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The method of d~rect  conversion of both a-plnene and P-pinene 
to bornyl ester with acet~c acld m the presence of the catalyst boro- 
acetlc-anhydride and wlth sulphuric acid as the promoter has been 
reported In part I1 The yield of borneols obtamed was not satls- 
factory being about 36% of theory In the case of u-plnene and 25% in 
the case of ,6-pmene It  is well known that camphene 1s supposed to 
be the first mtermed~ate product In the (catalyt~c) conversion of pinene 
to camphor It was considered desirable to study the effect of the 
presence of varylng quantlt~es of camphene m pinene and to study the 
effect of conversion of these inixtu~es mto bornyl esters I t  has now 
been found that by using the above catalytic method to a rn~xtuie of 
a-pinene and camphene, the yield of borneols could be cons~derably 
ra~sed. It was found necessary, iheiefore, to study in detall 
first the catalytic llqu~d phase lsoinerlsation of pinenes to 
camphene 

In the presence of strong aclds like sulphuric ac~cl, phosphoric 
aad,  etc , various products a1 e forrnecl with pinenes depending upon 
the concentrat~on of the acld and the temperature of the reactlon 
(Carter and Srnlth, S Xoo Ohem Ind ,  1925, 44, 543T, Challton and 
Day, Ind Eng Qhem, 1937, 29, 92) Weak acids l ~ k e  acetic, 
benzolc, sal~cylic and oxal~c have llttle act~on on pmenes at ordlnary 
temperature, but when heated reaction takes place with the forrnatlon 
of teipenes with only a small quantity of borneols (Austerwed, 
BuZl Soc Chem , 1926, 39, 694) Certain salts like boron trlfhoride, 
alu~nlnlurn ti~chlor~de, etc , react vigorously wlth pmenes, yielding 
mono-terpenes and polyiner~sed products Genveresse [Amden, 
1902, 26, (7), 31j found that a-pmene on heating w~th crystalllsed 



arsenic aclc1 (25%) ~ O I  h a l f - ~ I I - ~ o u ~ ,  f i lVCs t~ l l~ l l l c l l c  111ltl tcrplneol 
With Folrlda ealtll (or 40% Xld SdpAilfiC Ll'Ly) ICuW~lttl c Odd ubt,un 
aboLlt 20% p l d  of cnrnphenc wdh 80% Of 1lloll0t~1 l )O1lch\  ~ o l l s ~ s h g  
mostly of dlpentene ( J  SVC C h ~ l l  111.d , ( 1  ( 5  1 )  ), J !):iO, 33, 
37 2B) 111 recent patents by f i n s ,  Mcci win '~1111 l;l lt/ ,u c: t l ~ s ~ i  ibed 

the lsoiner~sat~on of u-pinene to cmpllcne a11d I ( ~ - ~ I I I C I I C  --) ((-p111~11~+ 
calnphene ln the presence of c e ~  lam a c h e  ltiv~ g m c  : ~ ~ l t l s ,  colllplex 
ac~cls, complex salts of ino~gmic mcls :md tllc n ~ a t i ~ ~ l  sulpllates 
which retain one rnolecule of wale1 of ~ l y s t ~ ~ l l ~ ~ t ~ o n  uplo the 
tempelatuse of 220°C Among tlic moi g m ~  , ~ l d + ,  '11 ~ L ' I U C ,  antl- 
I I I O ~ ~ C ,  t~tanic, vanadlc, silic~c, tungbtl~ atic1 111olyho~11~ ( ~ ~ l d s  are 
clalmed to be actwe (Sclze? sng-ICaldbazm, A 4; , 597,258, Mciy 
19, 1934) Amongst the complex c , h d y ~ t s  mentmi m ~ t y  be made 
of boro-acetic acid, boro-tungst~c acid, nnL pliospl~or~c ,icicl (8che~-  
z~~,g-.Ec~lzZbazim, A -G , P?ench patent, 739,770, 1!132 , L ~ L C ~  , 610, 
402, 1935) The complex salts of morganlc aucls IIIN ,~milionmm 
vanaclate or tungstate, obtalned by the incon~pletc ~ e m o v d  of mmonia  
under certain cond~tlons ate described as cplte x h v e  (S'c7b -Kahl, 
A -G , 405,306, February 5, 1934). The neuli nl sulplzd.es, wl~ich 
retain one molecule of water of crystall~sation upto 220" ,md Sound to 
be active are those of nickel, rnagnesmm, cobalt, / I~IL,  11011, C ~ C ,  

(Xch *Eahl, B?etzshpatent, 391,073 Apiil 20, 1833) 
In the present investigation, the i somcr i sdm~ of pui c t~-pmene 

and mlxtures of U- and p- plnene (contamlng s ~ m l l  L ~ n i o ~ ~ n t ~  of ~ a l  clle, 
separated from the turpentine oil of P m z ~ s  1ong1,fol~a) to camphene in 
the presence of a selected number of catalysts froin each of ille gloups 
~nenttoned above has been studied Among the neutrd s ~ l l p h ~ ~ t e s ,  the 
action of NISO,,H,O, and MgSO,,H,O have been trled, the coclversion 
of plnenes to camphene belng only 8-10% The complex acid 
lysts, boloacet~c anhydride and boro-phosphoric acid, d ~ d  not show any 
appreciable act~vlty W ~ t h  the complex salts of ammonium vailaclate 
and ammonium tungstate, yield oi cainphene was only about 1%-15% 

the case of u-plnene and sllghtly lower with lnlxtorca of tL-  and 8- 
Prllenes Among the numerous ~norganu acids, the ~ s t d y t l c  cifcct of 
alsenlc acid, antmonlc a c ~ d  and vanadltun pentoxide h n e  been tried 



Antimon~c a a d  gave good yldd of camphne  (45% wdh n-plnene and 
30-55% wlth the rn~xture of (1- and P- pineries) and there belng practically 
no slde 1 eacfclon except the foi inat~on of a small amount of borneol 
Arsemc actd also gave f a ~ r l ~  good yield of camphene (25-30%), but 
large amounts of poly~nerlsed prod~zcts and monoterpenes are formed 
with I lse of the teinpei dure  of reactlon The pmene-camphene 
lnixture obtained by the above catalytic process was converted into 
bolnyl esters by the ace t~c  a c ~ d  method ( v ~ d c  part 11) The mlxture 
contammg U-pinene and caniphene in the ratlo of 60 40 gave 60 
grams of borne01 from 100 grams of the mixture colrespondmg to 
53% of theory In the case of the isomerlsed mlxture of a- and b- 
plnene contaxnrng about 30% of camphene, y~eld of borneols corres- 
pondlng to 39% of theory, was obtamed 

Oxdatlon of borneols to camphor was found to proceed best 
wlth a inrxture of nitrlc acid (50%) and sulphurlc acid (50%) in the 
ratlo of 15 1 

EXPERIMENTAL 
CATALYTIC ISOMERISATION O F  PINENES TO CAMPI-IENE 

In the followrng experments are described the ~somer~saiton 
of put e q m e n e  (b p 150-52"/680 rnm , d2,6 ,- 0 8559 , lzy = 1 4626, 
( ~ ) % ~ + 2 4  59) obtuncd from the turpentine oil of P L ~ S  excelscc 
and of the rn ix t~~re  of a- and p- pmenes containing small amounts 
of carenes, b p 153-58"/681 mrn , d:,1= 0 8575, na,7 =14671, 
( a )y=-1787)  sepalated from the turpentme 011 of Pmus 
Zongzf olza 1. 

ISOMERISATION WITH NEUTRAL SULPHATE CATALYSTS 

Pure nickel sulphate (NISO,,~H,O) was finely powdered and 
dlled at 110-120°C in an air oven for about 12 hours It was then 

heated at 160-170°C for 2 hours more by wh~ch G n~olecules of water 
of crystalhsatlon were removed Magnesium s~dphate (MgSO,, H,O) 
catalyst was s~imlnrly piepared In table I 1s g m n  the results of the 
experiments in wlwh pinelm (200 g ) was heated under stit rmg a d  
the catalyst (14-20 g )  was gradually added Aftel the reactlon 
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period, prod~lct was flactiondly dntillccl d the o . lmlhnc  [arm- 

a-Pinene 

a-Pinene 

a- and p- 
Pinene 

u-Pinene 

a- and p- 
Pinene 

- - -- 
Yield 

of 
c:imphene 

ISOMERISATION WITH INORGANIC ACID CATALYSTS 
Of the numerous lnorganlc a c ~ d  catalysts inentioned in the 

p t p t  literature, we have studied the calalyt~c effect of (I) actlve 
arsenlc acld, (n) an tmon~c  acid, and (111) vanaclmm pc~~taxicle 

(I) A7 senzc aczd catalyst -White arsenic (As,O,,, 100 g ) 
was carefully oxld~sed by strong n i t~ l c  acld (150 g )  m d  

* Accurate estlination of camphene in a miutuie of pinenc-c,unpl~cl~c is vely 
difficult Only a lough Idea of the constituents can be oblairicd by flactrollal dlstl- 
llat~on The method of V I Lyuvomilov (Org Chem I m l ,  U S S R , 1939, 6, 167 
was, howevei, followed foi this est~inatlon 

P~nene-camphene (5 c c 01 2 c c with mole than 20% camphene), foinlic 
acid (10 2 of 98% stlength) and concentiated sulphunc acld (1 0 g ) was sllakcn at 
rooin te~npeiatule lor 3 in~nutes Satuiated socl~unl chlolide solutlon (100 c c ) was 
added to pievent saponillcation and the excess of the a c ~ d  was titialed wrtll 0 5N 
NaOIl solution satu~ated with sodium chlorlde Blank tltlatlotl was also ln& 
undet idenhcal cond~tlons By follow~ng the above n~etllod k s t  a staildatd table 
of the amount of alkali (in c c )  icqul~ed w ~ t h  known inixtutes oE plncne-c,\mnplxeae 
was made With the help of the above table the can-~phene content In the unlrnown 
mntm e was determmed 
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evaporated on the water bath to a syrupy consistency Thls was then 
heated ovel a free flame and nltr~c acld completely removed The 
product was agaxn dissolved 1n water and carefully heated so as to 
obtain a paitrally d ~ i e d  catalyst composed ol the acid and ~ t s  oxides 

A mixture of pinene (200 g ) and the catalyst (15-20 g ) 
contamed in a three-necked Aask was heated for 20-24 hours under 
st~rrlng The results of the experments are given In table I1 

U-Pinene 

a-Pinene 

U-Ptnene 

a- and ,f3- 
Ptnene 

Temperature 
of 

reactlon "C 

Hours 
of 

reactlor; 
Products 

Camphene"d(12-15'/,) , 
slight polymerisation 

Camphene (20-25%), poly- 
merised product (15%) ), 
small amo~lnts of mono- 
telpenes and borneols 

Camphene (25-27%), poly- 
rner~sed pioduct (20%)) 
small amounts of terpe- 
nes and borneol 

Camphene (15-2OO/o), poly- 
merised product (15-18%) 

In the experiments (Z ) ,  (3) and (4), the teactron products wele 
first steam dlstdlcd to separate the polymer~sed product and then 
fractionated Small amount of borneol (m p 195-97") and other ter- 
penes were also formed 

(n) Antzmonzc aczd catalyst -To an ~ntlinate mixture of 
antrmony trloxlde (Sb,O, , 40 g ) and water (80 c c ), hydrogen peroxide 
(60 g , 30%) was added gradually under constant stirring and after 
the inittal reaction had subsided, the rnlxture was warmed fol 10 
minutes, and then evaporated to dryness on the water-bath The 
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product was finely powdered and hrribel dim1 aL J 20-1 30' for 4-5 
horns and finally at 168-70°, whereby an d~ t ive  fa 111 01 p:~tla]ly 
dehydrated antmonlc acld was obtainecl 

Plnene (200 g ) was heated w ~ t h  the c;italyst (10-15 g ) for 
20-25 hours The pioduct was filte~ ccl and f~ action,itecl, and the 
amount of camphene formed est~nutecl The results of tllc expel,- 
ments are given in table I11 

Temperature 
Pinenes 

U-Pinene 

U-Pinene 

a-Ptnene 

a-Pmene 

a-Pmcne 

U- and p- 
pinenes 

a- and /I- 
pinenes 

---- 
Houi s 

of 
reactlon 

-- ---- 

1'1 oclucts 

Camphene (4.5%) m a l l  
amounts of borne01 and 
polyillerlsecl pr oclucts 

C m ~ p h e n c  (40-46%) , 
more polyme~ lsation 

Camphene (2540%) 

In all the above experiments, very small amounts of polynlcilsed 
product were formed. In the expe~lments  (3), (4) ancl (5), small 
amounts of solid borne01 (m p 196-98°C ) coulcl be obtcil~zecl 

(111) Vanadzzlm pentoxzde catalyst -A~~~IOIIILIIIZ vanadate 
(25 0 g ) was heated 111 a crucible over a, free flame u~l t l l  no more 
ammonia evolved, and the resldue fused with sodmm hyd~oxide 
(30 g ) and sodmm mtrate (5 g ) The fused mass was cooled, cx- 



tractcd wlth water and precipitated wdh dilute hydrochloric a c ~ d  
The preclpltate was washed free of chlor~de and transferred to a 
porcelam dlsh and heated wlth fuming nitric a c ~ d  (5 c c ) on watel- 
bath to dryness, and finally Ignited to remove nitr~c acld 

a91nene (200 g ) was heated at 110-120' with vanadmm peu- 
tox~de (10 g ) for 24 h o u ~ s  under stirrmg The product after filtiahon 
was dlst~lled, yielding about 12-15% camphene. Under slmllar con- 
ditions, a- and p- pinene mixture gwes only 8-10% yield of camphene 

ISOMERISA'IION WITII COMPLEX ACID CATALYSTS 
Bo~o-Phospl~o~zc Aczd -Phosphoric acld (10 g ,5p  gr 1 75) 

was thoroughly m~xed with freshly fused powdered boric anhydride 
(10 g ) and the mixtule heated at 110' untll the whole mass solidified 
This solid mass was finely powdered, and heated at 120-125" for 3 
hours more and cooled in a desiccator 

a-Pinene (200 g ) was heated at 85-90" wrth 10 grams of the 
catalyst for 20 hours, The product was filtered, and fractionated, 
most of the pinene was recovered back as only a sinalI amount of 
camphene ( 5 4 % )  was formed. 

Boro-Acet~o Anlydrzcle -Freshly fused borlc anhydride (6 g ) 
was dissolved in acettc anhydride (60 c.c) by heating at 110' and 
the catalyst thus formed was heated wrth a-pmene (200 g )  fol 20 
hours under stirrmg, the temperature of the reaction bemg inarntain- 
ed at 110-115" Only 6 4 %  of camphene was formed rn thls reaction, 
whereas, with a- clnd p- pinene mixture only traces of camphene is 
formed 

ISOMERISATION WITH COMPLEX SALTS OF INORGANIC ACIDS 
Ammonmm Tulzgstate Catalyst -Tungstrc a c ~ d  (WO, , 50 g ) 

was allowed to stand over a 25% solut~on of arnmonla In a closed 
vessel, trll the absorption of ammonla was complete. The ammonium 
tungstate so formed was dried at 60' and finely powdered and 
heated slowly to 150" for 10 mlnutes for partral removal of arnrnonm 
TIUS was then heated in an autoclave wrth water at: 290" for 3-4 
hours and finally drled at 60". 



Anzrn~nzunz Vandate Ontdyst w ~ i b  171 C ~ I ~ I  C C ~  5lll1llrtt ly d~ 11 

the case of animoniuin tungstate a-Pi11~11e (200 g ) W ~ L S  hcated 
100-110" for 24 h o ~ r ~ s  wtth 10 g~dlns  of thc cd t~ Iys t  tmrlei strtii~lg 
yieldmg 15% of carnphene 

DIRECT CONVERSION OF CAMPI-IENE-I'INENE MlSTUIIE 

TO THE BORNUL ESTER 

A£ ter conductmg a nuii~ber of expel imcnts with cl~lfel en 
ploportions of pinene and cainpliene obtained f ~ o m  tllc c,dalyti~ 
react~ons, ~t was found that a y~eld  of 53% (thcoi y) boincols can bc 
obtamed from a mixture of pinenc-camphcne ln tllc r;~tlo of GO 40 
by the acetrc acid method 

Pmene-camphene in~xtule (200 g ) wns hcated 'it 105-110 
with acetic ac~cl (160 g ), acetic anhydr~de (60 g ) and 110x1~ anllycll~d~ 
(4 g ) under slow stirrmg for 12- 14 hours Sulplmr IL m c l  (80% 
15 g ) was slowly acIdec1 to thc colcI reaction mixtui t: WI tli constan 
sllalring and then heated at 50-55' for 4-5 h o u ~  s Anliycll 011s socl~w 
acetate was then added to remove flee s u l p l ~ ~ l i c  acid The  procluc 
was carefully fract~onated and the cster f~actloizs collectcd hctwce 
105-120°/25 mm was hyclrolysed with methyl alcohahc socla Yiel 
of crude borneol-lsobolneol sepaiatmg out as sol~cl was 120-125 g 

a- and p- Pmene mlxture (b p 153-57') treated with azzt~rnor~l 
acld catalyst at 110-120" yielded a mixtuie ~o~-dailiiilg about 30% c 
camphene Tlm iluxtu~e (200 g ) under the above expellixenld col 
dhons gave 88-90 grams of boriieols T l ~ s  lowel yield may 
posslbly due to h plesence of small q u a n t ~ t s s  of calcnos m tl 
ollglnal a- and P- plnene mixtu~e, and perhaps to the ease wdh W ~ K  

P-plnene gets polymerlsed m presence of sulphunc a c ~ d  



OXIDATION OF BORNEOL-ISOBORNEOL TO CAMPHOR 

The borneol-isoborneol nxxture (1 part) was dissolved in a 
mixture of 50% n~tr lc  acrd (5 pasts) and 50% sulphurlc acid (1/3rd 
part) The soIuCron was heated on the watesbath at 85-90" for 8-10 
hours with const.ant shalnng 

The reactlon msxture separated in two layers, the upper layer 
cons~stmg mostly of camphor was poured rnto water, whereby cam- 
phol was precxpltated and was further pur~fied by sublrrnat~on at 
1 1 O 0 ,  m p 169-171'. 

PL ~~ l ted  +t the Hos~lc P~ess, Ulsoot, Bangalore hy D N Hos?lr, Proyrtetor 


