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THE 

C ACID 
X~~~zzvnsu~a 

IIon~ooan~pl~o~onzc nozd (VII) was obtamed by Forster ( J C  8 , 
1896, 69, 49) hy the action of fnn~ing ni t r~c a c d  on d~brornocampl~oi 
(A), via (dd , ro i~~o~ampl~ol lde  (B) (J C 6 ,  1896, 69, 41) and broma- 
camphorenic aclcl (C) 

~ a c h l e r  and S p i t ~ e r  (Monatsh , 1883, 4, 554) obtarned by ox~clatron 
ol  dtbromocainpho~ w ~ t h  dilute n i t ~ ~ c  acid what they supposed to be 

camphoron~c aclcl and ~socampho~onlc a c d  Lapwo~ t11 and Chapmall 
(J 0 IS , 1899, 75, 986) ind~cated that isocamphorol~lc aclcl was not 
present, but that an a c d  was formed whlch m ~ g h t  be easlly confused 
with it on supe~ficlal exainrnatlon The study of its properties 
showed that it was probably tdentlcal with the hoinocamphoron~c ;~cid 
a s  obtained by Forster (Zoo chi ) Lapworlh and Chapman (J 0 X I  
1899, 75, 005) oblainecl I~omocamphoronrc a c d  d~rectly rn one step 
by the oxldatron of d ~ b ~ o m o c a m p l ~ o ~  by strong n l t r~c  acid in the 
presence of sllver nitlate In the woik of the above two aulhors, 
(Forstcl and Lapworih, Zoc cht ), ~t 15 only 111 the first one that some 
products (A, 13, C, c tc )  foimed in the lntetmedlate stages In the final 
canversion of dh-omocalllpho~ inta 1~omocampl~oronic acld 'ire 
described Conversion of hoinocarnphoronlc acid ~ n t o  campl~ononic 
acid, and the fa1 nlation of the latter from campbatlalnlde (J 0 S, 1901, 
79, 1286), and f t  om clehydrolzomoca~npholic a c ~ d  (J C S , 1900, 17, 
1070), leaves na doubt as to the correctness of the structure accorded 
to camp honona acid, Although, the formation of homocamphoronl~ 



From what has becn said above, 11 w ~ l l  bc: clcb,~r th ,~ t  n clltcct 
synthesis of ho~~iocampl~o~onlc c~c~cl  is ncces s~ iy  io pI,\~c: 1111: s i l a~ tu i e  
ascribed to IC beyond d l  doubt , ~ n d  contl uvc15y TIN syrlihcsis of 
ho~~~ocarnpho~onic acld has now been ach~cvecl r~ccolr l l l~g to the 
scheme outlrnecl below 

011 

(IV) ( A c ~ d ~ l l I )  (11) (A~ i t l= l )  

Ethyl u-brornossobutyrate reacts with ethyl Iccvulinatc in the 
pesence of zinc (Blase, Conz~~t .rend , 1900, 130, 1 OM , I-Iarclmg, 
J G  8, 1912, 101, 1590) to glve ilse to a in~xtmc of ~ l l l y l  ,&llydtoxy- 
uu&tr~methyladlpate (11) and the ethyl e i l e l  of the I,tclone of 

P-hydroxy-uap-tr~~iiethyl acl~plc a u d  (IV) The cstci mixtm o wcis 
convelled lnto the lactonic ester (IV) via l lydloxy-d~.~ud (I) m d  
hydroxy-dlester (11) The findmgs of Bl.~~sc ;md H.LI ding (luc obt ) 
on tlus particular reachon bemg rathei contl o v c ~  sld, Llle I caction 11'1s 



I ouglily studrcd By ,111mllne hydrolysis of the esters 
onslducnl x ~ l s  vlz , l r o b u t y l ~  and lzvulrc aclcls are 
~ ( l  TIE I u sul ls  (vidc expel irnental) are contrary to tlle 
-I,iirIt~~g ( lo l :  ~ z t )  a i ~ I  111 agreement wdh that of Blaise 
'lzc quauhty ol the e&er thus decomposed, howevel, 
rlig on thc d u ~  at1011 of hcatmg, the stiength and quant~ty 
set1 l'hc hydioxy acid is folmed only under certam 

:lomc ester (IV) leacts wlth potass~um cyanlde to yield 
svlilch gets hydlolysed and esterrfied by the actroil of 
rlph~xlic acld to glve m e  to ethyl hoino~amphoronate 
~oa~ocampl~osonate  (VI) was hydrolysed to homocarnp- 
VII) on t~eatment  wlth hyclmchlor~c acld It 1s wol tlz- 
ling here t l -~d the hydroxy-dtester in a pure form has 
I from the lactonlc ester (IV) by reacting ~ t s  silver saIt 
~ d e  

nthests of l~o~nocampl~oron~c acld constitutes a new total 
:amphor, because of the fact that the conversion of 
0111~ m d  to cainphoi~onic acid and tliat of camphononic 
J ~ O I  h,lvc ,dl eady been achcved by prev~ous wol kel s 

EXPERIMENTAL 

/ Bth$ LPVZ~ Zmate mzd Ethyl u - B s  ormaoisobuty) ate 
of the  EtliyI Esteil o f  the Lactone of P-Hydloxy- 

-T1*zwzethgladzpc A C Z ~  (TI), and DzetkqLP- 
E y d ~  oxy-n~tfl-Trz~~tetI~yZ-Adqate (11) 

gh the rcactlon between the above ment~or~ed 
en lllcd by Bla~se (Con3pt l e n d ,  1900, 130, 1033) and 
' 8 ,  1912, 101, 1593), after a number of tilals, the 
been f o m d  to be the most convealent To  a mixture 
litlate (30 g ) rn berlzene (75 c c ) and zinc (14 g ) was 
mo-ester (10 g ) After addition of a crystal of ~ o d ~ n e ,  the 
leated on bolIlng ~ l t e r - b d h  tdI the reactlon comrnenc- 
Axon bemg extremely vlgorous at the begmnrug, the 



The residue from the bcn~cne  c x t i d  W,LS dltst~llcd ~tnrler 
reduced pressuie (using a colulll~z for the c , ~  lie1 flcllliO1ls), r l i l ~ 1  the 
following fractions collected 

Fractlon Weight B P 11 ",I (1 !; 
1 3 0 giams 70-72'115 mln l 4 2 f j 2  0 8/80 (dgz) 

11 5 0  ,, 89-90°/10 intn 1 421 0 1 01 1 (~1:::) 

Fraction (1) appears to conslst mainly of clllyl %sohnlyi,~tc: slim 
tt gives a saponlficatlon cqulvalent of 115 I,subulyl~c cslcl roclultcs 
eqaivalent, l l G  0 

Fraction (11) (B P, 96'115 111111 , u,:f 1 4 23 1 ; d ;  1; 1 0 1 $6, I<cnnct 
and Tollen) appeals to consist of 1u11 c,~clecl clhyl Ilcvulln,~tc (I+'oui~d 
Equiv 147 4 , Ethyl Izvuliiiatc t equiics 14 1 0) Vicc ICcv~~llnic 
ncicl prepaiecl from the ester boiled at 135-340"/10 111111 , sc1111cx- 
bazone, 11-1 p 187" 

F~actlon (111) mcl (IV) conslstlng of tlzc m t ~ u  111111~ of the 
d~stillate, is the requiiecl coildensat~on protluct It  w,ls ,L ~ m d ~ t i e  of 
the hyclioxy aclipic estei (11) a i d  tllc tllono cstcl of thc c o ~ t c ~ p o n d ~ n g  
Y-lactone (IV) , yield 7 0 4 0 %  'Tlu cc s m p l e s  ol the I1 I1~(.loll (iv), 
from three dlflerent prepaiations gavc the followmg eo i~~ t ,u l t s  

Sample 7% %0 L/80 ~i o Sapn Eclu~v 

A 1 4530 1*0800 114 8 
B 1 4542 1 0804 111 7 

C 1 4522 1.0796 116 2 



The hyclroxy ester (C,H,,O,) requtres Equlv 130 0 , the lacfonlc 
estel (Cl,Hl,O,) iecpucs Equiv 107 0 , the unsaturated ester 
(C,,H,,O,) rccpii ea E q ~ u v  121 0 Fi action (iv) gwe the f o l l o ~ v ~ ~ ~ g  
values fot c a b o n  m d  hydrogen C, 60 3 ,  HI 8 5 pel cent 
(Harchg,  Found C, 60 3, G O  6 ,  H, 8 5, 8 5 Blaise, Found 
C, 59 9 6 ,  H, 8 17 pel cent) The hydroxy ester (C,H,,O,) 
rcclulr es  C, 60 0 , H, 9 2 per cent The lactonlc ester (C,,H,,O,) 
i equrres C, G l  7 , 1-1, 8 5 pel cent 

There seems to be some controversy about the behavlour of this 
ester inixlt~re on hydrolysis with potash According to Blaise ( loc czt ) 
the esters ale deco~nposed to their orlginal const~tuents Harding 
(loc cat) suggests that thrs result is erroneous, the hydroxy acld 
bcing f o l ~ n e d  ~nsteacl He, how eve^, obtained the ol~ginal constituents 
as  meiztioned by Blalse only by d~st~l la t~on wlth 20% sulphur~c ac1i-l 
In a culrent of steam Thls react~on has now bee11 studied m t111s 
lab01 at01 y with the following results. 

A (I) The ester (5 g ) was boded for 2 hours wlth alcoholic 
potash (40 c c , 10 %) The golden yellow solution was poured into 
cold w t e ~  (100 c c ) ,  the alcol~ol ~cmoved, the aqueous sol~tt~on 
cooled HI rce atid made p s t  x i d  to methyl red with dllute hydro- 
clllo~ic a c ~ d  and ~~nrnecliately exttacted with ether The residt~e from 
the etllel e x t l x t  was d~stlllcd and collected m two fracttons 

FI (I) 4 0 g , B P upto 80°/30 mm , na,9 1 3938, d;: 0 2546 

Fi action (1) from its odoul, solubility 111 water and boding point 
(150-152"), seems to coilsist mainly of zsobutyiic acld It had 
cqulvalel~l 92 5 , ~ s o b ~ t y i l c  acid ieclulres 88 0, The rn p 129" of the 
alnicle ancl m p 105" of the an~hde are in agreement wlth the inejltmg 
pomts of the amicle and the aixl~de of rsobutyrlc acld 

Fraction (n) was a yellow viscous oil with no tendency to 
crystallise It LOI responded to the phydroxy-uob-ttimethyladipl~ 
acid (I) 01 Haidmg. On tltratlon agalnst sodruln hydroxide with 



phenolphthalem as indicator, it gave 211 ecpiv.tlcu1 1 25 7 I Iydroxy- 

dibasic a c ~ d  C,H,O, i e q m ~  cs 102 0 , i110i10-h~i~ l l l d ~ ) ~ ~ i ~  ,LC ~1 C,,IIl,O, 
requires 186 O On Ilydiolysis for 2 l l o ~ i s  ~1111 ObrC5.l oI l ~ o l l l ~ ~ g  
dcohohc potash a i d  hlration of the exccw, thi: eqtuv.llc~lt was Iound 
to be 98 2 Hydroxy a c ~ d  rcqun cb 102 0 , 1.iclo1im :~cvl  rcqulrcs 
93 0 Hence fractlon (11) is mainly tlic liydroxy t ~ ~ i c l  cont,irrrlnated 
wtth small quantittes of the lactone 

The aqueous solut~on after ether ext~~~ctioxl,  w,ls cvdporated 
on the water-bath and the residue a g m  ext~:xtccl wt l l  ctllcr The 
acid (3 g )  obtatned after removal of cther had 13 p 135 -140°/10 inm 
It gave a sem~carbazoi~e, m p. 187" sl~oowmg tlid it  wds p.11 c l~cvulin~c 
acid 

B If, however, the ester intxtuic (10 g ) xs boiled lo1 30 
minutes with just the necessary quantity of ~~lcolloltc p o l , ~ h  (75 c c , 
8 0%) and the mixtule woilrccl up, about 5 0 0 f  1110 protluct is 
obtained as hydroxy acid 

Followmg the method of I-Iai dliig, ethyl /I-liydl oxy-(ltr/I-tl ~ m -  
ethyl adlpate (11) was prepared from the cctel mixtuic hy l~ycl~olysis 
with alcoholic potasslum hydi ox~cle and cubsecluent c s t c ~  tl~c,~tion of 
the hydroxy acid forn~ecl , B P 165-GG0/2 111111 , P L ' ; ~ '  1 4.530 , d!:, 
1 080 

The lactoilic acid (111) was prepared ncco~cling to the 
method of Harding with the follow~ng inod~hcalioil The  hydloxy 
ester (11) was warmed on the water-bath lo1 4 - 4  houlc, wit11 
hydrobroinic acid obtained by saturating watei at 0°C wtlh llydiogen 
bromlde , it was then pouted 1nto water, extracted with ether a i d  
the residue horn the ether extract after being dtiecl on polo115 plate, 

was recrystallised from ether 111 colorless p i~sms,  m.p 108 -109" 
(Found C, 57 6 ,  A, 7 5 C.H,,O, requiles C, 58 0 ,  11, 7 5 per 
cent,) 



197 
1) 

The load salt -The acid was nent ra l~ed w~th N/2 sodluln 
hyd~oxiclc against phcnolpht11aIern To thrs solution was added a 
solution of neutial lead acetate (20 c c , 10%) After a few mmutes 
the lead s d t  crystdlises out, 111 p 165-176' (decornp ) (Found Pb, 
34 2 ,  (C,H,O,),Pb 1 equires Pb, 3599) 

The copper salt -To a solut~on of the mono-sodmm salt of the 
mcl  rn water, excess of copper sulpl~ate solut~on was added when the 

coppel s d t  separated as A bluish-$1 een crystallil~e powder Hence 
the mono-copper salt rs almost msoluble in water (Found Cu, 13 4 
(C,H,,O,),Cu r equilcs Cu, 14 7 per cellt ) The salt does not melt 
but decon~poses slowly above 200" 

TJL~ sodsum salt -The mono-sod~um salt of the acld was 
prcparccl by titrat~ng the free acid with sodium l~ydrox~de lo neutral~ty 
using p1~enolphthaIem as il~cllcator, then concentrallng the aqueous 
solution and final evaporation to dryness over sulpl~uric acid The 
salt thus prepared was a wlute crystalline powder, hygroscopic in the 
a r ,  m.p 185" (decomp ), 

TJbe szlvor salt separates in crystals after a t m e  by the actlon 
ol silver n~trate on an aqueous solution of the sodium salt 

Decarbozylnf~on of the Lactomc Aczd (111) 

The pure lactonlc ac~d (20 g ) was heated on a wlre-gauze over 
a free flame in a flask fitted with an alr condenser Wlthln a few 
minutes there cominenced the evolut~on of carbon dioxide which Lame 
to a11 end xn about an hour After Iwo more hours' heating, the reaction 
mrxtuxe was poured into rce-water, treated with excess of sodmn car- 
bonate solution and the (neutlal) insoluble 011 was extracted wrth ether 
(A) The solution was then ac~difiecl and the ody a c ~ d  extracted w~th  
ether (B). 

2 3-Dlir~ethyl hexanolide (3 6) p r e p a d  from the neutral 
oil (A) accoidlng to Blaise had equlvalel~t 142 C,H,O, requlres 143 

Acld (B) was pure d~methyl liexei~onic .rc~d (Blame) I1 boiled 

at 229-230°/684 mm and had equlvalellt 140 C,H,,O, leqr~ires 
142 



EtltyZ Esler of the 

This estet was 

Sodi~lin hydiox~cle (2 5 g ), in water (1000 c c ) WAS gl a d ~ d l y  
added to the lactomc estel (15 g ), left f o ~  10 mi~iute\ with slidung, 
the undtssolved ester bemg extra~tccl by ethci Tlic ,qucous solut~on 
was then treated w~th  excess of silvei nitt d e  solution, Itlle~ ctl ancl 
the colorless silver salt w~ls waslled with w d e i  mcl tliiccl 111 VCKLIO 

over calctuin chloiide The salt decomposcs with h l d i a n i n g  dt 

about 110" 

The sliver salt (18 g ) was finely powdered ,mcl tizixcd ~~1111  

50 c c of dry ether,  boded undei reflux with ethyl ~oclitlc 111 excess 
(15 g ) for 8 hours Then poured the react1011 procloct into watct, 
exttacted with ether and waslxxl several times with wLl t c~  Tlic 
silver lodide was washed with some nloie etllei and the comblnecl 
ether extracts upoil distillation at reduced pressule g.rvc the follow~ng 
fractions 

Fr 1 B P. 160-65"/12 111111 (0 5 g ) 
Fr 11 B P 165-66"/12 mm (10?0 g ) , 1 1530, d:Z 1 079 

The bolllng p n t ,  refractive mdex and d e m t y  of f ra~t lo i l  (11) nrcli~dcd 



hcal with ethyl a a ,8-tninet11yl-/3-hydroxy adlpate 
ludy 

rszunz Cyanrde on the  Lac lom E s t e ~  (IV) follozved 
bolt of AZco7~1l and Az~ZpJzznrc Aczd Acco~dlng 
MetJ~od of  Rziatc7cn Por matzola of Bthyl 

liIwmocanzpJ~oronate ( IV)  

and dly lnctonic ester (22 g ) was heated with finely 
slum cyamcle (10 g ) at 220-25' for 5-12 hours in a flask 
2 conclcnsel and soda-lme gtlard tube For the com- 
he ieaction it took 15-20 mlnutes, after the bath 11ad 
ipcrature of 220" At this stage, the teiilperature had to 
ly controlled, as otherwise the reactlon became very 
t out of control Aftel about 12 hours, the reachon was 
a hard dark-brown so l~d  was obtalned To this was 
e of coilcentlated sulpl~uric acld (20 c c ) and alcohol 
e inrxtule heated lor 15 clays in an oil-bath at 120°, 
~1 illen pouled tnto water (500 c,c ), cooled atld extract- 
The ether extract wcls d m d  over a~dlydlous mag- 

te ancl cllstillecl under reduced pressure after the 
:r The Eollow~ng fractions wet e obiamed 

was refractlomted and the portlon coil~tng over at 
wds collected ancl found to be the pure requtred ester 

L 3 ,  1-1, 8 4 C,,H,,O, requlres C, G O  S, H, S 9 per 

of 1Jhe Eater (VI) $0 Honzoonrzyho~onzo Aozd (PII}  
ter ( 0  5 g ) was refluxed with l~ycllocblonc actd (25 c c , 

hours when the contents of the flask became pelfectly 
inogeneous The acid solution upon evaporntloll to 
a llght brown solid crystall~sing 111 beautiful prisms fiom 
a t o n e  J I I ~  e thy1 ace bate, m p 184' , the inlaed i~leltlng 




