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. . . 

Some ne1r.r observa•'t:iiotls·-=-i-n---th.e-;;.(,i-)s"Ci:O-..,-...;p_yr-ldi-ne· oK'i-dation of 
' ~ :~ 

ner;.fol~ol . .l.2. i. a_nd (_ii) in: __ ~h~ __ a:~t_e;!rwted_pre;e~ration of the 

tosyl deri vati:ve of··.ner:Lroliol-:.:- ... -~ .... , .... <. ·. --·--- · --. 

section A. ; ·. -.C£0.-3:-...·.pyri:ddin_~--,oxidation of nerifoliol : 

?6 . 
Mitra et -.al.-- -converted--neri·foliol- .!2, to the corres-

ponding aldehyde-.neri:folial·-by. sarret oxidation and recorded 
. . 0 . . 

its m.-p. as 76 • tl!!i!D=~t·'.-.·· ... ~.:They reduced.-this·aJ.dehydeby 
. (cR) 0 + 3,. 

Wolff-Kishner reduction and. obtained· a. hydrocarbon, m.p. rqo-qi, 
. A . . 

wh.ich they reported -was.:·same·. as: hopane. but ... did. not establish 
('Y'n ·'l'l"· ~) 

its ident.i ty by. comparisonf:wi-th .an authentic. sanpl e.;· we, 

therefore, atterrpted -to:. repeat· their. abov.e reaction· in order 

to obtain hopane and compare it with an authentic specimen 
. 

of hopane. - .: ' - / - . ·:.: ' ,_.~·-·. ~:---- ~--· .... ; -.... - . ·'.: . 

sarret oxidation of nerifoliol wi~ hydrated cxo 3 

l?yridinecorrpJ.:ex. '"as;' performed- and"''the-·produ(~t obtained was 

found by 1.LC to· consis-t. of· -two· corrpounds.· Careful chromato -

graphy. of ·thiS'-mixture·.o.ver .. alumin·a·~.followed·-by .. crys.:tallisation 

.from a mixture of .. chloroform and -methanol resul te:l in the 

isolation of- a- conpound, ... .-m.p •. - 228-32? • TLC- of the COfitlound \'las 

carried out· -and· the Rf val-ue.,(o.-46 ... : ·Benzene,~-- :P-etrol 9: 11) 

was. found to -be- iden-ti-cal-·ltl·ith that· of -an· authentic sanple of 
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isoadiantone •. Mixed-.mel.t:i.ng.po.int-of the corrpound with an 

aut.h,t=ilntio .sarrple·sllpplied··by .. pro£.-"Berti also sho'lrled no d~re­

ssion. The re>.sidu~ from :the mother liquor .of .. the. above corcpound 

was again cht"'matogrephed over· alumina. The·. solid eluted from 

different fractions -on· TLC· examination .snow.ed t.1z.e .. p.resence· of 

adiantone an~ ·isO.adi-<'~.ntone.:hav.ing .. same·mel.ting point and Rf ......., 
'· values with ·their respective .. authentic. ·specimen •. I·n .this .. 

.reac·tion we failed. to-obtain---any. aldehyde·r.terifolial, having, 
0 I ~ ® m. p. 7 6 · described. :by 'llfd trcl" et .al . • . M:ffatt .. oxidation on 

neri fo1lol was .attenpt~d.·.seJTer.al:· .times pu.t' .we failed td. isolate 

the desired aldehyde, .. , the -o·r.:t-g:Lnal .• alcohol ·being- recovered each 

time. trJe ne>..xt 't;ried C~., .... Pyridin.e ·OXidation. with .anhydrous 
~ . . 

c.r:o 3 - Pyridi·ne ·oomplex--according.,·.to -the method described by 

Rat.cliffe .and·.·-Rodehorst·~., ... The. product ·from.:,this oxidation was 

a single corrpound ·. (-TLC) , which- on. chromatography fell <Med by 

crystallisation af.forded ·-arvst~.J.s, m.p •. 205-6<:> i ,~ nuj~l. 2720, - max 
i7 30 cm1 . (Fig • 34)- M+:. 42-6 ( Fi.g --' 35) • NMR spectrum of the 

compound· (Fig - 36):-showed ,a peak- -chraoteristic of .. the aldehydic 

·proton at %!9...!._6_~. Elemental .analysis corresponded to the ·formUla· 

.c
30

H
50

o. ~::--l i.s significant to note here .. that. all these data are 

' consistent with the,sturoture of,nerifolial .43 •. wolff-Kishner 

reduction of .the aldehyde gave hopane ~ m.p •. 218-19° identical 

with an authentic sarcple (IR-·-··Fig~ 31~.--- .·.·-. 
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The· above obser\rations concerning the products of the 

chromic· aci-d r~aotion .u.nder·-'· di-fferent -cond:t:-tions .suggest that 
..... :'· 

the reaction ·oroceeds .-by· di ffer.ent mechanisms •. Jn .the S arret 
~ . . 

oxid3.tion- .with the -hydrated.,conplex.,obviously .. cleavage and 

oxiqat:f.on takes p-lace, .. o.bu:t.,in- the .. ··absence.·of-kinetic and other 

data it is not possible ,.to pu.t,.,·fo_:L\11ard, aa.,y. mechani·sm. at .. t..~is 

sta.ge., Th:I.S·· reaction .. is,. how·ever.-being .. s.tudied in these labora­

tories in more detail •.. The.prctduct.o£-oxLdation .. hy a.t'lhydrous 

C.I0 3 - Pyridine -.methylene chlo.ride. being. an-.·aldehyde only, 
. 51 

it appears .that, -tn .. this. -case ·-normi3l.;,.ox:tdation ... takes place. 

Studt es ... of- -the mechanisms, of:·.oxidations. wl th .. chromium 
I 51 ' . . 

cortpound~ , · have been- <?onpll.·Cated by~ ·t;he-- fact, that each stage · ,.. 

in the oxidation ,o,fdrost· .. o:cganic oonpounds-·-·,:Ls .• acconpani-.ad by , 

the net transfer -of two- eleotrons.-al,though,:the· oxidising agents 

\ nonnally accept a total of. three,6r five electrons. It is 
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therefore evident. that intermedi-ate valence states of chromium 

are irrportant in the .overall process. The problem is well 

illustrated by the oxidation, of a secondary alcohol with a 

hexavalent chromium. conpound,-. one of the many possible reaction 

schemes for which. is -presen-ted,.in. -the acconpanying equations 

crVI + R..z CH>H !;> R2 c = 0 
~ . + 2H+ ~ cr!-V 

crf-V + crVI J> 2 v Cr ·· .. 

crv + ~ CIDH ~ ~ co + 2 a+ + c_rlii 

Bothp the CrV and the crtV. Species appear tO be more powerful 

51 VI oxidising ·agents· -.than-.Cr -··•·· It ·is.-evident -from the equations 

that these intermediate--valence, s.tates .may be responsible for 

as much as two -thirds o-f .the· .to,tal·oxidation and in some cases 

may lead to unwanted si.de reactions. such as carbon-carbon bond 

52· 
cleavage ·• -~ ' ' . -

Section B a Attempted preparation of Nerifoliol tosylate a 

Isolation of N~rt£oliol-'-·chLori-de- ;,· 

we had also planned to prepare nerifoliol tosylate !a 

by the usual procedure .with purified.p-toluene sulfonyl chloride 

and pyridine -at -roorn.tenperature and then· convert .. the tosylate 

to hopane by ttAH .reduction •... But. in o.ur attempt· to -prepare the 

tosylate !a, by· the-. usual procedure with highly purified 
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p - toluene sulfonyl chloride and pyridine we failed to isolate 

the desired ,.tosylate but ,instead·· obtained· a compound, m.p. 221-22° -

which gave a positive test for halogen. Elemental analysis 

45-

corresponded to the rr'olecuJ.ar formUla giving correct analysis 

for the presence of one chlorine- atom. (.see-experimental) .• NMR 

spectrum (Fig-38) o-f the conpound showed peak at S 3. 55. 
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which are- closely -in conform! ty· with the structure 46. The 

The mass spectrum .(Fig-39) ·of the conpound showed peaks at ~fL., 

11• 446(M+-)J4:3~~H9;·22..7;2.2.,;2.u~rqJ)74CJWhich .again confirms the assigned 

structure.-. 

In the above reactions we see that the normal reaction 

is retarded and instead-a different. reaction -takes place giving 

a product by substi t1.,1tion with, a, chloride. io~. The rrost probable 

mechanism- for. the: .reaetion .. may. be, depicted. as sholrm belo'"'· 

The reason for this retardation of the reaction may be due to 

steric factors. Construction of .the model. for Nerefoliol shows 

/ 
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that in the formation o.f the tosyl derivative severe stedc . . 

in·teractioils' ·resuJ.:;t ·,-·.··~olhich.:fn .. ,all·. probability. d~vert.S .. the 

reaction to· a substitution~. reaction,.by. frontal· attack as. 

shown ih the mechanism .above.Wa2.are; however studying the 

reaction with· di.fferent.substrates O·f similar.nature and 

the results will be repor·ted in a future .. comrnunication. 

At. the; p.res,ent m:>ment, no definite conclusions can be drawn 

for ~'is,·~req.ction behaviour. The. mechanism, shown above, 
,' 

however,. seems reasonab+e •. 
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Fig 39 i, Mass speot,rum of ·the chloride 46 
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. .... ) .. ·_EXPERI-MENTAL 

Acetylation of neri.foliol, J:&_ s . Preparation of nerifoliol 
' . . .... ' ~ . . . 

acetate. 2o.· : -:-- . 
... ·._ ·~ .~. __ ,_ -~ -~ 

' • I • ' • I '' ~ ' ' • 

The alcohol j2 (2oo mg) was treated with acetic anhy­

dride (4ml), and pyridine (4ml) .and-kept ,overnight. at room 

tenperature. After. working :up· in· ... the- usual ·manner the crude .. 

acetate ( 190 mg) ~was obtained ... This prodUct dissolved in 

benzene (3 ml). \'las-placed over.a-column.o,f -alumina (15 gm, 

deactiiTated with 0.;=6 ml o£~10%-aqueous .. acetic acid) developed 
. . 

with petroleum and--\-ras -eluted with- the-.foll·owing solvents 

(Table - -XX).:· 

Eluent 

Petroleum 

Table ·-· jOt 

Fractions 
So ml each 

1 ~- 5 , .. 

......... · .. 

Resi-due on. 
evaporation 

Solid ( 180 mg) 

0 m..p. 192-4 • 

Further elution with more polar solvent did not 

yield any solid material:. 
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Fractions--1 --·-5 .. (,180 mg).:· .. were. combined and on crystallisation 

from a mixture.-o.f chlorofo.rm. and,methanol .... fur,nished-.nerifoliol 
·o acetate'· 2Q.;, -m.p•,·195-96-.·-.,,,-,_.,, ... · .. ·? .. __ .- •• .\, · __ ., .• _ _._ ,. __ ,_ .• , ..•..•••.. , •... 

~und a c, 81. 69; a., 11. 50% 

IRs ·~ . . .. ~ ~: . ' ·. ~ . ' 

Chromic acid - pyridine .oxi?ation of neri.foliol l2. ; 

Preparation of adianto.~e ~d iso~aqi~ton_e 1 
. - . - '' '. '-~ . ,_._ ·.• ·- ... -~. _,., ••. ~ .. - .... ~~·.··· ·.·< .. '· ...... ' 

·' 
Ne:O-foliol--· J2. .(200 -m$J) -was o~dised with C.t03 - py 

\ . . ' . . 

conpl~x p~pared· from pyri.dine- ( .. 2 ml.). an¢1' .cro3 (·aj_o mg) 
0 , 

at 15 c. Excess .cro3 was.- destroyed by adding 15 ml metharJol,. 

diluted wi-th ethyl: acetate.,and fil-t:ered.' .. -Ethyl- .acetate was 

the concentrate· was-' taken. -up :Ln. ether. The ether 

solution was washed -wi-th -5~·-hydrochloric acid solution, then 

with water·un·til neutral a!ld'-dried---(Na2so4}·· -Rem:>val of ether 

gave a gummy. residue. -I--t·.,·showed.two--spots ·in. TLG examination. 

The residue (160· mg)- dissolved in. benzene.(3 ml) -was placed 

over a column of alumina .(.15.,gm,. deacti.vated with o. 6 ml of 

10%. aqueous: "acetic aci.d) -~developeti:·wi th p.etrol.eum and was 

eluted with the _,following .solven-tso.---(.Table XXI).,_ 
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Eluent 

Petroleum 

Petroleum : · 

- 259 -

Tabl-e- m· 

Fractions 
SO ml each 

1- 2. 

.,·.3- 4 ' 

Residue on 
evaporation 

solid, m.p.l92-94° 

(trace) 

0 Solid, m.p. 225-30 

. FUrther el~tion with more polar solvent did not 

yield any solid material. \,• !' .; _ ...... '.,_ 

-
Fractions 1-2 were cotribined and on orystcillisation from a 

mixture of chloroform -and .. methanol: fumished -•.:lilt· crystals 
. 0 . 

of m.p. 193-95 • This- could· no,t. b.e. investigated further for 

. want of sufficient. material.·, ~·,., ...... : . . -·····-.· 

Fractions 3 - ~ were combined and Oil crystall~sation gave crystals, 

m.p. 230-32°., This conpound- was--identified a~ isoadi~tone (IR and 

co - TLC). The ·mother l-iquor from isoadiantone on rechromatography 

and subsequent TLC. examina~ion showed -the pres.ence of adiantone. 

AtteiTpted oxidation of nerifoliol J.2. acco.rding to the method . . . . ~ . . ·' - •. .. . . .... -. . 

49 
of. ,Mjffatt. .-et al··· · : .. - ~ 

Nerifoliol. J2. C 300 mg) was added to DMSO (2. 5 ml) and 

benzene (2. 5 ml) ·.c~ntaining .. ooc '.(o. 5 .gm), pyrj.dine (0. 6 ml) and 

the solution. was- kept overnight •. - Benzene. -(SO. ml) was added and 
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filtered., '·The- benzene, solution ·was extracted with water. dried 
1-

(Na2sp 4) and _evaporated.-. The.· .,residue- (-27 -·mg)'-. on chromatography 

over silicagat· ~(20~ gm)·. and,·subsequ·ent crystallisation -o·f. the 

· ~olid · ( el.uate .- C6H6)~- from a. mixture of chloro~m- and math-
.: . . . . . 0· . 

anol fumished ~ine needle-shaped· cz.-ystal-S'#· ·In•P• 244-:46 • This 

conpound was. found., to,. be identical, with< the starting mat.erial 

'-~--- . -·- >··- .. :- ·.- ·--~--- .... ' '··. ~ - _.:.. · ..... _._ ·- ... -....... -~-- .. -· ' 

0. 
Oxidation of nori fo·lj,l· 12. iri anhydrous condition ~ 

Preparation of neq.fol~al_ -~,I~ 
. . '·---1 -.- .. ··)·:'"·•:;:;.'1:"·.~.! ··.;_"'~- -~----~ .... ~ .. l-.-,J- ..... - ..... --"!,••·· ··-. 

Dried.ch-mmium- trioxide-powder (o.6 gm) was added to a 

magnetically- stirred.solu-tion-o.f -pyridine -(0.95 gm) and anhy-

. drous--methylene chlori.de.:..,(lS-:ml.)--.... The-.flask-~was -stoppered with 

a drying tube ·containing -d:ri-eri te, ·-·and -the -·deep -burgandy solu­

tion was stirred--for 15 minute,·-at ,room -temperature.- At the 

end of this period.- a" solution,·lof .the .alcohol,·, (0~426 gm, 1 m 

mol) .-in a small- vol-ume of- J!lethylene,chloride- was· added in one 

portion. A· ta.ry •. ·-blaek ;depos:l.t .. separated imnediately. After 

stirring an -additional 15· minute. at· room temperature. the 

solution -was decan.ted -from ... the. residue. which-was .washed with 

100 ·ml of :,ether. The combined ·or.ganic solution _.was \"lashed with 

three SO ml portions of 5%-.-aqueous"-so.dium -hydroxide solution, 

SO ml of -5% acr..1oous, HGl.-- so. ml .of 5" aq. _sodium bicarbonate 

solution, SOml of saturated aq. sodium ,chioride solution. and 

was dried over- anhydrous--sodi'-lm·: sulphate. -Evaporation of the 

sol vent at -redueced pressure. afforded a --gumny residue ( 390 mg) 
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This .product dissolved. in .. -bezizene (5 ml) was placed over a 
' ·' 

column of alumina·-(25 gm, deactivated-with 1 ml- of-a 10% 

aqueous. acetic acid) . and was- eluted Wit-h the, following 

sol vents -(Table - XXII) 

Eluent 

Petroleum 

Petroleum : 

benzene (4:1) 

Tal?le- XXII 

Fractions 
so ml each 

l- .3 

~ ·.- 1~.' 

.' ... · .. 

.Residue on 
· evapo.tation 

Nil 
. 0 

.SOlid, m.p. 202-4 • 

Further elution with rrore .polar sol vent did not 

yield any solid material.. - , ' .. ,. ·· , --- · - , - .- ~ 

Fractions 4-11 were combined and on crystallisation from a 

mixture -o-f chlo.tOform .. and methanol ,fumished -colourl.ess needles 
. 0 

of aldehyde • nerlfolial- ~,, m.po -205-6. -

Found : 

Calculateq. for -c30a50o -·:­

I R J 27 20, 17 30 em~ l 

C, 84. 41; H, 11.85% 

Nl..fR sp~ctrum (90 MHz) ; . 9;. 65 (doublet, - C H 0 + Fig • 3rq 

Mass spectrum : M+ 426 Fig • 35 
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Wolff.-. Kishner reduction 37 of nerifolial ~ : 

Preparation .of. hop~e H • 
• ....- -.· ~ .. ·.;:_ •• - .... 1:0~,' ... -·-~· ...... '--:~- .!"~· 

N eri fol i.al :ll ( 200 mg) in diethylene gJ. ycol ( 30 mJ.) was 

.refluxed-.with hydrazine·-hydrate. -(2.:3 ml) ·-for-. 30 minutes. After 

addition of KOH (200 ~g)., the mixture was -further refluxed for 

one hour. The condenser -.was ·removed .and .the mixture was heated 

to 190°~ After refluxing for ano.ther--2~ hours the reaction 

mixture was cooled, dilu-ted with water when a solid separated 

out. The ·aqueous pelution ·a.fter.~ust:.r:al--wotk:L-ng up gave a solid 
' . ' 

residue (180· mg)·. This; product dis;solved :t.n petroleum was 

placed over a column of active alumina (15 gm) developed with 

petroleum at:ld eluted with-the follol'ring solvents (Table -:'XXIII). 

Eluent 

Petroleum 

Fractions 
50 ml each 

1- 3 

·Residue on · 
. evaporation 

Solid, 216 - 18° 

160 mg 

Further elution. wi-th ---more .polar -·solvent .oi<i not 

yield any solid.tnaterial. ··-· -. ·, ·,:. ·.;· ... :., .... ~.,.;_ .. 

•.;. 

.-.. 
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Fractions 1 .... 3 were combined and on crystallisation from a 

m:txture"of chlol:Ofb'rm-and-methane>l·--furnished fine needle­

shspad crystals ·!'!,-'· m.p.- 218-19°. ~is corrpound was found 

to be ·identical with- an -authentic sanple of hopane (m.m.p.) 

' and identical I R). 

Found =· •:,,., . ' c. 87. 43; 

Calculated for C361\2 
·:. '·--- .·.c, 87. 30; ._.·,.' ... _ ~·-·:· 

IR : 

A tterrp teci to sy1 a tion of neri fo1 iol .i2_. s 

Formation o·f NerifQliol chloride 46 : 
- • • t~ -.. • .- :·.;~·t·-"·"··-:t"·· ·~r-.,' -·.:._~;_...,., ~~~ .• -,,.;; • ..,,~-~ ... ·.,. __ ., ··r-.~~. 

H. 12.67%. 

H, 12~ 70% 

Fig .. 37 

To neri foliol· li, (200 · mg) dissolved in pyridine ( 10 ml) . 

was added p-toluene-.sul fonyl.,~ chloride --(·200-- mg; purified by 

crystallisation) and heated.on. a water bath -for 3-hours. 

The reaction mixture after. .usual ~,-,working up and subse­

quemt crystallisation ... from-,a mixture of- chloroform and 

0 methanol fumished fine crystals !§;, m.p. 221-22 • Elemental 

analysis corresponds to -the presence o,f one chlorine atom. 

This corrpound gave positive test for halogen. 

· ... .: ") .. "' 
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Found ,, 

Calculated for c30-a51c1 • C,. 80. 62; H, 11.42% 

NMR spectrum : ~ 3. 55 '· --- .. . ~~ . \, 

Jv'iass spectrum. ; M~ 446 

· Fi <5l ,_._. 38 

Fig·.- 39 

' ' 

To -n.erifoliol ll· (2oo ... mg)· dissolved in pyridine (10 ml) 

was added POC'.J. 3 (5 ml) •. · The-.reaction-.mixture was heated_on water 

bath for 5 minutes and -kept overnight at .mom .teil!!?erature. This 

mixture after us.ual woJ:k-ing up gave a solid·-,residue (180 mg) 

which tvas subjected·to.chromatogra,:?hY over alumina.(lS gm, 

deactivated .. -nth o. 6 ml of lO% aqu.eous acetic -acid) devel·oped 

with petroleum and eluted-".vith· the· fo11owlng solvents (Table-XXIV) 

Eluent 

Petroleum 

"'., .. '•' .· 

Table- XXIV 

. , ... -

....... ,.Fractions 
SO ml each 

,·.,,,. "--1--- .3·· 

Residue on 
evaporation 

· Solid, m.p. 220-22° 

(175. mg) 

Further -elution with- roore .polar. sol.vent did not 
{ 

yield any solid material. 



F·ractions · 1 - 3 were Combined and on. CJ:yst1Ulisation from a 

mixture o'£ chlorofo.rm. and·methan9l. g.ave .. crys.ta;ts, m.,p. 221-22° 

which v1as fo:und to be identical with .the ch.;toride ,!& .. (m. r;;t.p) 

I R,. NMR and mass sp ect.rUrn1·· 

Attempted hydrogen\'olysis of th·e chloride 46 s 
. - . '-"'· '-~ : -~, - _ .. ;._-: ~ 

The chloride !2 {:200 .mg) -dissolved. in ethyl acetate (2Sml) 

was shak~n .in an:.,·.atnosphere .. o f ·.h.ydro.ge.."'l -in -Presence o·f Adam's 

catalyst.- -The reaction mixture ~fter usual working .up gave a 

solid residUe (180• mg) . .-which.-.on subsequent crystallisation from 
. . l - . 

a mixture ·o'f chlo·r0·:fo~rm and· met.\lanol .. furnished .. colourless 

with the starting matritia.J; :(m.·mecp.) . ~· .. · / ' . 

Att-e.c-rpt~d · dehydrohalogenatici_n of the: chlqJ:ide !§.with potassium 

hydroxide •.. ' .. ' ,_, ·. . . --~- .... -._ --~- $.,. ___ ....... ,-' ...... ,. '~ .. , -·i : "'"1 ----~ ... -.r ...... ·:. .~.:.. ,:~. ,' .. ' -~ -

The cblori.de .!2.. (200 mg) was added to 10% methanoli<: 

KOH (lO ml) and re:fluxed. for. -7 .hours. " .. The .reaction mixture 

after usual ·Work ~P· .. gave .q.· ·.solid._rasidue (185 mg) which on 

crystallisation from a mixt~re of. chloroform .and ·methanol 

fumished crystal s,.".m.p. -221•22<? •- -'I'his C"'...Oil\.OOUnd was found to 

be identical with the starting mate.rlal- (m. m.p.) . 
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Attempted conversion·of .the. ?hl_or~de !§. to the co~responding 

iodide : 1", ;".' .... 

The ohlo:r:iqe·. 4 ~ (200 mg) di.sscl ved in acetone {20 ml) 

was treated with Ni.!_.a I-· (200-·mg) and .refluxed en a water bath 

for 7 ... hours· •. Tfie·;.,reac.tion"mbt-ture. a-fter. ·U?3Ual. -w~rki·ng up 

gave a solid resi&le '(180 mg) '"hich on. crystallisation fro~ 

a mixture o_f .. chloroform and. methanol. furnished crystals,.' 

m.p. 221-.22~, identical. with ·,the .. stsrting.·material· (m. m.p. >~ 
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