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ABSTRACT: Leaves of va m (Potaoeae) yiolded two major 

optically inactive slkaloids, onlantraramiaa and colantrararlnol, rhiob wets 
assianed bishordeninyl tarpeno strocturrs based open spectral evidence and 
convsrsions to known alkaloids. Two minor alkaloids, isomerio with 
culrntraraminol, were also found, along with hordenine and N,N-dimetbyl- 
tryptsmine. AlthooSb colsatraramine coald be viewed as a natoral self 
Dials-Alder addoct of dehydroprrnylhordonine, when this dienr was prepared 
and roscted, it yielded instead VIA alternate adduct. This room temperatore 
Dirls-Alder reaction does, however, reprerent a model for the blorpathesir 
of some other known isolator coasiderrd as natural Dials-Alder addoots. A 
total syntberis of culantraramlno and oulastraminol was instead achieved in 
hiah yield from a prcnylalcobol precortor llnder mild aaid oonditioa8. The 
synthetic reaction also yielded the two minor oolantraramimol isomers. All 
four alkaloids were present ia similar amounts in botb the synthetic mixture 
and the crude loaf extraot. The rraction used in the synthesis of 
colantraramiae and cnlantrrramlnol is snSRested to be biomimetic for tbeso 
rnd certain other dimerio alkaloids. 

There bar been a 3radwl l ccomnlation in the literature of reports dealinS with the isolation 

and chrracterirstion of ‘natural Dials-Alder adducts’ from hiSbor plants. Rather diverse Sonora, 

particularly from the family Rntaceao, hare yielded a number of isolator which can formally be 

ooalidorod ss ariain from thm Sonora1 reactions Sires in Schemes I and II. So far, all such 

irolatos hare boon found to be optically in.otiro.’ Ooorsioa~lly, the presomod diose pteonrsors 

have also been lsolatod. A1flabrne2~3’4 (1). cyalobisobrrodione’ (2). or tbrmaosln~6 (also 2). 

and moxolide’ (2) reprorent isolates of roSioohomistry A (Scheme I), whila tbo two diolaossns g w 

hare roSioohomistry B. Tho paraonsidimorinr’ (2) and repridirorinor10 (6) are pentacyclic 

alkaloids whioh could hsvo arisen from Scheme II operatin& on dohydroprenylatod qoinoliaes, 

followed by cyclization of the formed rrSioisomrr C (Schomo II). Onr l lfiloramiao11’12 (1) could 

have boon formed similarly. No isolates from reSioohomistry D (Sohome II) haos as yot boon 

reported. Further oxamplos are disoorsod in two roriows. 13.14 

We report hero isolrtion and syntbotio experimenta of interest la tolard to the natural 

occarronco of prodncts formally derivable from Schomos I and II. Isolation work was aarriod oat 

0x1 bantheLLLga Drocrrp~. l Pntaooous troo from tha lower Caribbean slopes of the Costa Pican 

oordfllera, and on Z_ v from the contra1 moss and the doaidnoos forest of tho west 

COIst. 

Paper 8 in the swios ‘Coartitnrats of m'. Paper 7: J. Orlna, Y. R. Ratcliff, and 

I’. P. Sternitt, L pu, w 41, 2648 (1982). 
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RESULT.9 

Leaves, but not bark or rood, of L m yielded two optioally inactive major alkaloids. 

& (oolaatraramine) and 2 (oolastraraminol) alon with tro minor oompounds iaororlo with 2. (Sine* 

the compounds were rroemio, tbe rtrootorer are not meant to rrprrrent an abrolote configuration 

even tboogh jurt one enrntlomer is depicted.) The exact strootorrr 11 and 2 were detrrrined by a 

combination of spectral metbodr and oheaioal intercomreraions. 

Yasr rpeotrometry srtablirhed moleoolar formulas for & and e l ltbonah 2 only showed a aood 

molecular ion under NE3CI conditions. A facile losr of E20 for 2 was observed under EI 

conditions. Colantraramins shored 16 and onlrntraraminol 14 sp2 carbons (“C nmr spectra), with 

the former exhibitin two C-CE3, (1.78 and 1.38 ppm) rln:letr and the latter, three C-CE3 rinalstr 

(1.77, 0.68, and 0.64 ppm) in the ‘iI nmr spectra. The lower field resonances are typical for the 

tina sinylic Cll3 of 1 and ornnabinoidr. A 73.6 ppm ringlet in the 13C spectrum of 2 confirmed the 

tertiary alcohol fnnotion for oolrntraraminol. Colantraraminol w.8 oonverted in 805 yield to 

colantrrramine by heatin& with KES04 in CE2C12 and oolantraraaine was in turn converted to LQ In 

7DB yield by heatin for ten minutes in 48c BBr, followed by baalficatlon and extraotioa. We had 

previonrly12 established the rtroctore of LQ by X-ray crystallography. Treatment of 1 with mild 

aoid in ethanol had liven l2 LQ. Th cso data assure tbe rtructurss of d and ,9, which &re also in 

raroomont with coaploto 13C nmr rraifinmonts and detailed l nalyror of the 360 YHr ‘Ii nmr spectra 

with oxtonrioe doooopliq oxporimontr. The assi&nmontr are &iron in the Experimental Section and 

details are available in l thoair.1’ Alkaloid8 8 and 2 wore also previously irolatod16 from 

learor of & m but lack of material and complete hiah field nmr drtr at that time did 

not allow proof of stroctnro for 2. The same situation rorultod in portolation of aa incorroot 

iromorio rtroct8ro for 8. 

Tho two minor alkaloids save mass spectra oxaotly as did 2: poor 508 molooolar ions, but 

rtrona Y+- B20 ions in the EI mods and stroma 509 (II+ +E) ions in tho NA3CI q odo. The ‘H nmr 

spectra of each showed tbroa C-No ria~lotr (two nlipbatio and 0110 riaylio) in concordanoo with s 

The other ‘II amr resonanoos wore also similar to those of e as 1‘s tho “C nmr rpootrnm of 0~0. 

Lack of material precluded obtainin& a “C nmr spaotto= for tho second minor oomponent. The 

decision that tho minor alkaloids rrpresentod rtmreoisomorr (Schorr II, C) rather than 

ro&ioisorerr (Sohrma II, D) of 2 was raohod by % nmr docooplina oxperimontr centered arooad the 

bonrylic C-S proton which appaarod at 4.06 pp. in both oases. These oxporimaats olurly shored 

that proton to bo botroan a mothylano and l rathiso oatbon (raaioisomor C) and not between two 
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rethins carbons (re~ioiromsr D). The total nmr rpootral 8srlgnments .*ro al10 oonristont with 

those formnlations. 

A olo~er analysis of the ‘H nmr spectra for the minor alcohols Iod to tentative 
rtoroochrmioal arrignmentr. The spectra wore compared with those of & and 2, whore 

rtorcochorirtricr “era known from the interoonrerrlon experiments. In all of the alcohols, thoro 

..s no observed coupling botwoon C-28 and C-38. indioating .n approximate 90’ relationship and 

asrnring that the two minor alcohols had the s..o rolatiro stoteochomlstry at C-3 aa did 

oolaatraramiaol. Thus, differences would only be at C-4 and C-S, and three porsiblo rtroctorer 

need be oonridorrd. One minor isomer w.s the only alkaloid of this sorios, inolodlng 1, with 

noithor of the alkyl C-mothylr rhioldod in tho ‘E nmr spectrum (1.21 and 1.26 ppn). In all others 

at lo8st OPO C-methyl ..s in the 0.6 ppm r.ngo. WC have rho.n11’12 that the rbiolding is . rorolt 

of tho n-cloud of a neighboring aromatic ring and honor, in thlr iromor, noithor hordoninyl ride 

ohBin is on the s.mc aide .s the C-4 alkanol group. This suggests u for the sttootore of 0x10 

minor isomer, which vo have dubbed ~llocolanttarrminol. Such .I l signmont 1s roiaforood by the 

11 Br oonpling observed between C-3E and C-48 and lack of coupling botvoon C-48 and C-SE. (The 

rorpoctiro dihedral angles .ro rpproxiratoly 130’ &nd 90’ in . slightly trfrted boat conformation. 

..I demonstrated by Droiding models.) 

!.! 

Ar = Me0 

12 - 

CH2CH2NMe2 

Ar=q A/q 
AT Ar 

14 15 - - 

In the second alcobol lromor, .D 11.2 Er coupling is obrorrod between C-48 and C-58. In this 

c.so, the tro protons must be I~I? and nearly ocllpsod (since tho rorolt of the a relationship 

is s. This c.0. be accounted for by l ulgnlng structure Q to this ilomor which .o hwo dubbed S- 

opioolantrar~miool. Alsln. tho proper dihedral nnglor are l ohiorod in a near boat conformation. 

The analysis of the cyclohorono ring rtorooohemlrtries thor roqoiro~ arsomption of boat 

oonformationr with thoro alooholr, while the standard half-chair oonformation is adequate to 

oxplain the omlantraramino (8) ‘S nmr spootral results. All assignments are provided in the 

Experimental Section, with forthot details l railablo sopatately. 15 

Tho raportod alkaloids .ora lrolatod by .n extraction proorss and purification prooodoro 

rhloh involrod rolatlroly long times and the nso of acid and bare (reo Expotimontal Section). 

Since optloally inaotiro alkaloid* (in rpito of the prosonao of three arymmotrio contars in each) 

and storooohomio~l mixtures “ore found, . rapid plant screening procedure ..s also ssed. A amall 

amount of dried loaf material was oxtraotod with MOOR for two minotoa, the ropmrnatant was spotted 
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directly 011. Sj #el end . chromsto~rsr dereloprd tepidly in hO~/%O~O/8~0/~H,Oii (14:4:4:1). 

Visualization shored spots of essentielly eilasl intensity fox & and e the aiaor coaponeats not 

beia4 of rafffoient coaooattatioa for risibility. Dried leer08 of L m (Honduras) from 

the prosrioos isolstioa16 ae=o else svrileble sad the ssao prooedsro l Sefn rosoltod in 

idsatifioatioa of & oad 2. TABS. tbo products .re not likely sxtifeots of the isolstion- 

parifie8tioa prooess, slthoogb their formation dorin(t plaat &yin@ tss stfll of ooncera. This 

possibility wss ruled oat for &. M siaco wo were sblc to porforn direct extrsotioas 01) 

fresh lerros in Costs Rioe in Jsnasry 1985. The losros were plsoed in EtOE, OH- imrodistely span 

collootion sad tbe mixture tritarsted together with CEC13. Diroot tlo from tho CRC13 ss roll ss 

leter 1H Bax speotroseopy of tho residue left apoa eTepo+etion of the CRC13 shored the preseaco of 

4 sad 2. Ve vere onfortaartoly not sble to obtsia proper leaf seapIes of ,&. m oa rhioh to 

conduct the ssme erporiroat. 

TAO stxaotore of & sad its lack of optical eotirity saSSested l possible otiSin IS I astnrel 

Diels-Alder eddaot (Sohore II), TAO literstore sarprisia3ly did not yield iaforcetioa oil 

srylisoprone resotfvity. l ltboqb l-pbenyl-1,3-botedieae wss kaom 2.17 to rosot in the sense of 

Scheme I rstber thsa Scheme II. Thr requisite dleae u vss prepered l coordiaS to Scheme III. 

Rhea u wits slloaod to stsad tea deys in xyleao st xoom temporetort it wee grsdnally, but 

coaplotely converted to products, with st Issst 901 reprosoatiag s soperebls 3:2 aixtoro of a sad 

u.18 These were closrly disstereoaers of re4iooAoriatry A (Sohero I) rstbsr thsa B scootdinS to 

eaelysis of tbeir ‘E amr spoctrs (see Experiments1 Soctioa). A distinction betreoa fi sad u 

could be rsde siaoe the C-No rosoaeaoe of u wss at 1.14 ppa, thilo thet of s wss sbieided at 

0.85 ppa sad mast tberefore Asvo the C-He R& to tbo BOighbOriBS sty1 sabstitoeat. 

Cnlrntrarsriae (a sad oolsatrrrsainol (B ryanthesis wes, hororer sobiered in hl#A yield from 

;Ld prepsred ss in Scheme III. Whoa u rss trested rith 48% EBr in EtOll st 25’ lot 1S ainatos, it 

MS ooavortod in 80% yield to & sloag with minor l lkeloide1 products. l9 Troetreat of s for 30 

afa ritb 1Y SC1 qeia #sre s hiSA yfeld of slkeloid products. this tire composed of 555 &, 251 & 

end shoot 8% esob of u sad u. Comparison of tbo ‘E amr spectrar of this mixture before 

l eperet ion, with the 1E aar spoctrer of the orude isolated beao frsotioa Cror & m Ieerros, 

shored tbes to be reaerksbly siaflsr. The OYo and C-Me slSBsls of tke verions ooapoaeats sro 

distinctive sad escb oomld bo olesrly seen in the rosotioa mixture sad the isolsto mixture Bmr 

spectrr. The only reel difference ass tbo retie of & to & bat it seems cloer from the sptbotio 

experiments described thst tbis rstio will be bighly dopeadoat apoa ersct rewtfoa ooedttioas. 
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Since it seemed plausible that u yielded a cation and diene n, rbioh thrn reacted 

toSrthar, 21 . SO:50 mirtorr of u and 16 ..s reacted with mild acid oatalyrie. Both u and fi 

.et. oomplatrly traarformrd and the product mixture ..a the s..e .I obtained abow. T. found only 

what apperrod to ba l oyolio polymers aad no Jc or 2 when dienr u was treated by itself with dilute 

acid Imder a variety of aoaditionr. 

DISCUSSION 

The two hiah yield ambient trapatatotr ryatheres reported hero reprorent viable onas to 

oonsider as bioaimrtio for irolater such as 1-2 if it can be proran that there snbstanoer ooour as 

such in tha lioiq plant. Before addrerrin; this point, so=. additional diroorrion of the torulta 

is nec.sr.ry. 

The particular tqio- and rterroohrmiaal rosulta obrensd in the reaction leadinS to 8 and 2 

o.n probably best be explained by oonrideriq the procs‘r to be either . partloolrrly facile 

atepwiro one as depicted in Scheme IV or a oonoerted anal01 bypassinS u as an intermediate. In 

order to provide 8 and 2 as ths 8rJor prodootr, the ptooerr would hare to mainly take plwo with 

oonflSuration rotontion of the rllylio ontion intrrmediatcr. The q ochanirm could approach . 

nonrynohronou [4+21 oyoloaddition22 and, indeed, application l5 of FYO theory is also consistent 

with the rrSioohomirtry and rterooohomiatry obsorvod. 

ScBEm IV 

H Af 

I + + I - - 

,*H 
899 - 3 H Ar Ar 

__ + H 

18 - 

Sohomea I and II rrproront aonororl~ppin~ l ltornativor both in the isolations reported so far 

and in omt synthetic work. Althouah thorr hare been nu.erons irolatlons of formal addoctr A-C 

from widely differing plants, in no 0.~0 hare both Sohoro I and Scheme II adducts been repotted 

from tho s..o plant. Similarly, in our syntheses only Sohame I product8 wore foond from the ti 

diono and only Scheao II. C products rernltrd from tho Ld aloohol. Thus, isolates A and B likely 

atiro from . ‘true’ Diolr-Alder reaction, rhilo isolates anoh .s C arise from . cation-dieno 

prooorr .o proporo. 23 The failure .O far to find roSioohomirt+y D isolates is clear if tho 
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n ecbaalsm of Sob*ma IV is operatire. To let D products would rrqnlro formation of cation u, 

.hicb is much less stable than u 

Oar failure to find oyolixatioa products from trortmont of u ritb acid correlates .itb 

similar problem8 encountered by Garaman (footnote 17 in Poferenoo 23). It ,eem* l s if . 

oarbooatioo 0.n initiate thm process, while a rimpls proton cannot. 

Althoo&h l om. authors hare oonorraed tbomrelres .lth the possible l rtlfaotnal nature of the 

isolates .C are considering here, none, as far as .e are l .ara, hare reported attempts at direct 

irolations from liring plant material. We have no. accomplished this with L e and .ere 

able to isolate the dimerio alkaloids from fresh leaves under conditions where the propored 

intermediate 16 is stable. Similar experiments should certainly be done for each of the many 

literature oases q.oted.2-10~13’14 

It remains to be considered .betber or not fi represents l reasonable plant product itself. 

The r8tbrr porrlin& fact that birbordeninyl trrpensr ha.8 only been found in leaver soglerts a 

lofiiaal raqoence for 66 formation (Sohome V). Pronylation w to a phenol is ubiquitous in tbo 

Rotacsae and the so33asted sinalct ory‘ea one reaction rith chlorophyll sensitization to form U 

also bar excellent prscedonco. 24-26 Soboms V ro&&estr that isolation work on buds or freshly 

emor6od lower of & D~QEP~PO (which puts out no. Bro.th in May-Juno, . time of constant clouds 

and rain is the Costa Rican Caribbean area) should result in findi. the proposed prrnylated 

bordonino precursor. Socb experiments l ra plannod. 

SCHEME L 
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EXPERIYBNML. SECTION 

R I6 - 

Yoltiaa points .ore obtained .ith 8 Mel-Tomp molting point apparatus and are uncorrected. 
Infrared rpoctra .oro recorded oo aitbor a Bookmann 4200 or a Beckmann Aconlab rpoctropbotomotor. 
60 YEt ‘E NNP spectra .ere rocordod oa oitbor a Varfrn Yodel EN360 or V8risn 

93 
Wodol T-60 

spoctromotor orin# Ye 91 
rooordod oo a JEOL J t! 

as a. intomal standard and are reported in 6. All C NYP spootra .ore 
Y PI-100 Poorior Trrnrform spoctromotor. Blah field NYP spectra weto 

recorded oo Nioolst wT360 or Bmker-IBY Mod01 WP-270 spootromotorr. liars spectra ware rocordod oa 
l V. 0. Yiorom~sr 16P spootrometor. Bract mass rpeotra .ero obtained at Yid.ort Center for Yarr 
Spectroscopy, University of Nebraska, Linoola, NB. 

Cbromato#raphio irolrtionr .ore aooomplirhrd by oithor modiom-prosroro liq.id obromatoaraphy 
WPLC), usi. a Wiobol-Yiller column (37 mm x 350 mm) paokod with hick Silica Gel-60 (230-400 
mash), or by flash and proparatiro layor chromatography. Products isolated by MPLC ware dotoctod 
.ltb ID ISCO Yodrl M-S absorbance-fl.ororoomo. monitor at .arrlon~tb 254 am. 

Analymor .ero performed by H-E-T Laboratorios, Phoenix, AZ. 
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Co110 
Thi‘ .orkff ion and identification d.t. on & m Donn. Sm. baa boon roportod provi0n.1,~’ 

daacribod isolation and idontifio.tion of b.rk and wood components. In addition, 
there was preliminary dat. on iaolatioa of a otodo b.ao fr.ction from loavoa which ahowod tbo 
proaonco (by tic) of tho two m.jor .nd two minor alkaloida which have boon oh.ractoritod in this 
study. For the proront work, 1128 6 of l..voa rhioh h.d boon allowed to dry .t room tomp.r.t.ro 
.oro oxtnotod with hoxano (Soxhlot) and thon YoOE (Soxhlot). The YoOE “.a onpotatod h LLQPP to 
10.~0 240 S of wet, 3or.y residue. Of this, 60 S . . . diattibutod between 1Y B SD4 
.oidio l.yot ..a m.do baric to pE 9 (NB40E), oxtr.otod with CRC13 throo t t 

and CEC13. The 
.oa, thr oxtt.ot. 

combined, dried over Na2S04 and ov.poratod to yiald 1.5 S of crude alkaloid oxttaot. Tho orodo 
“,:;:i,‘:;~:i”,“.p~~t;~~2~.~ly tho a..~ four alkaloids, two major and two minor, who.0 tlo d.t. ..a 

The 60 YE. E NYP l paotrum of tho crud0 ahowod po.ka at 0.64, 1.20, 1.25, 
1.35, 1.65, 1.80 ppm in the C-No toaion and 3.50, 3.62, 3.68, 3.71, 3.75, .nd 3.80 pp. in tho OYo 
ro3 ion. 

In . typio.1 porifio.tion, 350 m‘ of the crude bare ..a aobjootod to flash chromatoSt.phy (Si 
301; EtOAo/EtOE/l120/liCOOE 12:6:4:1). This provided tho .lkaloida aa their formats l alta, with 
pore a.mploa of 8 (70 18) sad 2 (50 ma) roaoltia5. Spootr.1 d.ta ..a obt.iaod on thoa. .alta and 
on a.mploa converted to tho froo baa.. Two minor oompononta which could bo iaol.tod from the 
ohromatoSr.phy in leas poto state wore u (10 ~3) .nd fi (5 ma). For tho ap.otr.1 d.ta ;ivon 
b.low it ..a noooar.ry to roporify tho minor compounda by . 

18 
oond ohroratoSr.phy. 

addition.1 minor components wore idontifiod .a hordonino 
Pin.llyl*t;; 

and N,N-dimothyltryptamino 
apootr.1 .nd tlo oompariaona with a.rp1.s prorioualy iaol.tod and oh.raotoriaod. 

Dried loavoa of Iuntrillo from a proviooa coll.otion16 wore l obmittod to a rapid two 
minoto extraction with moth.nol, work np and tlo .I indio.tod for hm 8t the end of the 
Poaolta aootion. Aa ..a the oaao with L p~pooru~, osaonti.lly . 1:l ratio of 8 to 2 ..a found by 
this procedure. In January 1985, froah loavoa of & m wore obt.inod from two looationa 
in Coat. Rio.: (1) near the Jicatal turnoff in Suits Pea. Nation.1 Park, Gnanaoarto Ptovinoo with 
the aaaiat.noo of D. P. Janron and (2) from the F.nbio B.ndrit Exporimont Station roat of Alajoala 
with tho l aaiatanco of L. Pored.. Small portion‘ of fresh lo.voa (1 8) .oro tritotatod roll with 
1O:l MoOll/5~ aq. Na2C03 .nd 20 mla of CEC13 .a. added. Tbo l.yora .oro aop.r.tod, .nd the orS.nic 
l.yor ovaporatod to drynoar. This .a‘ taken op in a little YoOE, rpottsd on noatr.1 Si 601 tic 
p1.t.a .nd dovolopod in 8:l EtOW6N NE40E. Spot‘ for fi .nd 2 voro viau.lirod with iodoplatin.to 
at P 

1 
0.30 and 0.20, idontio.1 with Rf valooa of the standard‘. For. lat80 iaolatioa, 83 6 of 

fror , now lo.voa from Fanbio Baodtit vote stirred for 5 min in 150 ala of YoOE, 5 mla of 5% 
Na2C03 1.1 .ddod .ad the mixtoro .llorod to at.nd ovorniaht. Moat of tho MoOEra‘ romored Fp 
LL~PP. and 100 ml‘ of CEC13 added. The CECl layer ..a aop.tatod and ovapor.tod to drynoaa to 
loare 13 of roridoo. Tic ahowod 5 .nd +6 d o 270 NH. ‘H nmr l pootrum of tho orudo ahowod a.inly 
po.ka duo to the two provio~aly iaolatod 1iSn.n. ondoamin and opiondoamin, but the C-Ye, NYo2, 
.nd OYe po.ka doe to B and 2 .or. oloarly viaiblo at 0.64, 0.68, 1.8, 2.26-2.32, and 3.68-3.78. 

W Da 

r.rrmh (a. 
~~;;:,,,..tr.m. 

Semisolid or oil aa forrato aalt or froo b. o 16, but both pore by tic .nd 360 
lIS dat. (inolndinl EWS) Sivon prsvioualy. 

on . vary am.11 and apparently 10.0 poro l .mplo. For ,Etgaff; is;“g”;.,“.““:f;~; 

follow, tho individo.1 roaonanooa for tho two hordoninyl moiotior o.nnot bo .aaignod apooifioally 
to one or the other. ‘II NYU (CDCl,, 360 YHr, format0 salt), (1) hordoninyl moiety ro‘o~.noo .t 
7.08(6, ~=2.2Br, la), 7.01(dd, l-2.2 and 8.682, la), 6.93(66, l-1.8 and 8.38.. 1H). 6.89(6, 
J11.882, lil), 6.72(d, L-8.68.. la), 6.70(d, L=8.3Bz. 181, 3.75(a, 38, O)lo), 3.68(a, 38. OWeI, 
2.95(a, 88, CE CE2 tvioo), 2.79(a, 6E. NYo2), 2.70 ppo (a, 6E, NY. ) and (2) torpono 
5.45(6, J-4.02., la), 4 26(m, 

roaon.noo. 
lE), 4.25(m, 28). 2.45(m, 

38). 1.38~~. (8, 38). iE NYP (CDCl,, 
IE), 2.$5(dd, 1E). 2.15(m, 

at 
18). 1.83(., 

360 YE., free bare), (1) hordoninyl moiety toa~nanooa at 
7.13(6, L-2Er. la), 6.98(66, l-2 and 882, 18). 6.90Cm. 2E), 6.68(m, 28). 3.75(‘, 3A. OHo), 3.68(a, 
38, Ollo), 2.70 .nd 2.5O(m, 4E o.oh, CE2CE2), 2.32(‘, 6E. NWo2), 2.26 ppm (a, 68, NWo2). Tho 
torpono rin; roaon.nooa could be cosplotoly .aaiSnod by double roaon.noo oxporimonta: 

Protoq h,ltiQ~ shirtllm!El- 

C-28 d 5.45 4Er to C-38 
C-3E dd 4.25 4Er to C-2E. 7Er to C-48 
C-48 dd 2.95 7Er to C-38, 13E. to C-5E 
C-58 m 3.60 138. to C-4E. 1OEr to C-66, 58. to C-6a 
C-6B dd 2.35 1OEr to C-5E. 17.6E. to C-60 
C-60. dd 2.15 58. to C-6E, 17.5Ea to C-68 

“C NY8 ((PC1 
3’ 

25YEz. form.to r.lt): (1) hordoninyl moioty ro.ona~oo‘ at: 156.9‘. 155.5.. 
134.4.. 134.2s. 1 0.5d. 128.04, 127.8.. 126.9‘. 126.76. 126.16, 110.46, 109.96, 58.8t (CH2N), 
58.7t (CE2N), 55.29 (ON.), 54.70 (OYo), 42.59 (4 NYo 

3 
1, 30.lt pp. (2 CE CE2N) and (2) tarpon. 

ro.on.aooa .t 144.6‘ (C-l), 131.1‘. (CE2~-CE2), 123. d (C-2). 110.4t (C- b 
(C-6). 36.76 (C-4). 32.ld (C-5). 23.39 (C-No), 23.19 (C-No). 

2), 48.56 (C-3). 39.lt 
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m &Q. Isolated as an oil or remi-rolid as the foroato salt aad tho froo bare, but 
both pore by tlo md 360 YE; ‘H amr rpootrnm. Dptiorlly inactive. EUEIYS m/x 490.3494 Kale. for 
C S46N 0 : 490.35581 Y+-8 0);CIYS M++l SO9 (ENS not l nilable);EIYS 506, 490, 451, 450,449, 
213, 24t, 344, 243, 201, SS?lOO). For tbr NYPdata which follow, tha lndiridoal sona*o*s for 
the two hordoaiayl roiotior oaanot bo l rri3nod rpooifioally to one or the other. 11 c NNI talc1 
25 YEr, form&to salt): (1) hordoninyl moiety resonanoos at 159.9s. 155.09, 133.1s. 132.2s. 131.4 , a' 
129.5d. 128.7s. 127.9s. 127.26 (2). 110.86. 110.66. 56.5t (2 ~E2NYo2), 55.4~ (ON.). 55.Oq (OMo). 
42.6q (2 NY@ ), 42.59 (2 NYe2), 30.2t (2 ArcE2), and (2) torpono rosonanoas at 134.5s (Cl). 124.5d 
I;;;, 73.6s t No DOE). 5O.Sd (C3). 36.7t (C6), 33.96 (C5). 30.49 (Cb2), 26.19 (Cl-fiLe). 23.Od DP= 

. 'ENMS (t&l 
68. aromatic H). 1 

, 360YBr, format0 salt): (1) hordoninyl roioty rosonamoos at 7.21-6.74(m. 
.Sl(s, 38, OYe), 3.74(s, 3B. Otto), 3.2-2.83(m, 6E, 2 ArCB2CB2N), 2.73(s, 68. 

NYo2), 2.70 ppm (s, 68, NY* 
Xl&L""s, 3H. C-CYo), 0.73 

1, and torpono rosonanoos at 5.56(br s, 18, C-2E). 4.10(br s, fE, C- 
ppm (8, 38. 2 CYs), rithnontabulatod rosonanoos obsoorod. ENYB 

360 YEr, free base): (1) hordoninyl moiety rosoaancos at 7.30-6.76(r, 68, aromatic 8). 
3.80(:: 3E. OYo), 3.79(s, 38, OYo), 2.4-2.8(m, 88, ArCE2CE N), 2.32(s, 68, NYo 1, 2.26 ppm (I, 38. 
NHo2), and (2) torpono moioty rosonanoos at 5.53(br d. 1 , 4 C-2E). 4.2O(br ~~18, C-3H). 1.77(s, 
38, C-CYe), 0.66(s, 38, CMo), 0.64(s, 3ll. CYo) with nontabulated rosonanoos obsoorrd. 

v (U. Somisolid or oil as format0 salt and fro@ base, but pmro by tlo 
and 360 YEr E nmr spectrum. BINS a/r 508(.2), 507t.5). 506L9). 463t1.9). 368t2.1). 236f4.4). 

300(13), 248(17), 247(15), 246(77), 208(13), 56(100). 
: 490.3559; Pound: 490.3559. Optiorl activity not measured. 

(1) hordonlnyl moiety rosoaanods at155.5, 154.5, 133.5, 
110.2, 110.0, 59.6, 59.4, 55.6, 55.0, 43.3(2), 

43.1(2). 31.2, 30.9 ppm and (2) torpono rosonar~oos at 134.5, 124.3, 70.2. 52.4, 49.2, 35.8, 34.7, 
29.7. 23.6, and 22.6 ppm. Insnffioioat material was available so that a osofnl off-resonance 
spectrum could be obtained and hence many of the signals are ambignoos as to exact assi3nmont. 
There are, boweror, exactly the right number and Sonora1 chemical shifts expected for an Isomer of 

2. 'ENME (CDCl 
B 

360 YEz, format0 ralt): (1) aromatic hordoninylmoiotyproton rosonanoos at 
7.08(d, 1-28~. 1 ), 6.99(6, J-2Ez. 1E). 6.9O(dd, J-2Er and J=9Ez, la), 6.87Ud. J-2 and 982, lE), 
6.58(d, J-9Bz. 1E). 6.55 ppm (d,J=9Er, 1s). (2) othor hordoninyl rosonamoos at 3.68(s, 3E. OYo), 
3.59(s, 38, ONa), 3.19-3.00(m, 88, 2 ArCE CE N), 
(3) torpono moiety rosonanoos at 5.00(s, 12 r? 

2.81(s, 68, Nllo2), 2.75 ppm (s, 6E. NYo2), and 
-28). 4.83(d, J-4Er. 1E. C-38). 3,84(br dd with fine 

splittin3, J-l, 2.5, and ll.ZEr, 18, C-SE), 2.25(dd, J-4.0 and 11.282, 18, C-4E). 2.13(66, J-2.5 
and 17.38%. 1H. C-68). 1.63(s, 38, C-CMo), 1.47(br d, J-17.3Er. C-68). 1.18(s, 38, CYo) and 0.61 
ppm (8, 38, CYo). 'E NMP (CDC13, 360 YEr, froo base): (1) aromatic hordoniayl moiety resonanoos 
at 7.03(6, Jm2.18~. 28 ovorlspping), 6.94(dd, J-2.1 and 8.382, la), 6.89(dd, J-2.1Er and 8.38~. 
18). 6.68(6, J-6.3Ez. lE), 6.53(6, J=8,3Er, 1E). (2) other hordoninyl rssonanoos at 3.78(s. 38, 
Ollo). 3.52(s, 3H, OYo), 2.70(m. 48, CE2N), 2.SO(m, 48, ArCE2), 2.33(s, 6E, NYo ), 2.29 ppm (8, 68. 
NYo2), and (3) torpono rosonanoos at 5.15 (s, 18, C-2E). 4.75(6, J-2.98x. 1 H C-38). 4.06(br d, , 
J-2 and 11.2Et. lS, C-5E). 2.23(dd, J-2.9 and ll.ZEr, 18, C-48). 2,12(br d, J=2 and 17.282, 18, C- 
6E), 1.65(s. 38. C-CYo), 1.4l(br dd, J-1 and 17.282). 1.20(s, 38, CYo) and 0.61 ppa (I, 3E, CYo). 

_minoL (la). Isolrtod IS an oil as oithor the format0 salt or froo base. 
NE CIYS I/Z 50901). 493(6), 491(14), 399(4), 300(24), 246(100), 208(24), 58(97) and EIYS r/r 
50?(0.4), 490(0.5), 464t1.3). 446(0.6), 301(l), al(?), 69(13), and SS(lO0); ESEIMS: Calo. for Y+- 

;ioa C32E46N202 : 490.35S9; Pound: 490.3559. Optical aotirlty not measured. 'E NMR (CDCl 
L, free bare): (1) aromatic hordoninyl rosonanoos at 6.66(1, 38). 6.49(6, J-1.48x, la), &;t? 

Jm8.381, la), 6.38 ppm (d, J-1.482, 18). (2) othor hordoninyl rosonanoos at 3.88(s, 3E. OYo), 
3.71(s. 38. OHS), 2.3-2.4(m, 88. 2 CE CE,), 2.27(s, 68, NMo2), 2.23 ppm (I, 68, NYo ) and (3) 
torpono rosonancos at 5.34(6, %I J-11.2 L, 18, C-38). 5.01(s, 18, C-28). 4.06(br d, 38, C-5W. 
3.12(d, J-11.2Ez. 18. C-4E); ?.Zl(dd, J-7 and 15Ez. 18, C-6E), 1.67(dd, J-2 and 158x. 18, C-68). 
1.64(s. 3S. C=CMo), 1.26(s, 3E, CYo), and 1.20 ppm (I, 3B, CYo). 

Intoroon~ 

DcbvdtrtiPs ef m &Q fn Qalaatrw m A solution containin 25 rS (0.049 
q mol) of 2 and 20 n6 KES04 in 10 ml of dry CE2C12 was heated st roflnx for 5 boors, at whioh time 
no startin material rorainod (tic). 
CE 

Tho or3anio layer was washed three tires with E20 and tho 

I 
Cl2 evaporated and r rodoood prossoro to yiold 19 ma (0.039 mmol, 60%) of 8 as virtually the 

on y product (360 YEr 1 II nmr, tlo). 

mpfB18LuFUA solntion containinS 25 r3 (0.051 
mmol) 8 in 12.5 al EtOE and 2.5 ml 48SEBr was hoatod undrr roflox for10 minutor, atrhiohtimo 
no starting matotial romainod (tic). The rraotion mixtnro was basifiod, oxtraoted with CEC13, and 
the orSanio layer oraporatod oador rodoood prassuro to yield aa oily rrsidoo. The tosiduo was 
purified by prop tlo OD Si Sol (15:15:4:3 BtOAo/Et20/EtOE/NS 8) to yield 16 r3 (0.035 n mol, 70% 
pnrifiod) of m idratiorl with prorioosly praparrd is material. 
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-&FmM. A rolotioa oont&inin& 75 .‘ (0.36 l mol) of 16 in 0.5 
ml of 1Y EC1 1.‘ l llorrd to rtrnd l t room temperatore for 30 minutes, at which time no startin& 
material remained (tla). The reaction mixture was made baria with 1Y NaOE solution and extracted 
with CEC13. A 270 YEr ‘E NWP spectrum of the CEC13 extract shored total aoarerrion to a mixture 
of ayaloaddoctr with CYe peaks at 0.61, 0.65, 1.19, 1.24. 1.36, 1.65, 1.71, 1.79 ppm and OYa paaLa 
rt 3.50, 3.62, 3.69. 3.75, 3.70, 3.75, and 3.84. This compared alorely to the crude isolated 
mixtoro from L mm (soe above). The rnalyrir indloated the presenas of about 55s 
aulantrsramins (4). 25% aolantr8raminol (2). 8% enab of both 5-epiaol~ntrar~miaol (u) and 
alloaolrntraraminol (11) and several trace rnbrtsnaer. The rerldno was purified by flash 
ahromatofiraphy on Si 601 (6:6:4:1 EtOAalEtOElE 0/EC02E) 
to yield 31 ma f.063 mmol, 35% purified) of 2 

rnd by prep tla (10:2:1 EtOAa/EtOB/NE40E) 
14 m‘ t.027 mmol, 15% purified) of 2, 4 r‘ t.007 

mmol, 4s. still rlilhtly impure) of u, and 3 ma t.005 mmol, 32, still rliahtly impure) of u. 
Comparisons were made with natorrl irolster by tla and ‘E NYX at 360 YEr. 

A solution aontrining 60 ma (0.29 mmol) of u and 27 08 (0.35 mrol, 1.2 eq) of acetyl 
ahloride in 2 ml CDC13 was sllore 

1 
to stand at room temperatore for one boor in an nmr tube. At 

the and of this time, the 270 YHr B NYR spectrn of the reaction mixtwo shoved total conversion 
to the EC1 salt of cnlratrarsmiae (pests corprred to a standard), alon& with several minor 
products. The l nalyrir iadicsted about 80% aolutrsramine and 2-5s each of the minor products. 
The rolotion wss made basic with NaOE. l xtractod with CEC13, 
evaporated to yield an oily residue. 

and the combined CEC13 layers 
This was purified by prep tla on Si 601 (20:4:1 

BtOAa/EtOE/NE408) to yield 44 ml (0.09 mmol, 62% purified) of colsatruamine (B). 

In a rimilsr manner, the eonversion was accomplished by lettinr a solution of 20 r& (0.076 
mm011 of fi in 1.5 ml of EtOE snd 0.5 ml 48% BBr stand at room temperature for 15 minutes. The 
results were essentially the sama as there described shore. 

m. To a round-bottomed flask containin 25 8 (165 rmol) of p-methoxyphenrthyl~miae 
was added 29.5 8 (364 mrol, 2.2 eq) of 37s formsldehydr, which initisted SD imaedl~ts reaction. 
To this mixture was added 43.3 a (830 r-01, 5 l q) of 88% formia acid, whiah caused evolution of 
co2. The flsrk was sllored to stand overnight and thon heated at reflex for 3 hours. Ona eq of 
aona BCl was added and the rolstiler removed by evaporation under rrdooed pressure. Tho amine 
salt residue was converted to tho free bare with NaOE and the aqueous layer rxtruted with CBCl . 
The CECl layers were aombiasqg and the 
mmol, SW, of mothoxyhordenine 

CEC13 rrrovsd under reduced pressure to yield 27.6 8 (1 4 J 
ss *n oil. Yp of EC1 rslt: 167-168.5’. 

2_Po. To a solution of 36.5 g (204 mm011 of methoxyhordeain~ in 400 ml of dry 
Et20 at room temperstore under rr‘on IIS added 107 ml (224 mmol, 1.1 eq) of 2.1 Y BoLi dropwire 
with stirrim&. After stirring 30 hrr, 16.4 # (224 mmol, 1.1 eq) of dimethylform~midr was added 
dropwire and the solution was allowed to stir l n sdditional S hrr. The reaction mixture was 
qoanahed with two eq of 1Y BCl, extraated tviae with Et20 (dircsrded), than buified with NaOE and 
ertrsated three timer with CEC13. 
porlf ied by 

The CEC13 vss removed under reduced pressure and the roridue 
bulb-to-bolp vaauum distillation to yield 29.1 8 (141 mmol, 690) of 2- 

formylmethoxyhordenfne. B NYP (CDC13, 360 YEz): 10.45(s, HI), 7.66(6, J-2.2Er. 18). 7.40(66, 

;,;:‘:Y 
J-8.382, lE), 6.92(6, J-8.3ilz. 18). 3.91(s, 38). 2.74(t, 2E), 2.5l(t, 28). 2.28 ppm (I, 

C NYP (CDC13) 189.286, 159.96r. 135.856. 132.29s. 127.686. 124.23s. 111.5ldr 61.06t. 
55.;6q, 45.3Oq(2), 32.98t. Yp of EC1 rslt: 188-192°. 
57.02; 8, 7.57; N. 5.54. 

Anal. Calcd. for C12E18N02C1’l/2E20: C, 
Pound: C, 56.78; B, 7.16; N. 5.55. 

~Yrt~tPlpFp~-(B)-hP~2z~~BAI. To . solution of 1.0 g (4.6 mm011 of 2- 
formylrethoxyhordenine in 100 ml of acetone was added 17 ml of 820 and 5 ml of ill NaOE. This 
mixture was sllowed to stir overnight under l raoa Bt room temper~tore. Aftor neutrallrrtion to pE 
7 with 1Y ECl, the acetone was evaporated under reduced pressure and the remaining aqueous 
solution extracted with CECl 
by flash ahromsto[raphy on 3’ 

The aombined CEC13 layers were evaporsted nnd the reridne purified 
i 801 (1O:lO:l EtOAc/Et20/NE40E) to yield 0.96 ‘ (3.9 mrol, 81%) of 

the botenons as a viscous oil. The oil was aonvsrted to the hydrochloride (mp 172-173’) for 
ahsractrrizatioo. Anal 
61.52: 8, 7.92; N. 4.66. 

. $x1;& f;;c”r5Es2$l&l;,“,‘.‘:/2 ,“%;,, C;-“;;‘,‘; E. 7.921 N. 4.78. Pound: C, 
z, lE), 7.44(d, J-l.SEs, IS), 

7.28(dd, J-1.88~. J.=8.3Br, la), 6.88(d,3;-8.3Ez, la), 6.76&, J=16.682. la), 3.88(s, 3E), 3.22(r, 
48). 2.88(s, 68). 2.38 ppm (s, 38). 

m To s cooled (0’) suspension of 1.71 ‘ (4.2 
mmol) of methyltriphrnylphorphoninm iodide in 60 ml of W under argon vss added 2.0 ml (4.2 mmol) 
of 2.1 Y BnLi dropwire with stirring. Thir solution was stirred for l/2 hr. cooled to -78’, and a 
solution of 1.04 8 (4.2 mm011 of the above bntenanone ia 20 ml TW was sdded slowly with stirring. 
After 30 min. the mixtore was diluted with CEC13, l xtraated thrrr tires with E20 and evaporated to 
dryness under reduced presswe. 
EtOAc/Et 0) 

The roridur was purified by flash ahromatoaraphy on Sl 801 Clil 

rimr. El& 
to afford 0.69 8 (2.73 mrol, 

MS (m/r) Calad. for C E NO: 
65%) of diene u ss an oil, qura by tla and 360 YEz E 

245.1774. Ponad: 
1E). 7.07(66, %%. J-9.1Ez. 

245.1770. E NYP: (UlCl 
7.35(6, J-1.88~. la), 6.90(6. J-16.282, 18). 6.84(1: ::;61128g:: 

18). 6.80(6, J-9.1Er. la), 
2.52(s. 6E). 1.98 pp. (s, 3H)r 5.w; )311:‘(&13(;; ‘1”:;.,‘,;“.‘(;;,.:;‘,: :;‘,‘.b’d,,‘:&,‘;“; :;*.:::: 

126.16s. 126.166. 122.726, 116.86t. 110.666, 6 .65t. 55.510. 44.48qt2). 32.1Otr 18.619. 

uw & u u u d s. A solution of 30 ma (0.12 mmol) of dienr U in 2 ml xylene was 
allowed to stud at room temperature for 10 dsyr, at rhioh time DO startin material to alnod 
(tla). ? The xyleaa was l raporatrd st redocod pressare to aire l residue whore 360 YEr E NYP 
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#pactrum ahorod it to bo . 3:2 n irtoro of u .ad u. The mixtmro . . . .rp.r.tod by prop tlo 
(10:2:1 EtOAc/EtOE/NE OE) to yirld (top b.nd) 7 IS (0.014 mmol, 241, porifimd) of u. EEEIYS (m/x) 
C.lod. for C3 E46N d 

6.100(=, ~Et:w4::;:0’.:‘.’ 
Pound: 490.3367. 

.r0m.t10.), 
‘II NIIR (CDC13, 360 HEX): 6.90(=, 48, 

6.54(6, J-16&, 18, .tyryl olofin), 6.34(6. J-168., lB, rtyryl 
olrfin). 5.30(., 18, vinyl). 4.OS(r, lE, C-381, 3.7S(r. 38. ORa). 3.71(.. 38. ORa). 2.75(=. 46. 
ArCE2CE2N), 2.6O(m, 48, ArCE CB2N), 2.30(., 1211. 2NRo2), 2.12(=, 1H). l.SS(m. la). 1.7S(.. 38. 
C-CYO), 0.85 ppm (I, 38. c-no f . 

A lower band yioldod 10 rS (0.021 mmol, 36% porifiod) of fi. 
‘li NRR ((DC13, 360 YE.): 

EREIYS (m/z) C.lcd. for 

>348?6~~1 5;.yy;,7. ‘ r;:;d:ol 04;;;;,f”. 
7.05-6.7O(m, 68, .rom.t ic.), 

6.16(6, I-lSBr, 18, rtytyl olofin), 5.32(., 18, vinyl), 
4.02(., 1s. C-3H). 3.73(., 38, OYo), 3.71(., 3B. ORo). 2.31(.. 68, NYo2). 2.19(., 68. NRo2). 
l.SO(., 3E. CmCYo), 1.20(., 38, C-Me). 

p. To. rolution of 3.8 S (21.1 mm011 of mothoxyhordoniao in 35 ml of dry 
Et20 ..I .ddod 11.1 ml (23.3 mmol, 1.1 oq) of 2.1Y BoLi dropwiro with .titrinS. After .tittinS 30 
hr., 5.38 S (21.2 mm011 of I2 in 40 ml Et20 w.. rddod dropwiro. The iodiao oolor . . . di.ch.rSod 
immodi.toly upon oont.ct with the rolotion. Addition . . . oontinood until the iodine color 
porrirtod. Tho mixture . . . poured into E20, tho Et20 removed .t rodoood prorroro .nd the E 0 
oxtr.otod with CEC13. The orS.nio layer w.. r..bod with ..tur.tod N. SO aolotlon .nd the CEC 
or.por.tod under rodocod pro‘roro. Tbo rr.idno . . . poriflod by Il.. b 
(1:l CEC13/Et011) 

o%tom.pSr.phy on Si ,fi 
to yield 5.24 S (17.2 q mol, 81%) of 2-iodomothoxyhordonino. 

YE.): 7.61(6, J-2.2Br. la), 7.14(dd, J-2.28.. 
B NYR (CDC13, 360 

J=S.38., la), 6.74(6, J-8.38.. la), 3.85(., 3E). 
2.6S(t, 28). 2.49(t, 2E). 2.28 ppm (.. 6E). BINS (m/r, %,): 305tO.3). 303(1.5), 288(1.5), 
261tO.9). 260(1.3), 247t1.2). 134t2.2). 58(100). Ch.r.otori.od . . th. aC1 ..lt (mp 226’). Aa.1. 
C.lod. for C111117NOC1: C, 311.67~ E, 5.02; N, 4.10. Found: C. 38.82: 8. 4.92; N. 3.96. 

,-(2’-Rot,,~-(Rl+~ 3 on 2 ol -- -- w. To . teat tube fitted with. v.00”. 
.pp.r.to. w.. .ddod 2.25 S (7.39 mm011 of 2-iodomotharyhordoniae, 0.86 S (10 q mol) of 2-methyl-3- 
bnton-2-01 (Aldrioh Chomiorl Comp.ny), 8.6 mS (0.025 mm011 of p.ll.diom(II) .oot.to .nd 2.2 ml of 
dry .ootonitrilr. Thr tube . . . .r.oo.tod, filled with ‘t&on rnd thon ho.tod .t 100’ in .D oil 
b.th for 4 hrs with rtirri.3. Tho ro.otion mixture . . . m.do h..io with 1Y NaOE rolotion rnd 
oxtr.ctod with CEC13. Tbo or3.alo l.yor . . . l r.por.tod ondor rodnood prorroro rnd the roriduo 
purified by bulb-to-bulb v‘ooom di.till.tion to yield 1.42 S (4.65 mmol, 63 
oil. CIYS ml.: 
YE.): 

264(Y+ +l; 12). 246(Y+ +l-E20; 100). ERRS not obt.in.blo. ? 
) of u . . . ol..r 

7.26(d, J-2.2Er. lE, C-3E), ‘I.Ol(dd, J-2.2Er. J-8.6E.. 18, C-5E). 
B NRR (CDCll,E 3;: 

6.88(6, J-16.28.. 
1’E rtyryl), 6.7S(d, J~8.68., 18, C-68). 6.36(d, J-16.28.. 18, C-2’B rtyryl). 3.81(., 38, O;o,, 
2.74(=, 2B, ArCB 1, 2.56(=. 28, CB N), 2.33(., 68, NYo ), 1.43 ppm (I, 68, 2C-No); 13C NYR 
(CDCl 1: 

+ 
155.17.t -1). 138.32d(C-3). P ?32.23.(C-2). 12&16d(%-C-l’)*, 126.74d(C-5)*, 126.02.(C-4). 

120.9 d(C-2’1, Jll.lOd(C-6). 70.55.(C-3’). 61.36t(Q12N), 55.43q(OYo), 45.02q(NYo2), 33.02ttArcE ), 
29.SOq(2C-Ye). Tho .t.rtod . ..iSnfont. .yj bo intoroh.nSod. Comburtion .n.ly.o. .oro out. P do 
.ooopt.blo limit., bdt both the E .nd C nmr rpoctr. rhowod o..onti.lly 00 orS.nio imporitio.. 
The .loohol “.I .t.blo to di.till.tion .t rodnood pro‘torr (roe .boro) .nd to tro.tmont with b..o. 
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