 30" for 3 11. Decomposition with water yieltled the alcdlol X1d (7.1 g),' m.p. 64" (from 
ether/hexane). - IJV. (Az:H) : 283. 293, 316 ntn (log E 4.41, 4.42, 4.29). - IR. (v::$'~) : 3G30, 
1600, 1040, 990, 93.5 c t r l .  .-  MS.:  m/c 260 (M+, 3874), 187 (SG), 173 (58), 157 (62). 148 (30), 143 
(ZS), 135 (45), 129 (loo), 128 (74), 127 (36), 135 (50). 111-NM.K. (C1)Cls): 5.5-7.0 (5H, complex 
m); 5.88 (211, S, -0 - C t l 2  - 0-); 3.6 (211, 1, ,T 6 ) ;  2.15 (2J:J., m); 1.8 (IH, s, OH.); 1.45 (6H. h.). 

Ci6Hao~)a (260.3) cak. c 73.8 H 7.7% pound c 74.0 11 8.0% 

b) 'rhc cstcr XTTc (2.8 g),  on reduction as above, yielded thc alcohol XIId (2.5 g), 111.p. 37" 
MS,: (from ether/hexane). - UV. (e2H): 221, 284, 293, 318 nm (log E 4.31, 4.34, 4.35, 4.27). 

M+, mle 2GO. 

CioHznOa (260.3) Calc. C 73.8 11 7.7% Found C 73.5 11 8.0% 

9-(3,4- Me!tkylenedioxyphenyl) -6,8-tr;tns,trans-nonarEibn-7-~1 ( X I e ) .  a) Collins oxidation [SJ : 
Collins reagent (from 2 g Crcls) was addod portionwise to a solution of the alcohol Xltl (1 g) in 
ClIeCle (75 rnl) at l.5 ..20". After stirring at 25" for 45 min the solution was filtered ant1 worked-up 
as usual. Chromalography of the product ovcr silica in CGHC gavc thc aldehytle XIe (200 ~xig). 
A saIx1ple'sublimed a t  210°/0.5 Torr had: TJV. ( A ~ ~ ~ ~ " ) :  225, 283, 293, 31.5 nm (log g 4.26, 4.22, 
4.23, 4.18); TR. ( ~ ~ ~ f ~ ~ ) :  2730, 1730 cm-1; 1I-I-NMK.. (CIXIS):  9.75 ( I l l ,  t ,  .I r.- 1.5, CHO); 
5.5 7.0 (7H, complc!x a); 5.9 (2H, s. -0 - C f f a  - (I.-);  2.0 2.5 (411, m); 1..55 (4H, br.); MS.: m/e 
258 (M+, loo/,), 230 (4), 187 (12). 173 (6), 157 (12), 150 (80), 1.49 (100), 135 (12), 129 (lG), 128 (14), 

Clilll8Os (258.3) Calc. C 74.4 H 7.0% Found C 73.9 11 6.80/, 

Subscwluorit elution of the column with. CsHs and (:GH&HrCla 1 : 1 gave piperonal (100 mg) 
and 3,4-mcthylcnetlioxycinnamaldehyde ('I 00 mg) both iticntificd by direct comparison with 
authcntic samplw 

b) Oxidation using CrOs-3, 5-dimelhyLpyrazole complex [U]. 3,s-Dimethylpyrazole (5.8 g) 
was added to a suspmsion 01 Cr03 (6 g) in CH2C& (200 ml) anti the mixture stirred under N2 for 
15 min. To the resulting dark red solution was atltletl a solution 01 the alcohol Xld (5.5 g) in 
CHgCl2 (20 ml). Thc solution was stirrcd at 20" for "2 11, diluted with excess ether and filtered. 
Thc filtrate was evaporated in vaczco and thc  residue clirornalographed as above to yjcld the 
aldchydc: XIe (0.5 g) in addition to pipcronal and 3,4-mcthylcncdioxycjnnarnaldchydc. 

c) PfitenepMolfat oxidation 1113. A solution 01 the alcohol XId (7.2 g)  in a mixture of DMSO 
(75 1x11) and GI-16 (100 ml) was treated with pyridini: (2.1 i d )  and trifluoracetic acid (1.5 nil). 
TXcyc1r)Iiexyl carbodijmidc (16.8 g) was then nddcd and thc rt:snlting solution stirred at 25" €or 
5 h and then leIt ovcrnight at roorii temperature. A. solution of oxalic acid (9 g) in MeOH (30 rril) 
was added. Aiter slirring for 112 h the precipitated urea was filtcrcd and the filtratc washed with 
N'aHCOS aq. and HaO, dricd and evaporated. The residue was filtcrcd through a short column of 
silica in GHs to yield the aldchydc XIc (6 g). 

Mclhyl I I- (3, d-~et~ylenadioxy~heny~~-undeca-2,X.  IO-trans,trans, trans-Wienoale (X.1 Va) . A solu- 
tion of thc afdchydo XIe (6.5 g) in CslIs (1.20 ml) wasrefluxed withcarbometlioxyrnctli~.1idcnctripl~c- 
nylphosphoranc 11 51 (8 g) fur ll/sh, tho solvent evaporated in uacuu and the residue chromatograph- 
cd over silica in hcxanc:. Elution with hcxanc/CHzClz 9: l  gave the ester XIVa (6 g), m.p. 40-.41" 
(from cthc:r/hcxane). - UV. 217, 283. 203, 318 nrn (log E 4.41, 4.31, 4.32, 4.20). - IR. 
(v:::): 1725, 1660, 380 ~1x1-1. 1II-NMK:(CC4): 5.5-7.3 (?H, coniplcx In); 5.9 (211, s, -0 * CH2 * 

0-); 3.65 (311, s, COOCHs): 2.15 (411, br.); 1.45 (4H, br.). - MS.:  m/c 314 (M+, 32%), 277 (5).  
255 (ll), 254 (Z'I), 240 (8). 232 (22), 206 (lo), 187 (34), 173 (48). 157 (SO), 148 (50), 143 (22), 135 
(loo), 131 (32). 129 (G6), 128 (55).  127 (25), 115 (38). 

C19&&4 (314.4) Calc. C 72.6 H 7.1% Pound C 72.7 €I 7.3% 

121 (5b). 
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7 7-(3,~-~~tkybwed~nxy~he~zyl)-u~dcca-2,8,7~-tra1ia,trsns,trans-~r. len~zc ucid (X I  Vh). The 
above ester (2.4 g) was rcfliixcd for l 1 / ~  h with KOH (1.6 g) in McO1.I (20 ml) and watcr (5 1111) to 
yicld thc acid XIVb (1.5 g), m.p. 120" (from cther/.liexanc). .'- T W .  : 214,282, 21)3,316 am 
(log E 4.45, 4.39, 4.40, 4.28). - IR. (pi::): 1690, 3.660 cn1-J. - MS.: m/a 300 ( M i ,  65%), 277 (41, 
255 (6), 254 (6),  240 (4), 218 (26), 187 (58),  173 (loo), 157 (56), 148 (50), 143 (40), 13.5 (HO), 129 
(65), 128 (50),  127 (25), 115 (88). 

ClsHeo04 (300.3) C ~ C .  C 72.0 H 6.7% Found C 71.7 H 7.0y0 

N - lsobutyl- 1 1 - (3,4 - methyZeraedioxyphcny~) - uRdeca - 2,8, I 0  - trans, Irans,trans - trisiaoic am& 
(111). A solution of thc a h v e  acid (0.7 g) in C ~ H G  (20 wl) was hcslcd at 60" with oxalyl chloride 
(1.6 inl) for l/2 h, Thc solution was evaporat.cd in  oacuc~ mtl tlia residual acid chloride i n  (70Hrj 
(20 ml) trcatcd with isobutylatnine (2.5 m1)- T h e  stilutitnl was l d t  civcrnight at room tempcraturc, 
washcd with HCI aq., Na&I_)3 aq. and watcr, dried iind evapora.tcd trr yicld the amido (0.3 g), m.y. 
.I 53' (from CH&ls/hexane). UV. I K. (v,,,,) : 
3300, 1662, 1620, 1260, 985, 930 cm-l. .- MS.: M - ,  m/c 35.5. Mixed m.p. ,  UV., IR., NMH. and 
mass spectra idcntical with riaturally occurring pipcrstachine. 

&,gHggNOs (355.5) Calc. C 74.3 f l  8.2 N 3.9:/, Found C; 74.6 H 8.S N 4.2% 

rtnir K Rr ) : 283, 293, 315 nrn (log E 4.40, 4.41,4.28}. 
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