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PRODUCTION OF SYNTHETIC CAMPHOR 
FROM INDIAN TURPENTINE 

By M. L. BERl and J. L. SARIN 
It is importiitit t.lint syiitlictic cntiiplior be produced 

ivithiti tlic British Etiipirc, if possil)le, in order to 
cliiiiitintc tlic iisuiil soitrccs of siipply which arc ciitircly 
of foreign origin. 12suct figures of the iiiiport of cniiiphor 
i t i  tlic Etiipirc couiitrics nre tiot iiviiiltiblc, but t,lic viilitc 
of itiiports of tltc four priiicipcil ciiiiiplior importing 
couiitrics, iiiiiiicly, United liiiigiloiii, Iiidiii, tiustrtilia, 
i i t d  IWcrtitcd J I c i l i i ~ ~  Stiitcs, during t.11~ ycitr 1933-34 
wcrc f64,471, f lT7,5N,  f10,077, iiitd fl.170 rcspcctivcly.~ 
‘l’lie viiluc of iiiiports is likely to iiicrcosc iii future, siiicc 
ciiiiipltor is ctitcritig to ii grciitcr rititl grciitcr cstciit 
into the pcrfiitiicry, csplosi\~cs, cclliiloid, iiiid pltiiriiiii- 
ccutical iiitlustrics. At prcsciit, tinturiil citiiiplior is 
n Jiipitiicsc tiiottopoly, wliilc syiitlictic ct~inplior is 
priticipnlly protlucctl it1 Gcrtliiiiiy utid diiicricii. 

Tlic stcirtiug iiicitcrial for tlic coiiiiiicrciiil production 
of syiitlict,ic ccitiiplior is turpctititic of liigli pitictic 
contents ; bot.li a iiiid p piiiciic iirc iiscfiil.2 111 l i idi i i  
i i i ir l  h r i i i a  cstciisivc piiic forests tire dist.ributed iii 
itiouiit,iiitioiis regioiis. Of tlic five spccics of piiic3 iiict 
i i i  ltitliii, tlircc iirc kiiowti to give 8 1  turpctit,iiic wliicli is 
very Itigli in  piitctic coiitctit;l iriid sl~oultl be suitiiblc for 
tltc product ioii of syiitlictic ciiiiiplior. Tlic tireii uiitlcr 
pitic forest is iis bclow~ : 

Area untler Area ~int lrr  piiics, yicltliny 
nll kiritlti of turpciitiiit~ rich in  piticric 

Xtiiiiu of pine trees 
Prt~vitiec I’iiiiia- Pitinu l’itiiia 

excelxtc iiierkimii klittaytc 
iicrcn ncrcs wren iicren 

l’llIljll~J . . . . . . . .  270,ooo 43,300 - - 
U.1’. . . . . . . . .  1,000,0(Ml 8250 - 
Kiialiniir . . . . . . . .  6!l2,000 - 
S.\\‘. l ~ . l ~ .  .... 23,000 1:1,000 - 
Ihiriiin . . . . . . . .  - - i!I8,720 I ,  I71,200 
Suii t IILTII St tit  (bs . .:. - - 71f1,800 1,207,200 

- 
- - - 

dlt,lioiigli it is iiot possible to work profitirbly for t,lic 
prodiictioii of turpciititio tlic wltolc of tlicsc ~itoriiioiis 

nrcas, tie~~ertliclcss thc tlcvclopiiicnt of tliis soiircc 
of supply of turpciitiiie for t,lic iiiiiiiufitcturc of syiitlietic 
ccimplior uiidoiibtctlly oflcrs nil  ;ittractive proposition. 

Tlic ncccptcd cotiiiiicrcinl proccssc for the tiiiiiiufiic- 
tiirc of syiitlictic caiiiphor starts with turpciitiiic’~v1iicli 
is friictioiiiitcd to givc piiiciic, iititl t,licti goes oil to bortiyl 
cliloridc, ccitiiplictic, isoboriiyl-ncctntc to isoboriicol, 
ntitl tltis is osirlizctl to caiiiplior.7 Tlic dill’crciit opcrn- 
tiotis of this proccss hnvc bccii tlic subjcct of iiiniiy 
piitciits iiiid iiiiicli litcriiturc.8 But thc ciitire work 
hiitl  Iiccii ciirricd out with Aiiicricnti or Frciicli turpcii- 
titic 11s tlic starting riiw incitcrinl, niitl there wis :I iiccd 
for soiiic work iii coiiticsioti with tlic ntlnptntioii of 
ivcll-kitowii ititlust.riiil proccsscs to tlic liitlinti raw 
itinterid. Accordiiigly, II study Iias bccii tiitidc of tlte 
inost siiitiilh rciigeiits iiiitl coiidit.ioiis of rcnctioii undcr 
which tlic best yield of syiithctic ciitiiphor iiiiiy bc 
obtiiiticd, in  cnrryiiig out tlic difl’crciit opcrtitions of 
thc coiiiiiicrciiil process of synthetic cainphor iiiiiiiiifitc- 
turc ivit,Ii l t i t l i i i t i  turpclit~iiic. I t  tiiny bc stated t l in t  
tlic cspcritiictits licrc tlcscribctl ;ire piircly liiboriitory iii  
type i tnd scidc, uiid iio coiiipiirtiblc sctiii-comiiicrciol 
scnle cspcriinciits Iiiivc so fiir bccti ctirricd out, cotisc- 
qiieiitly 110 dcdiictioti ciiii bc iiiiitlc i i t  tliis sttigc of thc 
work, 11s to the priict.icu1 nut1 economic fciisibility of t,hc 
tiiiitiiifiicturc of sytit,lictic cutiiplior froiii Iiitliiiii turpcil- 
tiiic. 

EXPERIMENTAL 
~‘tt~~)~/t~jttc . -~i ir i )c i i t i t ic  w s  obtniiictl by distillutioii 

frotti resin of bluc pitie (Pitttts escelsr~)f’. 100 parts of 
rcsiii giivc iibout 2.1 p r t s  of turpciititic. ‘l’urpciitiiic 
\viis dried o i w  sodiuiii iiicttil niid its pliytkxl constunts 
\vcrc tlctcrtiiitictl. Sp. gr. at 17” 0.856, sapoiiificntioti 
viiluc 3.926, ( t 1 ) ~ , 0  1.4629, ((1);: 36.6. 

f’ittwtc.-Piiictic w s  obtuiiicd froiii tiirpeiitinc by 
friictioiiiitioii with ciglit ~)ciirs frtictiotiiitiiig coluitiil. 
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100 ptirt,s of turpcnt~ine ,anre 94 pnrts of pinene. The 
fraction boiling between 153" to 155" C. ~ v n s  taken. 
This frnctioii iv~is selected, since according to Sitnonscii 
niid R ~ i u  (loc. cit.) it  is n piire d-pinetie. 

Pitietie h~tlroclrlorir7e.-Piticiic hydrochloride \ v ~ i s  prc- 
pared froin pineiie by saturnthg pinene with tlioroirglily 
dry HCI gas, keeping the pinetie \veil iiiitiicrsctl in  n 
freezing nitsture. Tlic rcnction proceetls riipitlly first, 
iind is coniplctc in  3 to 4 hours, ~vhcii pitictie liydro- 
cliloritlc scparntcs out 11s :I \vhitc cryst:illinc solid. Tt 
wns found tliiit during tlic period of rcnction the teinpera- 
ture slioiiltl not be nllowetl to go nbove 15" C., since 
itbovc this tciiiperiiture no solid sepnrntcs out :ind the 
liquid turns black. Tile solid w:is filtered, iiritl tlic 
filt.riitc wns cooled below zero, \\,lien niore of tlie solid 
\vns foiiiid to scpnraitc out, cooling wns contitiuctl until 
no niore solid sepnrntetl out. Dry I-ICI gns ivns passed 
once iigiin, ;itid tiny more solid o1)t:iined wis filtered. 
'I'hc liquid retiinining bellitid ivns nest osidizcd \vit,li 
tliliite HNO, nnd ivcll cooled l)clo\v zero, wlteti n furt,licr 
q!ii;titity of the solid scp:rmtcd out. Thns 73 grams of 
pneric hydrochloride were obtnined from 100 griiiiis of 
pincnc, ni.p. 121" to 122" C. 

C'nnt~~lietre.-13oriiyl cliloride (50 g.) iiiid potcissinin 
~iliennte (125 g.) were rcfluscd for 4 to 5 hours i n  :I 
tlistillntioti flask, tlic side tube of which wns pluggecl. 
It. was t,licn distilled and the distilliite collectctl up to 
180" C. Sodiuni hydroside solution was nest iidded 
t o  dissolve csccss of phenol, if any. Tlic oily layer of 
ciittipliclie was scpnrcited, dried over cnlciuni cltloriilc, 
:itid cooled. Yield obtnincd 3G.5 g., 1n.p. 50" to 52" C., 
1j.p. 156" to 159" C. Tlie conversion of bornyl cliloride 
into cntnplicne \viis nlso tried by iiieniis of sotile otlicr 
reiipits ,  e.g., aniline, . potassiuni stenrnte, anliydrous 
sotlium acctnte, glncial ticctic ncid, n niisture of sotliuni 
iicetatc nnd iilcoholic s o h ,  undcr kiiowi conditioits of 
renctions, but n stitisfiictory yield coiiltl not lie olitnitied. 

Isoborttyl ejler.--CnnipIiciie (30 g.), :icetic ticid 

5 0 ~ ~  sulpliiiric acid ns 11 cntirlyst, for 3 to .i hours ;it. 
50" to GO" C. Tlic resulting mixture i w s  poured into 
:in empty beaker and tlic fltisk rinsed out, wit.11 waiter, 
which wns also trnnsfcrrcd to the siinic Iiccikcr. 'Illic 
csccss of tlie wid wis nciitrnlieed with solid sodiuni 
ciirboiintc rind the oily Inycr of the cstcr wns scpnratetl 
i n  ti sep:iriit.ing funnel, dricd over c:ilciutn cliloritle, ; r i d  
then distilled utidcr vnciiiiiti nt 15 inin. pressure. Yield 
obtained 39.3 g., 11.11. 102" to 105" C. per 15 i n i n .  

I.sobortreol.-Isoboriiyl iicetiitc (26 g.) \vns Iiydrolyzctl 
with potassiuin liydrositlc (10 g, tlis~olvcd i n  50 C . C .  of 
~tlcohol) by liciiting it over w t e r  1)ntli for tlircc Iiours. 
Tlie rcsitltitig mixture \ w s  poured in 11 Iiirgc cltliitltity of 
ice cold witcr. Isoboriieol wis precipitiitetl, filtcretl, 
wiished ~r i th  witcr, t i t i t l  dried. Yield I!j.S g., 111.1). 
197" to  199" c'. 

fsobortreol /o  c.ri~t~p/ror.--lsoI~oriicol (30 g.) wis tlis- 
r;olvctl i n  iiitric ricitl of 1 *32 d (75 o.c.), i i i d  sulpliiiric 
itcid (4.8 c.c.) ; the tnisturc wns Iicutcd 011 tlie wiitcr 
h t h  for tiboi1t 10 I I O U W  iit SO" to !loo C. with frr(lilC1lt 
sliiiking. The rcsultiiig product \ v w  poiired wit11 stirring 
over ice cold witer wlicii eiitnphor precipitiitc!tI. I t .  wiis 
filtered ont, wnshcd wit11 wnter, i ind tltcn tlried. Yield 
obtniiicd 18.5 g., ii1.11. IGS" to 168" C. Otlicr oxidizing 

(52.5 g.) \\'ere lieiitcd togct,licr in fliisk with ( 2 . 6  6.) 

agents such ns potassiuni perlliiitig:iti~itc, clironiic tirid, 
nitric ncid, etc. were nlso tried under different conditions, 
but, sntisfnctory results were not, obt,nined. 

Cnwplietie to cn~trplror.--Ciimplienc (15 g.) \vns tlis- 
solvetl i n  gliicinl :icetic ncid (50 g.) nnt l  potnssiuni 
clicliroiiinte (GO g. i t i  160 C.C. of water), siilpliuric acid 
of 1 .S.l d (105 g. in 150 C.C. of wirter) were iitltlcd it t i t1  
rcflusctl :it 115" to 120" C. for 18 to 20 hours and t.lic 
resulting product ivns poured over crushctl icc \vltcn 
culuplior I)rccipitated, which wns filtcrcd, wiislied with 
iinitiioniii, and tlien with water to free it from iiinnioiii:i. 
Yield 7. 12 g., 111.1). 163" to 167" C. 

The action of ot.hcr oxidizing n p i t s  such i is potnssiutii 
~~erin:itig~~tiiite iti iicctotic solutloti, in  :~lkiili~ie tnetliii, 
sodiutti pcrbornte :ind sulpliuric wid, nitric ;kcid and 
clironiic ncid were tried under difl'ercnt, conditions, h i t  
it is found t l i n t  chromic ncid gives tlic best rtwilt. 

Bvrtryl c~tlor~~~e-~sobortiy~nti~~~~te-cc~ttr~~hora~i~/ / o  c w i -  

phor.-'l'lie nict hod rccoiriinetitlctl I)y J. J. liitter (loc. ci l . )  
~ v i i s  follo\vetl i t 1  its tletnils nntl the finnl yield of caniplior 
obtnined is 54)/, on iveiglit, of tmpeiithc ; ni.p.  1Mi" to 
IG9" C. 

I'ur$culiotr VJ ccotrp/ror.-Four nicthotls \ v c w  t ricd t ( I  

purify cii1lil)hor : 
(1) Crystnllizrition froni iibsoltltc : i l c ~ l i ~ l .  
(2) Cnniplior (crude) niisctl with dilute sulutioii ul' 

hydroside niitl potnssiiini pcrniiiiigiitititp \vits 

(3) Sul)linint.ion. 
(4) Crystnllizntion froiii iilcollol and then sublirniiig. 
It, ivns found t,lint cnniplior purified by mcthotls Nos. 3 

sodium 
stcnni distilled. 

t i t i d  4 ;rl)ove wis t,hc purest ; tn .p  171" to 172' C. 
SUMMARY 

study h i i s  been niiitle of the conditions under which 
well-knowti tnct,ltotls of tn:inufacturc of syiit.lietic 
cnnipltor inny be 1idii1)ted t.0 ln t l inn  turpetitine. l i i fo~~t~ai-  
tion ltns 1)ecti supplictl nbout tlic most suitable rengents 
iind contlit.ions of renction for tlic tlifferent 0periiti011~ of 
tlic process. Tlie yield of ciiniplior olitainctl froin 
Itdinll t ~irpcntinc by esl)criiiicnts on 11 liil~orutory scde 
is 5.lfyO on the ~veigltt, of tuypent.inc whicli is liigltcr 
t l i i in  tliciL obtained so f w  from litnericirii turpeitt,ine.10 
It iippcws possible tlirit with csl)erinicnts o i l  ii settii- 
cointncrciul sciile better yicltl niny be o1)tiiinetl. It IICIS 
been slio\vn t,liiit i i  source of supply of t lit! r i i w  inutcrid 
for the niaiiufiicturc of syntlictic ciitiipltor esist.s withiii 
t,lic Enipire. 

I nclust r i d  Ilescnrcll LnIioriltwy 
l'tinjiib (Itidio) 
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A NEW RULE FOR SUBSTITUTION 
IN THE BENZENE NUCLEUS 

By J. C. McGOWAN do7 z L1'$ 
'L'lic iippliciitioiis of tlic electronic theory of \'iileticy 

to sulistitiitioii i i i  iirntiiiitic iiiiclci iire tiow \\.ell 
l~tiowit.~ ISlcctroincric cfl'ccts, wlicti ciirricrl to 
cotiipletioii. give structiircs cotitri1)iititig to tlic 

i t i  t lie ciises of iiitrolietieetie, giviiig tiictn-srilist.itiitioii, 
: i t i d  cliloroliciizciic, giving ortho- iiiitl 1)ririi-siil)stitii- 
tioii (nlwirys towiirrls kntiotioicl rcngctits). 

rcsoiiiiticc* fortiililii. 'I'liesc cfl'ccts iire slio\\.ti hlo\\ .  

The 1iit1.t of the clcctroiticric efl'cots occiirritig i i t  
the iioriiiiil iiioleciile is geiierrilly cidlctl tlic " iiicso- 
titcric otl'cct " niicl substitutioii is govcrttccl hy tliis. 
1,. 15. Suttoii' coiisitlcrs the dill'crcticc i n  tlic dipole 
t i i o t i i v t i t  s of tlic pliciiyl i i i id  corresponding tertiiiry 
Iitityl ceitiil)otttids gives II tiicnsiirc of this tiicsoiiicric 
cll'cc t . 

Llit! OlJject of tliis ptilicr is to siiggcst, iiiiothr 
tiictliotl for tlic cotitpnrisoii of iticsotiiwic cll'ccts. 
'i'lic cll'cct uf ii cliloriiie iitoiii or tiitro groiip, wltcti  
itt,tiiclietl to 11 Iiytlrosyl iiistctid of t i  pliviiyl group, 
itiiiy ti ( .  to give tlic followiiig tcntlciic*icas : 

f 1  

'l'lie value of K for €I,SO, iii tlic tnblc is nctrinllv 
- u  

wliieli itiust tlierefore be stii:tller 

tlicin tlic triic K utid iu soiiic other cases ( e . ~ . ,  €ICO,-) 
the \-nliics of I< inny be unrclia1)le. Furtlicr, it is 

[€I+] [1-1S03-] 
W,SO,I + [ S r n  

not, possible t o  o~)tiiiti I< for ~ I I  tlic coiiip&ittIs 
AO1-[ correspoiidiiig to tlic plieiiyl tlcrivntivcs -1-0 : for esiittlplc --C1-r2cooI-I iluc~ -CCI,. 

From the fiicts cotisitlcrctl iii tliis piper tlic follo\v- 
iiig ticw rule is pat forwiirtl : 

kiitioiioitl rengetits will give Iiirgcly ortho niitl p r i i  

tlcriviitives if tlic tlissociiitioti cotistniit I< = 

of the cotnpoiiticl A011 (tticnsurctl in tliliitc aqiicoiis 
solutioii nt rooiii tctiiperiit~ire) is stiialler tliuti lo-' 
i i t id  wil l  give liirgely the tiictii t1criv:itivc if I< is 
grciitcr tliriti 

Osforcl 

1 A siiniiiinry. It. Robinson, Journnl of tlic Socicty of 
1)ycrs arid Colourists, Jiil~ilcr issur. 1034, pngc 65. 

2 L. 1;. Sutton, I'rorectlingn of the ltoynl Society, 1931, 
rol. ,,'33, A, pnge 008. 
3 Pligsikiiliscli Clicniisclic Ttrbcllcn," Lnntlolt-Borriuteiri 

(I!Wl), nntl siipploriicnts (19273, (1'3313, and (1935) were 
rcfrrrrtl to for tlic riiirnrricnl vnlucu of K, cscrpt in the c n w s  
of tlir iiiorc recent dctrrniinittions riinrkcd *. 
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grain tiiols. pcr litrc. 
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NICKEL INDUSTRY IN CANADA 
'I'lic liitcriiiltioiiitl Sickel c'o. of Cirtiiitlii, Ltd., 

which i n  I!B9 cotiiplctetl :I progriiitiiiic of niitie 
tlevclopiiiciit i i t i t l  1)liiiit construction, iiivolviiip i i i i  

outliiy of S60,000,000, is csliciiditig .S1'2,000,000 this 
yeiir i t i  tlir construction of ticw pliints, niitl iii  iitltli- 
tioiis to fiicilities of csistitip 1il:itits. l i i  tlic Sittlbury 
iircii, iii Otitiirio, \rlicre its mines iirc locntctl, the 
coiiiliiitiy's Iirogrniiitiie iiiclittlcs thc erection of :I 
 tic^ siiicltcr, iiiitl II iicw cliiitigc. hotrsc, rind ritltlitioiis 
to its coiicciitriitor. 'l'lic iicw siiicltcr is to Iiiitiillc 
copIicr fcctl o d y ,  wliilc t Itc Iireseiit siiicltcr will 
o1icr:ite ciitircly on iiickcl ores. 'l'lic coticctitrtitor 
ciipiicity is lwiiig ctiliirgctl to 12,000 toils of ore tliiily, 
iis iigiiiiist tlic present ciipiicity of 8000 t .  tliiily. 
:\t Port ColI)oriic, Ontiilio, the iiickcl rriiiiery is 
bciiip ciiliirgctl to protlitcc Id,000,000 Ill. of clcctro- 
Iytic tiickcl ii tiiontli, i i t i  iticrcrisc of over the 
prcsciit ciipiicity : i i t i t l  :it Clytliicli, \Viilcs, iidtlitiotis 
lire Ijcing tiiiitle to tlic rcIitiing fiicilitics, wliicli will 
rtiiihle i i t i  iiliiiitiil prodiictioii of 4i!,OUO,OOO lb. of 
iiietiillic iiickcl. 

IM.xmlwitlgr Siclicl Niiics, 1,ttI. is cspiiitliiig its 
Iiliint, fiicilitics 1)otli in the Siitlliitry itrcii, iititl i n  
Sor\vtiy, to cwtblc r t  ?So/, iircrciisc iii tlic coiiipriiiy's 
prodiict iw ciipiicity. l'liitis iito under wiiy itlso for 
the pru(1tictioii of vitriolis nickel iilloys i n  tlic elect 1'0- 
Iytic fiiriiiicc tit Orilliti, Oiitiirio. 'L'hc ciiltirgcrl pliiiit 
i t1  tlic Sutlliiiry ~ irc i i  is t!sl)ct':td to Iw in 1'1111 opuriitioti 
113' tlic ciitl of 1!)3ci, i i i i i l  will ciiiililc the  cotiipiitiy to 

piirvtl wi th  t I i v  1)resciit r i i tr  of YoU,W@ toils iititiiiiiI1.v. 
trc1iL closc t o  .100)00U tolls of orc l l l~t l l l l l l ly  its colI1- 
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