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'!he amino acid c o N, obtained from a nnotinine14H
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by oxidative fission of ring A, has been con erted to the 

O , N~ · acetyl acycl ic nhydri e l , and th anhydri de c18H22o
6 

ring has been shown to be five - membered . Oxidation studi es 

have been carried out on the N- m t hyl lactone c17H o N, 
27 2

o bt&iu~d by f i $Ri on of ring A : and the oxidat ion products 

isolated · nd characterized. Hofmann degra ation studies on 

th N- me thyl lactone h v b en carried out and t he products 

isolat ed f om this eaction are discussed in relation to t he 

known structure of t he alkaloid . 
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G~ 'h . , INTh.ODUCTiuN 

The inve'-'tiga tions re port ed in this t esis were 

commenc data t ime wlen the compl ete structure of an1otinine, 

the major alk loid of Lycopodium annotinwn :r: . , was y t unknown . 

i'he st udy wa s initially desi gned t o gain more in.form tion about 

the relationship of the functional roups of a nno tinine , and to 

o;tain chemi cal evidence for the detailed n~ture of rings C and 

During t he course of t.his work \l. i esner ( 2 ) proposed a total 

structure, I} for t his alka l oi , and not long afterwards 

Przybylska and Parion (3) confirmed t his structure by carrying 

out an X-ray diffraction study on annotinine bromohy r in . 

t t he time of t his disclosure a study of the elimination 

of nitrogen by Hofmann d gradation was being carried out . ing 

this s t udy reaction~ were encountered hich were i nte esting iti 

t he ir own right and the invest i gation wa s continued on this basis . 

The nature of ri ngs C and D was established mainly· by infer ence , 

l 
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·nd thu de~r-a tion sch·m~ bein. tuaied &t t .e tie pro i ed to 

supply :a"e <.dr ct t en mic' l "Vid nc fo ti p · ~)<J;;~ d str ct re. 

J n addition, ttie der~ra,;oticn sc.. · M be in,'" t ~.;e ig 1t !1' ,: rovod 

u fu. in t.nc e ....ucio·· tion of the str ctu.res of the ott. r 

Ly corodi m &lk&loi·s of y-t unknown stru ture. anto~inine ls the 

only m-m of this roup whose structur .s no1 fi mly st'bli...,led . 



.ar;1oL.in··.n t c .oH~n0JN, I, l:h0 na 'oral Ol">id or 
fir t isol t~d in 19tJ by ~ ns e 

·nd ~~rion (1)~ 1nnotinin ~eca1ae of it availr ili y · nd 

-~r · ter r·eactivity , .·· s be n mor · n ... nsively vt.,), · i d han 

the other Y<'O ·,o< ium alks.Joias. n t •..e years fo .lo ing its 

first i oh, tion b ver 1 r.roups h ·v stud ed t.he r ct ons of 

unnotin:tr e ~. nd ts derivat:iv~s. A .or rnot.n, c!' c..1 nical 

uvi~ nc was obtuine· and en the b is f tnis ch' icbl 

·v:a r1ce ·i h.: ner a a 1 to oeduce t.1 ~ su"uct ,r of nnot1nine , 

\vt ior i s JO .dt belov.r . 

t>:i E.tructu.n: ~a confi.rr;:,,.td · Przy · ylska ~nd J.1 · rion tJ) ~ ,10 

c rri;;; out e;ri r· 1 o:1£fraction stt dy on am~.ot in bro.m:myclr·in . 

1t:: ch · istr o Grlnotinintj · ill n thb 

·i t.h sr.'eci al t · 1 t.if n b in- -:i th S· 

re&ctiuns Wi. id 'umonst.r· t ' h l:itruct~!'t 1 f tl-ir , of thiS 

alkaloi • 

' he function 1 P'rovp~; o.f 1is alkaloid '1<-1re ~ stablishe 

blc to ahow tb t annotinine 

c nt inod t .rtiary 

y .a 1sk 

o~ide rin , r. lacton in , 

~n a co.nbin tion of four c~ri'Jocycl it: c.Hld huterocyc. ie 'ln, s . 

http:confi.rr;:,,.td
http:ar;1oL.in
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A K h.-rott oAi~ tion (~) 1 dicutb r t nnotinir cont in· d one , 

he r e t:nce of cyclic tler str ct r d monstrated 

b tie t. ct · ;n f snno nin ·' i h y rochloric ac a to form the 

chloro ydrin r;1of22u3t:Cl , .d. , an· a so by t 1e act1 n of leoholic 

)ota. sium hydro ide ·o ive anrotinine h dr·te c16.t123 1• · , ·• I. (4) 

The nature of tt · ether ri g wl s e•-ta.bli he b d 

1rim (b ) lmd the-y were able to relate its 'osition to the nitro ·en 

tom. nnot.inin ho\cm to re· ct vii th ot ium er n&m~· n· t,e to 

r ported a a base, 4) , and bticau.., of its conver~·ion by 

Cle mensen rod ·ction to t.h · s t •rated b' se · H23u2~~, V, ' && inc1 

,orr&ctly describ· s a diketon • / :uc .,.t;an a. 1d Prim d 

f' int '·d out that the t roduct of oxi at ion of nnotinin · lt.h 

n 'utr 1 1- ct t '. J.ch 

ret in·d tJe et! r ring int~ct. ~L· fact in'icat d ~h~t annotinine 

cont in·d a m·thylen ~rou , ~acent to th· nitrogen4 Annotini ne 

1 ct m, lV , ~ "s convert to t carr s onding c1lorohydrin 

16M20o4rcl~ Vl. br t ·eatmcnt w th concentr ted lydroc loric acid 

( o} hen 1 I ~o~ae rea t d lith odium bica b ate , ryaro chloric 

a c i · ' s 1 i inat nd n 10t.inine lac~am, ·I V • · as forll.£ed . 

• cLean ~.;~~nd .Pri me ( 6) 1 •' nt.a o t. th t t 1is r action sug sted 

that t H~ chloro nd Y"' roxyl gro s w e ad ·acerl , n ther for~:;~ 

tnt the ether rin w san epoxide ring . 'nnotinine l&ctam 

~ origin lly 

tas 1ut 



chloroh drin VI, unue :r ent d . ydrat io or1 tr e ttr ent fi th p osphor 

or on 1 .rol n~ d t:.reatm nt v:' t. conc"ntrdt ; 

hydrochloric acid •nd yi lde the anhydroohloro compound 

C16 1803 :c1 , VII. 'r tmen of VI with hydro ov r Ad mo' 

II, both th ~ c .loro ·md 

hyaroxyl ~roups • el1min t d nd in tn to mrtion of IX, only 

tLe chloro .roup had bt~en eliruj n ted by b.ydro · nolyni~. A '1 ilar 

t.r~-e l.':nt of \•11 >i locd V! ·1 s resole product. fo··. d by 

· atura:... ·on of the · o ble Lon nd .yctrogen oly~is of the chloro 

group e nnotinin chlo:rohydrin , · I, r· il•d to react ith so·ium 

b i c b n te, cone tra eo t ochl ric acid , pto ·pnorus 

oxychlozi e and bycrogen over Ada us' cotal;·t.. i'he on .y tr ctural 

d '".t> a nee t Yl E:t;af! I end Vl i he pr ne 0 tht:: tam 

carbonyl i n Vl . ~J c tJan und r'ri e int ' is if.f nc in 

x·eact.i i ty to the i nfluenc • of the lC1ct.em c rbonyl eno ug est, 

th t the lact m car onyl · nd the oxide rin:; er ~dj· · nt in 

·· nno i nino 1 eta • iesn r ~ al (10) point d out that the infrared 

nd ultr~iviolet ap ct.r o£ II are in agree.~ nt •ith t.h 05tulut.ed 

conjugat~ lactam. £hi pro ic rt r eviaenc that t e oxi 

ring a.rH:1 tht.J 1 ctam C' .rb nyl groups w re &djac nr. in armotinin 

l• ct.;;.t and t at ti.e o.x.id ing nd t nitros n in ann tinin ~ r 

sep r·at..ed by sin 1 methylune groupe 

http:05tulut.ed
http:lC1ct.em


6 

,,0 

I 
0 

"Hno1 
~ 

I I V v 

NoHCDJ ~ ~~GI 
I~ 

/cC.\ et 
0 

~CrCI'l 
t*CI 

X II VI 

f 
XII J:l 

I 

IX 

X 

I (b ) 



7 


Additlon 1 evioenc· .t'o1 the 1 tionship of the o i ue 

rine d t:.he nit- ·o~~ n a"tom aa obta n~~. frv n study of Lh · 

pro ct.e. fro. tn~ r c ctior of l r•ot1nine chlo.co ~ yur1n · ith ch o o 

dj .sting t H· reae on con<.£itionu, varJ.o $ proportions of thr" 

proJ :cts coul be i.sola ·ted .. The 1 ajor rroctuct · 

A.:. e, C1 H21 2tr, .1. , 11.rhich i usually r ·fer.r·ad t as uun""· tur·at. 

la¢tonu A •, but i "1or accurat ly n .ned d sox annotin:i nlll: . An t 

wQs 7c- 0 , \' hile that of 

i ts dihyJ.ro d r1vat1 v - :a.s 8 .. 4~. 'I'hi ·as i.n acco d·nce ith .he 

prot.o d llyl.emine t uct r 

from th ehro .ou s chlori l'<iS .tion er t · o unsatur ·t.cd 

~ aondary 0 . <"• 

l· cton Is 1 
, ncl c1 6H2.3o;N, Xll, r·.ferred to as th n drox laotont:~" . 

or pot;. d X!I cou d · c nverte · to l( ) by trli! tme t it.. 

chroruous c lOl''ide in cone nt - t d hy ·rochlQr·ic ei, .. 1' re tm ·nt 

o 	 ::I(a) vdth hydrogen over AdCtrn8' oataly~t i l e th(;j dihy 1~o 

b) . :~n t and ~<l:lri n (a) !Oint d out t! 0 

· it 1 the reaetio 1 of cl ro· s chloride '4 n oort.a.in ~ · ro1d vic

d ·h. l h a , t. iold tbe eor:r;·ospon r . ~n .. tura.t · d com oum.ls .. 

Zin. in acet1 c acid he:t b n • ow t con er·t car in "t oi vic· 

ahlorohydrins to tte ol fin& &n heref.,r · 

au logy o in 

tl 

cl romo ~ cr.lo· ide ooul b in."" bo t. h 

for · 't ·on I, 8 pl ...~t Ooion Of 

thi rl,aet1on to ~ - ch. oroa · i m.: , hich coul- re ct au hown 

below .. 

http:oort.a.in
http:dihyJ.ro


i tl 	 f '1 H 
I I . / Cr 12 I I I r,.- .,_ c-= (.,- '~- c-c-	 ~ +
I 	 ' I I' 	 ' H Cl 	 OH ' ' 

XII 

Since the "hydroxy 1-c~on "• XII 1 an al l yl lc lol , i ~oul 

b: 	 x.nccte·l tQ un Jerg\ r }(lt ction to "un:.:saturat.ed 1 t.o 1e B1
', thu 

H 
I 

- ....-	 cH= CB2 
vH' 

.:..v · dance for th si e ··n na t.~re of ring A • .;&& o t ~ned y in.fr ·rud 

of nnotinin 

"ing C3l'rying t 16 po.xido f ~nction ; si1<-m"' e rf.td or . · g • ( 7} • 

7he si:x.-mMtfb .\"Hd chan: cter of .rina was et~t'bl1sh ct by Bet t s nd 

1ac e-an (9) 'llho aar1~ 1cd ou o.x· d" tio•. ~ZttuJi -s on n otinine 

lactu - 'o 1, XJ.ll 1 obt·· ined by treat ent of 1V with 1 t sulphuric 

acid. n XJ.l !"t:act- d wit!· thr - · ol ·~~ of' 1 

t· kan ae ~viaance for ~n a ~n~~x~n~ of 
e LH ,ju 

uncviun' 1 gr.'"'urr J 	 ' · I~ I . t UJ(tua'ticn 0 :'11" 

/ i" - - ch- ,_ 


ot 

t~·utral co -

at or·pt on 

f . ve-	 .b -r d •yc ic ' tJI; • n 
' wit ~oulu Lor)hy iu) in ethanol converted it to a neutral 

http:un:.:saturat.ed
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compound C ; h o4.~, XV, w · en sbo\· d in. ru ~ · bsorp i n t;an(!$
9 

churacteristic of · V -1~ ta ·, • r'-1 ·. cton · &n · hy ro 1 

1ring h tJ formoo . .ith thu los of 

f'o.c· ru.it . e of rit . "~' & .. '!'it~ · ci · ie compound 

attribut ·a t · "'~n <• , carboxyli c "; cid ~no ~ -lacto 

r(.)l.y is of :::vl .tt.h dilu e s ·lphu ic ac 'drunct 0 3 

ri ld d .. o:cmic acid and the o.J. t1o f.toi '( c11+1 19· 4?, XVII, 11'1 

qu.imolar ·.tao nts., Tha amino f:l.c .,.d h d ·e n pr0vio l y l" ... 

'O l~t~ d. b lino t. £110 l·ia ' or {$) iJnd by ·•. .iesner {)} .. Thi 

rice of r~actions can be · ·itt r1 a .f ollow : 

0 
II bo ,Ot\ 

).:c~oll
'-'MnO~x;o~ 

or > X)~o + Nt-t t , t
N. o, 

C.r03 I ' X l i ..I ' I XI


lW...IIB'I 


OM

»0

N 
I 

XV 

The Relationshi~ of the Lactone and Oxide Rings 

Wiesner et al . (10) subjected V I to permanganate 

oxidation and isolated the amino acid C14H1904N, XVII. The pKa 



10 


values of the amino aci {4 s03, 9. 3) nd of the methyl ester 

(6$$) were in a~reement with the values expe cted for c3- amino 

a cid derivative. Hiesner also noted t hat the carbomethoxy group 

of th.e Cil.mino ecid ester was resist ant to saponification~ This 

.as taken as e vi ence for t he quarternary nature of the carbon 

atom b aring the carboxyl group e 

he r elationshi p of the ~- lactone rin to the conjugated 

lactam group in the a:nhydro chloro compound VII was demonstrat~d 

by Wiesner et al . (10) by the fol l owing series of react, ions . The 

lactone ring of VII was opened by mild reflux 'V'Jith alcoholic 

a lkal i t o giv the hydroxy acid Cl6H20o4NC1, XVIII. ~hen XVIII 

was gently heated under reflux w'th a trace of p- toluene

sul phonic ac i d i n benz.ene, a ne-vr hydr oxy l~ ctone C16H20o4Nc1, XIK 

was obt a ined . 'fr atment of :XIX with alkali converted i t to a 

hy roxy a cid c16H NC1, XX, which differed from XVIII onl y in20o
4

t he conf i guration of the la ctone carboxyl group . In rder to 

form lactone I X, the l acto ne carboxyl group must have 

epimerized and then added across t he double bond. Bvidence that 

a new lactone ring had been .form ,d in XIX wa s obtained by con

verting XVIII t o it s 0- acetyl derivat ive and relactonizing with 

p- toluene sul phoni c acid . The infrared spectrum of this O- acety1 

l a ctone showed absorpt ion peaks at 1780 cm-1 chara.cte!'istie of 

a }(-lactone group, at 1670 cm-1 in the l acta region and at 

1740 cm-1 ~ttributable to an acetoxyl group $ This series of 

reactions may be represented thus: 
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0 
II 

,, 

0 

VII XVIII 

If-~~ ... OSOJN 

0 
'\/ 

.· 
II
J;-0 

0"'c::::--- Cl 

uo 

XX II 

The fact that the original '- ·)nfigur·· tion of the 

carbo nyl group n annot i nine is less stable than the epimeric 

one, ar~ that the lactone carboxyl is at t !ched to a 

secondary carbon atom wa s establish by Wiesner and co

workt:lrs (10) by the sequence of reaction outlined b-~.; low: 
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J(_]CIII .r...~~ 
0 
II OU ..cr.. 

XXIV XXII 

Mild reflux of compound VI I with potas sium hydroxi e 

in methanol gave a hy roxy methyl ster XXI. Saponification of 

t his compound with an excess of eth anoli.c potassium hydroxide 

gave the correspondi ng hydroxy a cid 'II, wh ich was converted 

into the st er I by the action of ethereal diazometha ~. 

Saponification of the 1 ctone VI I wit pota ss ium hyd oxide in 

ethanol gave a h Ydroxy ac · ·XIII , which was converted to its 

methyl ester x · V ith diazomethane. Tre tment of the ethyl ester X 

with methanolic potassium hydroxide gave a quantitat ive yiel of 

XXI . The ester X 1 was t he more stable of th two since it could 

not 	be epimer!~ed back to ester XXIV 5 

An explan~tion of t he ifference in behaviour of VIII wit 

eth anolic and 1eth n alic alkali was giv·en by \tiesner (10), ho 
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po inted out that in metr~nolic potassium hydroxide t concen

tra t ion of met hoxide ion is greater than that of ydroxide ion . 

Therefore metho~ide r ther than hydrox ide ion was the attacking 

opecies in this medium and t he 1' ctone ring wa.s opened to give the 

ester irectly, which was t hen immediately isomerized to XXI. 

In ethanolic potassium hydroxi e the concentrat·on of ydroxide 

ion is >reater than that cf ethoxide ion, henc· the lactone was 

attacl d by hydroxide ion to form the hydroxy acid x:II. This 

acid was resistant to pimerization, s ince it. wa"" in the forrn of 

the carboxylate ion and could not enol ize. 

lU ng B 

Oxidation of th~ two hydroxy- est ers, X I and lXI~ yiel ded 

informatio n concerning the n~ture of ring B. Viesner et al . (10) 

oxidized X~. l and XXIV with chromium trioxide in pyridine and 

isolated the corresponding etc-esters, C17H23o4N, -~ .. v, a nd 

C H. Q \ 'I, Since a ketone was obtained by oxidation, the17 2.. 4 . ' •·" J.. ~ 

lactone hydroxyl vra s .eroonstrated to be secondary. Examination 

of the infrared ab orption spectrum of the keto-esters indicated 

th t the carbonyl :',r vup was in a six- membered or larger ring . 
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Later , Wiesner and coworkers (2) were able to establish 

t he detailed structure of ring B. The presence of a methylene roup 

adjacent to the carbo nyl .roup of X.XVI w~s demonstrated by t he 

qua 1titative formation of a benzrlidine derivative . Th~ other 

structural feature s of ring B \vere established · from <>tudy of 

the selenium dioxide oxidation pr o ucts of the k to- ~ ster XXVI 

{2 ). These compounds Gre i l ustrated in the fi gure below: 

?he 

0 

"c«IJ..,, .,, 

XXVI 

g,] l.sro~ 
~ COOclf3 , 

0 

XXVII XXV.III XXIX XXX 
Th f ormation of thea xi oe. t ·.o '_)reduct .. c n , e 0x 

plained in the follo i. ng manner . Compound XVII wa s ot)tai ned 

by oxidat i on of the •- ydro en on the m thylene group of 

XJ'VI, followed by deh ydration. Compounds .\VI I I and X~\,IX arose 

in t.he same manner, and in addition t.he othe r -""' hydroge n was 

oxidized to a hydroxyl gro p . Compounds XXVIII and XXI X are 

iso ter i c, di f aring only in t he confi gur tion of t he hydroxyl 

group . This indicated t h·t the carbon atom to which t he 

hydroxyl group was attached was t ertiary . ompound XXX wa s 
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formed by 'ehyaration of XXVIII or XAIX. •i sner (11) pointed 

out t h '·'t , since compound X' X was ohtained instead of t.he more 

at ble chroa:tophor e XXXI, it coul d b inferr-ed t ht:t t te nitro?;en 

'a attaoh .d to a quarterar car on a t om . 

-> , , I 

These conclusions were supported by t he ·o k of Betts 

and !·}a cLean (12) . Armotinine \-tas convert d to 'e soxodihydro

annotinine, XXXII, b_y the me t h od of r~anske a nd ~1&rion (4).. 

Compound XXXII reacted v~ith two moles of p enyl lithlum to 

yield di phe nyl desoxodihy roannotinine, c2 H3 5o2N, X' Jli i. 'he 

reactions of XX.XIIJ. are s·ummarized in t 'H~ following figu.ce: 



16 

Vh 
Ph -C-OH ' 


XXXII I 

p~ 
I

.-.,-c-o+f 

XXXIV XXXV XXXVI 

~Cro3 
'Ph 

Ph 
+ Pft-~M -oM 

I 
P~-c-oH 

XXXVII 

i dation of X XIII by the Oppena uer roced r re

sul t d i n one of thrc different products , depending on the 

condit · ons u"'ed . ~'> hen XXX II was treated with potassium 

teri~ry buto ide i n reflu ing benzene, in the r sence of 

cyclohexa none, the secondary hydroxyl wa.s oxidized to C:1 

carbonyl r oup a nd a ketone, C28t 3302 , XXIV , w s obt ained . 
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Oxidation of XXXIII with aluminum iso r ropoxide in refluxing 

toluene, in th presence of cyclohexanonet yielde a lo er 

melting epimer of 1l'I', ·2gH33o2N, X XV. Compound XXXV 

was converted to .AX ·rv by refluxinF; wtth sodium ethoxide in 

etLan bl . Treatment of XXXIII 'ith potassium tertiary butoxide 

in r fluxing tolue e, in the presence of cyclohex none, yielded 

an unsatu ated ketone C15H21o ' , XX:&VI. The infrared and ultra

violet absorption spectra of XVI "ndicated that the compound 

was an .t,t'- unsaturated keton w· th a sine:le (' _.. lkyl substituent. 

Compounds XXXIV and XXXV could be converted t o IXXVI by treatment 

with potassium tertiary utoxide in refluxin. toluene . 

Bet ts and !'4acLea (1 2) showed that the diphen 1 carbinol 

group was eliminated as benzhydrol nd proposed that ~he 

rnechu ism was th t of a reverse Michael reaction. The reaction 

de icted the scheme below : 

((Pbh_c-o~J-
.!,..-• 

(Pb)z.Cf.k>JtXXXVI 

,n romic acid o~idation of the di henyl hydro~ y ketone 

XXXV yiel ed a ·hydroxy ketone, c2gi33o N, l1XVII. This3
compound ,wa s also obtain ble ir ctly from XXXIII by chromic 

acid oxidation ~ Th new hydroxyl was considered to be tertiary, 

since it wa re istant to chromi acid oxidation . From the 

fact tr at the ne hydroxyl in X XVII was likely tertiary, 
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duction product ~ve a keto- dicarboxylic acid, XL. Treatment 

of XL with acetic anhydride yie l ed a cycl ic anhydride XJJ . 
0lfo,,, p-d14~ 

01"c ~ 
(1) 

XXXIX 
(2) Oxidation 

XL XLl 

The infrared spectrum of the keto-dicarboxylic acid XL , 

inJicated ,t hat t he c· rr.on ->"1 gr·oup was part of a six-membered or 

larger ring . 'fhe inf a red a bsory., ti.cn spectrum of the anhydride 

XLl , showed bands character istic of · five - membered or strained ., 

anhydri e . I t was conclu ed therefore, that ring C was six

membered and that the two carboxyl groups were on adjacent 

ca:cbon atoms . vidence that ring C contained three methylene 

groups was obtained by Wiesner et al . (10 ) . Oxidation of the

)4 selenium dioxide oxidation product XXVI I , by the Lemieux method 

with permanganate- eriodate, yie l ded a mixture of succinic and 

f ormic a c ids . The succinic acid was thought to originate from 

ring C and t herefore it must ha ve three met hyl ene groups. 

De ydrogenation experiments (21) carried out on the anhydro ester 

XXXVIII yiel ded a quinolone a cid which , on de carboxylation, gave 

a qui nolo e identified by co uarison with an uthentic specimen . 

0 
''.ott't ,.,C 

0 

COOff 

XXXVI I I 
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It as concl ded th·t annotininu cont~in d th he a

hydrojuloliain- sk l Lon ·n t h refore rin6 C s si ... e ere • 

rofienation St 

'l'n xten i ve d hyt. o;-., nation t .cti lich e. ve been 

c·rried out on an otinine ~n its d riv·t1 es ha e s p~orted the 

vl enc lrea y est·blished 'ste ise de~r da ion o the 

mol cul • 

.l::i · n iewicz , l! nderson , Stonner , Valenta 11d i sner (1.3) 

· hyd ogenated annotinin ov r el~nium t JJ0° C and isolatt:d 

a-n- propyl qu i noli n . • 'l~ e fo mat on of a... n- propyl q inoline can 

be explaint:d a · arisln,,~ from ri g A and ring i , wi t.h -n

• r ;- 1 group comin • from rin.,: ' , or from int>.:. i:) and rin· C ith 

·the Fi- n- propyl group coming from rin ":; A. .. 

l'Pt and !.arion {~ ) r ported that a small yi l d of 7

m t hyl q ' inolin · s isol· t d from the eact ion ixtur ·· fter 

d }ydrogenation of a nro tinino over al a ' ium tit 300° c. 'he 

'orm tion of t hi s com oun f ·on1 -· nrlotinine is not ~asily explainable. 

n .t ttnd f~.&.rion ( $ } au j cte · t he «Hnino acid il. ' I to 

t h pe..lla dium C' t lyst . "..1 y i '"'olat •d 

l£<cta ac.1.d c14H15o3..·• · Ll , nich as ecarbox l~t.ed to t 1e 

lac a '1J 1 5oi\l , XLlll . \'a sner 10) WlHi3 abl· to sho• y 

syntb is t at the structur of lLll nd 11.111 w re s :.Jilo• n 

b lo .. : 

COON 

XLII XLIII 
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The formation of these wo co pounds cannot be xplaine 

imply on the basis of the known structure of annoti ine. A 

more eep-seated rearrangement is undou tedly involved. 

Dehydrogenation (21) of the anhy roester X ~VI I yielaed 

a quinolone aci. which was identified with certainty. 1'his \Jas 

tak n as evidence for the hexahydrojulolidine skeleton for the 

annoti nine molecule . 

i ng; D 

The chemical degradat·on of ring D ha not been re orted 

but t he size of this ri ng and its location hrs been inferred from 

t he remaining structure of the molecule . It was own t at th re 

were three carbon atoms and six hydrogen atoms to be placed into 

the structure, and that one carbon atom and t1ree hydrogens were 

a methyl group. here ther fo e remained a eth 1 substituted 

two-carbon cha in to be assigned points of attachment . 'he 

locatin of t l1 is two-car bon cha in w~s inferred fron the following 

evi dence : 

Carbon 13 appeared to be quarternary , since the ester of t he 

Anet - Marion amino acid XVII wa resistant to hyd olysis . The 

possible points of attac me nt for t he ot er end of the two

carbo n ch· in were carbons 1, 2, 3 , 11 or 12. Since it wa s shown 



(2, 12) t · C' bon 1 w s t rtia y , and it se~m d liK ly t hat 

.ring C con ·ainl3d hre ethyl ,n, __ roup {10 t 1.3}, t.h ; cond 

point o ~ ttac: ent ·,; s li iter to oarbvn 12. .. itH.:ul r. ( ll) con-

clud""o h t carbon s qu.urt.er.:.ary on 1e ba i- of t t p o-

d c obt-:.in d on hy ration o • t~ s 1 n um dio.xi ' o ··dation 

u r d to b o r 

t o b tt ·c1ed to 

ca r· on 14 . :ro o~ ioeration of 1 

'1 • 

"" 1 nat r • of r 1ng · i~ and a., f i l bl · .. bed , .. ~ 

~as th r lati ·nahlp of t1u functio ~l ro • . h c ·mical 

vi ence fo thu '. t;· iled nt~.tur "' o · • in ,s C un · 1~ Wb s ome h t 

lea convincing but t . $ propos d s v:r· ctur Ire' · s bo n t b~ X

r y ffr~ ction st d1e 3 • 

http:obt-:.in
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:su TS AND UI SCU SIOr 

Pre pa ation of the Five- membe r ed Anhydride 

his invest ' gation w· s underta en at a time when many 

fe tu es of the structure of annotinine were not establ i shed . 

Sever al structur s had been proposed for the molecule b t none 

of t hem acco nted adequately for all t e experimental facts. 

The dehydrogenation of the amino acid XVII to the lactam acid 

XLI , in relatively goo yield, is a case in point . t seemed 

poss i ble that the arrangement of the functional groups i n the 

a ino a cid ~VII might be different than previousl y proposed, 

and that a relationship i ght xist which would require a less 

complex rearrangement in f~Oing .from XVII l.i O XLII. , 1'he following 

study w s undertaken in order to e stablish , by som independent 

method , the re l ationship of the l a ctone carboxyl and t he amino 

ac i d carboxyl , in t he amino acid VII . It was reasoned t hat , if 

the c·clic anhydride between the carboxyl and the lactone 

carbo.:x:yl of t he Anet - .'[ar ion amino a cid XVI I could be formed , the 

size of the anhydri e ring ~ould i ndicate t he relative positions 

of t he two groups. 

The amino acid C14H1904N, XVIl, was prepared by oxidation 

of "unsaturated l a ctone A" with bari m permanganate . An alter

native met ho of p pa r ation was by per anganate oxidat i on of 

anhydroannotinine l a ctam Q.hlor oLy · rin VI . The lactone ring of 

XVII was opened by treatment v.lith queous barium hydroxide, and 

23 
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tha hydroxy dicar boxylic acid wa s i solated as its bari m salt~ 

1. hen t his salt ras heated uncle · re flux wit 1 acetic anhydride , a 

compo n Cu~H22o6 , LIV , was isola ted which, after re -
o crystallization f r om a ceton - ether, elted at 240-241 C. 'h 

1infr·red spectrum of XLV showed ~a"rldo at 1 55 cm- and 

1756 cm- 1 attributable t o a five- embered or straine6 cyclic 

anhydride , a t 1740 cm-1 attributable t o an a cetoxy group and 

at 1665 cm· 1 in t he amide r egion . The bands attributed to the 

f ive-member d cyclic anhydride compa red closely ith those of 

succ i nic anhydride and with he values listed in the liter

atur·e (14) . The analyti ca l data a nd the infrared s pectrur in... 

dicate t hat t e , N- diacetyl anhydr ide 1& formed . The 

formation of a five-membered anhydride :tndicated t hat the two 

car oxyl groups were on adjacent carbo n atoms, and there~ 

·rore the structure of the amino acid XVII could b written 

a s shown be1ow. 

XVII 

Ox idation ' t udie s on t he N- .~ethj!) La ctone 

he det a iled nature of ·ing G and ring D was unknown 

at the time this work was in progre ss. The - methyl la ctone X VI 
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eported ,y Anet and !arion ( ) was chosen as a suitable com

pound for de p·radation studies designed to yield information about 

these two rings. Compound XLVI, obtained by reduction of "Unsatur

ted lactone A" methosulpnate, XLV, with hydrogen over Adams' 

catalyst, is a tricyclic compound in which, according to the authors 

( A)) ring A has been opened, an' the nitrogen atom is contained only 

in ring C. xidation studies on XLVI would yield information about 

the nature of ring C and hofmann degradation would yield information 

about both ings C an D. xidation of XLVI with potassium perman

ganate might be expected to yield a lactam if t here were a methy

lene group adjacent to the nitrogen atom. he position of the 

lactam absorption in the infrared would indicate t size of ring 

c. The presence of a carbonyl group in ring C wo ld also offer 

opportunity for fu ther degradation . The -methyl lactone XLVI 

was treated with pota ssium per anganate to yield a mixture of two 

product s, a neutral compound, C17H2503~, XLVII, and an acid 

C17~ 25o5~, XLV II. The neutral compound XLVII showed absorption 

t ands in the l nfrared at 1768 cm.. 1 and at 1660 cm- 1 , attribut• 

able to a ( -lactone roup and an amide group respectively. The 

position c ~ the amide absorption did not permit one to differ

enti·te between the lacta and the N- formyl derivative of XLVI, 

· h~ , a possible oxidation product. Compound LVII as 

ther r' _ .l: t treated with dilute sulphuric acid and th distillate 

·as este ' for volatile acids T e method described by 

.vood rd ana Brehm ( 15) for the determination of formic acid from 

'-formyl com ounds vr s followed. The a.istillate ·as titrated with 

O.IN sodi um hyd xide ·nd the volatile acid collected cor responded 
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to one mole per mole of compound XLVII . 'he distillate gave 

posit ive tests for formic acid . These results indicated that 

the N- methyl group h d been oxidized to yield the N-forrnyl 

derivative. The basic compound c16H25o2N, XLIX, isolated from 

the hydrolysate had absorption bands in the infrared at 3320 cm-l 

a nd at 1760 cm~l attributed to 'an r-H gr up and a ~ -la ctone 

group respectively .. T e melting point and the infrared s ectrum 

of XLIX were identical wit h those re ported by i-1eier, Me ister and 

Marion {7) for "'dihyd o l actone nn, XI(b) . 

The ac'dic product from the permanganate oxidation, 

c17H 0 N, XLVIII, was hydrolysed in the same m~ nner as XLVII .
25 5 

The volatile acid collected corresponds to one mole per mole 

of compound XLVIII, and t he distillate gave positive tests for 

formic acid. Atte .ts to isolate the amino acid or t he 1 ctamized 

derivative of the amino acid proved unsuccessful. Thi · series of 

reactions can be formulated in the follo¥ing manner: 

Llli 
XLVIII 

l"•o• ... 

~ 

XLI X 
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Although the oxidation did not proceed in the expected manner , 

some information was obtained . The isolation of the N- ormyl 

acid XLV II indicated that the carbon atom in ring C adjacent to 

the nitrogen was a methylene group . It 'ltJas also established that 

it was ring A which had opened in t he reductive decomposition of 

"Unsaturated lactone A" · ethosulphate, XLV, because t he hydroly

sis product XLIX ., roved to be i d ntical with "dihydro lactone B", 

XI(b) .. 

Hofmann Degradation Studies on the ! hydroxy Compound 

The other approach to the roblem of o taining chemical 

evi dence for the detailed structure of rings C and "" was that of 

Hofmann degradation of the tricyclic compound XLVI . Compound 

XLVI contains a ¥ -lactone function, which would undoubtedly be 

opened dur ing the course of Hofmann degradation. '£his would com

pl icate the isolation of the reaction pro ucts and it was there

fore considered l'dse to 1-10rk trJi t h the reduced co pound . Com

pound XLVI was accordingly reduced with lithium aluminum hydr i de 

to yield t:. he dihydroxy compound , c17H31ozN, L, whtch was con

ver ted quantitatively to the crystalline methiodide, Cu~H34o2 I, 

LI . A Hofmann elimination on LI woul d be expected to open ring 

C by co:rbon- ni trogen bo nd clec vage a.nd introduce a double oo nd, 

in either of t wo ways: {a) to yield a compound with an ~ · . 
exocyclic 

terminal doubl e b:> nd , or (b) to yield <.11 compound with Cln endo

cyclic double oo nd. Fiss ion (b) woul d a . peer .to be less likely 

because of t he strained nature of the transition state leading 

to this olefin and also because of t he strained nature of the 

o lefinic . reduct . 
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or 

LIV(a) LIV(b) 

Tr .atment of LI ·· it 1 otassium rnethoxide in absolute 

methanol yielded an amor hous b· se IV , l'lhich could not be in

duced to crystallize. rnhe "et hfbdide of t hi s compound w s re ared 

with diff i cul ty C:n a C:.tlyse for c19 36o2t i, LVl . Fo other 

cry tall ine derivatives of LlV could be successfully repared ~ 

'lhe infrared spectr um of LIV show hydroxyl absorption but no 

absorpt i on ~hich indicated the Jreaence of tte anticipated 

terminal double b~nd , or unsaturation of any kind. Compound 

LIV absorbed one mole of hydrogen when treated . ·itt hydrogen at 

one atmosphere over Adams catalyst . his ind ic ~ tes the presence 

of a center of unsaturation. Act ive hydrogen det rminations 

(Zerewitinof f) in icated t he presence of a single hydroxyl group . 

Potentiometric tit ration of I..IV in 50% methanol solution ga ve a 

pia value of 9.6, which is in the range characterist ic of a.n 

aliphatic trialkyl amine. Ozonolysis of LIV yi lded a non

crysta lline product , the inf rar d s ectrum of whi ch showed ab 

1sorption peaks in the hydroxyl e ion and a t 17$0 cm- in the 

carbonyl re Dion. The latter absorption peak would be expected if 

compound LIV ha · structure IV (b), and woul d be the absorption 

cha racteristic of a four- membered cyclic k tone. owever , an 

absorpt ion band at 1700 cm- 1 due to a non-cyclic ketone, wo uld 

ch was not the case . ' o exclude the 
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-1
possibility that the 1780 em band VI's du to · '( -lactone 

function, th · o z onp l ysis roduct wa s treated with alcoholi c 

sod ium hydroxide . 1'he 1780 em-], band was s t ill present in t he 

spe ctrum of the compound after this. tre tn ent, th us excludi ng 

t e possibility of a '(f -lactone functio n in the ol C\ le. he 

ozonolys i s results ' id not make it possible to say vli t i1 c on

fidenc v.rhich \va- the correct structur for L V. 

If t he structure LIV {b) were ~he correct one, oxidat i on 

of the seconda r y hydroxyl gr oup of IV by th Oppenauer procedu e 

shoti l d yield a compound wit a conj ugated carbonyl (l'r o up , whi ch 

ould be easily identified by i frared and ultra viol t spect r o

scopy. In t he course of attempts t o oxi ize t he secon ary hydroxyl 

gr oup of LIV vdt 1 aluminum so ropoxide an cyclohexanone in re 

fluxi.ng t oJ.u.... ne, an unusua l result was obtUi ined . An oi l y base, 

LY , w~s isol ated , whic sb.owed a str on ., ab orption band at 
- 11780 cm- 1 in ·ddition to the hydr o yl b'nd at 3400 ern 'he 

posed ili t y_ of a ~ - 1 ct one absorpt ion was eliminated because of 
- 1

the stron~ly basi c nat ure of the r ea ction ixture. The 1780 em 

ly nd might be att r i but ed to a four- membered cyclic ketone. Com .. 

pound LV wa s , b o "'ta i ned i n t .e absence of the proton a cceptor 

cy cl ohexa none, t ha t is , sim ly by treatrent of LIV with 

a l umi num i sopro poxi ·e i n refluxi ng toluene . Simil arly LV coul d 

be obt a ined i r ectly f om the r et hio ide LI , by treatment wi t h 

potassium t ertiary utoxi de in t ert i· ry butanol . Com ound LV 

was conve:r-ted t o i ts me t hio. ide vith some diff i culty and an lysed 

f or Cl9 'J6o2 ~r . The conversion of LIV to LV a pears to be an 

isomer i zation rea ct i on which takes plac i n the presence of a base 

http:fluxi.ng
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stron~r than potbs iu metho~ioe . Compound V absorbed one 

mol of hyd1 ofen when treated \vi t h ydrogen at one a.tmos here 

ov~r Ada s' catalyst. Reduction of LV with lith " m aluminium 

hyriride yielded an morphous base \vhich no longer shoHed the 

1780 cm-1 absorption band in the infrared. This is ir~icative 

of t h _ initial pre snce of a carbor 1 gro p in LV . Fotentio

m&trlc titration of LV in 50% methanol ga ve r sult~ wti ch 

indicated that IV wac. not a pure compound but a mixtu e., 

The isomerizat·on of compound .IV to camp und LV is 

not easily explainable on t he basis of t he poss ible otru tures 

of LIV . It was thou ~·ht worth 'hile to carry out tbe Hofmann 

elimination and the ppenauer oxidation in the i nverse order, 

in order to ·etermine whether or not th same type of i som_r

ization would occur . The N-methyl dihydroxy compound 1 wa~ 

oxidized by the Op·)enauer procedure , J • th aluminum isopropoxide 

region at 3410 em and at 1710 c - characteristic of a six-

refluxing b nzene , in t e presence of a cetone . A compound 

LII , -vvnich sho'tved infrared absorption bands in th hydroxyl 

- 1 1 

rnembe ed ketone, was obtained. The free base could not be in

duced to crystallize but a cryst'alline methiooid.e, c17"32o2NI, 

LIII , w s obtained . The secondary hydroxyl of L ad been 

oxidized t o a carbonyl group and the primary hydroxyl was un

affe cted under the conditions of the oxidation. i'reat1 e t of 

the methio ide LIII, 1H'ith potassium metho.:x.ide in absolute 

methanol , yieloed an amor hous base which showed absorption 
-1 1 1bands in the infrar d C:tt 3450 em , 1660 em- , 1635 em- and 
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1 1we ker bands at 3040 ern and at 15$0 cm- , characteristic of 

a yaroxy1 groun , an ~ -~ - uns tu ated ketone and a center of 

unsatu ation , spectively . This is qualitative evidenc~ that 

the ho~ nn elimination r ·ction introduced a double bo nd in 

co njug tion wit h t he carbonyl groups . It appear d that ring C 

had been opened and the double bond was in ring B, as illus

trated belov1: 

LI II 

T1is indicates that the olefin IV could have the do le bond 

i1 the ame relative position . 

To e nsure th•t c rbon- ni tro en b n· fission had taken 

place in t h fi ·st Hofmann reaction, in whic LIV had formed , 

a second Hofmann limination was carried out on the ethi.odide1 

o LIV . Th formation of tri methylamin in this reaction \iOuld 

in( icate that C- N bond fission had ta en place . Treatment of 

LV , the , ethiodide of the presumed hy .coxy-olefin LIV, • i th 

potassium tertia r y but oxid , yi 1 ed trim th lamine , isolated 

. s its piera.t and a neutral oil LVIl. lf LIV, the p educt
' 

of the first hofmann elimination nave compound with an 

endocyclic double b ond, a se cond hofmann elimination on t 

methiodide of LIV should yi eld a neutr 1 compound with a 

ter lin 1 exocyclic double b ond. zon ~lysis of the neutral 

9 
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compound LV~v o ld t h refore be expected to yield ori ~ldehy e. 

Compound LVl i :a ozonized and t he re· c ion mixtur we examined 

fo r t he pre ' · nee of vo l at le aldehy · ~s. Acetal deny e , identi

f i ed as it. dinedone derivative , was obt ained a s on of t he 

pr oduct .... The fort atio of acetaloehy e on ozonolys is 

neces::~itates t he pre. nee of !H:: groupi ng H:r·· Cf = 1!.
f 
- i n compound 

LVI I . Mhis gr ouping coLld only ar · se by isomer i zation of the 

·double band r s ul t ing fr om e l imi nat i on of nitr ogen f om t he 

me t h iodid of LIV . 'fh ul tr>::< viol e t spectru L of n imp· e sampl e 

of LVII , the neut r 1 ro j t ct of t his re~ ct ion j suggest~ i 

cont · ined a conjugated sy ~em oi do ble bon s . 'he a c iv1tion 

provi a.ed by t he i ncre s e d st C~b' l ity o t he conjugate system -...lB "' 

a pnerently suf f i c i ent to cauoe th i s i omer i zation e 

In the i ght of all the inf ormation availabl a out 

compo nd s IV and LV, severa l st ruct ure s cou1 be wri tt.en fo r 

. I V. 

,,,..cH1 N,CM;N'cM, 'Q&
LIV(a) LI V( b) LIV( c) 

3 

Tho pos i bility LI V( a) v1a s excluded since. no f orrna l dehy 

was i~olat d on ozonoiysis of .IV . 3tructure LIV(b) is 

support ed by t he fa ct that the ozo nol ys i s pr oduc showed 

obuorr t ion at 1780 cm- 1 in t he infrar d , but s e em unl i e l y 

bee use of t he stra i ned na t t re of t he t r ansit ion s t ate lead in 

http:writt.en
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to this olefin and the strained nature of the olefinic produ·ct 

it elf. 'I'he ozono lys · s of LVl .l, which yi l ded acetaldehy e as 

one of the products, ad's support for str1cture LIV( b). 

S rucuture LIV ( c) w s suggested by the £· ct t hat · Ll an· lysed 

for a single activ hydrogen , nd by an analogous r cction of 

certain 1,3 ...oxides which yi ld an olefin and a ketone on treat

ment with· st ng base like aluminum isopropoxide (22). The 

transition state for its formation would also be stra ined and 

the fact th·t LIV absorbed one mole of hydrogen readily at one 

atmosphere pressure , m k t h i ... struct ure see unl ' ely. The 

oz onolysis of LI to yield - product 1th ~ carb- nyl absorption 

· · also difficult to e pl a in on th b sis of struct re l.IV( c} . 

h st uotures o compounda LIV and LV h v no been 

esta ish din this investigBticn t · lthough certain feature of 

tL~s- react ons ha be · n elucidated . t se ma f·irl certain 

that the r · r.t Hofm nn :nvolves B type (a) fiss "on (cf P$27) 

an ' not a t rpe ( ) fi .s ~ ion bS. one night predict., 1 any 

f'utu e y of t hiJ r~act n tis sug; est•d t h&t more 

el'bor'"te techniqu s be employed for the purific tion of the 

int ,ruedi tes . I n this investigation , chromatogr"phy on a.n 

&lumina column and distillation wer used but were appcitt"ently 

not suffit.iently refined to achieve ny sepa tion . !'aper 

a romatogrsphy could be used to etermine 1h t~ r or not tnese 

pro .ucts wer(~ composed of r, o 'e t han one component un · couni..ler 

current extract"on might be ~ ofitably employed fo heir 

puri ficatio n. 
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Apparatus, l•!ethods :and Materials 

Infrared absorpt ion spectra were determined using a 

Perkin- 'lmer model 21 double- beam recording infrared spectro 

photometer . Sampl e s were mounted in nujol except where 

otherw·ise stated . .'::>Odium chlori de optics \-tere used through... 

out . 

Quantitative mi cr o- hydrogenations were carried out 

ac cordina to t he 1rocedure described by Ogg and Cooper (17) . 

The apparatu s was supplied by A •. H. Thomas ompany . Active 

hydrogen de t erminations were carried out i n the apparatus 

d.escribed by Niederl and Niederl (18) . The apparatus was 

supplied by A$H . Thomas Company . 

Basi city constants (pKa values) were determined by 

potentiometri c titration of the bases ; the sol vent used in 

each case is statod in parenthosis . V'lues are those at t he 

half- neutralization point . 

The pl ant material was col le cted in the \li, entworth 

valley of Nova Scot~ia and was extract ,d a;ccording to the 

pro cedure of t-:1anske and 1'-1arion (1 ) . A.nnotinine w s obtained 

from the crude extract by crystallization from methanol and 

after r ecrystall i zation f om methanol mel ted at 2)2° C. 

Microanal J §B S were carried out in the Microanalyt ical 

..~ boratories of lJrs . G. -.~eiler and F . B. Strauss , Oxford, 

England . All melting points are correct d . 

34 
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Hna t.u.ratf.\l l'cton A, 1., • -~ plt:p r · fron f')nr.otinina 

chlo.roh· ri ccording to ~ ~ procedu nd 

>;urion ( 4).. Th o il omoua chloride w ~ prep d f o chromic 

'rat y 1 uotion .lth a nc ·· l g :n &nd e nc~. 

~ydroc lo ic a oi • 

Una tur t d l otone A \v·· tr , t d with b r 1um pc m n

;anate in e t one ccordin :- to th procedure dose:rl t. y Dotts 

and V olt: n ( 9} . T£ · · mino ci c14 .19o4u, XIV • · s i,;o ati ~d 

' . i s Oll'ulphate fro. tlie hlix r ot' o:x"" at on •ro u ts ~;;~nd. 

r cr r...;t llization f m ~uethanol- ther, l 

h d co position . ~hi c·d w~s tl o obt in· , ut in some... 

h~t pooror yiel d , by o 1 ati'on of tJ .• ~ydro":nnotitlne l ct 

chlo oh drin , V , aecordi ~ to ' ~b p oo tr d·ecrib• y 

,:icar. r t l. ( 5) . 

An q eo 

· s ad 1 d to _50 1b of th e.ruiri a 'o1 ~~u.l 

ion 

i to tl~ ~queous oluti n. 

cv~po a·e to dry11.o -~ ts.n :Jt.er r duced pr· ssu ··e . .Ch -~ re iu~or 

(310 g) • "~;' ' pttle ·ello tar olu l solid . 'r s. ~ dd1 ~ior. 

0' drop or oilu 0 ~ulphuric acid to n queous ~ olLtti n of t-he 

product • i alded barium s l1 •h t · • The rroduot .as ther o 

http:ts.n:Jt.er
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the barium salt of the h droxy dicarboxyl i c acid correspond. 1g 

t o XIV.. The infrared absorption spect urn slowed ands at 

1 6$0 cm-1 attributed to ionized ca boxyl and a t 3400 em-1 in the 

hyd oxyl region . The ~ -lactone absorption band t 1 $0 c - 1 wa s 

no longer present • 

..._..__...._........,...._.o__r__._t_.h.._· ......-Ba....r.iux1!_2!lt wi h Acetic Anhzdr~ 


A rni:xture of 0 . 4 g . of the barium salt of t,he hydroxy 

dicarboxylic acid $ 0 . 1 ~of ·mmonium chloride and 5 mls . of 

acetic anhy ride was h ated under reflux f or 2 ho rs . At 

the of the reflux .oriod, t he excess cetic anhydride was 

remov d under red ced rcssure and t he residue was trit rated 

""' th clloroform. The chloroform solution was filtered and 

dried over anhydrous sodium sulphate . Eva oration or. the 

AO vent yie l ded a brorn oil (0 . 2 g ) which crystallized from 

aceto e-ether . After recryst~ll:zation from acetone- ether, i t 

m 1ted at 240- 241° 0 , XLIV . 

Calculated for C1 H22o61 : C, 1.90; H, 6.61; , 4 . 01 % 
LFound : c' 61 • 20' 61. 31; ' 6 . 44 ' 6 e 28; 

The nf ared spectrum sho led absorption bands at 1855 cm-1 and 

17 56 c · - 1 ) 1740 cm- 1 and 1665 cm-1 characteris·tic of f ive

membered (or strai ned) anhydri e ring (1855 and 1756) , an 

a cetoxy1 group end an amide group respectively . 

Unsaturated Lactone · l\'lethosul phate , XLV 

'he procedure employ .d was esoentia1ly that of net and 

i>1arion ( 8 ) ~ Fres hly distill t:.( methyl sulphate 2.3 g .) was 

added to a solution of 2. 33 g . of unsaturated lacton A, X, 
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dis olv d in 58 mls. of anhydrous benze ne. The reaction mixture 

was allowed to tand at room temnerat ure for 4S hours at hi ch 

t me t. he benzene solution was dec nted f r om the crystalline 

methosul p ate . The crystals '"·e r e ·W'ashed \".i th several s mall 

or tions of ry benzene . The crystalline methoaulphate, X III , 

was not furt her mrified but was reduced directl y s described 

below. F'urtl: er crops o f the met hosul phate t~·.rere obtc ined from 

the benzene solution after longer periods of time. 

leduction of Unsaturated ,actone .i·'let hosul hate 
C16H2102 N 3 2804, !LV 

The crystall i ne methosulp1ate (1 ,2 .) wa s dissolved in 

water and treated wi.th hydro ..,.en over Adams' catalyst at 50 p . s . i. g. 

fo r 10 hours,. The re s ulti.ng solution was ac i d· f i ed 'lrlith dil ute 

hydro chloric acid to dissolve t he basic mater i al which had 

.re ci . i tated, a nd filt e red to r emo ve t he c·· ta lyst. The filt-ered 

solut ion was made alkaline wit n ammonia and. exhaustively ex

tracted with ether , The combined ether extract was dried over 

anhydrous sodium s · l phate and concentrated on the steam cone. 

Col ourless needle s of the N- methyl compound (0 . 85 g.) 

C17H , XLVI , separated after standing in the r fri gerator.z7o2 
1 

The compound melted at 91-9Z° C ~ The i nfrared spectrum showed 

an ab~·orption band at 17SO em-l attrib tabl to a )/ -la ctone 

group . 

Potassium Permanr,anate Oxid!it_iczn of c17H2702N, 'LVI 

A solut ion of 347 mg of · t h N:-r. t~hyl lactone XLVI , 

in 20 mls .. o:t" aqueous a c tone, was trea ted with aqueous perman

ganate, added dr opwise with freq uent swirling , over a 2 hour 

http:resulti.ng
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period , unt il t he purple colour persisted . A l i ttle rnet.ha.nol 

was ~ctded to destroy the excess pe rmanganat e . Sul phur d:i.oxide 

\vas bubbled t. hrough t he solution to reduce the precipitated 

manganese dioxide. The aqueous sol ut ion was ext racted four 

times with ether and t he combined extract was washed 'ltlith d i lute 

aqueous ammonia . 'l'his aqueous a mmo nia solution was worked up 

separately a s described belO\i' . 1'he ethe r l ayer was. dried over 

anhydrous sodium sulphate. Evapo r ation of the ether yielded a 

r·e sidue ( 87 mg . ) whi ch crystallized from acetone and melted at 

1so-1En°c. 
Ca lculated for C17H25o3N: C, 70 . 0.3 ; H, 8 . 70 ; N, 4. 81 % 

Found : c , 69 . 26 , 69 .1 5 ; , , 8 . 62 , 8. 87 ; N, ~. • 04, 4. 78% 

'l'he infrared spectrum o f t his neutral compound, XLVII , show>~ed 

bands at 1768 cm""1 and 1660 cm- 1 at tributed to a ~ -lactone a nd 

an amide group respectively . 

The combined ammonium hydroxide extr act , noted above , 

wa s aci dified wi t h hydrocloric a cid and extracted four times 

with ether . 'fh e ether e..xt ract was drie over sodium sul phate , 

and evaporat ed to dryness .to yield SO mg. o , .~.~ l.: s:ldue, XLVIII , 

which wa s crystallized from a cetone and me l t 8d ~ t 2ll ° C wit h de

composition. 

Cal culated for o N: C, 6);13; H, 7~ 79 ; N, 4 . )) %c17H
25 5

Found 1 C, 62 . 53 , 62 . 67; H, 7~.35 , 7 . 45; N, 4. 63 , 4 . 74 % 

The inf rared s pectrum of XLVIII, the a cid ic material , showed 

absorption bands a t 3350 cm'"'1 in t he hydroxyl r egion , 1760 c -l 

in t he ¥ - lactone region, 172.4 cm- l in the carboxyl regi on and 

at 1640 cm- 1 in t he ami de region. 



.39 


Treatment of, C17H250.3 N, XLVII od th Dilute Sulphuric cid 

The procedure followed was that described by 1!/oodw-ard 

and rehm (15) f or the determination of formic cid from N

formyl der ivative • Compound XLVII, (59 . 5 mg .) was ted under 

reflux for two hours with 10 ml ~ of 2J~ sulphuric acid. he 

solution w·s then di stilled, adding water throu~hout the d is 

tillation to maintain a constant volume. The distillate was 

collected in fractions and titrated with 0.1 sodium hydroxide . 

The amount of volatile acid collected corresponded to 1 .02 mole 

per mole of compound lLVII . The distillate gave a positi e test 

for formic cid with mercuric chloride as described by Feigl (16) . 

~he distillate al~o reduced perm·ng nate and bromine . The 

aqueous residue after distillation of the formic acid was made 

b sic ith ammonium hydroxide and extracted several ti .es with 

eth r. The combined extract w s dried over anhydrous sodium 

sulphate and evaporated to dryness to yield 40 mge of residue 

XLIX, which, after recr st.allization from petroleum ether, melted 

at 133-134°C. 

Calcul ated ~r c16H2502N ; C, 72 . 96 ; H, 9 . 5~· 

Found : C, 72.65, 72 . 90; H, 9 . 47 , 9.52~ 
1The infrared spectrum of XLIX showed absorption bands at 3320 cm-

in th~ secondary amino region and at 1760 cm-1 in the ¥-lactone 

region. he melting point and infrared s pe ctrum of XLIX were 

similar to those of dihydro lactone B, XI(b), d~ scrib ~ by eiera 

Meister and Marion (7). 

reatment of Acid LVIII wit Di l ute Sulphuric Acid 

The acid XLVIII (72 . 1 rag.} was hydrolysed nder the con

http:C17H250.3N
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ditions described above for compound 'LVII . The a ount of 

v latile acid collected correspont;ed to 1 .05 mol e per mole of 

XLVIII . The distill·te gave positive tests ~or formic acid ~ 

hn t mpt was m·de to isolate a c ·y talline pro uct from the 

hydrolysate but it roved to be unsuccessful ~ 

A solution of theN- methyl lactone, . XLVI (1.,60 g.) in 

100 mls . of anhydrous ether was added slowly with stlrring to a 

reflux ng solutior. of l i te ·urn alu inurn hydride ( 2.4 g .} in 

200 mls . of anhydrous ether . lhe mixture was heated under reflux 

with s h•ring for 2 hours~ 'he excess lit ium aluminum hy

dride was decompos d by the careful addition of wet ether 

followed by water . he ether 't~a s deca nted and the p ecipit" ted 

hydroxides were furth r w she with two 25 ml . port ions of et er . 

The corobin d eth r solution was dried over nhydro s sodium 

sulph<:lte . vaporation of the solvent yielded a colourless oil 

which crystallized on th addition of aceton • ne crystalliza

tion fro acetone y1el ed. 1hite crystals , L, { 1 . 37 g.) which 

melted at l4S-149°C . 

Calculated for C17H31o2N; C, 72 . 56; H, 11 .11; l , 5.00 ~ 

Found : C, 72.31, 72~49 ; 1, 11 .07, 10 . 91 ; , 5. 42, 5.22 ~~ 

The infrared s ectrum of compound L showed bands in the hydroxyl 

region at 3400 cm- 1 and 3100 cm-1 • The lactone absorption at 
-1

1780 em was no lont"el' present . 

Preparation of the methiodide , LI , of compound L, is 
described on p . 46 
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Potassium 

A solution of 1.0 e; . of potassium metal in 25 ls. of 

absolute me thanol was added to a. s olution of 1.10 g . of 

met hiodide , LI, in 25 mls. of absol ute methanol. 'rhe mixture 

w s heated under reflux for .3 ours . The excess methanol was 

removed by di stillation under reduced pressure and the residue 

as taken up in water . I he aqueous phase ~aas extr cted four 

time s wi t h ether and t he combined extr ct was dried over an 

hydrous sodium sul phate. Evaporation of t he ether yi elded 0 . 90 g . 

of a nearly colourless oil, XLVIII . Tnis oil r sisted all att empts 

at crystallization . Attempts to prepare crystalline salts were 

also unsuc cessful . The infrared absorption spectr m showe a 

hy roxyl bano a t 3400 cm-l but no double bond absorption. 

~iethiodide of Ll V 

Methyl iod.ide (3 mls ) was added to a solution of 179 g . 

of IV in aceton~. The rnixt re was heated uno.er reflux for 

15 minutes~ Excess reag nt and solvent were removed by distill 

ation under reduced pre ssure . The r esidue was · issolved in 

absol ute ethanol and after standing in the refrigerator for 

several days , a solid which melted at 1 7-16$° C was obtained, LVI . 

Calc ulated for c19H36o2NI: C, 52 .1 ; H, 8 . 2lH N • 3 . 20 % 

Found: C, 51 . 86, 52 . 4$ ; H) .OJ, 7 . 7fJ; N, 3 .3 4, 3 .08% 

AttemJ2ted poe nauer Oxidat·on of LIV 

A solut ion of 265 rg . of LIV in rry toluene was treated 

with 1 .0 g . of aluminum isopropoxid a 1 . ;- ml • of cyclohex

anone. he reaction mixture was heated under reflux far one 
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hour, cooled and poured on ice 'I'he toluene layer was separ~o 

ated and the aqueo s lay was further extracted three times 

with ether. The toluene and ether extracts were combined and 

washed four times wit 10~: hydrochloric acid . "he acid \:ta s ings 

were made alkaline with ammonium hydroxi de and extracted with 

ether. The ether extrac wa s dried over nhydrous sodium 

sulphate and taken to dryness. The residue ,(250 mg .} LV , as 

a ne' rly colourl e.ss oil whic could not be induced to crystall

ize . The infrared "bsorption ban s at 3400 cm-1 in the hydroxyl 

re ion and at 17eo cm- 1 attributable to .a f our- membered cyclic 

ketone . A weak absorption at 1640 cm-l can be attributed to a 

double bond. Attempts to prepare a crystalline salt of t he base 

also proved unsuccessful . 

Potentiometri c 'fitration of Compound LIV 

Compound LIV (25 mg . ) was dissolved in 10 ml . of 1:1 

methanol/water nd was titrated with 0 . 1 N hydrochloric acid . 

A S·t eam of nitrogen bubbles was _assed. through the solution 

to provide agitation . pH readings were re corded after the 

addition of su ccessive 0 .02 ml . vol umes of acid. The pKa ( pH 

at half- neutralization } was 9 . 6~ · his value is characteristic 

of a tert iary base~ 1'he molecular wei ht of .IV as calculated 

from the titration data is 292. The calculated molecul ar 

Quantitativ,e Mi cro-hydrogenations 

1fhe procedure used for the quant itative determination 

of unsatura.tion was that described by gg and Cooper (17} ~ 



The reduct ions w~re carried out in f eshly dist il led glacia l 

aceti c a cid using a platinum oxide dams') catalyst. 1'he 

weight of sample used wa s s uch t hat approximately 4 ml . of 

hydrogen was absorbed. The technique wa s checked by hyaro·en

ation of a compound known to contain one doubl~ band, n·mel y 

ma l e ic acid. I t was foun that male ic acid absorbed 1 mo l e 

of hydrogen pe mol e of a cid in 45 minutes ~ 

Microhydrogenat i on of Compound. .. .. I.J.. 

Compouno LIV was hydrogenated in ~lacial acetic a cid 

over Adams' c t &l , Cit one atmosphere hydrogen pressure . ne 

mole of hydro en per mol e of compound was absorbed in 50 

minutes. 

Microhydro~enation of Compound LV 

Compound LV wa s hydrogenated under t he same condi tions 

as described abo ve and absorb one mole of hydrogen p r mole 

of compound LV in 20 mi nute s . 

Active 

ctive hydrogen analyses were carried o t on a mi cr o 

s cale using a modification of .t he Zerewitinoff method, as des

cribed by Niederl and Niederl (lA). Th Gr i gnard reagent, 

methyl magnesium iodi de , was prepared in i soamyl et her according 

to the r ocedure described b , Smith and Shriner (19). Ani ole 

was used a s the solvent and a s purified by t he procedure out

l ined below. The commercial e t "1er was distilled and a mid

fra ct ion (151-1 53°C} was collected. This material was heated 



under re flux 'it h metallic sodium for 5 hours and then distilled 

through a 30 em. Vigr u.x column , collect i n the fr ct ion whi ch 

boilBd at 152-l5J°C. This fraction was stored in a glass 

stoppered flask over pno sphor us i 'entoxide . A sample of a 0 s 5 ml . 

of anisole dried in this mann r gave a bl ank volume o£ me t hane 

of about 0 .04 ml . t room temperature and 0 .14 ml . after heating 

to l 00° C and cooling to room temperature. 

Known runs ere carried out using p- phenylphenol as the 

reactive compound . Alsol ution of p- phenylphenol (9 .043 mg .) 

dissolved in 0 . 5 ml . anisole , produced 1 . 32 ml . of methane 

( cpr rected for blank volume) when treated wit! 0 . 5 ml. (excess) 

met hyl rna nesium io "i de solution at r oom temperature. 'l'here 

was no increase in t he volume of met hane when t he eaction was 

carr ied out at 100° C. The theoretical volume of met hane from 

9 ~043 mg . of p- phenylphenol a t 24°C and 757 rrLrn. is 1.31 ml . The 

average error on three runs was ;1%. 

on ComEound LIV 

Co pound LIV wa~ treated ith methyl magnesium iodide in 

anisole as described above . The methane liberated at room 

temperature corre s ponded to 1.05 a ctive hydr gens . ~ hen 

t he reaction was carr i e out at t he temperature of boiling water 

the compound ana l ysed f or 1 . 1 active hydrogens. Er ror ! 5%. 

Treatment of LIV with Alumi num I so pro poxide in Bo ilinn Toluege 

A solution of goo mg . of aluminum isopropoxide in a nhy

drous toluene was added to a solution of XLVIII 610 mg ) i n an

Ac'ti ve 
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1yd ou tolu~;;ne. 'ihe mi>..tur was beated under eflux for two 

hours. Th r e ction mixture - v~as JOured on ice and t h e o:r·ganic 

lay r was separated . 'he a queous lay r \'as furthe r extracted 

t hree times with ether. 'I'he c .mbined toluene-ether extract was 

dried over anhydrous sodiu sulp ute and the solvent wa s :r·emoved 

under reduced pre ssure to yield 595 mg ~ of a nearly colourle ss 

oil . Th is oil could not be induced to crystallize. T e infrared 

absorption spectrum of the base showed bands at 3400 cm- 1 and at 

1l?eo qm 1 ., with a weak absorption at 164( cm- . Tie spectrum 

proved to b identical with that of the pr oduct previously iso

l a te from the attempted Oppenauer oxidation of LIVv i. e ~ compound LV. 

Treatm6nt of LI with Potassium 
-----.'FI'ert iary-Butanol 

A solution of .143 lil a' ~ or the met lio - i de LI in 15 ml . of 

dry tert iary butanol was treated with 200 mge of potas,~ium 

tertiary butoxide at reflux temperature~ for two hours. 1'he excess 

alcohol 1tWs r ~:m:."lved 'by · istillo.tion under reduced pressur C'lnd 

t he r esidue was taken up in \<ra te r .. The aqueous so"'ution was ex

tracted several times with et~er and t he combi ned extract was dr ied 

over anhydrous sodium sulphate. ~vapora.tion of the solvent yielded 

a residue (100 mg .) which ad an infrared ab sorptions ectra 

i dentical with that of t he product ' obt ained in the p eceding ex

p~rimont, i ~ e . compound LV . 

Methiodi de of Compound LV 

r.~ethyl io i de ( 2 ml.} was added to a solution of compound 

LV (200 mg .) in J ml. acetone. The mixture wash ted un .er re 

flux for 5 minut e s. On cooling a gel at inous white precipitate 
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s c a.ra ed . The p:recipitate \"Va s dis ol ved in 2 rnl . absolute 

methanol and the solution was concentrated on the steam cone e 

Tht:.! solution wa:.: coaled and the white rec i pitate (200 mg .) 

was removed by filtration. This poorly crystalline material 

melted over a range of 179-l82° C. 

C:alculated f or C19H36o2 I: C, 52 17; H, 8 . 22; 1' , ,3.2; I, 29 . 06;:> 

Found: c. 52 .19 , - 2.40 ; h , 7.85, 7 . 87 ; Nt 3 ~ 19, )el5; I) 29 .1/; 

~uction of LV with Lithium Aluminum Hydride 

A solut ion of com ound LV (233 mg .) , dissol ved in dry 

ether, tras added dropwise ov r a 30 minute period to a vigorously 

stirr d suspension of 120 mg . of lithium aluminum ydr·iae i n 50 ml. 

of anhydrous ether . The mi ture was heated unoer reflux, \i"ith 

stirring , for two hours . The excess hydride was decomposed by 

the carefu ad tion of water . 'l'he et · er layer was d ante and 

t he pre cipitated hydroxides wer ..., wash d l'rit h ther. rr he com-

bin ether ext ract as riea ovtir anhydrous sodium sulphate . 

Bvaporation of the solvent yielded a residue (210 mg . ) which 

failed to crysta.ll ize. Attempts to pre pare a crystalline salt 

a l so prov ed unsuccessful. 'l:h infrared absorption spect rum of 
- 1

this oil LVII sho ~ed absorption~ nds at 3400 em in the hy

droxyl egion but t he 1780 em 
~1 

a ttri utable to t he four- membered 

cyclic ke tone wa s no longer present . 

M.ethlodide of N- Jle thyl~ Dih.Y§.roxx COJ!1J29~ c n o2~~;. L~
17 31 

Methyl iodide ( 5 Hlls) was added to a solution of 1. 24 g . 

of compound L in acetone . fter sta nding at room te~nperature 

f or 3 hours, a white crystallin pre cipitat~e separated, l~I , 

(1 . 50 g . ) whi ch , afte r re crystalliz tion from a bsolut ethanol , 
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~ltcd at 1Sl . 0-181 . 5°C~ 

Calcul ted for· C1sr 34o211: C ~1.07; Ht $ ~ 2; ~, .3.31% 

Founu : C, 51.5o, 51.36; , 8 .,23, $ .. 14; N, J.,OJ 3 O),a 

A solution of compound XLV, (0 . 60 g), 3 'Ills. of ac-to e 

and a lUI i11um 1 OJ. roroxide (0 . 90 g) in anhydrouoJ benze wa 

eatt::d under reflux for 7 nours, cooled and poured on ice . The 

b tli.en layer was s rated and the aqueous layer was further 

extracted three tl s witri ther ~ h com ined ben .ene-ether 

e:x.trclct ·ae d.c·ed ove anhydrous sodium sulphate~ .t:::vapor(ation 

of tlw olv~ t yi-lded an oil, LII, (0 . 54 g) which could not 

be inc.uc~d to cryst lliz • 'Ihe infrared spec~rum had peuks at 

3400 cm"'1 in the hydroxyl re ion and at 1700 ern 
1 

in the 

carbonyl ragion . 

Met hyl iodide mJa) w s 'ded to · s luti n of the keto

alcohol, LIX, {0 ~ 84 g) dis ... olv d ·n 5 mls .. of acetone.. Th 

mixture was heat~d under reflux for 10 minute-c., cooled and 

allowed to stand at room temperatu:t'·e for 3 hours~ The excess 

methyl iodide and acetone were 1.· moved by distillati n unaer r ... 

duced p .. ssure to yield Oe7l g. o a residue , LIII. which, on 

rccrystallizatioJ from absolute ethanol, melted at 172-173°C . 

G.;·lclllated for Crgd32 2NI: C, 5L. JO; H, 7 .. 60; r~ 3 . 32% 

Found: C, 50 o93, 5ld5; H ~ 7 . 22, 7e35; N, 3 ~ 32, 2 . 97% 

Ifi, with Sod~um M~yhoxi£_ 


A solution of 0 . 61 g . of otassium etal in 20 ml. of 




absolut methanol was add d to a .ethanolic solution of the 

methiod ide~ 1. The solution was heated under reflux for t o hours 

and the ._ethanol removed under reduced pressure. 'rhe residue 

was taken up in water end extracte<i four times with ther. ' he 

comb ned ether extract 1r1as dri d over aDhydr uc:'l evu.ium sulphate .. 

Evaporation of the colv~nt yielded an oi.ly resioue, LIV. The base 

could not be induced to crystallize,- The infrc.,I·ed spectrum showed 
1peaks at 3450 em"' in th hydroxyl region, 166o -1em corresponding 

to · aon"ugat d carbonyl gro p and at 1635 
-1 

em corresponding to 

a double nd. r eaker bands Flt 3040 cm-1, an 15c~O am 1 could 

also be interpretec as d ublf.:l bond absorption. 

Qzonoltsis of Co!J!Eound LIV in Anhxctrous ~1etl anol 

Compound LIV {500 rug) was di olved in 10 r l . "nlydrous 

m· .h~no1. solution was cool ed in an ac tone...dr ice b th and 

btream of oz no enric e ' OX) f~en { 5~;) ozone) b· bblod through 

it fo · 30 m· nutes. The ozor i e wus deco·nposed by h og-nation 

over arn..,r cat lyst at 11 p . s w1 eg . for 2 hours.. The catalyst 

wa~ removed by filtration and t e methanol was removed by dis... 

till t.ion un .er reduce · pressure o yiel ' 490 1.1 • • of colourless 

oil ~ ~h residue 'as dissolved in e t her and extracted with 1 • 

hyorochloric ac·d ~ Th ac1d extract \as ba ified ~itl ammonium 

hydroxide and e.xtracte sev ral t.:.mes ~tith other. 'rhe othE.a· ex

tract were dried over anhydrous sodium sulphate anci vaporated 

to dry nes"". A crystalline prodt.xct could not be obtain!Jd ~ The 

infrared spectrum of the r sidue shov1ed absorption pe ks at 3400 cm
1in the hydroxyl region and at 1780 cru- at t ibutable to a cyclic 

four- membered ketone . 

1 
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Ozo lysis of Compound LIV in Glacial Acetic cid 

Compound XLVIII (150 mg ) w s ozonized in glacial acetic 

acid a t 20°0 for 30 minutes a d scribed above. Zinc dust 

( 200 mg } as added to t he Qolution of the ozonide an.d t he mixture 

was steam d istilled~ The steam distillate {40 ml) was divided 

into t o portions. To one portion was a dded 5 ml. of 2, 4

dinitrophenylhydrazi.ne solution. (lg . 2, 4-DNPH., 10 ml . con

centr·ated sulphuric acid, 25 ml. ethanol, S ml. ~.Jater) • The 

second portio-11 was neutralized wit sodium hydroxide nd made 

slightly acidic with dilute acetic ac i d . Di~edone sol uti.on 

(15 g . dimedon in 25 ml . 1 :3 water/ethanol) (5 ml ) was added. 

The two solutions were allowed to stand overni ht. No precipi 

tate 1as obtained in either case , t herefor e no fo r1na l dehyde or 

other volatile aldehyde s h· d been produced ~ 

reatment of -~ethiod ide LVI with Potassium 'ertiar x: utoxide 

A solution of 183 mg . of methio i de LVI in 5 1 1. of dry 

te tiary butanol was treated wit 400 mF, . of potassium tertiary 

butoxide . ( he solution was heated under reflux fo · 4 hours under 

a stream of nitrogen . The nit og n str eam was bubbled into a 

dilute solution of hy( rochlor i c acid to trap any volatile bases . 

At the end of t he reflux reriod the al cohol was r emoved by dis

tillation under r educed pressur e and t he residue was t aken up in 

water . The aqueous solution was extracted sever al time s with 

ether . Th combined ether ext act was washed with 10{ hydrochloric 

acid and t hen dried over anhydrous sodium sulph te. Eva poration 

of t he ether yielded 48 mg . of an oil, Vlli , which coul d not be 

http:dinitrophenylhydrazi.ne
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induced to crystallize. The infrared spectrum of this neutral 

compound showed absorption bands at 34 0 cm-1 in the hydroxyl 

region and a very weak band at 1640 in t he double band r egionse 

The ultraviolet spectrum of LVIII had an absorption maxi mum at 

242 m , which is characteristic of two double bands in con

jugation. The extinction coefficient 3,500) is much lower 

than that expected for such a system e Ttis, however, could be 

due to t he impure nature of t ha sample. The acid solution 

containing t he volatile bases li berated in the reaction was 

evaporated to dryness under reduced pressure and t he residue was 

treated with a concentrated sodium hydroxide solution . The gas 

evolved was· swept over in a stream of nitrogen and was trapped 

in an ethereal solut i on of picric acid . The yellow precipitate 

formed was collected by suct ion filtration and melted at 225

2260C . 'rhe melt ing point showed no depression on admixture with 

authenti c try~ethylamine picrate . 

Ozonolysis of Hofmann Product LVIII 

Compoun LVIII, (102 mg) was di ssolved in 5 ml . glacial 

a cetic acid. A stream of ozone enriched oxygen ( 571, ozone) was 

bubbled through t he solution at room temperature for 25 minutes . 

The acetic acid solution was treated with zinc dust and steam 

distilled . The steam distillate was neutralized with sodium 

hydrox i ,de and was made slightly acidic wi th acetic acid. 



51 

Di medone sol ution (5 mls) C'.l added . 'l'he crystalline dim on 

deriv ti e obtain d was fj.lter a with ouction and after re

cryst ll i zation from aqueous ethanol ne l ted ·t 1J8-139°C. The 

melting point l•'aS not de :tess d on dmixture with a t 1ent c 

cetal ~hyde dinedone . 



'he amino acid C14 H19 01+N, XVII, has been converted to t he 

·------ c ~ ~-dia ~et. 1 cyclic ·a nhydride c1gH22 6N, · XLIV~ and the anhydride ring 

has been shown to be five - membered , t hus lroving t ha t the lactone 

carbo yl and t he o · i inally pre nt amino a cid carboxyl ~ere on 

adjacent carbon atoms. 

Oxidation studies on the . -methyl lactone C17 ~ ,27o 2
XLVI, ave been carried out· ~ nd t wo r ro ucts were isolat d. The 

neutral compound c17a25o N, XLVII, HiS show·n t o be the N-formyl3
derivati v of nd ihydrolactone B" XI(b ) . The aci i c product 

c H o5N, XLVIII, was s hown to be t he compo und in wh ich ·ing c
17 25

had been opened, the N-methyl e;roup ox idized to an N- f ormyl 

group and the carbon atom adjacent to t he nitrogen atom oxidized 

to a carboxyl group . 'hese studies est ablished th t it was r ing 

A which was opened in t he preparation of the N- methyl lactone , 

and t hat t he carbon atom a dj cent to the nitror en atom in ring C 

was a methylene group . 

A study of t e Hofmann elimination reaction on the N

methyl dihydroxy compound , C17H31o r , L, was carried out. The
2

exact nature of t he olefinic pro uct ,res not established but t he 
' 

properties of the compound \ere extensively ·t died . An isomer

ization reaction of the olefin LIV, to a keto- olefin LV , was 

encountered . 'rhis reaction is considered to be vwrt hy of future 

invest igation . 
52 
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