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FIG 2 . 

a) IR SPECTRUM OF DEHYDROCOSTUS LACTONE ( IN NUJOL). 
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b) IR SPECTRUM OF DIHYDRODEHYDROCOSTUS LACTONE (IN L10UID FILM). 

c) IR SPECTRUM OF HEXAHYDRODEHYDROCOSTUS LACTONE (IN L10UID FI 
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CHART No· I 

Scheme of separation of the constituents of Costus root oil 

COSTU S ROOT OIL 

CRYSTALS A 
(1·9 Kg·) ! Ch ,0 m a log ,aphed 

Consists mostly of 

i) Costunolide 

ii } Dehydrocostus lactone 

iii) Traces of other products 

WATER INSOLUBLE ACJDS G 
( IOOg) 

( 8 Kg.) 

Mixed with 4l petroleum ether (40-60°) 
and kept at 0° for 12 days 

r---~· · 

MOTHER LIQUOR B 
Kept in deep freeze at 
_ISO for one week 

CRYSTALS C MOTHER LIQUOR 0 

( 2·5 Kg.) (Material present 3'6 kg. in solution) 

~ChromatOgraPhed Step-wise extraction witll 
Consists mostly of aqueous alcoholic KOH ot"-

i) Dehydrocostus lactone 

ij) Costunolide 

iii) Other products in traces 

AQU EOUS FRACTION E 

Acidified 
NEUTRAL OIL F 

(3·3Kg) 

WATER SOLUBLE ACIDS H 



PETROLEUM ETHE·R 
FRACTION I 

(672g.) 
(Sap· value 26· 43) 

lChromato9raPhed 
thoroughly on 
grade I alumina 

Constituted of 

i) /J-selinene 

ii ) aplotaxene 

iii) other hydrocarbons 

iv) smaller quantities of 

oxygenated bodies 

CHA RT No.Jl 
NEUTRAL OIL F 

(3·3 Kg.) 

Chromatographed in one lot 
on 45 Kg · alumina 

BENZENE BENZENE 
FRACTION K FRACTION L 

( 3 3 5 g. ) ( 200 g ) 
(Sap.value 160·4) (Sap.value 161-4) . 

1 Chromalographed 1 ChromalOgraphed 

Constituted of Constituted of 
oxygenated compounds oxygenated bodies 

METHANOL 
FRACTION N 

(l60g) 
(Sap. value 174·9) 

1 Chr·m ....... 

Constituted of 
oxygenated bodies 

including a methoxy 

lactone CI6H2403 

m·p. 12S
O 

[ocJ
D 

+ 107'3
0 

PETROLEUM ETHER:SENZENE 
FRACTION J 

ETHER 
FRACTION M 

(560g.) 
(Sap. value 174·8) 

!ChromatograPhed 

Constituted of series 
of oxyg e nated bodies 

(370g·) 
(Sap. value 167'8) 

lChromatooraPhed 

Constituted of oxygenated 
bodies includ ing a diterpen i c 

01 co hoi C20H340 

m·p·135-136° i 
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CHART-HI. 

Pet· ether- Benzene Fraction J 
(500g.) 

I I CO ,o malog,aph, 

f--- - -l- ~ t 
ABC 0 

eluted with pet . ether

benzene(35g .) . 

eluted with pet · ether

benzene (2859·) 

eluted with benzene 

(40g ·) 

eluted with ether 

(55 g.) 

Idlhydrodehy1rocostus IOitone 

A4 
(Oxide) 

I fractionation 

~ A, ~ 1 
A2 A3 IQ 

CI 

I chromatography dlhydrocostuno llut! 

W 'i' 
C2 C3 I (d ihyd ro- d e hy d rocost us ACID COST OL 

(converting to (impure) 
lactone) Chromatography I 

lactone) 

Chromatography 
I 

f ~ ~ 
A5 A6 A7 A8 A9 

(C
I3

-ketone) l~- a (3-lonones) 
dissolved in 
alcohol and cooled 

~ ------------ l------- l 
AID 

(Ester m.p.294°) 

All 

° lHydrocarbon m·p·62 C·) 

~ 
AI3 

AI2 

(mixture of esters) 

Saponif ication 

A'4 
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CHART-IY. 

Fraction 8 ll50 g . ) 

I Saponification 

~-8

1 

--t\!J--------
Loclone mixlure B2 ~ 

t60 g.) B3 
Acid converting to lactone mixture Unsaponifiable part 

8 e 8 9 8 10 8 11 
\-- "f 

Oihydro-dehydrocostus 
lactone 

8 12 
Dihydro-de hydrocostus 

lactone 

86 

8 13 

8 7 

( 15 g.) (60g. ) 

I Chromatography 

" '" 
t "8 8

18 
B'5 16 High pr ... 8 17 I 

( C - ke Ion e, at & (J - I Froctionotion hydrogen.,1 
13 . ) ' f' tl lonenes saponl Ica 

814 

8 19 820 B21 

I Soponilicoti on 

~~ ___ --L----'~ 

8 22 8 23 
( Dihydro-dehydro

costus lactone) 
(Alcohol mixture) 

824 
(He xahydro-dehydro

costus lactone) 

Fractionation 

826 I Chromatography 

~~-------+~------~t 

8 27 
Dissolved in 
pet.ether and coot., 

8 29 B30 8 31 
Lactone mixture 

containing 70 % 

met hOlY lated product 

CISH280 

AN ALCOHOL 
8 32 

SOLI D, m·p . 184° 
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a) I R SPECTRUM OF CI3 KETONE (LIQUID FILI'y1) 

b) IR SPECTRUM OF 0(.- IONONE (LIQUID FILM) 
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FIG . 1. 

(0) IR SPECTRUM OF "COSTOL' (LIQUID FI LM >. 

(0 ) 

(b) 

( c) 

(d) 

(b) IR SPECTRUM OF TETRAHYDROCOSTOL (LIQUID FILM) . 
• 

(c) IR SPECTRUM OF COSTAL (LIQUID FILM). 

(d) IR SPECTRUM OF SELINANE (LIQUID FI LM) . 



Temp 200°; Succinic acid polyester 

of diethylene glycol 

Gas flow (H 2 ) 50 mljmin . 

FIG. 2 . GAS- LIQUID CHROMATOGRAM OF "COSTOL
I
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e. I. 

'.ooDd, · • II1IIor OOIIPO ,,, .Sail 17 

ldelltUt..4 .. 4iepox14e I) ot h 1ll._ • 
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III Ul1a 1.,. posated 0 t, a 

elo"17 rela.4 ••• utes- • ,.pbFlla. Ul) lao 
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14eDtloa1 vl.tb .,..'-111 ... ODd. lao '" by Ielclel, 

Mu1la~ &lid bSuli tIOII .... 011 ot 1& ..... 1'. 

IpoXl' laoto._ 

(1) m ...... LI 

I1lmDVII _ r f t'
ooapo.lt&e tuily. fb1. ooapo • Cl?laOS' colltalu • 

laoto... rbi, _toq poup, ,_ 40 b1e bo • aDd aD 

OXfI- f .. _1oa wb1eb 18 _ltb.. a bTdrox,l _sa • Jr.to 

p aDd, Val, ~"1'oNf ... S ••• d 0z14 character. !b. 

leoula vu tbWI .,.oarboo,011o. 0_ ot the .,.-la 
bo va. .bow _ be ao.~ .... Vitb __ .. bo~l IJIOUP 

of the V-la • Tbe Ire, e r"'" 1D tbe .,""tUN 

.... aD •• apt to .. "late ,,"'bro.lD 

ill 014 101_1cD, 1.. to ope 1DI ot the oxide 

riDe aIl4 t ..... 'ion ot 1010".. lla I), a b101011o 

procluet of u.. .. 11..... ..sale •• 

Prn .... iD Val ..... roJIM. law a 4.1'1Ya\1 .. of 

tbI told.D •• 1'1 •• at,. aD .la au. _Dee of Naotlou. 

vb10b lea... DO do1.ll* abo , Mil ........ riAl 

.VwI'~. 1Il reoently ,olalaD aDd cIeMa,.11 

pro'" tale p ....... of ,be 1.I-epozide 1D , .. _18o~ It, 
bo ria.'loll ~ "~P'"tbzrol1D (XYII) to \be _to.. (DIll), * UUI of roD,rifl_ride. 

1. 2(j 
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ot Ule • • :JI ....... ::DI 

,te. t ~ 
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.xper~lIU, 

., XIX. 

aDd 00 nar. (l,N .01) n able to 

1 ooDtUv joB of p~'Uo.1D at 

w.. ...... l0 MIl,". Sa ,_ .tud, 

belli al, ,-.10 1 .,..val pe •• 

la \ale aad 1u 11.9 '1ft •• 

bul. of 10 .beII1 1 dept a 1.,. 

aDd UV' pe tra the, aa.1pe4 to 1t the 

QoySDdaobarl 

p _.114. tN. ,be '1O.'PI0I" 

&J'I'iye4 at ., II tor l' as tollova. 

.. U4e, •• p.ll , )D - 7fP, po ••••••• 

12', 

riDa, ale .. aJl4 aD xnea ,..'1011. 
e De of' deale ada 11 070110 ab4 ooa~ W v1t1a 

" lao 
to be P I.' a 1, .. ,oxide. !be .. ".14'. 
~ .. 'he tea n4 -.0 ,c11e au tun ot .parthnDW •• 

ape tr_ of part. 114e"'va •• Sa let ( ) a' 
rt c. 1 on 0 boll oal'rJ'iD& oq, .>, & 11A&1e' )a.t 

r( <-_1 011 a doule >, two •• t. ot do_leu ) 



.7'i (l - a.1 .) 1Dd1 1_ t aft '011 
__ :aa. po t 11 1'untle.. ooat1NI • 

to 1'11& 

phi. 01' 

o..w_1Jaia 

• WI) to a Y1ll71 p_.--. 
~"1"'.'1oJa 01 11. ib .. pr.. of 

pa ."-.11 Ii • t.aardn bellDl1de. t ].a 

"pa18.' • _l ··~t" 

a do 1e • .1~7 ( _tb11 po 

't t I- 7 ., d 

be. .,.a I' of D&I~llIIOllde 

.. • lMI'lT .bon 

PU~~._lJ4e 11 11 bea. I. 
., tor »&I~IIIO 

" 'loa ,.rleDl1010 

I' 411appear a .bar, • ( ) 
to • -tlarl 0 tile .,. ... - { - 0 • 

41..,. W •• 1.,.. o:,... ... lI1a 0 4e~_.Ult 

it t po..... .... . I.e a <XXII). 
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be .1'loIa ot ,be .poq 1'111& 011 oarbon to." 
• 

~1~_. ._ 
witl.riM 11 •• ' a111110 a1 I, wblch OD _41 10 

r1e 14. a aW., wSol. !he 1&.. oou • 1'Sod10 i4 

1Ddloa 1aI \be a ot I, -4»1. bla 1a po .. lb1e 

01117 it ,he. side 18 011 o&rllon a " and I 1D 'b. 

•• traM _I'll. cia' this nol.1o. 

po.alltla. 

!bat ,..._.W. 18 )fep" •• " by au. UN XX 

• rat • I7iDI out a .. rie. ot d •• r _'1 •• 

re tiD OIl panb W., wblob 1l1' __ ~ 1M -. 

tbe to 1011 t 1ev\l11a1o a14eb7de. be 1eY'I1SnS 0 

al4 )Qde 0" oDll' is. ho aVuetun IX vltb the ul-

.... tl' do 18 lID lie .Il C1 C10. 

I-Pl~DDl1de "&4117 Nandi •• to a 

tert1UT 100bol (XXIV) 011 t a Vi'" lID atr1l1.r1de 

.ta.rau. !be ... 18Id .1... be.-.laM vl peat 

t&olU ., oa bea v1 tb paUMi al. OD ,be 
.. 18 ot 1u _1eou1..u veilb , ._1'II1De4 b7 a 

'pM • pr. l' .1301114 __ b107011o. tbe - ... vas 

".1IM4 • XXIV 011 taw bul. ot 1'. MR .pe t 

••• pr1Dolpal t .. ,... an do"t.1et ( ,Ja 1 op.) , 

8.78 ~( ,1 CU>, • rp a1lll1. (3II).t · .'n-t 

~tbJ1 at C" 011 oarboll. iIlI bJdl'OSl'l), dout.' . 
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I I- 1.a op.) , .321.. <-U171 on do 1. bo ) d lID 

• 
a1&n1tlcuc. a1M. 1Il aU pl'"101II17 1'. Ned • 

ill 'b. 0 •• ot .. reel a.'Cl1d.terpe.. oDlJ pertq4lo-

Ilapll' 18... haft D reported. 

( ) ) 

A.l1 ePO I laDoU4., boNaolD, obt. Wei tro. 
'-':-..IIiaI...- ,lpbU.p lollllal 

to tbe t 111 ,reoeD'17 bee a1Pe4 

.'ruo'ure by 'e. ,+1,21 Oil ,be It 18 of 

.peO'101OO r. 

( .. ) glob"tp (Xl1J) 

'.r olo"11 n1& __ lide, lo1a1oill 

(XD I) uola_d fro ~ ........... laNt", wu 1" D'~ 

to tea aDd oowrar •• 22 

1n t 

.truo'~l t •• urea "-, .xbiblt. It .. t.l' t t. 

y.ra tit. u. ooa'UJI011 ... oollftrt.d iDto Ita 

_IID- 41.. %1.... Co.t lid. <xxvn). vb10h 11 • 

tell.... r 1'1111 1 to .. baa • ohar terla'10 di.Vl1MRloD 

of ole ..... in tbe -.laoula GaD rilb ~ be CODalde .. 4 

h. at ooapoUDd of tbe I' oruol1cSea. b lIIportaDoe 
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of '.D __ I_re4 carboo, 1e OOIlPO 111 terpene bSOI .... s.. 
SD U I'a 

• II 0& 1e oat 1ft 0 

but 1\11 .poxid.1 W" DOt 110 

tb. tloll ot ,. 10 aaU t 

.te4. U. .... ~d .. abo 

.. ~I!-II'lI·1ft work 

114 ,2 

,b1 
N •• t1-

"actio_ of a' , • p.a' ot tbe 

an.aut!7 ot 1 &lcIe1 be lporet. tile 

O •• lII'r ot P7N'brNiia .. eDDlid. ill , ... 

prov14e ,_ '-~ 1 • 

the rwued IV. "" ot p (XX), 

110 .ed... r, _1J'duolaa It. "latSoubip 

vi'" t \IN t 001 lide. 'fbo h ta. Itnot .. 

ot lide v.. t1l'll~.1 bUa , tbe proltl •• ot 

1u a late eoBftluratloll ha4 1M. ".,tled. It 

appeared ,bat.&1 b1e 1Iato 'loll boG tbil poiDt Iaq ... 

o~&J.Ded __ ., J1III t .pox1de1 ot 001 114e .. 

of ~11d. vu DOWDI 

, , .... poxide of ooa 11. a _ .poxY. f 

001' w. u1d pnpal'ecl aDd oba~ .ter1Md, 'bi 

• :r .. ture ot par\heaolide u1d.. tunb I' ooDtl and 

tbe •• reooh_ t lt17 uld &lao follow, 1!Me both , .... 

n .. 1'1&01'0 13.. ablilbe tOI" • aDDlld •• 1 

D1h7drooo.' l14e, .p. T'I.7fP, va ... leet.d u 

tbe atartSDI \lDd tor ItudJ1q .pox1datloll ... It 11 

_1'8 .talt1e lSapIa. It aDD 11 de • 
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It v 01» •• " d. 17 in t phs.nt .t1pt;1oD 

that tn. prod 'obta 4 1»7 proloq.4 (. boura) 'loa 

or ,.,.MU010 0 OD d1hJdNCOI \810114 .D1b1t.d • I'p 

bu.nd 111 , lpeotr a 3MB 0.-1 1Dd 1c tme the 

pre •• noe ot ~ aoapo • tt. b14 X7 b v 

folDS to 

bpe" • we,.., n oarr1a4 out v1tb 41b7dro-

cOltWlO114e (XDln) ua1DC 0 1e two lei or 
perbenaole &014 1n chlolOto solution at 00 tor 19 bour •• 

the product., bowever, I.wd a couid. ble r 8 1D the 

.. lUDe po1At. Rep •• d orp U a loll. 1111111 utena' 
aol •• Dta and solYeJl aUtUN' va ot DO nl1. 

POI' • 1., d1bTdJ'o at 11 v .. that 

wi h 0 .,le ot per uo1e aoid 111 oilloroto solution 

t 0° to boaara, tbe produo v toUlld to hay. .p. 

7 _1100 , eWJl r • "l'a1 oF1- llli \10111. 

yide' fro. tbi., at the t1M t to. 

v 1IIpoJ'\Ult. IdaIt1 at., ot be epoX1 tloll 

naotion _1q ODe aAd two 18. ot pel'HDaoie acid 111 

CAloJlOtolll OD 41_= atUDDlJ.d. v iD1t1atecl. It w 

o.ned t 01'1 .,la or rbeD.lol0 ao1c1" 001ll 

wltb11l 18 •• aRer wbloh tt. .Ol'ptioD n"\I&111 
• pped. tbe .. eond ., 1e v COati at t nd of 



• bo\lZ'a. thla obH at10n vas found true tor coetuaclid ... 

vell. 

D1h7dztoooatLUlOl1de Val' ratoN treated with 0" 

11018 or perMu.o10 & id 1n ohloratera .ol~tloD and the 

1"8 0\1011 Il1xt\U"e Val worked u., artu 16 minutes. the 

pl'OdlU!t, eYeD atter .veral ory.taru.atlOllI. v , 

beVtlvert toUDd to bt aonbo.o ...... a.p. 80-11'. 

Coapal'dle ",ulu v.,.. ob\a1Mc1 vbeD ooat\lDOU4. 

vas npJ.78c1 de1" .11111&1' ccmdltioDI. 

Dl,bJUoooa .. 1l4.01l bea'" v1tb 1.2 '.,la. 
o! per .... lo 14 Sa eblolOtON aol1lUoD a' 0° tor 

• bo •• , tlIftlua.. a OJ7IIKUiDe .. lIpen.d, a.p. 110" • 

It va •• "..talUae4 \1110. troll beDl .... petrole_ • __ r, 

a.p. 118.1"", ( >17 - ee.d. It. 11\ .pectr_ 11. 1) 

exhibited band. at 17'73, 187 , 13411, ~9, 1100. 1188. 

I ,1183, 1181, 1081, lOI4, 101?, 1 ,991, 9ft, 936, 

900, 874, • 108, 18 , 138 aDd 114 • ..1. 

Ita JlMR epee__ 0'1&.1) abow4 11pa1l at 8.18. 

8.1' and. 8. <t ( eaob) 4u. to tbe three _'bJ1 PO. 
at C4. ClO and C11. at .,. 8, 7.08 1 (lB, each) due to 

the ,., pftWDI t C1 aa.4 Ca and a t 1ple' at 8.18, 8.06 

and 6.10 7 (111) d_ to t proton at 06 011 earlion carl71Dl 

oxneD. ill ape __ vl~ IthO'''" DIX tOI" dlepod.4. 

of d1bPrOoo.'''W •• 
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'It. _1 ilia poUl' aDd Ule .,-01fl0 roktlon of 

tOe cll.poX1de of 41bJclrooo.' Ude apeed vlUl ... 

ot apoX7 4i1IIVopartb 11de (UI).11 the 1den.l , Val 

coat1 .... b1' '.11_ U. Id.u4 -lUlla poiat v1th _ 

A.belJtlO .... le of. .,.sJ.bJUop beaoUde (Idlull., 

.qppU.4 b1 ,. ... 1' .1Ilc1aobal1.). peo of 

be) th the .-.ple. were .ape .. lIIpoaable. 'fbi. 14eM1', 

oonclua1 •• U pI'O'Ie4 tba .poXJd1bJclropaftbeDoUde I) 

bad ~ • .... le',., .. dihrd oat\llMt114. (XXVIII) 

at Cit ~'7 aDd CU •• 1a. ,be y- a .. I'lDC 1. vaufr • 
and eM Cu- _1 18 -on. ... tb8 .teNOO latJ7 ot 

pa!'tbeDDU4e l'"lt. U. IMto r1D& ~laOtve tb_ 

tollG" •• 

oo.tuDoUcl. tbe • oon4ltSQu ft tJrult1e •• , aI 

the ra.ul'1aI PNt • alv.,. polJMrl .. d terlal 

.r 1&114 , ... ft',,,," 00 lt1ou. 

,be ad.Detl 4.'. lt v 0 en_ Ula' tM 

til's' .,18 ot pe .. MU010 &014 VU 01' vltb1D tln .. 

aiD ... vblle the 0"1' 1'. ulncl • boIII'. tor eoIIpl.etSoa. 

It vu 'b.. n oDal»la to. po •• ,bat ill .uoh • Cal •• 

.,aoepoDde _1114 be. lIT bolatAd. DB tbl. id •• 414 

DOt .. ' •• la11ae aDd •• a obro toanphy d14 'neU 

p .... oollPO • JaNa'1F. "'Il the '1'18 .. '1, ... 4 clo 1e 

tIo • SA .a' Ude wre IIOt &qUi •• l.. 1n ,_11' NaG.l.1t, 



towarda per 10 14 aDd tua' _1e pret."D'Sa1~ 

att.. ",be _n ft& 1" _,". lklt 1 ..., allO 

react vl'll .. 0 I' alM of ... tjeD a!lud' ~, 

* '0 a lJ.Id'-4 .ate... til \he rea.t' 'PlOdUOt 

v .txture ot 1 rio x14 •• , ... 11 q~'1tT 

ot 41.pox1de u nU 80_ • tiDI ... ,.1&1. 

Dua to c~... 1aJ'1.t, 1a tbI polarl',ot' .. 

COIlpO It l' ".. DOt po.,lbla 

aDd to 180late the prod_', sa Itate of 

• 
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.. 1 1101l of per.DlO1 &Old 111 able.ton 

ot o. I 0 •• ' I •• O.~7 ~)"...... to 

ooa' lJAe (1 •• O. ~) O· • be" 

sa vu IUd up atter 1S ldIuatea. be blolOtoftl 

.. 4 .............. 
ao1aaSoD (1 ) aad tMa vi • I' drie. OftI' 

amlW.u a a blo tona 

er n p at 40 ~ • be rud. pro4 '. 

a.p. 71- rpQ1l1ee. au '1Me fro .... De-

pet 18 e 1', a.p • o - . 
The pJI04 , ~O. .> .. D bJto _lrapMd 011 .. <ar I I I 18 I) el"'-. vi pet •• r, -- blolOt. • _114 " ob iDed t tM 

ohlo to .1 '-, a.p. 10-11 • 'a to p l IZ Ma 

p t _ uptaUJaa'ioD did .. 7le1c1 ,. al:t~ 

1_SoD of per 10 .. 1d SA ob18 ton 111 

t 0.7 ,1.31 1_, o. ]a) v .. add .. to 00. 1S4e 

(1 I •• 0.0 Ie) at 00. 1D\&N v 

1D refltlle ... tor tor tID a. It. p v .. leolaW 

.. a ft, ratve II&1ata1Ded' 

40 .t gO, a' all .'" a. It va a pol,JMr1 .. d '-1'1&1 

tI'D d 'ootald _ 18ola_4. 



cbloato 101u'iob of perMDaol0 &014 (14 .1 

of 0.7 Ii O. , I., 0.00 _JA) w .. adde. 1io 411Q'dro-

It 114e (l I., 0.0041 lAI) 0°. be p d ,,,.. 

11Ola'-4 after 18 e., a.p. 10-1100. It .. ~ -

11lae4 81& •• 

a.p. 10-1. tol1"apb7 OD _"'ral. a .. M' 

be1pt\11 1Il p ltJiDa 1', (tIC>:' - • (CIlC]a1 0, 1. ) • 

• C, ?l.al, • 8. • 

C Net"a. Ct 71.1'1, B, 

oblontoftl luUon 0 perbeuolo 14 ( .1 

ot 0,,7 I, 1.36 1-, o. _JA) v ect to 41bJdro-

001' 11 (1 ,., o.OOU 18) '0° - fa." tieD 

II1X\ v.. Apt ill , . retl'1&81' tor to. va. the 

1 3'1 

prod'- v.. bola .. e.orl ear1le., a.p. 180-16 • 

I' vu. .\alUMd 1 .. hoa ...... -p.'n:t. eU.r, 

a.. d IdM4I .p. lft-l I '-e)f' - .d (CHela, ,6.7). 

FDI-', C, fII. 8t B, 8. • 

uSN •• Ct ~. • 
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he .'no' ot aaJ!dII!I"'''.,,, laoto .. Iau 

.. v ..... tiNlr •• , u...... t , ... lea t 1_ 

.,.noo.llieU7 baa '- upe •• , D 11. \be .\eNO-

obeu"1T .f .. J' be .,.no .... , , 
ot tile .ta". IIa \Ida pan, aD a' .... ' baa 

be_ 

ba .. 

ft tSea of \b18 • 

aol1&\loll ot Ul1I ps-obla .. 

DeIl7dN .t_ 1M_. po....... a v- toM 

""Jon .. 1D ,_ 0". of .t We. It vu , •• ' 

18'- "iaC _ .. t. the l1O.albl11" ot ."'aSallll a 

00_, .. 00 

1l Oil 0 ldaa ion 11... a 
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• I' to ... ad 18 aoU4 •• 1-

• t.slar app. 

DEHYDROCOsrUS 
LACTONE 

tou. 4 111 ,be ou. t 

DIHYDRODEHYDROCOSTUS 
LACTONE 



4~dJ'O_bJ\l1'O ... ,- laoto... _ '-'" ball NeD 

"- o1»tt&1D • dill_ 1aetoD1, wbloh OA o_lrala 

voaU 11ft 'he _ Ira" 1 ..... qUe t it 

be • eNOe.IIla'.,. of ,be 1 aJ.o _Ie 'Y Sa _u. 
\be 00.,. ... be 'be. • 

'ario. expen-Dt. lead_ 

ot \be dlae laetoDe .. • 

a-co 
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COSTUNOL IDE DIHYDROCOSTUNOLIDE 

o 

:t 
O-CO 

KETO-LACTONE- CARBOXYLIC 

ACID 

O-CO 

THE DIENE LACTONE 
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III tlda ebap .1' are ... crl.... '0_ .&pen-a'. 

Vbl • .....n urli.eC1 0'" tor de'.ndD1q .te ...... 

... 18'., • • \18 '- (I) aDd I"n1&'Dc 

I' ~ DDt eD po •• lbl. 

aol_SoD .. "" IN, l' 1. t.l' \bat 

OOD'lB ,joa ot -'I'k ... ,Ilia U. .. 111 ... 1l""'11F lMd 

to aolaUoa ot Uda pJ'Olllea. Po .. Uda hUG , 1 . _.1Jra~ P Oil _.X .. __ • vbleb 

ft ..... our»4 out eo tar. 

~II:V'_.' l a.. 18 ODe t tbe III 1M • 

... '1' d. ot •• t no' 11, 01t\a1... bJ' ,be. low-

te.,.. ,__ aol"Il' ear 'loa p ...... .. .. loped 1il 

1 ow lUo ••• .,.l 1' .... tln, u.l .... _ Uld.tol 

aDd later , Caftbalolaa fro oo.t_ 

eoaa 1'~io v.. 1D1'1.11T • ad1 

Oil ..... la of 1 • quaDt".' •• 0_ lpia aDd -tart -
..... ,s. • • t u. •• , ate laotoM 1-" U&a' 1 

• iDa ... you. 1e • po ....... . 

• • lie le... .. &ad ••• 1 ••• '''IF 
•• blJJI.d ,"'. .f t.... .pU8 __ ~ 

PO .. , ... .1&1, ot "-1'.'1ft oao_1pla. lbe, 

a1ao to ... , Il G'1'1o&1 exeeS ... loa t 1'. .,. •• ., 

, 4eb141'0"'\- 1a8to_ do •• DO' Ilt:lll..., _ bJ'1 

,I'O •• ...,_ 1M... <n) D •• leD1_ 

4ebJdrO .... 'Soa Ii" •• alZt ot tou u1l1aaea iD "~ 



14 

12 

13 

I IJ 

OH ()H 

III IV 

~'" O-CO 

v VI 

oJ 

HOOC, 1 \~" 
'r~'" o-co 

VII VIII rx 



low nelda ...... all __ ••• it .... , ,_ c... .iren 

... 1pId • UN 1 .. doe -... 

lao 

eel Oft 01',., UiM de.ly&'1n.t vb10b .u 
... pon ' ... '""'''" 1 tor Cl.tqdJ'O .,. 1M • l' 

18 Da a1 tbat at..,t. to .01 •• 

obe.ut17 • .,44 follow .UMt .. d ••• -...~ 

ft." an .. ,. ,. ot \b1a p.bl (1) •• NO-

ebellla P1 of tbe I1.DI ~ '\IN. aDd (11) • ....s.atJ7 
of ,be .181. 

hoII .. !"tala .sper"au vh1eh Y ... D 0 1_ 

0'" 111 our La .a rr'.o 4~ 1.,iMn (IU, IV) 

aol\lt1oa of tbla ,. 1e •••• to iD alalR. Ill' 

pzoeHllt ...... 'ten'1.oIl ...... _'I' _4 oa , .. 

ate t17 of De 1e, . 
• lIdlar y-1ao~1l1o \1111, 00.. ill 8O. 11 

(Y) and dibJ'Uoooa' lJAIe (VI), •• noob.Sa.,. of 

wb1ch baa .... n I'l ~ •• lUbH." "SIal 

t~ 1;0 • 1l4e '0- (VII) of 1aIo- a laM 00Dt 

•• '10. 'fbe .,..Ual PN .. ~le. 111.4 .QUea __ 

the lade.. le', ill 4eQcbo • WI lao De (I) 18 

po •• lb17 & ,._- _M. • .... , .,btl' leal _18 



.uob .. _1e.Q1U' ro 'loll 4s.tt.reDOe '-Wee. ,be lae"'_ 
and the 410 1 001114 DOt ... el vital •• "aD ., t ., .. iaU, 

beoauae ,he V-la.to ... let, 18 ,.tId to a ? ...... 11'eG. 

and y1'''.Yia V and n. '01' tbl. UOIl l' v .. 1'.1\ 

d •• ir b1e .. tI7 to Pftp • a co oo.po...'. 
4ehpdroooatu. laoto_ (1) aa4 ooa' We (Y). 

D 'uaolJ.de (V) 1a pNt.I'eD'1a1ly ~ •• -

Ilated 111 ., 1 1Il ,_ Ph'. ot pa11a41H ..... , 

it 1Y •• 80114 4lbJdft) •• tuaoU4e <VI) u '1M _~o .. ,..4 ,_ 

2be latter, 011 o_nS.aa'loft, u olea ... lJato '- pae., 0_ of ,,)Uob 18 1eYuUId.o 1&1 ('Ul) and ,bit .-.1', • 
• _1. to...... xtllo a014 (IX).' ,be I8Id (IX) 

1a obt ... U.d c:I1reo'17 .,., 0_.1,.1., 1t __ .. lIT "tat .. 

tile ol'lI1Dal .'-,..ooMIIl •• , of ,be lao... »t,. 1'. _'_la. er tONI 8111' blAt _114 4 •• 1 •• 1... b .. 

I, ~-41Id.'ft pbeD71 bJ'dnJIoa.e thioMld.oUhlloDe, ttl 

ot whlob ... uaed aI Nt.n ... '-rials to .. 00.,.,. 
purpo •••• 

the '~1eater of eoapoa Oil Nt '10. vi 
Uthl_ al_lft1 bJUi- tona ,_ u 1 ex) wb.101l • 

n .. '1oJl vi\b aodS. _, per10cl t. atto a be a1dell7_ 

diel (Xl). Ita •• Ide Ituo_ aDd.-. 4ftl.. 1... .. 
alao be UM .. ftr. DOlI ooapo... 1ftoe \be ...... s.:. .. 
procllMt'. &h rea41~ aYa11abI.. etton. wen .... to oattaa 



HO 

x XI 

CHO 

XII XIII 

XIV xv 

XVI XVII 



4000 3000 

1001 i 

_80 
~ o 

w 
u 
260 
<[ 
~ 
t-

~ 
<.f) 40 
z 
<1 
a: 
~ 

20 

2000 1500 CM- 1 
1000 900 800 

,\\\\,\'\' 

I--CO 

O 't)f ... .,..~ 
.... I ~ 

3 4 5 -6 7 8 9 10 11 12 13 

WAVELENGTH (MICRONS) 

THYL ESTER OF lX(LlQUID FILM)4 



• or .1II11ar pnact. holt d~d1'cMIe"",rooo.tu 

laoto.. (XlI) • 

• ,\en\Soa w ,beD elm'" to __ pNpara'lOa 

or pure cWaJdI'ocleiQdJlOtlO •• - ._ (U1) _ ...... -

lpec1t14 Ncl_'iOD of tM 'bFleM lD OOD~ _'loa 

with tba __ e ... bo.,.l _ 11 •• - 'lIaI1e .p a' Cn. 

_t,1o .. ot .... • \II lao ae dlb7dro-

d.tqdroeo.,WI 1&oto_ -iDa 1_ aloe 1 baa _ 

d. •• oa-1M4 .uliu' .., ...... 1.4 

Bow ... !", 'hU _ vaa SDad.. H obt_lIl aD 

.piMl'loallr P'" GO • ... .. 'SO •• , •• , 1041 

an4 aqueo_ la' al80 talW 1:0 11ft P XII. PiDa117, 

,be hO.D ... rte tt, •• voraNlO 

I.' tbe d1ltrdrol eto ... 91a oxld 'loll ot be ,taN -178 -

UiDI 1&0_1 <xnI) "aa toad be ,be •• , .ui'able. 

The 1 1 v.. ,"pared bJ' loD at 

c1I~ro •• 'u laato .. v1 til 1041 __ robl'drUe. 'f 

41hJdt'Opr04 '."duct _ w.a _*4 vu to to .. 

_ 11D&1e e,iMl' • lta OLe !LC l,Ja... DiN 

red_'loa ot 4ebId .t'" 1aeto_ wlUlI041a _robJV1 

,a.. paN (OLe) 41b74ro4ebJdl'Ooo.t. __ • It 

a.lIo o.e"" tbat. l' 111 .,re ooJmdl1_' to P"paN 

1&0\01 b, ooavan.t NCluots.oD ot cl_dNeea, .. l.a4no_ 

v1111 l1'MIa al.ta'. QdI'i • 



I 

o 
o 
...... 

o 
o 
CD 

0 
0 
(1) 

0 
0 
0 -

~ 
U 

0 
0 
If) 

0 
0 
0 
C\J 

o 
o 
o ,...., 

o 

:::=======-- 6 I a 

176B 
916 

Z~6 

SB6 

SIOI 

IBOI 

9£ " 
IS" 

S611 

179Z1 

6£91 

6LLI 

O~~~ __ ~ __ ~~~~ __ ~ __ ~ __ ~ __ ~~ 
o 0 
v 0 

..-

000 0 o 
co w v C\J 

(%) 3JN'i11l;1 ~SN'i1~l 

N 

-b (f) 
..- Z 

0 
a:: 
u -

(1) ~ -
I .-
<.!) 

CD Z 
W 
-J 
W 
> 

r--- <t 
~ 

If) 



o 
~ 

0 
0 
CO 

0 
0 
m 

0 
0 
0 -

-
I 

~ 
U 

rt') 

N 

I , 

00 6 

9~6 

196 
IL6 

__ -1111 

~:::::==::=:::.. £ 911 

_---L6£1 

o ~ _____ ----";:P 0%1 r 
o 
o 
o 
C\,; 

o 
o 
o 
I"f) 

o 

---6£91 ! 

O~~~ __ ~J . __ -L __ ~ __ L-__ L--J __ ~ __ ~--~ 

000 
~ ~ N - I~SNV~U. 

... , 

U1 



I' 'baa r.nMr eat tow&4 tba, •• trolled 

11 hi .. &1 iD1_"i6I or a... lOlq'dride 

red._1M ot \be d1hFdrolao. tel.t 1tJ' _QaDl-
M1D1Ga Nd tioll. a' dur ...... , ....... "... _lta Sa 

,_ toru'ioD or ~ 41_ 18 ) (D'). 111 

tb8 .,.1 the OI'liiDal1r,.." -'bF1eJd.o 

dotlbla .... baw IdIftW t.14e tile J1.aC a oo~ .. 

I.ted ,.ai'1oa.· 

tern of tba prel'" _ I' we.. tiNe'" to 

obtalll a aill1lar _~ _.4 1M"'. (DIl) flo. ctlbJdro-

4ftJdro .ta 1M _ (XlI). 8 ___ ~\1I-W 41eDe 

1114 abow a b'l. UY baorptloll and 1t. toNatSoa 

eoa1d .. oo_ea1at~ ... - .". ,'ilia tIda .. uaot. 
OaoDlaaUoa ot UWI luto .. will N.ult in ,be to loa 

wltJa lX, it .... nenoebeaia'l7 ot \be 1aetoM .le,,. 1. 

... .. lD n..,Ude. 

'01' th1a pUZ'pO" two pneru app be. weN . 
pte4l U.) u..rU.\s.a ot doule ... Itt hea 

vitb 

• and ......a dehrdl'obJtoll1Dd • 

!be •• tiIlta of 110 rlM'SoD", .... ,. OD 

41b74ro4eb.1dlMOat. lao ... vith 1410 ... Nal. __ 'a 

aft abrMa lD ~aDla 1. 

6 au. 



o 
o 
a:> 

) 
.) -
J) 

o 
o 
o 
r0 

o 

Z6B 

O~~~ __ ~ __ ~ __ ~ __ ~ __ ~~ __ ~ __ ~ __ _ 
o 0 
~ 0 

000 0 
a:> <..D. ~ N 

(%) 3:"'N\1.l.lI ~ SN 'i1 ~1. 

o 



(A) 

(8) 

® @ ~ 
@ 1-

~ III';' 

I ,J, 
o 0 

"'~ @,;,I III I .. -
"'111 ® 2 
,;,,;, ~+ n. ~ , 

" 

I 
• ~ ~ I: r+ r' I 

Ii I ... · 1'\ , 
" 

:N: 
0 

'J I .. ,.. 

I 
V I 

~9 I --- 1 __ 1-__ ---L 

I 

~. ;10 
@ III ~ : 

@) o ... co @l ~ 
@NIII NN 

I ~on';' 

I j~1 
@ 

l I I I __ -L. __ 

2 3 4 5 B 9 10 PPM ("() 

FI G 

NMR SPECTRA OF (A) GE H ...J RG :...OSTUSLACTONE 

. (8) DIH Y DRODEHYDROCOSTUSLACTONE 



1 ·18 

--.--------------------------------------------------.... --------
• .. 111 .... ...... _--/ ,. U. V. Da 

-----------------------~------------------------------------------
110-10·, Ma~ .". 

• a • I .,. . • 
170 . , • lflii 
4 bra. I 1_. • 

Nfl ... , .... -.., 
.a. I • 

B 

Ie __ ., , 
• 

.'10 14 AGO. 100°, 4 • =., ... naillr 

'10 .. 14 BClD4 l'OOIl teap., ~.141 , 
bra. I lU4. 

DU. 01 -P- Nt , ft_ Sea. 
a\llr-u0 4 br8. 
.. 1 

--~----------~------~-.-----~-------~~---------~~~-----~-~~~ 



l' 1a .. idea' tJtoa a 1e 1, ba" Nnlu 

ot l ... ria. f cU.bJdrocI.bId .,. lu.lt 

DO' Me.n •• .,., ---.. SIll. I' •• _ ~ e 1_ 

trlala v1l1 be nq1l1n4 Nt .. ,be .. ~ '1 18 !deftcl. 

!b1a AI,..' Sa 1q I. iIa1.M4 • 

• rGo II1M'SoD ot 41brUo brdroooa' 

v.. • .. 117 art ."., paaa1Dl drt bJdrol ft bro cia I. 

iD 101 loa ot u.. 1aeto.. ill.,.,... t r. 

4 _ de.,. .. '1". an). tau. O" .... iIW8' 
ctellJ'ctn ... .... a yule ., ot • !M 

00"'. aD4 eateat of 4eb1'd __ !Da'lon... to .. 

,autita 1.. at:taorptlo... •• of ,be Nnl 181 

dieM •• 

be .... ulu of he 

".. • ___ 11' ......... 

a.t&Va1 al .. 1_ (Ir Ill) aDd W .pM 1'.1 ao\er1.A 

of .1Ilkb1e ha_'1oaa we... __ • .. 1 .. 10 ted 1D 

tba ula. 



J 4' L I I 

--------~----------.---------------.-.--------~--------~~_ .... ------
SOly_ .... !..,Jts.. q. !. PAl4 • 

I"rai ,- M14 

--- ~ ----~-~--~---~---~-~~---~-~.-~---~-- ---~~--~--~----------------
1 CC14 Dt.'brl ~. lo."'" t ... aD1u. Oft MaX • .., ., Max .... aad .. 1 ... • l33a. • 'laI • 

, 
• 41 u. ~. 110., ..... 

mi!!=bi. 
• r1 ., 

8110. 
Max. -, 
• 4101. 
"UNM tIN 
Max. M7 l1li, ...... 
Max. alO., • aeaa. 

a toR Aleebol1e 
nea _ap_ 

Maz. 247 ., .... M?..., 
B • br •• .. If88S. .. 3M6 • 

lad. 10.,., 
.. 440 •• 

.10., 
• aNt. 

3 ptrldSae ren .. Maz ..... , 
• u •• .. 4110 • 

laaX. alO.", ..... 
PJr141M u,r141De Ntl .. cI MaX_ 246 .... , 

1.& br. ., •. 
MaX. 210 .",. 
• 1lO8. 

CC16 AnlU .. ~.I ., .. ., •. 
Maz. ., 
.. .QA8. 



151 

'rable I Dtel. 

---------------~~------~--------~---.~~-~------~~~-----~ -_ .. _----
• 

-------------------------~--~----------~-----------~---------___ e. 

I ., • 
• 8141 • 

• IMID • . 10., 
• 3141. 

---.. -------------------~----.-------~~----------------~---~------



152 

I'SMM 10.4, _ye, app.ared proa1a1Da 

and v.. 1'.,..'-4 011 a lara." • ale 18 an .... 

ot ni'"I. (expe. * .e) vi.aa, .. ,..t 1Mla'" 
a PUN produet Illov1BI - 1. 1 Of 'Son, 

'"" obro .Ira. ot tile p 4 . va ot 110 t.lp. 

I, __ up a 

v SAtt, or eoacSiUona " .. t. 1t v clUft."l' to 

olatalD a D~ .ted 41e. lao_ tie. • ot t_ to ... So 

ot bJ'-P"Ml ,.. UGh a OOIl~ .ted die 1 vou14 III 

expeohcl to •• v a Of aba ., tSoIl uxS. 2 .. 

wlth & 1'~ or do", 1O,CX>O to 11,000 -.1t.. III an 
tM ..... .'aIlied "'., be ... IC7 .t 
ta. .bin .., espldaecl d\le • the ,re_ DOe of 

lIIplU'ltl.. • III aMi D to t.bI •• KiII at M1 ., 

aDO a' __ v alIo o .... ned ill •• t 

all ,_ ..... ".uM. t. I'p'SGD at __ la 

obaraohna 10 of OOIIpOUDd. 008-.' Id .. , ~. 

cIoUl.e bo.at .... a ..... , .. ft 111 uplaiJled 

•• ,.o1al1,y irl ..... ot aval prod.". 
weyer, toNa'lon ot tbe 4e.1Jte4 lao De ( n ) 

" .. o1e&r~ illdioate4 b, ,bit • 18" loll 

at 1K7.,.. faa.' 1'alWi v .. uuallJ' of u.. oNer .f 

eooo .alt.. III ,be .... ot .&pen.-. .. wMN ".141M 

val __ AI ,be Ma., tbl IN , ...... I 1'al. of 1 , 



wb1ob. UUo.Md • p 1'7 of ,_ 01'tt.1' ot •• 11' 10_ 
of ,_ 41_ .. laoto • !be proaa' ita aooollpua1ed 

~1 Ye,. b,-pJ'Od '.t tM oo.plate 1''' 1 of whicb 

, A 88iDle ao t • AU probl 18 1DI 

sa_.1".11 p and it 1. _peel \0 btu abe 

deaind p.. ..'-1&1. Iu oaollla.'lon vUl be 

Garn d 08 vi'" • Y.w to o~ ,_ to- 1ae\o 

oar qUo aoid ( ) ....... dibl'droq a14_b7 (XI) • 

01' \bell' rea .. 1ft ar1y&tl •••• 

153 



plhYJ1m."'D'lMl (II). 

It v o"'a1aecl aaoor4lJ11 to ,be prooedve 

p .iD .... l¥ .at 118bed 1D Ulla t.bol'atorT. 

Costuaol1d. (VJ a.p. 101-1~, (.)D + lIIP) 
(10.0 ) dl. 2; 111 • baJaDl CUD 111) vas bJd ,.nated 

u. 
ill '" 0 pan ~ 00 1 1p ( ,0.8 ,). 

baorptSoI1 or Yin ~ atopped vball a1 

( t I. • P.) weN aNoJ"becl, oorN po to 1.0 le. 

of bTdro,ell. fbi 178' waa t111;e1'eCl aD4 ,be .tbanol 

Val t 11 ill. _._ .... Witb ao 1 QaPbDftate 

and 'beD v1\b v ~J". ot .Uler followd ." 

Ol7s t llia '1011 ot the r 10. _tbanol t ............ bad 

7.0 ,. or cl1blUoooat lieSe, a.p. 71.nP, (.clD lla.' 
(CHela' 0, .). 

'oUlld, C, 78. ,B t 9. • 

ClaBnOa NClUHa. C,?6. , H, 9. • 

Itl 1R S tl'Wa (p .1) abowd banda • 1171. 

1M? t 11 ,108., 811 0.- 1 • . 



_Di ... une- v .. 

.tuaolide '(10.0 I) 

... ill • IOldSoa ot 

.'b11 ~ (1 111) , 

00 tOI' 1 bra. Ibi 1 .. , v N e4 UWle.. ret .... 

,.. .. v. at ... tbe real 
(111) .... OIl a _I' Ultoraubo • 

.. lpla .. , v IO~'_ 

" .. a ,UI' .... nth _.a:ua a~~ 

.xtI' .... v2; .""1". 
v1 aMi • .. '- 801_10 .__ , .. 

• 41 alkali ... 1aa'MD vaa .. s.a..n. .. "1-' 41 • 

Qdroohlodo 14 ~ ted Vi • beI'. 

..... 1 or., It aftON" ""I~ of Ida (11.. ) • 

X. ... ..'.rltie4 with d1&l..-a ..... 

a.&l-.._......... I. P. 

1 

• 
70-7 ,/1 .. 

140-1 ;to.a_ • 

.., ... 
•• a. 

,.0 ,. 
v.. 14 ltW _ .., 

~--&IO •• a.p. *-41°). 

b.p.l ..", _." oollA W, 

(C cnaJ .~.,. 

15~j 



1S £) 

'MlnJa 
• • C, .01, a, 7.18. 

•• 0t". , ,7.~. 

I'. 1& .pe. ". (Fil. ) • __ • a'_ 1170, 1714, 

• , 127', U ,1H8 

1IiD .. • t \. 1 •• -.1' (0. .), ,4-41111' -

, .. .,1 bJdru. (0.11 .) aDCl • 1 (11 81) ........ 

to lxt1l.1aa. It" 11iP'17 J.d 'wo p. of 

OODOeIl' aM4 brdIo.~ 1cl vue ..... l' tor 

c~ar .1II'1oD. l' " .. &1 Ib' 
vbeD ,.1lo" '0178 f' .. ly 1.. N .,..1 ..... 

X, v orp\al1JaM tvS. t • • ' __ 1, a. • • 

10 - , 13. • 

UN •• ., 13."'. 
of IX 

lbe __ 1 • ter (0. ,) v.. lidded to a 1Io1lJa1 

801utiola of UlSo • ..s.oanu.t.de (0.08.) in. 1 111). 

,be IIl8UN.M loved ~ 1 vbea ol7atala of ,_ 

4eI'1 •• \1 •• depoal'-4. , weN til.Nd .. tIlT. lUa .. 

t.,.. -.0 •• "'-1, •. p. 116-11#. 

".mu 
Fe • It 18.78. 

n~\dN •• It 13. • 



fbe -tIl71.. r of CIOIIPO 

(10 Ill) vu .. 

IX (0.6 ,) 41a801ftd 

ill 7-

Utbl. IIr4I-M- (0. .) ill e'bel-

, 00. 1M .'lnUI vu 00 • a oe to. 

t11tl' '- ".. ......... ... 

P .. lIN. It v Ir. 

SoIl of 

a al) 

bo 

aro. 

tona tor • &otor. .. 
t __ .u 

1 (I, 0 ••• ) .. a 

\Illekt Y1a 

I'. 11 .,. .......... ,.. ......11.&1 

1 -l aD a .... t. of 

15 ; 

.. v- 1 So U.) ot IIOd1aa ta 104a'_ 
(I al) vu ...... .., • 801 »D of ...... Vol (Xt o. ; 
1ft • 1 (8 111), .. aid .. UDio l1T ., 

olpl '- of .. IN ..... tl1 ret 

t11 .a'- dilated vl'b v _I' aD4 exu 1'0 b1F 



with • 

'0 lUll • 

&1 

o 

.xtl' .,,, 41''' 0 I' IIIlbJdJlOua 

t ., r •• por te4, v_a \be 

,)" o~ cl tbick oIo6~I"M. 

801"'108 (8 1) of •• 1&10 baa1de 

bJ'drochk>1'1 • (0.1 ) and .aell tate (0.1 'I) v 

cled 80111'1011 ot ,t. l4ebJdo-d101 (o.~ ,) 1ft .\hano1 

(3 .1). .. be ted allowe4 to at 

rc;OIl t.a ... 

4 r1vatlv. '.p ••• 'll!afll 

t dqa, 

bey 

rya'lUa tv r. 411 

II ry' 1a ot tbe 

Ue ted filtration 

.NlIPU1, a. p. 1 

• , 1'7. I. 

(C la, t 3.1) 

). 

t • 

a t vol'k ( 

U). It v 

pted lD thia 

ride (0 .6 ) v aclde4 1D. 11 

lou to a luloD ot 4ebJcll"O U laotone (10.0 ) 1ft 

.15R 



., ..... 1 (10 al) aM ,_..... D Id.D vu .11eved 
_,aDd ., bo a. It val 

411 ... v1 va •• , QdJlOeblon id 

• aRed vi • __ 1'. r ., ... lqer v ..... bed 

fttH~ ... 1 W ...... &1 f.'''r,a .. 
• llqaid (8.1 ,) vldob ... obJto topapbe4 o. .. a1 

al_t~ Car Ill, 

• r. f .. . , 
llq,Ud ( .0 ,) .... ..... 

I) aIl4.1 .. wlUl pet. 

r.l -. In '-
1 (XIII) 

llDa. 1'.u 
.rra'.lU. ••• au ... u... t • po •• ., •• ,.1]1)_111°, 

k'». a.'" (0 ,0, .7). 

15.1 

IoD (laO 111) t U'bl 

(0.71 I of" ,111'1_' vaa ..... dNpvUe 

SoD of .. llWdWM. \18 (10.0 ,) 

la 417 •• 111) ,. 'Soa lIldun vaa 

.'1rn4 a' .lII' ,... hrA I' ,. 10d ot 

1aN •• an • .......... 
.,., ....... 

•• .,.1'.'''. bola 

t.M ,,., • 

,1" , .. par .... ~~I6ItII .... , •. ,.1 _lU·, 
, ., 3 •• ). 

0_' C, • , H, I.eo. 
UN.. C, ft. ,H, 9 ..... 

(n.s •• , .bow4 baDIla a I 34P1. 
100 -1. 

• 

, 



tol (2.0 .) dJ.aael .. d ill 

W'ltU the 1II'OWD 0010\11" p ••• ute4. the ..... reac.D 

v .. "eavo,.d b1 adcS1UOD ot _'baDol ca 111). !be 

r ... tloll 1Ilx'u. vu 411AtiM vltb "".1' aDd arao\ect 

vi • r. 'M. I' aolll iDll w .. v .. bed tNe of 

a1Del'al &014 

(1.9 I). I' v.. O .... toi l'.pMcl on al_lDa (crade III 

38 .). and .1 ... 4 w1'h pet •• , ... ,., pet •• ,... .... aM 

.tber. !be t.e' r-....... 1 te ,a .. __ "'!dIe-

1 6 t1 

dlbrdrcum,t. " .. t;pw <n I) t u a 11qld.4. b.p. 1" (bath)! 

O.S _., Dr 1. 10, ( >0 .. 18.eO (CHC1al 0, .3). 

tpt1,D" 

1'0,,_1& Ct 77.a8, Ht 8.41. 

0,17.68, Ht I. • 

I'. .peO_1II (fta.a) • __ 4 baDd. ata 1110, 

1639, 18)1, Ufl, 1117, 1010, IfK) aDS .. .-1. 

It. DR .peov_ II •• _ SA Pl,. alt. 

l!oME"''''' it f9'!'<lrpd!1gdrptP.,ya 1M,," ~XlI.l 
1. a1n .. ot 41bJ\tl"Odeb7drooo.'. lMttoM (1.0 ,) 

di._leDe 11J'oo1 (a11l1) aDd JO'aI.lUI Qdrod. .. (1.0 ,) 

.. 



:161 

Val MaW tor. _.a '170 

a1xtu.re" 41 .. v1 

(0 . ) "M ear''''UIIiII 

4 .... w.. • 

• ... reao' a 
, .. alp--•• 

_al1i~l "_~IIII.w 

'!be .. , ... • D 1d1tleat1oa 

aDd .~r ear 101l tllftd.. All S4 (0. ,) t a .. 

MaX. ' .,., . (}a. 

B. IdXtv. t I (1.0 ". tNltalr 418Ul.184 

ani1. (1.0 I), po 11 bJ\t d4e (0.3 " dle'~ 

11 1 (a. al) '- ted a' 170.,..0 ror 4 .va. !be 

N 'Soa pod <- Nl)" 1ao1&'-4.. • ..... 

~. ., 

d1. 

• .v .... J&) t, • 1.0 ) ill ....... 

'CU"DDa. (0. I) 

al). v 

b ape. lIN t uoe to a 110 • 
v 411__ 1 

a 1dIa ... ' (0. .) abow_ • ., 
4. ~_ 1M De (l.0 I 41a .. lft4 III dr., (10 al) 

rea," vi tNI 1r lnl11e4 11'1_11.48 • ate 

(I 111) at roc. '-DIIr • u" ........ _ .. 
• ill & aat_ ot DMI&I'I_a .... 

t ... • • 



" 

I. 80111 Soil ot lutone (l.0 ,) 1ft &1&01&1 

18 14 ( • al) vu .hcl on a be» Utili "_I' :\b 

to J:l to.. henan aDd 'ben allow. to .'&IId Oftn1p' a' 
nooy.n4 

I. the lao_ (1.0) 4la .. l... ill • un ... of 

.1 1&1 10 Sd (10 al) peroblorl 14 (8 .1) 

IliBUN v .. 41lt.lU4 With .olel vater ud .araotea Vitia 

.'bar. IOla'ion Val v .. bect W1'h ao1G!on of 

aou. ia.-lil8llia. aIl4 v ... a. yal of.\be , a 

........ M? ., • 1114. 

7. .lat D ot the 1&0 __ (1.0 .) 111 uy beDae 

(II al) "' .. Nfl 1D 'be pna.ee ot _1_ -p-aulplloD1. 

acid (0. ,) tor.. tIN. !be prod he UDObNI .. 

• , \e.-Sal. 

DI7 1'0" ~ , .... u ,.. .. 4 SDte a acl"'loa 

of • U _ (10.0 " Sa dry ether (30 81) 

a' 00 .. 11 M teD W&II .a (to by tbe • 

111 we1.bt,. !be •• '.ate4 101.SoB .... 1Ua1Il8d a' 0-
tor fo_ clap. ,. h 'loll 111ft V • 0 tl41J 41 .... 



.16 . .1 

!'Oto aola'loD v •• V_I ... of IlWlNl .... 1I18 

led ft ......... Cblo 

v 

v •• ... Ia tol' _QlftllftU ... , • ...,IIA'. 

. , 
c,sH~~O~~1R • 40 •• ~. 

(8 ) 

olller .-SllM ( .0 ., .. 



1C ·-· 

A&~u. .. ~~ __ ~ I 

....... ~, I~. 

.a.. a prod " 

• 

.... __ .... ~.UI .. I.~ •• P • . ....... , III • 

ioD d. 

I. (1.0 ,) wu U.801_4 1D &100bo110 

po pt., ~ I' ur •• 

,1'04 • were u.1a_. uat&&1. 

the MIax. IC7 ., • , .. 
I....,'. • 4 • r'/ ., 

• 89M and 

• 

• aid • of (1.0 ) 1.80 1ft 1D .. (3. 111) ( a+> v te rla 

tor •• i & , 
cl .110 J ' • 

4. .01 J.oD ot -(1.0 .) Sa dl7 ~l." 

(1181) wu 1Ie.'-. \Ill •• •• • 1 .8 
V .l1Ide v1 v."1' ob1orla 014 

.xU ... d Vi • v ~ Mdt • 
• f ral 41'1" • l' I 

a , viDa ,.ax. .,., I ., 8 • a80 , 
., • 

, 



• (1.0 I' «UI.a.l_ 

iD utlol} .. .alelUe .1) &D4 t o.~ cl1a'l1W 

U. ( .0 ,)... p' Oftl'llil"''' IM.~" 
and .... nfl ... t •• ,_ bova. 

o tam-d, 4 • SO .. ,' • 

• o6Wa. 

1 {~ .. .. U0 

•• ... •• I11III ... 4, a Ye,.u.. a.. WI" dl .. ..a. 

(10.0 ,) 

... Nfl 

(I. ,) v 

1111 170 ,) _MI., 

(100 .1) • 

... LUlU. alaiDa 

•• I pet.. -

BWIJaIZl ..... ..u., .. , • a BraG .. ' ..... ~ 

'-.... 

, I 

., . • 
law .. pro...... _ 

_ , • iIIIiI_ • 

. ,' ...... 



7. 

8. 

9. 

10. G. , 

.1 nh 

), lit 387 (1 ). 

, .at 1171 (1 ). 

P. rII, Col .CHO .CbM. 

'I . 'l ~\ot 
(1 ). 

, 


	01_title
	02_acknowledgment
	03_content
	04_introduction
	06_part i
	07_part ii
	08_part iii
	09_part iv

