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ABSTRACT -

This thesis is concerned with the preliminary studies

in the synthesis of an indolizine alkaloid,; slaframine.

A Wittig reaction of 3-carbéthoxyprqpy]triphenyl~
phosophonium iodide (43) with h-pentenal (hh) gave;éthyl—(Z)-A,B;nonadiénoate
(45) . Hydrolysis of this product gave the unsaturated acid (46) which
was then converted into acid chloride'(b?); aéytézide (h8); isocyanate
(495 and finally l1-amino-3,7-octadiene (50) . The.primary aminérgroup
of (SQ) was protected by forming trifluoroacetate derivative (51); 1 -
Aminq—3,7-octadiene was converted in”N*(Benzyk»(ycérbényl)f3;7foctadiene

(52) which was finally converted into epoxide (53).

Other related studies involved:  (])’préparatioh of
.l;2<oxi66cyclohex—k-ene>(54) which waS.cancrted'intojérané;ZPazid64
cyélohex-h*enol.(ss). The secondary alcohol group was protectéd byifbrming
acetate derivative (56). A tétrahydropyranyf derivative (57) was also

prepared.
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INTRODUCTION AND HISTORICAL

In 1959 0'Dell, Regan and Beach l in Missouri
reported.a widespread toxicity problém aésociated with secona-cutting
red clover hay. Cattle and sheep which ate such hay slobbered‘
excessive1y, went off feed, developgd diarrohoea, bloat, stiff jdints
and sometimes died. The toxic prihcipfé'was organic in nature,

slowly lost aCtivity'in solution and was soiuble in water, ethyl alcohol

(2,3)

and chloroform. Bayers and Broquist investigating similar cases
in I1linois, suggested that an alkaloid was involved, but did not

identify the causal agent.

Smalley et al b and Cruﬁp“et al ? 'inVéstigatéd
similér disorder in ruminaﬁts in Wisconsin. They observed thaf samples
of redlélovér forage associated with excessive salfvation in diary
cattle were infested with a dark—brown coloured fungus identified
a$ Rhizoctonia ieguminicdla Godgh and Elliott, the cause of»black"

patch disease of red clover.

" The refusal of the cattle to consume ''siobber forage''
constituted an economic loss to the farmer, including a loss of milk

production and the netessacity of purchasing'replacement'forége;

The isolation and purification of the active agent in



slobber forage from R. leguminicola was repdrtea in 1965 independently

6,7

by cWo research groups.

D. P. Rainey et al 6 isolated R.. léguminjcola_from
second-cutting red clover hay from Galesville, Wisconsin, by culturing
on a medium containing 20 g soybean méal, 20 g dextrose, S»g CaCO3 and

5 g corn steep liquor per litre distilled water. This medium 'vielded

consistent and reproducible production:of the active principle.

‘For bioassay of tﬁé salivation factor guinéa-pigs
were used. Each animal was rated for the degree of reSpohge‘to the
stomach feeding trial. Numerical ratings were assigned as.follows:

1 = no response

2 = slight salivation

3 = excessive saliQétion, lacrimatfon and defecation

4 = severe depression, salivation, lacrimation,
defecation and dyspnoea ' ‘

5 death
This rating provided a semiquantitative meésure of\the‘activity of the
preparation tested. D. P. Rainey et 31'6 concluded from the general

chemical behaviour that the toxic substance from the R. leguminicola

was an alkaloid.

S. D. Aust et al 7_ obtained R. leguminicola from

Dr. J. W. Gerdenmann of the University of Illinois, who had isolated



a pure culture of this fungus from re& clover. From the parasympatho-
mimetic action of salivation factor ,S.D.Aust:et al7 suggested that
it may be an anticholinesterase or an acetyl-choline-like substance

which was not true.

In 1966, S;DiAust et a]8 assigned.the strUcture_Qf
the slobber factor. They assigned structure*v(l) to the alkaloid and
proposed the name siaframine (slafra: to slaver). The structure (1) was
incorrect and the correct structure wés pfoposed by them latér,-They
also showed,tﬁatvthis compound was not aAchlinesterase inhibitdr; It
did not stimulate cholinergic fibers djfectly, it appeared tO'hypéE-

sensitize smooth muscle preparations to acetylchOIiné.

8
S.D. Aust et al isolated slaframine (C]OH|8N202)
from the mycelium of'53leguminicoia as its amorphous hygrdscdpit’di4
hydrdch?oride;’ahd characterfzed as its crystalline dipicrate, m.p..

183-184° , €y H gN20, , 2CcH3N307.

Slaframine hydrochloride contéins a secondary acetate
group (n.m.r. in DZO,'thFee proton singlet at § 2.15, one proton multiplet
at § 5.55)., Exposure of slaframine or impure 'salivation factor' to mild
alkali.(e.g. pHY10 for several hours at 259 ) resulted in lpss of physiologi-
cal activity and treatment of slaframine for two minutes with boiling IN
sodium hydrOdee'yieIded crystalline Dragendorff-positjve‘déaéetyfslaframine

(2) C8H16N9 Which was devdid of blological activity.

* See plate 1



In the n.m.r. spectrum (DZO) of the hydrochloride,of this compound,

the secondary carbinol proton appeared at § 4.60.

A primary aminoigkoup in slaframine was indicated by
a purple ninhydkind test and by Van Slyke analysis on the hydrochloride.
Treatment of the siaframine free base.with acetic anhydride at 95° gave
. ' 5 » 1 L,O 1259 o
crysté]iune N-acetylslaframine (3) C]2H20N203'm.p. 140 thL ,[a]D = -15.9%,
whose infrared spectrum (CHC13) contained bands at 3420 cm 1 (amide N-H

' and 1510 em”! (amide 1 and amide 11 respectively ).

stretch ) 1665 cm”
Slaframine, ‘with neither C=C nor C=N (infrared) and no
n.m.r. methyl signal other than that of the acetyl group, must be a
bicyclic tertiary amine since the remaining basic nitrogen (bridgehead )
was not acetylatable and gave poéitive citric acid-acetic anhydride and

positive Dragendofff‘s tests.

Treatment of N-acetylslaframine with cyanogen bromide
gave the rihg-opened product (4) CngZOBrN3o3 ( N=C=N band at.2210 em~! )
which when treated with sodium iodide followed by lithium aluminium

hydride gave (5) € HypN50 .

The latter was methylatéd with formaldehyde-formic acid.
to give (6) CIZHzéNZQ and was also acetylated with acetic anhydride to

give;(7)'C]6H28N204,



The n.m.r. spectrum of (5) showed in addition to the
‘expected N-ethyl group (ﬂ-CHZCH3 . 6‘3.2f m,1.10 t) a C—CHZCﬂ3 giroup
(5 1.55 m,1.00 t )established as part of a ~CHOHCH,CH; group by the
loss of 59 mass units (C3H70) from the parent ions of (5) afd (6)/and
‘the loss of 101 mass unit§ from the parent ion of (7) a fraghentétibn
not found for slaframine and ité derivatives (2)‘énd (3). Thus ,the

partial formulé}N-CHZCHZCHOH- was established for (1).

‘The similar mass spectra of slaframine (1) and
deacetylslaframine (2) showed major peaké, independent pf the 6xygen atom, for
logsgs of 56.and 43 mass units.The peak at M-43 (due to lbés of-C3H7)
éhifted on deuterium exchange of slaframine hydrochloride,that'at'M¥56

(due to loss of C3H6H) did not.

 The former .indicated a =CH,CHyCH,- unit, the latter
suggested the unit ~CH(NH2)CH2CH2—; the two were then combined as
-cH(NHZ)CHZCHZCHZ-,and the structure of slaframine was assigned (incorrectly)

as (1), l-acetoxy-8-aminooctahydroindolizine,

The fragmentation bathways referred to above are

spmmarized in-Scl'\eme'--l,'c for the unacetylated compounds (2) and (5).‘

S.D. Aust et a18 suggested the stereochemistry of the

molecule to be that of (la) from the low frequency ( 1700 e ) of

*See'plate lf



the ketone formed on chromic acid oxidation of N-acetyldeacetylsliaframine

and the instability of slaframine free base.

9

in the same year Barbara J. Whitlock et al

proposed an identical structure for slaframine (1.

In 1968 Robert A. Gardiner et alio prOpbsed the
revised structure (8) for 5laframine>énd.assigned the stéreochemistry as

(s, éi,BaS)“l-acetoxy-6—aminooctahydrofndolizihe (8a).

- Robert A, Gar@iner'et'al‘o performed spin-decoupling
experiments on N-acetylslaframine‘Hydrocﬁloride (020 solution) and showed
that H-8a (8§ = 3.41)‘coup1ed"to H-1 (8 = 5.#9, J = 6.5 Hz) was also coupled
to one or more protons ét'é = ZQT‘KH-S)’rathér than to the -CHNAc proton.
That proton (H-6, multiplet, 6§ = 4.15) was also coupled to H-5 axial
(quartet, § = 3.1, JSa,6 = 2,8.Hz)rwhich in turn was coupled only to H-5
equatbrfal (doublet, § = 3.90, JSa,Se = 13.0 Hz) establish?ng'its location.
The half-band width of H-6 was 7 Hz consistent only‘with its equatorial

nature,

The relative configuration at C-1 and C-6 was assigned
by comparison of the n.m.r. spectrum (CDCIB'sqution) of N-acetylslaframine
to those of isomeric l-acetoxyoctahydroindolizine (9) prepared from

the corresponding isomeric'l-hydroxyoctahydrdindOIizine,(10): The éarbinyl

*See plate 111



acetate proton of_N-acetyislaframine appeared at & = 5,24 with a half-
band width Qf I3:Hz‘whi}e the earbinyl ééetate proton'of cis?(ﬁ_ |

(Hi,Hga‘cis)_appeared at 6‘§ 5,2l‘with a haff-ﬁandAwidth of i} Hz;'The
carbinyl acetate proton of traﬁs-(é)}abbeared af 5 = 4.76 wifh'a half-
band width 6f 21 Hz. MoreoVer,the‘generél shépe of the spectrum of

N-acetyls]afkamine was nearly identiéai witﬁ.tﬁatAof Cfs~(9) but,qﬁite
different from that ofv;rans-(9i.'ln bartiéﬂiar, the splitting patterns

for the carbinyl aCetateaprotons were superimposéble.

Treatment of7N4écety1-0-déaéétylsléframiné'wfth
a-phenylbutyric anhydride géve,residuai a-phenylbutyric acidtdf (2
rotation id]z Qﬁ'- 9.480, thus assigning C-1 the Srabsoluté coﬁfiguratfbn.
The mass Spgctrum agreed with the structure (8) assigned tO-fhe

slaframine,

Studies Qn'élafram{ne have indicated that it has
potentiélivafue'both as a research tool, for the isolation of the acetyl-
choline receptor si;e and as a medicinal agent for the treatment of éystic‘
fibrosis syndrome, since it stimulates pancreatic seﬁretiong However,
slaframine has been produﬁed*in 1ow yield by surface cultures of R.
ieguminjcola:and it is very difficult to obtain the metabolite from its -
natural source and the chemical synthesis of slaframine is an attractive

prospect.



The synthesis of s{aframine was_reported in Q.IZZ
overall yield by Cartwright et al 1. in 1970 by ‘route Shown*.in

the scheme-1i1i.

The route chosen for the synthesis. proceeds from 2—
bromo-5- n:tropyr|d|ne (12) (prepared from 2- hydroxy 5- nltropyridnne) (11)

by Binz and Schick - method 12 )

Fusion of (12) with cuprous cyanide

and acidic hydfolysis of the resulting nitrf}e:gave tﬁe carboxylic acid
(13) m.p.‘211-2126 which was»esterified'in ethénolfsulfuric acid:fo (14)
.m.p. 107-108° in 11% overall yield. Reduction of (lli)bover 'r.;lat.inum'
oxide in eihanol gave the amino ester (15) m.p._129-1306 (98% yield);
acetylation of (15) with acetic anhydride gave the acetyl derivative (16)
which was crysiallized from ethylacetate as white needles m.p. 156-1570.
'Hydrogenatton of the pyridine ring at 50 p5| converted (16) to (17) a
clear 0|l b. p. '187-200° (0.05 mm)j Cycllzatlon of (18) using
potasSium—tert—butéxidein toluene"ét 0° gave’the’unstable Bﬁketqestér (19)
in 75% yield. The B-ketoester (19)’ was hydrolyséd and deCarboxyléted

by heatsng with 8N hydroch?orlc acid at IOOo for 5. 5 hours to glve the '
ketone wh»ch on reduction with sodnumborohydrlde gave the important amino
alcohol intermediate (20) (a mixture of stereoisomers).. The m?xture of
amino alcohols was acetylated with acetic anhydride to give”l-écetdiyfs?
acetamidoindolizidine (21) in 8i% yield (a mixture of steréoisomefs).
-Careful‘chromatography on alumina-sehérated the four stéréqisomers,,

labeled 2la, 21b, 2lc and 21d in order of their elution with.chloroform;

*See piate 1V



10

the approximate ratio of the'isomers”iSOIated:was 1:1.4:4:5 (21a:21b:21c:21d)
isomér 2lc was identical with N—acéty!siéf?am}he. beacetylafion of (21c):
was achieved by boiling with hydrazine hydrate for 3 dayﬁ. The product
deacetylslafréminei(ZZ) was converted with beﬁz?lchloroformate to N-.
carbobenzoxy-siaframine (23) which was purified by chromatography on
alumina and crystallized from ether as wﬁite neédles, m.p.A15h4156°.ﬂ
‘Acetylation of (23) withacetic_anhydridegave the acetate (24) (93% yield)
which was hydrolyzed to sfaframine (8) in 98% yield by stirring with 30%
hydrobromic acid in acetic acid for i houriki
Mofe recently, Gensler and HQ(IB)raééomplished the
synthesis of slaframine.in 0.32% overall yigld Qy the'rodte*vsﬁown'in

the sCheﬁe-lll.

The starting compound was ethy14N-(B-carbethoxy:
ethy!)—S-oXobyrrdlfdine—z-carboxylate'(26):which can be brépafed.convenientTy
from L-(+)-glutamic acid (25) and acrylonitrile. _Cyliéation wi th sodiﬁh_
ethoxide produced ethyl-l;5-dioxoperoIizidfne—charboxy!éte'(27). De-
carboxyiation of‘the pyrrolizidine (27) in hot hydrochloric acid was
accompanied by lactam ring hydrolysis, so the product wés'the 3-oxopyrroli-
zidine acid (28). The corresponding alcohol methyl eéter'(29) was obtained

by hydrogenating the keto group over a platihum‘catalyét:in methanol solvent.

To attach the fused six-membered rings a$ in slaframine (8)

* See plate Vi



11

thé sequence continued by alkylating hydro*ypyrrolidine (29) on the
_.nitrogeﬁ with methYlbromoéceéate. :The ekpecte& diester (30) was |

obtained mixed wfth-equally Qseful lactone (31). The relation between

the two products was established b9 aliowing ]acténe (31) to methanolize,

Whereupon'dimethyl ester {30) was produced.

Qieckmann cyclization of the mixture of diester (30)
and ester'}actone (31) gave rise td-indolizidinel(32)..,The'unstable
Dfeckmann product (32) was decarboxylated with acid fo'give ijydroxy-G- B
6xoindolizfdinehydrochloride (33) which wés'fifst'écetYlatéd to (34)
and thén éonverted into thé'rélétively stable dxfmé'(js). fhe‘bxime‘(35)‘
emerged és‘a mixture of'gyn and anti Forms; thch could‘bersepafatéd. |
and characterized. .Thé last sfép proceeded by hydrogenétihg the mixed

oximes to the.finalrprddué;s DL-slaframine (36).

“The biosynthesis of slaframine (8)thich has been

studied by.Broquist et al:‘u’lsprdeeeds"frdm'Lysfhe (37)‘through pfpecoIic

acid (38), other intermediétes*(39-423 are shown'in the»Schemé—iV."(i-lht)
DL-Lysine and (6-]AC),DLéLysine'were equally incorporated into slaframine
and this incorporation was efféctiveiy.bIOCked by pipecolic acid. Both
ring—labeled and carboxyl-labeled pipecolic acid wére:equaliy'iﬁéorporated
into slaframine and were 1,000 times more effective‘thah Lysine. Tfitiatéd

l-ketoindolizidine (39), 1-hydroxylindolizidine (40) and 1,6-dihydroxy-

indqlizidihe (41) were all utilized in slaframine biosyhthesis.

* .
See plate Vil
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S]aframrne possesses extensuve chollngerlc propertles
| due to its ability to bind strongly to the acetylchoiane receptor site.
It has also been’demons;rated that‘slaframnne is a:spectflc and potent
stimulator of exocrine gléndé, P6 THis;‘in conjunction with its long
duration of action and low toxicity, suggests thatAslaframine»may'haVé
potential value as a research too]lor as a medicinal agent for example

in the study or treatment_of cystic fibrosis.

Staframine has been shown to be inaqtive in‘its’nétive
form, but to be converted to an active metabdlite by the drug metabolizing
enzymes of the liver. 10 Some recent efforts have been djkéctéditoward
determining the structure of the active factor resulting from the‘action
of ]iver'microsomes on slaframine. It has been demonstrated that flaﬁin
mononucleotide (FMN) in the presence of light mimiced the liver OXf&ése
SVéfem by converting slaframine to the»same'éétf§e fachr.fr7

De;pite the existing syntheses there is a need for:
new and better routes to‘siaframine, its derivative and to related
compounds which may’poésibly'be ébnverted to the same active féctorvby
the liver microsomes. The author, under'the direct‘éupervféibnsdf

Dr. D. E. Orr,'attempted}the”synthesfs-of slaframine.

" In the partial synthesis of slaframine presented in

this thesis, 3-carbethoxypropyltriphenylphosphonism iodide® (43) was

“See plate IX
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reacted with k-pentenal (44) to give éthyl—(Z)-A,S-nonadienoate(45).
Alkalihe'hydrolysis of the ester gave the corresponding acid (k6).'
The acid was converted into the acid chloride (47) acylazide* (48),

isocyanate (49) and then inté amine‘(SO).

The primary amino,groﬁp.thus produced was protected
by forming N-benzyloxycarbonyl derivative (52).  This derivative was

then converted into epoxide (53).

‘Thé compound (53) was felt to repfesenf‘a'key.ihter-
mediate in the Qlaframine'synthesis. All the ne;esséry étdms in‘the
basic skeleton of slaframine appear to be present inthfs COmpouﬁdi
This compound contains'the required molecular skeleton with appropriate

functionality for conversion into slaframine.

An'sltefnative approaéh‘Was'also attémptéa: 'Cyclo?
hexadiene was converfed'fhto 1,2-oxidocyclohex-4-ene** (54) with m-
chld%operoxybenzoic acid. This compound was converted.into frans—z-
azidocyélohex—h—enbi (55). Aftempts at ozonolysis followéd by tétal?tic
hydrogenation of this compound to the desired dﬁaldehyde for slaframine,

under a variety of experimental conditions, were not successful.

*See plate X
“% See plate Xl
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DISCUSSION.

Our early thinking connected with the synthesis of
slaframine involved the initial.formaiion ofvthe five-membered heterocylic
ring. This ring closure would have fo‘pccur in such arway as to produce
é.secondary élcoho! which is trans td the bfidgé head hydrogen. It is
well knoWh that oxiranes open in a stereospecific fashion, so we reasoned
that i¥ the synthesis 6f the approprfate Z-olefin could be achfeved,

we might test this hypothesis which is outlined in scheme-V (plate XII).

The nitrogen would have to be suitably protected and
the_R.‘group should’contain the required'functfonalffy'for’construction of
the six-membered heterocyclic fing'énd introductién.of thé pfimar? amine
group. Due to the ready availability of startiﬁg materia]IWe decided
tb use a.méleCUlé‘in which the R. group cohtainedra‘terminal carbOn-cérbonv

dquble bond.

We antic?pated that the Z-olefin could be cOnstrdcféd
by using appropfiateIWittig reactions., L. D. Bergelson et a130 has
shown the stereochemistry of the Wittig reaction between an aldehyde and
a non-stablized ylid is influenced by a number of factors. lh‘partiéular,
L. D. Bergelson3l has shown that Z-olefin results from the reaétions.in

DMF of the ylid derived from m~alkoxycarb0nylalkylidihetriphenylphoSthnium
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_ , 32
iodide and an aldehyde. M. Schmid and R Barner describe a similar
reaction lnvo1vung a substltuted butanoate to produce the Z-olefin and
in our own case we have applied the reaction to the syntheSIs of".

ethyl4(2)-#,8~nonadienoate.

In the initial step of the reaction sequence it was
necessary to form 3-carbethoxypropyltriphenylphosphenium iodide (43)
(plate IX). This compound was readily obtained %Eém etﬁyl-h—bromobutyrate
and triphenyiphosphiﬁe. fhe proton magnetic‘resonance Speetrum
(n.m.r. NO-I) of the pure reaction product afforded evidence that the desired
oompound had been»formed. A methyl triplet at § = 1.3 o = 7 5 Hz) and a
methylene quartet at § = h.iz (J = 7,5‘Hz) confirmed the-presence of ethyl
ester. The multiplet at § = 2.0 was assigned to the methylene proton B
to'the phosphorous. A triplet at § = 3.0 (J = 7.5 Hz) was due to the
methylene proton o to the carbonyl group. The multiplet at 6 = 3.8 - 4.0
was due to.thelmethYIene protoﬁ o to the phosphorouéz ‘a multiplet at’

= 7.78 confirmed the presence of'the‘phenylgroups.

- For our purpose we also prepared h-pentenai (hh) from
allyl alcohol and n- butylvinylether using the procedure of Watanabe et a120
The formation of this compound was supported by prétonfmagnetic resonance
spectrum (n.m.r. NO.-2). A moltiplet at § = 2.52 was due to four

- methylene protons. The multiplet at § = 5.0 confirmed thevpresence.of the

terminal two protons of the double bond and the multiplet at
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§ = 5.6 - 6.0 confirmed the third proton of the double bond. The

aldehyde proton appeared as a multiplet at § = 9.58.

The next step in the synthesis inVélvéd.the use of
Wittig reaction for the preparation of our Qtarting-compdund ethyl-(Z)—
4,8ﬂﬁonadfenoat¢ (45). Thfs compound was obtained by reactfng the rylid
produced from'3-carbethoxyprqpyltfiphenyfphoséhonium iodide (43).énd_ -
L-pentenal (44). The préton maghetic resonance SpéptrUm (n.m;r.'N0-3)
of thé reaction product affordedrevidence‘that the desired compound
had been formed. A”methyl triplet at & =j‘3  (J =7.5 Hz) confirmed the
presence of ethyl ester. A multiplet at 6v= 2.1 - 255 was due to the
eight protons of the methylene groups. The muitiplet at § = 4.9 - 5{2
showed the presence of the fwo terminal profbns of the double bond, and
a multiplet at § = 5.5 was due to the two prbtons $f the;(h,S) double
bond. The'mﬁitibiet at § = 5.8 - 6.0 cOnfirmed'tHe presenéé’of the =
third proton of the terminal double bond. The infrared épectrumf"
(IR NO-1) exhibited absorption bands at i650'cm-‘l (doubie bond), 1750 cm-]
(ester group) and 2940 e’} (C-H stretch). The mass spectrum of the

compound gave a molecular fon peak at m/e 182.

We have observed that the stéreochemistry;of a'wittig
reaction carried out in the presence of Crown ether is remarkably dependent on
solvent. The cis-trans ratio of ethyl-4,8-nonadiencate varied with solvent

as shown in Table - |. In methylene chloride the major product was cis
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and i n THF the major product was trans isomer.When we use sodium hydride
as a base in DMF without Crown ether theAmajdr product was also cis. isomer..
The ratio of the cis-trans products was determined by gas

chromatography usinQ 10% SE-30 on gas chroﬁ (latJISOO;

Alcomparisbn of the products from thé Wittig reaction
‘carried out in the differgnt solvent is Informative. The olefinic
compounds obtained using DMF .ar methylene chloride are identical
‘in the olefinic region of the n.m;r..Fufthermqre,the peak at § =5.5
due to the two protons attached to the ﬁ,Sldouble bond‘fs identical iﬁ‘
shape and chemical shift to the peak due to the double bond protons of

(z)-methyl1-9-octadecenoate.

The nature of the carbon skeleton df the Wittig product.
was confirmed by hydrogeﬁatién.‘ The hydrogenation.pfoduct (hSa) was
i&éﬁtffiéd as ethy?nonafel The n.m.r. aﬁd IR specfra of the gétufated
ester (45a) were identical with authentic sample. Méfeover,_the
saturated ester (455) showed a single peak on gas chromatography whose

retention time was identical with ethyinonate.

The nex; step in the synthesis required conversion of the
doubly unsaturated ester (45)‘into the corresponding acid (46). This
goal was readily aéhieved by treatment of (hs) with aqueous potassium -

hydroxide under mild conditions to glve the olefinic acid (46). The
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pfqton maghetic specffum‘(n.m.r. NO-4) had a multiplet at § = 2.1 = 2.5
assigned to the efght methylene prptohs.“'The muitipfét at 5 =4.9 -5.2
cén%ifhed the‘preééhce of the two teminal érotons of the double bond.

A multibiet at'6 ='5.5'wé$ due tb the two protons of the 4,5 doﬁble'bond.
The multiplet at §=5.8 - 6 showed the presence qf the tﬁifd' proton

of the terminal double_bohd.‘ The single proton of carboxylic acfd

function was shown'dowﬁfield‘at § =9.89.

At this stage it Qaé necessary to convert the |
unsaﬁUrated acid (46) into the acyf ézide.'rACYIazidéSZh are thérma}ly.
unstable and rearrange to isécYanates on heating. They canntherefoEeV
be synthesized only by those methods which operafe at room temﬁefature.
For our purpose we used a solution of pyridine and hydfazdic acid in toidene.
Pyridine and hYdrézoic acid react in toluene to give an'equiilisfium
mfxture that contains a solubfe source of azfde_anions. We fifsfiéonverted

thé acid (46) into acid chioride (47) By treating‘wfth'thiényl

chloride. The formation of the acid chloride was supported by:IR
spectroscopy. The infrgéred Specfrumj(lR-NO-Z) exhibited abéorption

] (- C - Cl). The acid chloride (47) was then converted

bands at 1805 cm
into the acyl azide (48) (plate X) by treating with a mixture of
pyridine and Hydrazoic_acid'in toldene'at 0°. Pyrfdinium chlofide‘
percipitated instantly. fhe formation of the compound (48) was shown by
IR spectroscopy (IR-NO-B) in which the carbonyl absdrption of agid
chloride was absent and two new bands appeared at 1720 cmnj (- L ;)

+ - .
and 2130 cm-? ( ~-N=N=N). The proton magnetic resonance spectrum
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(n.m.r. -NO-5) provided évidenCe'fhat thé deéired compound had formed.
The mditiplef at § = 2.]8- 2.59 was.dde ththe eight methylene protons.
A triplet at about § = 3.3 indicatéd that a;sﬁall émoUht_Qf isocyanate
had éiready formed.The multib]et at § = 4,9 - 5.2 Sﬁdwgd the presence
of two protons of the terminal double bond; TheAtwb'protons of the 4,5
double bond appeared as a mu]tfplet at § =,5°5; The thifd protoh of

the terminal double bond appeared as a multiplet‘at'6f=-5.8’4‘6.0.

The next steb'in the synthesis involves the conversion of
acyl aziée_(hS) into isocyanate (49). This was carried out simply by
heating'the acyl azide (48):solution at 100° for‘four hours., Visible evidence
fof'this reaction was supplied by the evolution of gas from the reaction
mixture. The formation of the isocyanate (49) waé-gupborted by IR and n.m.r..
spectra; The\strbng absorption peak (!R - NO - &) at:2260'cmfr is

characteristic of the isocyanate group.

The proton magnétic resonance spectrum (nem.r. = NO-6) had
a multiplet at § = 2,18 - 2,59 which was assigned to the six mefhyléne protons.
The n.m.r, spectrUm.again fhdiéatéd'the’présenCe of the protons associated
With';he double bonds and a triplet at 6 = 3.36 J %77.5>Hz)-assigned'to the

methylene protons adjacent to the nitrogen atom of the isocyanate group.

The next important step in the synthesis involves the

hydrolysis of isocyanate (49) into amine (50). Organic isocyanates are
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very often unstable belng susceptlble to thermolysas, photolysus or
solvolysns. 't should be pointed out - that at this stage we need selectlve
hydroiysis to keep the double bonds unaffected and acetic.acid'w'ater26
(2: l) was the best reagent for hydroly5|s of lsocyanate (49) to
unsaturated amine (50). When a solution of |socyanate (49) in toluene was‘
.heated with a mixture of acetic acid:water (2:1),it gave the desired amine
"(50) .The proton magnetic resonance snectrum (n.m,r. -7N0-7) afforded
~evidence that the desired compound had formed, A multiplet at § = 2,18~ 2.59
was due to six'methyjene protons. The triplet at § = 2.7 confirmed_the
presence of_the methylene group o to the nitrogen. This compound nés
contamfneted with some'residual‘isocyénate (trinlet‘ét § = 3 30) The
multlplet at § = 4.9 - 5.2 confirmed the presence of the two termlnal protons
of‘the double bond. A multipiet at § = 5.5 was due to the two protons of 4,5
double bond. The mu]tiplet'et $ ='S.8 -6 showed the presence of thed third
proton of the terminal double bond. The formation of the amine'(SO)iwes |
further confirmed by hydrogenation of the amine (50) at atmospheric pressure
using Adam's catalyst and comparingAthefn;m;r; and ‘IR spectra which were :
ldent:cai wi th the authentic octylamlne. The amine (SO) was shown to be a

mixture by tlc probably comprlsed of the E and Z lsomers.

The amine (50) has a basic carbon skeleton for slaframine
with appropriate functionality. At this point it was_decided:td protect

the primary amino group. Two different groups were considered suitable
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-for this purpose.

The first method involved the conversion of amine (50)
into trifldoroacetate derivative (51). The trifluoroacetyl group is an
effective protecting group for.amfho grqups. The ease wfth which this
group can be introduced and'more'imborténtiy.therfacility with which
 it'can‘be'rempved makes it a highly.attractive proteéfing groub, The
tfif}uoroacetate derivative (51) was obtained by treating an ether
sdlufion of the aﬁiné (50) with ﬁrif!uoroacetic’anhydride in alkali.
The proton magnetic resonance spectrum (n.m.r. -NO-8) indicated that
the desired compound had been produced.'The mu]tiplet at § = 2 -~ 2.52
confirmed the presence of the éix méthyIéne ﬁrotons..A quartet which
ahpeared'at § = 3.48 (J = 7.0 Hz) Wasvdue'tc the two p}otons o to the
nitrogénratom. TheICOkresponding pfotons in the free amine were at 3
§ = é.?.,The multiplet at 6 = 4.9 - 5.0 confirmed the presence of two
protons of the terminal double bond. A multipfet at 6 = 5.5 iﬁditated.
the presence of two protons of the 4,5 doyble bond&_THe third proton
of the terminal double bbnd was indicated By a'multfplet at § = 5.8 - 6.

The infrared spectrum (IR -NO-5) exhibited absorptiéns at'1560'tm-1
(double bond),'l740 cm”»(- % =), 2985 cm™! (c-H stretch)zahd 3460 cm™ !

(N~H stretch) .

The next step in the synthesis involved the conversion
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of trifluoroacetate derivative (51) into_én epoxide, but unfortunately

this conversion was not successful.

A second appfoach iﬁvolVéd the ¢onyer§foﬁ’of'amine (50)

into N~(benzyloxy carbonyﬁ)vderlvativé (52). ‘This is also a suitéblé protective

group since it can be eaéily removed,buhder mild conditfbns.‘
The formation of N~benzyloxy carbonyl,derivative‘(SZ) was achieved by
treatment of an ethanolicvsoiution of the amine (Sd) with benzyl
chlorofqrmaté in alkali. Spectroscopic evidence suppqrted the férhation
of the desired compound. 'In the proton magnetic spectrum (n.m.r. - N0-9)
a’multiplet at § = 2 -.2.19 assigned the six a]ly]i; protons. The
quartet at § = 3.30 (J = 7 Hz) confirmed the presence of two protons a to
the nitrogen. A multiplet at § = 4.8 - 6 confirmed the presence 6f fivel
olefinic protons. A sharb siﬁglet aﬁ § = 5.1 assighed the two protons
- of the methyléne:ngUp adjacent to phenyl group. Ano;hér‘sharp peék‘whiéh
ihtegraféd leég than two prdtons éf § = 4.66 poSsibi]y indi#éfed the presence of the
E-isomér'of,(SZ). The five protons of the phenyl group Qasrihditated by
absorption at § = 7.36. The infrared'spectfum (IR - NO-6) showed absorptions
at 1545 cm ) (double bond), 1750 cmm‘l (-'E -),53086'ch-]'(c'- H stretch for |

aromatic rings) and 3480 cm»'i (N < H stretch).

The next step in the synthesis involved the conversion
of N~5enzyloxytarbonyl derivative (52) into epoxide (53). This was

achieved, by treatment of (53) with_m—chloroperoxybénzojc acid in methylene
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chloride solution. The reaction product was purffied by column
chrbmétoéréphy on silica gel using ben?ene;ethef (9:1) as eluent.

The proton magneticrspectrum ‘affofded eQidéncg’tHaf the désiréd
compound:had been formed; In {ﬁe proton magnétic spectrum (n.m.f - NO-10)
a multiplet at 6 = 1.5 showed the presence ofbgix §rot§ns of the methyfeﬁe
group. The multiplet at & = 2.3 confirmed the two protons éf the terminal.
methylene group. A multfplethat § = 3.0 ihd!cated the presence of th¢
three methine protons. A quartet ét 6:=:3.3 (4= 7.0 Hz) showed the -
presheterof two protons o to the n?trogen, A sharp singlet at 8 = 5.1
confirmed the presence of the two methy)ene pfotons adjaéent fo the

phenYI Qroup. The five protons of‘the'phényl grubp was.indfcated by

absorption at § = 7.3.

This last reaction shows that our'déubly unsaturated
protected émine can be converted into the‘dioxifahé'by a ber-acid |
6xfdatibn. It Shouid now be>possib1e to éélectfvely oxidiie‘théitermfna].
double Bond to give the monooxirane as shown in the scheme*'Vij'cyéiizétion
of this compound followed by a Second'epoxidatioh and"tyélizatién should

give a substance that could be converted into slaframfne,

Another approach that we considered was the use of
1,4-cyclohexadiene as the starting material for the synthesis of an

intérmediate containing the Z-double bond. I,Q—Cyciohexadiene could

* see Plate XIill
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easlly be converted to the mono-oxirane which when treated ‘with

sodium azide opened to the trans-aztdo alcohol

Our plan‘wae tebokidatfvefy‘cieave the remaidfhg double
bond and reduce the azido group to giVe,a compound with the desfred
SfereochemiStry :and functionality. (scheme - Vl,’plate Xllj. ‘Unfortunately
we could not achieve consi;tent'and,reproducible results in the oxidative

cleavage of the double bond.

‘The:startiné compound necessary in thiseapproach‘wae
1,2-oxidocyclohex-k-ene (54) (plate - XI). This was obtained by the
reaction of I,h-cyelohexadiehe with one equivalent of m-chloroperoxyben-
zoic acid. The nuclear magnetic resonance spectrum of the ebmpound‘
afforded eridence that'the deeired eompound'had formed; In the proton
magnetic resonance spectrum (n.m.r. - NO-11) the methylene protons
‘appeared as a mult:plet at & = 2,48 and the methune protons appeared as
a multiplet at § = 3.24. The two o]efinic protons gave rise to a peak

at § = 5.6 which exhibited only narrow coupling with adjacent protons.

The 13; n.m.r. spectrum (13C n.m.r. - NO-1) provided
further evidence that the desired compound had formed. Carbon 3 and 6
were essociated with peak at & = 24.80, carbon 1 and 2 were asseeiated
with peak at 6 - 49.36, and carbon 4 and 5 were associated with peak

at § = 120.
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The 1,240xidoqycloh¢x-h-ene (54) was then converted
into trans-Z-azidocYc}dhex~k-enol.(55) by treating with sodium azide

and ammonium chloride in 80% ethanol for 16 hours under reflux conditions.

The formation of this compound was confirmed by n.m.r. and
IR.YIn the proton magnetic_resonance,spectrum (n.m.r. -No-iz) the
methylene group appeared:as a,multfplet af § = 2.2, The hydréxy] proton
apbea;ed as a singlet at § =‘2;8.~A hu]tiplet at‘6 = 3,8 was due to the
proton adjacent to the azido,group and the proton adjacent to the hydroxyl
group. A multiplet at 6 = 5;6 confirmed the presence'of tHe'QTefinic
protons. The infrared spectrum (IR~ NO-2) exhibited absorption bandé'at
2100 cm;]~(azido group) and at 3400 em™! (hydroxy! group). The formation
of this compound was further confirmed by !3C n.m.r. (3¢ n.m.r. -NO-2).

30.60 and & = 33.62.

]

Carbon 3 and 6 were associated with peak at &

70.62 and &

Carbon 1 and 2 were associated with peak at 8

64.37.

The carbon 4 and 5 were associated with peak at § = 124,37 and 6§ = 125;

It was necessary to oxidatively cleave the carbon-carbon
double bond in ‘compound (55). For this purpose ozonolysis of (55) under
various conditions was attempted but it was not possible.to obtain

the desired éompoundn

We then decided to protect the hydroxyl group by
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forming the acetate derivative (56) bf trans-2-azidocyclohex-4-enol
in the psu”al"manner° The formation of the compound (56) was confirmed

by n.m.r. sbectrum (n.m.r., = NO-13). A methyllsingletiappeared at

1t

8 2.0 confirmed the presence of the acetate eSter,‘Thevenvelope'at

8

2 - 2.6 indicated the presence of the methylene protons. A
multipiet - at § = 3.8 confirmed the presence of the protons a to the

azido group.

A multiplet at 6§ = 4.81 - 5 confirmed the presence of
the proton a to the acetate group. The olefinic protons were confirmed
by multiplet at 6 = 5.66. The ozono]ysisbon acetate derivative‘(56) was

performed but again unsuccessful.

A second approach which was inVestigéted involved the
'préteétion of the sécohdafy alcohol group of (55) with 3,4-dihydropyran
followed by ozonolysis. The tetrahydropyran group is stabie under basic
conditions, but can be readily removed under acidic ¢Qnditiqn$. A
multiplet at § = 1.5 - 2.8 in the proton magnetié resonance spectrum
(ﬁ.m,r.’-NO-lh) of this product (56) was assigﬁed.to the ten metHylehe
protons. The multiplet at § = 3.8 COnfirmed tHe presence of four p;otons-
two methylene protons,'one methine proton a to the njtrogén and another
mgthine proton a to the oxygen. The multipiet at § = 4;9 was assigned
to the single proton of the acetal. The two b!efiniciprotqns appeared
as a multiplet at § = 5.6 which exhibited only narrow coup]fng with

adjacent protons. We again attempted ozono]ysié of (57) under a'variety
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of conditiqns to obtain the desired'intermediate for slaframine but,

.unfortunately, were not'suCCessfui.
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EXPERIFMENTAL
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ANALYTICAL AND PHYSICAL DATA

ﬁelting points, determined with a Gallenkamp melting
point appéfatus and boiling boints are uncorrected énd'fepofféd in degreés
centrigrade. Thin—layer chromatography was performed on glass plates
coated with silica gel (siltéa gel Woelm TLC, M. Woelm, Eschwege, Germany)
~to a thickness of 0.3 mm. The infrared spectra were taken by the author,

using a Beckman spectrophqtometer, Modél_]R-lZ.

The nuclear magnetic resonance spectra (n.m.r.) were
recorded by Dr. T. Griffith and associates on a Bruker Model WP-BO n.m.r.
spectrometer. All spectfa were'recofded'in'deuteratéd chloroform with tetra-

methylsilane as internal reference and are expressed in values as defined by -

_ Observed shift (Hz) x 106.
‘oscillator frequency (Hz)

the equation:

" Tﬁe chemicéi shifts andvcoupiing constants afe only approkimateiy
obtained by first ordérlaﬁafysis of splittingipétterns for stated couplingl.i
constants and by measurements of approximate centres of multiplets for chemical
shifts. The mass spectra were recorded by Mr. C. Mallard and Mr. K. Pringnitz
on a Hitachi RMU-7 épectrométer. The elemental éhaiYses were dbne with a

Perkin-Eimer Elemental Analyser, Model 240.

The gas chkomatogfaphy were done on a Perkin-Elmer Gas

chromatogrAph'Model 39208 using 10% SE%SO on gas chrom Q.



31

18 (u3)

3-Carbethoxypropyltriphenylphosphonium iodide*

_To a sdigtioﬁ_of sodium iodide (4.58 g) in ethyi-
methlketone (hOimL) was addéd dropwiSe-aféolutfanbf éthy]-A;Eromb_
butyféte (3.95 g) witg stfrr?ng. The mixture was reffuked for‘l8_hours,
after cooling the sodium bromide wés“fjltered and the fi!tFéte was
concentrated to appfoximately 5 mlb. Thén,benéene'(ZO mk) and tri-
phenyi;hosphine (5.75 g)'wére addedfand the'reshlting mixturg refluxed
overnight. The benzene was removed on'é ro;afy evaporator énd'the'
producf was cryStaiiised éloQ1y by addjng'éther-(70 mL ) m.p;'1526,

(yield, 4.50 g, 78%).

Thégprotbn‘maghetic;resdnance spect?um'(n.m;r; NO-1)

§ = 1.3 (e, J = 7.5 Hz, 3 H)- -0-CH,-CH4
§ = 2.0 (m, 2H) -CH,-CH,~CH,
o
| o ol
§ = 3.0 (t, J = 7.5 Hz, 3 H) -CHZ-C~‘
| g oy |
8§ =13.8- 4.0 (m, 2 H) -cgz-q-
§ =412 (g, J = 7.5 Hz, 2.H)' -o-cgch3
§ =

778 (m 15 H) - (Cghg) 5-

*See pTate X
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rh-Péntehal 19 (%)

CAllyl vinyl ether was pfépared by the method of Wataﬁabe
and Coﬁlon. &9 A mfxture of_a]iyialcohél (149 g) and n-butylvinyl ether
(183 g)VWas heated with mercuric écetate‘(Z.S g) in a flask sef up for
rdistillation through a 22 inch glaséfheiiCes packed column. Heating
was continuea until crude allyl vinyl ether (157.5 g) had distilled at
66°-68° and no further distiliation would occurr in this range. The
crude material was redistilled go'give—allyl viny]rether (122 g)

b.p. 66-68°.

Pyrolysis of aliyl vinyl ether was performed by the
method of Hurd and Pollack 2! using pyrex helices packed pyrex tube
at 300° with a nitrogen flow. In this manhef 34 g of ether gave 25 g

(70% yield) of distilled h-Pentenal b.p. 103-104°.

The proton magnetic resonance spectrum (n.m.r. N0O-2):

o
i

§ =5.0 (m, 2 H) CH, = CH-
§ =56 -6.0 (m, 1 H) CH, = CH - CHzf
8§ = 9.58 (m, 1 H) -CHO
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.Ei:hyl-(Z)--lblAS--noruadienc:»a‘i;e'8 (45)

A Method A: To a solutlon of 3-carbethoxypropyitrlphenyl-
phosphonlum iodide (43) (ll 589 g; 0. 023 mol) in dry DMF (30 mL) under
nitrogen at 0° was added 'in portion sodium hydride (0.55 g, 0.023 mol).

After ﬁhe evolutiqn of hydrogeh had ceased, the.dark orange solution_
was. al lowed to stand for ene hour af room temperature with stirring;

The selution was cooled to_]O° aﬁd h—pentenal_(hh) (1.83 g, 0.023 mo])
edded over a ten minute period :with stifring. The resulting mixture

was then stirred overnight at room temperature.

The reaction mixture was poured iﬁto 2N suffdricf”
~acid (30 mL) andmethylenechlorlde (30 mL) all at 0°. The organic layer
was separated and the aqueous layer thenextracted three tlmes wnth 25mL
porttons of methylene chlor«de. The comb i ned methylene chlornde extracts
were washed once with water,and evaporated in vacuum. The residue was
again extracted'three tjmes with 30 mL portion ofvether, the cohbiﬁedv
ether extracts washed with water, dried’over anhydrous magnesium_sqlfé;e
and then evaporated to ‘dryness. ‘The;residue was chromatographed on

" silica gel (60 g) using benzene as an eluent which gave the product
(2.91 g, 80% yield) b.p. 98° (2.5 mm). Onelementel analysis it gave

= 71.34%, H = 9.77%, required C = 72.52%, H = 9.89%.



34

The proton magnetic resonance spectrum (n.m.r. NO-3)

(o]
i

1.3 (¢, J=7.5 Hz, 3 H) —0-CH2~Cﬂ3.

[«5)
il
n-_——;o'

2.1 - 2.5 (m, 8 H) CH, = CH - CHy~, CH, -

§ = 4.1 (q, J = 7.5 Hz, 2 H) —O-Cﬂé -vCH3

§=4.9 - 5.2 (m, 2 H) CH, = CH-
8 =5.5(m, 2 H) -CH = CH-
§=5.8-6.0(m, 1 H CH, =CH - CH -

2 2

It showed strong absorption in IR (IR - NO - 1) at
1650'cm-] (double bond), 1750 cm” ! (ester group), and 2940 cm-l

(C - H stretch).

The mass spectrum of the compound
gave molecular ion peak at m/e 182.
22

Method B To the 3-carbethoxypropyltriphenyl-

phosphonium iodide (h3)‘(l.092 a, 6 mmol), potassium carbonate (0.824 g,
6 mmol) in tetrahydrofuran (25 ml) was added L-pentenal (44)'(0.429 g,
5 mmol) and 18-crown=6 (15 mg). .The reaction mixture was refluxed for
18 hours. Then the solvent was evaporated on a rotary evaporator. The

residue was extracted three times with 100 mL portions of petroleum
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ethér. The combined petroleum_ether extracts was washed once with water,
drfed.err,anhyerUS‘magnesiQm sulfate and then evaporated to dryness.

The crude product was thén chrométogréphed on silica gel using benzene

as eluent whiéh gave tﬁe producf'(0.655 g, yield = 60%).

22

Method C To a refluxing mixture of the 3-

carbethoxypropyitriphenylphosbhonium iodide (43) (1.092 g, 6.0 mmol),
potassium carbonate (0.824 g,'ﬁlmmol) and718—Crown-6 (15 mg)»in.methy]ene
Ch]oride (25 m;) was added- L-pentenal (0.420 g,5 mmol).The reaction mixture
was refluxed;férvl6 hédrs and then worked'up as before which after

chromatography gave the product,( 0.70 g,yield = 65 %).

All products obtained by methods A, B and C were
identified by n.m.r., infrared and mass spectra. The cis-trans ratio

were determined by gas chromatography using 10% SE?BO on Qas chrom Q

at 150°C.
TABLE 1I:
Solvent Cis—Trahs; Base Retention time - Yield
' ratio . : in minute : o
cis __trans
THF 1:3 K,C05  2.28 1.38 60 %
FHZC]Z_ 5:1 KZCO3 2.28 1.38 65..%

DMF 2:1 . NaH 2.27 1.38 80 %
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-Ethylnonate (45a)

The doubly unsatgrated ester‘(45) (500 mg) was
hydrogenated at atmospheric pressure in 100 mL'éf ethanol aqd iOO mg
of Adams catalyst. ‘After the uptake of,hydrogen was combfe;e the
catélyst was filtered and the golvent evaporated.to,giverhoo mg .

of the product (yiefd = 80%) .

The compound was identical (n.m.r.,IR.and GC)

with authentic ethylnonate.
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h,B-Nonadienoic acid (46)}

To‘é solution of ethyl- (2Z)-4,8-nonadiencate ( 500 mg-) in

ethanol (10 mL),_IO% potassium hydroxide solution (10 mL) was added and

the solution allowed to Sfand oVérnight at room temperaturé. The ethanoi

was removed in vacuum on a rotary evaporator. The neutrai material was
removed by extraéting with‘ethér.' The r;maining équeousvsolution:was
acid?fied_WiphVIO%_sdlfuric'acid and"thén extraéted three‘times With

IOC‘mL §0rtions of ether. The cdmbined‘ether extract*@as washed wi th
wafér,‘drfed over anhydrous magﬁesium sulfate and theh‘évaporated'to

dryness giving the product (300 mg, yield = 60%).

The proton magnetic resonance spectrum (n.m.r. = NO.4)

0
I
c

O
I

2.1 -2.5 (m, 8H). C=¢C - CH,, CH, -

(o]
]

4.9 - 5.2 (m, 2 H) cH, = C -

§=5.5 (m, 2 H) -CH =CH -

O
i

5.8-6.0 (m, 1 H) CH,=CH - CH

2 2

. 9.89 (1 H) - Ccooy

0’.
I
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Conversion of 4,8~N0nadienoic acid int’o-Acyl;azide.23 (48)

" A solution of 4,8-nonadienoic acid (46) (308 mg, 2 mmol)
in dry to!uehe“(h mL) and>thibnyléh10kfde'(4 mL) was Stfrred é;.room temp-
.efature for 4 hours. ‘The'reaction‘hfxtﬁfe was tﬁen evaporated'in vacuum on
a roféry evaporator léaving theoagfd chloride (47) as an oil. |
fl

IR (IR-NO-2) at 1805 cm™' ( - C = Cl ). The acid chloride 2°

(47) (344 mg,
-2 mmol) was dissolved in dry toluene (4 mL) and ééoled in an ice bath, the
solution béing caréfqllyvprotécted from moisture. From a dropping funnel
>a mi¥;ure opryridfne (158 mg, 2 mmol) and Hydrazoic acid 2° (2 mL, 1.63 N)
in]tojuene was slowly added, wfthlstirring. After a,féw seconds pyrfdiniqﬁ-
cHlorfde bggan to preéiéitate. When the addition was cémplete; the cooling
“bath was taken away and,étirfing continued at ambient témperaturé,for;r b
30 hinuteé. The precipftaté Wés separated by suction fiit%éfién and‘

the ff]trate was subjected to'aspirator vacuum oﬁ a fétary evapofaﬁor for.
a few minutesrat ambient temperature'to'remoyé the e*éeSs‘hydraéoié'acid"i
giving thefacyi_aiidé* (48) (223 mg, YIeId,=f65%). |

The proton magnetic resonance spectrum NO-5:

! N R » k l . .
§ =218 - 2.59 (m, 8H) C=C-CH,, CH, -C -
§ =3.3 (due to isocyanate contamination)

§ =159 -5.2 (m, 2H) CH, =C -

§ = 5.5 (m, 2H) -4 = CH-

6 =5.8-6 (m M) CH,=CH- >

IR (|R4Nof 3) at;l720.cm-i (-9 -) and 2130 cm"‘(-N'='§,='ﬁ)

——

*Sge plate X
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Isocyanate23 (49)

_About 2 mL of the éolution of acyl azide (48) iﬁ toluene
~was heated 4 hours to a tempérétﬁre-at.ﬁhich the evolution of nitrogen -
became brisk (about 100°). Finally the mixture was heated under reflux
for 1 mihuté. The solvent was réméved in vacuum on a rotary evaporator
giving ;he isocyanafe. Thin~layer chrométography of the product on_

silica gel using benzene as eluent gave a single spot.

. The proton maghetic resonance spectrum (n.m.r. - N0f6)

5 = 2,&8:- 2.59 (m, 6 H) C=0C = CH,
5= 3;36 (t, 2 H, J = 7.5Hz) - N - CH,
§=4.9-52 (m 2H) CH,=C -
§ =55 (m 2H) - pg = CH -

§ 5.8 -6 (m, 1 H) C;H2 = CH - CH2

IR (IR NO-b) at 2260 cm™| (iso cyanate).
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1-Amino-3,7-octadiene 26"(50)

To a solution of the isecyanate (49)‘(500 mg) in
'tolﬁene.(S mL) was added aceticvacid: ’water‘(Z:I)‘(G mL) and the
reﬁu}ting solutionrheated for 1 hgur at 600.-VWa;er (10 mL) was added and
the résu?ting solﬁtion extracted witﬁ_ether to'removeAthe neutral compoundsf
The séquion was then made'alkaline with IO%isodium hydroxide solution.

‘The basic’éolution waé_extfactéd with ether and the ether extract washed
once with water, dried over anhydrbus maghésium sul fate and'theh evaporated
inAVaéuum on a rotary eVapdrator to dryness giVing the prdduct (200 mg,
yield = hbz). Thiﬁ-léyer chrqmatogréphy of the product on siTica gel using

benzene:ether (9:1) as eluent showed two spots indicating that a mixture of products
were present.

The proton magnetic resonance spectrum (n.m.r. - NO-7)

(o)
]

Lr-wam,GM-p#c-cb-

2.7 (t, 2H) CH,- N -

O
"

8 = 3.30 (t, due to isocyanate contamination)

2

Cn
o

4.9 -52 (m 2H) CH,=C -

5.5 (ni,_ 2 H) -CH=CH -

[eg]
]

5.8 -6 (m, 1 H) 'CHZ = Cﬂ_—'CHZI-

§
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”f-TrifIuofoacetamido~3,7*°Ctadiene 27 (51)

To a splution of the amine (50) (250 mg, 2 mmol) in
dry ether (5 mL) was ‘added sodium carbonate (318'm§; 3 mmél). The mixture
was cooled in an ice bath and trifluoroacetic anhydride (1 mL) was'addedﬁ
The cdoling bath was removed and the vigorous stirring coﬁfinued.foszo
minutes. Then the reactionrmixturé was poured into\ch?oroform, fhe
excess anhydride was destroyed with ice and the chloroform solution was
washed with water, dried over anhydrodg;magneéium su]fafe'and then evaporated
to dryness giying the'product;',Thevthin+layer chromatography on silica gel
using benzene:ether (9:1) as eluent showed two spots indicating a mixture of .

products.
The proton magnetic spectrum (n.m.r. NO-8)
§=2-2.52 (m 6H) C=C -CH

_8 = 3.48 (q, J - 7.0 Hz, 2 H) - CH, - NH

6=4.9-50 (m 2H) CH,=C -

§=15.5(m, 2H) - CH=CH-

§=58-6 (m, 1H) 'CHZ = CH - CH2 -

n=o

IR (IR - NO-5) at 1560 cm ' (double bond), 1740 cm ' (-
1

—); 2985 cm_

(C - H stretch) and'3h60icm-_ (N - H stretch).
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-N-(Benzyloxycarbonyl)—3,7?octadiene_?8. (52)

To a solution of the amine (30) (172 mg,
1.376 mmol) in ethanol (5 mL) cooled in an iéé—water béth was added
drop-Wise benzylchloroformate (247.18 mg, l,39_mm01); ‘When approximately
i/2 of the acid chlokide had beén.added, énothef solution of sodium
carbénate (5 mL, 219.8 mg, 1.376 mmoljvwas added at such a rate that
addigfon was compjete slightly after fhé chloroformate. The reaction
mixture wa# stirred for 5—]0_minutés, then water (ImL ) was added(and
stifring'continugd for 45 minutes. The ethanol was removed in vacuum
on a rotéfy evaporator. Tp‘the residue water (25 mL) was addéd and the
resulting aquous solution was extracted L times with 25 mL portions of
chloroform.  The combiﬁed:chloroform extracts weré driediovef aﬁhydrous
magneSium sul fate. .Evéporation 6f tﬁe solvenf on a rotafy.évaporétor
. gave a clear'oil (250 mg); 'Thé thin=layer chrématbgraphy of tHe produgt
on silica Qelvusing'benzene:ether‘(9:l) as.eluent showed a miqufe
of products had formed. The cr@dé product was purified_byithkbmatography
on a silica gel column usfhg benzene:ether (9:1) as:eluent;‘ Thé" n

-product showed two spots on tlc.

The proton magnetic ‘resonance specffhm (n.m.r;,NO-S)

6.='2‘— 2.19 (m, 6'H) é1lylic'protonsv



L3

S ;A3.30‘(q, J = 7Hz, 2 H) - CH,NH -
6 =54.8-6 (m, 5 H) olefihgc prptpns
6=510(5,2H - ¢ .- CH, -

§ = 7.36 (5 H) C6H“'aromatic

_.5

o

- : <] - - il
IR (IR NO-6) at 1545 cm ! (double bond) 1750 cm ! (—‘& =),

1

3080 cm"]‘(c - H stretch for aromatic rings) and 3480 cm = (N -_H stretch) .
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Epoxide 28 (53)

The solution of‘N{ben;yloxycarbony])-3,7-octadiene (52)

(60 mg, 0.231 mmél)jﬁ methyléne ChJOFid¢‘(5 mL) was cooled in an ice-water
“bath. To this solution was added 9i.67 mg‘(0.462 ﬁmol) 6f mfchlordperoxy-
benzoic acid. The reaétion mixture was stirred at 06 fér 18 hours and
a]ldwed to warm to room temberaturé.. After the addition of methylene
chleride (50 mbL), 20 mbL of gatdrated sodium carbonate was added. This
mixture was stirred for 20 minutes‘and-thé layers weke sebarated. The
organic layer was washed with an additional 2x20 mbL of saturated sodium-
bicarbonaté solution. The combined aqueous solutions were.back washed with

methy!ene "chlofide (20;mL). The combined organic’eXfraCtS‘Qgré washad with
wétgr (25 mL) and driéd'over anhydrous magnesium ;ulfaie;' Evaporatjoﬁ of'ir
the solvent oﬁ a rotary evaporator provided 50 mg of thelproductT(Sﬁ) as
an oil. Theithin-]ayerIChromatégraphy of the product pﬁ silicayéel stng'
benzene:ether (9:1) as  eluéht showed two spots,consiétent wjth a'Mixture‘
of cis-trans oxiranes. | | |

‘The proton magnetic resonance spectrum (n.m.r. NO-10):

§=1.5(m, 6 H) -.Cﬂz -
. , ) N\
§=2.3(m 2H)  CH, - CH -
0

\ , SN
6 =3.0 (m, 3H) =-CH-CH-

5 | | 1
§ = 3.3 . (CI, J.- 7.0 Hz, 2 H) = C_’iz - NHC‘ -
= 0 .
§ =5.1 (s, 2 H) -'c-o-"cy_z-
8=7.3 (5H) CgH - aromatic
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1T,2~Oxidocyclohex-4-ené*'(5#)

_ Cyclohexadlene (2 hO g, 0. 03 mol) was dnssolved unr
methylene chlorlde (200 mL) and m-chloroperoxybenzoic acid (6 10 g, O. 03 mol)
added to the solution at 0°. After Stirring for 3 hours at 00, the
‘solutlon was kept overnnght in the cold. The solutton-was daluted wnth
methyiene chloride and then neutrallzed with sodlum-blcarbonate solutlon, :
washed once with water, dried over anhydrous magneSIum sulfate. The solvent

was removed on a rotary evaporator giving the product (1.9 g, yield = 80%).

The proton magnetic resonance spectrum (n.m.r. - NO-11):

§ = 2.48 (m, & H) - CH, -
L N
§ =3.24 (m, 2 H) - CH - CH -
§ = 6’:(m,'2 H)' o Cﬂ = CE.-,A
The I3c'n.m;r. spectrum (13, n.m.r. NO-1):
§ = 24.80 (2C, €5y, Crgy)
6 = 49.36 (2C, C(yy, C(éj)
§ =

j;o ;zc,‘c(h),c(s)),

*See'plate Xi
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_Tréns-ZfazidoCycLohex-4~eno!'29 (55)

},Z—Oxidocyclohex-h-ene (2.88g, 0.03 mol) dissolved
in'80% ethanol (50 hL) was refleked for*24 hours.wifh sedium azide
(2 60 g, 0.04 mot) anddmmonnum chloride (2.14 g, 0.04 mo]) The reactioﬁ
mixture was reduced to a small volume by evaporat|ng the ethanol on a
frotary evaporator. Then the resndue.was extracted‘three tlmes_W1th 100 mL,.'
portidns of ether. 'The_comEined ether extractstere_washed several times
‘with wafer? dried over anhydrous sodium‘sulfate and the‘solyent Qae
eveperated_tb dryheSs on a rotary evaporator giQing the product (2.00h_g,e
‘yfeid =f80%) The thih-layer chromatography efrthe product on silica'gelv
~with benzene ether (9:1) as eluent showed a s;ngle spot whnch lndlcated

the formatnon of the product.

‘The protqn_magnetic resonance spectrum,(n.m.r. NO-12):

S = 2.2'(m, 4 H), - _C'_H_Z -
§=2.8(S, 1 H ~-0H

| i ws |
S = 3.8 (m, 2 H) - CH -, - CHOH

§ =5.6 (m, 2H) =~ CH =CH -



L7

: The‘!3C n.m.r. spectrum (IBC n.m.r. NO=2):

§ = 30.60 (ic, c(3)),' - CH, - CHN,
s - 33.62 (1cC, Ci))» - CH, - CHOH
8 = 64_37'(15, C(ZS)’ - CH - N3-

§ = 76;62 (1c, c(])),' - CH - OH

§ =

124.37, 125, (2€, C(4)» C(5)) - CH = CH -

iR (IR - NO-7) at 2'100,::"'1-l (azido group), 12910 cm"-(c - H stretch)

and 3400 cm-] (hydroxy group) .
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’l-(Trans-Zrazidocyé]ohex-h-ené)“acetate (56)

The gcetylatfng;ageht I mL (pyridine:aceticVanhydride,

1:1) was added to the trans-Z-azidbcyclohex—hjehe (55) (506 mg) . The
réaction mixture'was kept overnight'at foom temperature. The solﬁfion
wés’dilhted with water and extracted 3 times with 100 mL portions of ether.
Thé combined ether exﬁracts were wasﬁed ffrst_withﬁdilute.hydrochloric
acid,'foll§Wed by dilute sodium-bicarbonate solution and finally with
water. The ether'extracf was dried over anhydrous sodium sulfate, filtered
and fhen the solvent was evapbrated on rotary_evaboratot giving.tﬁe pfoduct‘-

(250 mg, yield = 50 % ).
The protdn magnetic resonance spectruml(n.m.rb.NO-l3):

s = 2.0 (s, 3H) -COCH;

§ = 2-2.6 (ehvelopé;hH)'-Cﬁé-
6§ = 3.8 (m, 1H) - ~CHN 5~
s = 4.8-5.0 (m, 1H) ~CHCOGH
§ = 5.66 (m, 2H) =-CH = CH-
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l~Tetrahydr0pyranloxyl—24azidocyclohex%k¥ene (57)'

A solution of 2-azidoéyc]oHerQfénol (55) (1.39-¢g,
.01 mol),.3{h¥dihydropyréﬁ (0,92.9; 0.011 mol) ahd'p*féluene sulphonic
a¢id (O.ZO-Q, 0.012 mol) iﬁ methylene_chlo;ide (200 mL) was stirred for
18’ﬁoﬁrs“at room temperature. The reaction mixture was washed 3 times
witg'dilute sodium bicarbonate solution? once wfth water, drfed over
anhfdfoué_maghesfum sul fate and evaporated on a rotary eQéporafbr giving.

the product (1.112 g, yield = 80%).

The proton magnetic resonance spectrum (n.m.r. NO-14):

6§ =1.5-2.8(m 10H) - CH, -

6=3.8 (m, 4K - 0CH), - OCHCHN;, - CHN
| 5w

§=4.9 (my 1H -0-CH-0-

§ =

- 5.6 (m, 2H) - CH=CH -



50

PLATES
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PLATE 1

3R Ry ¥

6,R1= CZHS’. R2= R3

= CH

Ry= Ry= R,= Ac, Rg= H
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PLATE 11

SCHEME 1

(2)

(5)
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" PLATE 111

. OAc

9) (10,



sk

PLATE 1V

SCHEME 11

1)CuCN O N o e :
2 H,S0,EtOH

— >,
.aq.HCN,£3 )
Br “00H
(13)
O,N :
2 H,,Pd/C
c.H A 2>
66> (::) . e A Ac,0 i
, EtOH —_—>
N COOEt COOEt
(14)
'Hz,Ptgz' AcHN N CH2=CHCQOEﬁ'
> - >
COOEt  AcOH EtOH Triton B. -

“COOEt

The CartwrighcncardinereRinehart synthesis of slaframiné.‘
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PLATE V

he (CH ) ;COK : |
' aq.HC1
' ~COOEt :
. o Toluene : NaBH,,
N7 "\ COOEt EtOH
.l;\\////COOEt |
(18) (19)
: OAc
Ac.O0,C_H_N
»2 N

AcHN (21)

. Isomer o
separation’

OAc

AcHN AcHN © AcHN

(21a) " (21b)
OH . )

Cbz

CbzHN

(22) | (23)
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PLATE V1

SCHEME 111

i)CH, = CHCN

2

11)EtOH,H,S0,
A .

HOOC

'BrCHZCOOCH3J

LHC1 CH.OH,Na.C

-CH,00

(29)

_ The Gensler-Hu synthesis of slaframine.

- HOO

CH,00C

3

¥

(30)

CH

;00¢ |




(30)+ (31)

NaH,C,H

6

6
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PLATE V11

-

OAc

H,,PtO
a%.u012

EtOH

[




PLATE V111
SCHEME 1V

CHNH, COOH

2 S e - Y

NH,

Lt (38) (39)

Proposed biosynthetic pathway to slaframine.
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- PLATE 1X

0
4 | |
(GgH) JPCH, CH, CR, COCH, CH, CH,= CHCH,,CH,,CHO
1
(43) (44)
0
CH3 (CH,) ,COCH, CH 5
j (452)
OCI'12CH3 :
45)

7y
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PLATE X

(49)

(50)

CbzHN”

(53)
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PLAE X1

OH

(54) (55)

7 OAc

(57) U |
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PLATE X11

SCHEME V1
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PLATE X111

SCHEME V11
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SPECTRA
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