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ABSTRACT 

The  addition of acetic acid to  camphenilene has been carried out. The major products 
are the two expected from normal addition without rearrangement. From the product ratio 
i t  is possible to conclude that the difference between the electronic effect of a methyl and a 
hydrogen a t  Cc of the norbornyl cation is small. 

Winstein (1-3) and Roberts (4, 5 )  have proposed that  a non-classical carbonium ion (I) 
is obtained in the norbornyl systeln by solvolysis of derivatives of exo-norborneol. This 
is analogous to  the type of interlnediate (11) proposed in a number of migration reactions 
(6). For lllany such reactions, i.e. the Baeyer-Villiger and pinacol rearrangement reactions, 

a definite order of migrational aptitude of t-butyl > ethyl > methyl has been observed 
(7, 8) and this order has been partly attributed to  electronic influence of the inethyI 
groups on the migrating carbon. I t  is of interest to see if such pronounced effects are also 
present in the norbornyl system. 

In our laboratories, we are studying the electronic and steric effects of substitution a t  
C6 of the norbornyl system and in this paper will report evidence concerning the electronic 
influence of two methyl groups a t  C6. 

Addition of acetic acid to  calllphenilene (apoisofenchene (111)) can potentially yield a 
simple norbornyl cation (IV) and/or a G,G-dimethylnorbornyl cation (V) (the non-classical 
ion is used here for convenience since we do not have definitive evidence for or against 
its formation). Neglecting any steric differences (which are shown below to  be small) 

and provided the product is not equilibrated, the product ratio should be a measure of 
the electronic influence of the methyl groups on the intermediate ion. 

Beclcnlann and Bamberger (9) in 1953 reported the addition of acetic acid to campheni- 
lene. They observed as  the major product the acetate from IV (5-exo-camphenilanyl 
acetate (P-isofencl~ocampl~oryl acetate) (VI)). Two other minor products resulting from 
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rearrangement were also found but  there was no evidence for the acetate from V (6-exo- 
camphenilanyl acetate) (VII).  We now have repeated this work and find that  5-exo- 
camphenilally1 acetate (VI) and 6-eso-camphenilanyl acetate (VII) are the major products 
and are formed in the ratio of 2 : l  respectively. 

The  acetate lnixture from the addition of acetic acid to camphenilene was chromato- 
graphed by vapor chromatography and two major peaks were found to  be present. These 
components were isolated and found to be identical with the pair of acetates prepared 
from camphenilene by the hydroboration method of Brown and Subba Rao (10). I-Iydro- 
boration of camphenilene followed by oxidation and then acetylation gave two acetates, 
b.p. 211" and 21A0, in a ratio of 45:55 respectively. From studies by Brown et al. on 
bicyclic systems and related structures (11, 12) it is unlikely that  rearrangement of the 
carbon skeleton has occurred and it is probable that  the two acetates are exo. I t  is 
important to note that for a reaction which has been shown to  be sensitive to  steric 
effects the ratio of acetates formed is close to 1. I t  is based on this observation that  we 
feel that  steric effects are minor in the addition reaction with acetic acid. 

Further identification of the products has been based on the translormation of the 
acetates to the alcohols and derivatives and then to the lietones and derivatives. The  

pertinent lnelting points of these and related compounds are given in Table I. From 
these data  it can be concluded that  the acetate, b.p. 214", is 5-exo-camphenilany1 acetate 
(VI) and the acetate, b.p. 211°, is 6-exo-camphenilanyl acetate (VII). 

TABLE I 

Melting point ("C) 
- - 

Hydrogen 
Source Alcohol phthalate Icetone Semicarbazone 

--  - - 

5-c\o-Camphenilan).1 00-01 (13) 130-131 (13) 64-05.5 (14) 
3-Camphenilany1 "1" 103-104 (I 5) 178-179 (15) 38 (10) 
3-Carnphenilanyl "2" 75-76 (15) 154-155 (15) 38 (16) 
a-Isofenclioca~npl~oryl 132-133 (15) 174-175 (15) 

- - 
109 (17) 

0-exo-Caniphenila~~yl L.p. 197 (18) 
Acetate, b.p. 211" 30 13s 5-140 55-56, b.p. 195 
Acetate. b . ~ .  214" 55-56 130-131 - 

Beclimann and Bamberger (9) missed the derivatives of the 6-exo-camphenilanyl systenl 
for the following reasons. I n  the attempted separation by crystallization of the hydrogen 
phthalates of the alcohol mixture the hydrogen phthalate of 6-exo-camphenilal~ol was 
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not obtained since i t  is more soluble than the 5-isomer in the solvents used. The  ketone 
mixture of 6-camphenilanone and 5-ca~npheni lano~~e under standard conditions yields 
the pure semicarbazone of the 5-isomer since the 6-isomer forms a se~nicarbazone a t  a 
much slower rate. The slow reactivity of the (i-ketone is presumably due to the large 
steric effort of an endo-methyl group a t  the 2-position. 

There are two possible explanations for the observecl product ratio from the addition 
of acetic acid to camphenilene. The  first is that  the presence of methyl substitution a t  
C6 of I (V) provides no additional stabilization over structure IV and thus the product 
ratio is close to 1. The  ability of methyl attached to the carbon of a lnigrating group 
to give stabilization by electronic induction or 11ype1-conjugation has been questioned 
in the case of the Wagner-Meerwein rearrangement reaction (19). Cram and I<night 
based their arguments on an  observed migrational aptitude for methyl and ethyl of 
35:l respectively in the solvolysis of 3,4-dimethyl-4-pI~e11yI-3-l~exl p-bromobenzoate. 
Unfortunately, there have been no other migrational aptitudes measured for the Wagner- 
Meerwein rearrangement reaction. 

The  second possible explanation is tha t  C6 does not participate during the addition 
and thus the effect of methyl substitution on Cs is long range. I t  is hoped tha t  further 
studies on the effect of substituents a t  C6 of the norbornyl system u-ill provide additional 
information from which our understanding of the factors involved will be increased. 

LIelting points and boiling points are u~lcorrected. Boiling points of anal~.tical samples \\?ere determined 
by the micro inverted capillary method. 

C(~n~phenilene 
The crumpheniler~e, m.p. 33-34", b.p. 131°, and 1.4525, ~lsed in this study \\.as prepared by methods 

similar to those reported by Berso~i (20). 

A d d i t i o n  of Ace t ic  Acid t o  Cn17ipl~e~rilene 
.-1 solution of 1 8 g  (0.15 mole) of camphenilcnc in 70 ml of acetic acicl containing 1 ml of 50% sulphuric 

acicl was heatecl a t  1OO0 for 1 hour. The solution \\.as poured into 500 ml of cold \ \~ater and the two la)-crs 
which formed \verc separatecl. 'The water layer \\-as unshed with ether and the ether \\~ashir~g corn bined 
\\!it11 the organic layer. The resulting ether solution \\;as washecl with water, 107i, sotlium carbonate solution, 
a11cI \\rater ancl then clriecl o\:er anhydrous magnesium sulphate. The ether solution \vas filterecl ancl distilled 
to gi1.e 21 g of acetate procluct, 11.p. 10G-132" a t  30 nlm. Chromatographic separation of the two major 
components which comprisecl 99'5; of the product \\,as carrietl out, first \\rich a Megacliroin instrument 
littecl with six 8-ft apiezon J columns r~ttecl in parallel to give t\vo acetate products which were sho\vn by 
chromatography to be 9.55; pure. Furthcr purification of the acetates with an .Aerograph unit fitted with 
a 10-ft c1inon)~l plithalatc coluriin gave the t\vo components pure. 

.-lcetate, b.p. 211" ancl ?/n" 1.4597. Calc. for CiIHISOz: C, 72.53; M, 9.89. Founcl: C, 72.45; M, 9.66. 
Acetate, 11.p. 21-1" aiicl nr," 1.-&(ill. Calc. for CIiHlaO?: C, 72.5:i; H,  0.89. Foirntl: C, 72.41; 1-1, 0.77. 
'The lo~ver-boiling acetate \\,as eluted first, on both columns. 
'l'lie acltlition of acetic acid \\.as carrietl out under a variety of conclitiol~s to dctcrnline the effect of time 

and temperature on thc procluct ratio. For these cxpcrimer~ts 1 g of camphenilene ancl 5 ml of acetic acicl 
containing 17; of s~ilphuric ;~cicl were used. The restllts al-e given in Table I I.  ;\ pure sample of the acetate, 

Time Temp. Cjo acetate ('8' ,G acetate 
(min) ("c)  of b.p. 211" of b.p. 214" Conl~iicnt 

64 Iicaction incomplete 
0 1 5(/; c;ir~ipIienilenc 

remaining 
65 Iieaction con~pletc 
61 
57 
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b.p. 214', was heated 5 minutes a t  100' in acetic acid with sulphuric acid added. Work-up of the solution 
showed that there had been no iso~nerization of this acetate into the acetate, b.p. 211". The product ratio is 
therefore liineticallp controlled. 

Hydioboration of Can~pl~cni lc~~c 
In a 200-1n1 3-necked flask fitted with t\vo gas adapters and a pressure-equalized dropping funnel was 

placed a solution of 10.73 g (0.088 mole) of camphenilene in 20 ml of purilied diglyme. The flasli was fl~rshed 
1~1 th  nitrogen, and 25 ml (0.025 mole) of 1 JII soclium borohydricle solution in diglyme was addecl. To the 
magrletically stirred solution was aclcled dropwise a solution of 4.73 g (0.033 mole) of boron trifluoride 
etherate in 20 ml of diglyme over a 1-hour period. The solution was allowed to stand an additional hour 
and there was then aclded 7 ml of water and 14 rnl of 3 N sodium hydroxide. 'The addition funnel \\.as 
replaced by a condenser ancl 14 ml of 30% hydrogen peroxide \\,as added in portions to maintain a steady 
reflus. 'The solution was coolecl and adcled to 100 g of ice and estracLecl four times with water, and the 
ether extract was \vashecl with ice water and dried over magnesium sulphate. 

'l'he ether solution was lilterecl and the ether removed by distillation. 'To the resiclual alcohol \\,as added 
40 ml of pyridi~ie and 20 rnl of acetic ailhyclride. The mixture \\.as heated 3 hours 011 a steam bath and 
then poured into ice containing 15 n ~ l  of conce~ltratecl sulphi~rir acid. Thc resulting solution \\,as extracted 
~vith ether and the ether solutio11 \vashecl with dilute sulphuric acicl ant1 watcr and then driecl over mag- 
nesium sulphate. Distillation gave $1 g of acetate, b.p. '35-100" a t  17 mln. 

Vapor chrotiiatographic separation of the product using a dinonyl phthalate column showed only 2 
pealis. The lirst peak, 72n2'l l.l58:J, representing 45% of the total, was identical by infrared with the acetate, 
b.p. 211°, isolatecl from the addition reaction of acetic acid to camphcnilene. 'The second peak, 7zD" 1.4G00, 
representing 55'h of the total, was identical with the acetate, b.p. 214". 

j-e.vo-Ct~ilzpl~ei~ilaizol (b-IsoJe~zcho::a117phorol) 
A 15.1-g (0.0825 inole) sample of the acetate, b.p. 214", which contained 57; of the acetate, b.p. 211", 

was reducetl in ether \\,it11 2.0 g of lithiuln aluminunl hydride. After \ \ fork-~~p in the usual way the dry 
ether solution of the alcohol product was reduced in volume to 20 ml, and 75 rnl of pyridine \\,as added. 
'The resulting ~nis ture  was heated until all of the ethanol had distilled. Phthalic anhydride (11.3 g, 0.0825 
mole) \\,as added to the solution, \vhich was then refluxed for 4 hours. The reaction mixture \\;as poui.ed 
into 1 liter of 10% sulphuric acid and extracted live times with 50-1111 portions of benzene. 'The benzene 
solution mas washecl with \vater and dried. E\,aporation of the benzene gave 23.3 g of product, m.p. 124-1B0. 
Iiecrystallization from eth1.l acetate a11cl petroleum gave 10 g of the pure hydrogen pl~thalate of 5-exo- 
camphenilanol, m.p. 1:JO-131" (lit. (13) m.p. 130-131"). 

.A solution of 9.4 g of the hyclrogen phthalate of 5-exo-canlphenilanol and 12.5 g of sodi~lm hydroxide 
in 50 ml of water \\.as steam-clistillecl to give 3.9 g of 5-exo-carnphenilanol, m.p. 53-54" (lit. (13) m.p. GO-61"). 
Sublimation I-aised the melting point to 55-5Go. 

.Te~~~ic.arbnzo~ze of 5-Ca117pl1e~7iln7zone 
'To a solution of 0.5 g of 5-eso-canlphenilanol in 1.5 ml of acetone a t  j0 was added dropwise 1.3 ml of 

chromic acicl solution containing 10.3 g of chromium trioxide antl 8.7 rnl of concentrated sulphuric acid 
in 30 ml of \\rater. -After 1 hour a t  .jO, aclclition \\.as complete, and the reaction was dilutecl with 13 ml 
of water ancl extracted with ether. The ether extract was \\.ashetl and clriecl and then concentrated to give 
0.5 g of all oil. The oil was treated with 0.5 g of sodi~rm acetatc, 0.5 g of semicarbazidc hydrocl~loride, 5 ml 
of water, and 5 rnl of methanol ancl heated a t  65' for 20 rnin~~tes .  After aclclition of 10 ml of \vater and 
cooling, the semicarbazone separated. Iiecrystallization from methanol gave 0.25 g, m.p. 189-Il)Oo, of the 
scmic;lrbazone of 5-camphenilanone. 

6-eso- Cr~i~iphetzilnisol 
.A pure sample of -1 g of the acetate, b.p. 211°, \\.as recluced \vith I g of lithium aluminum hyclricle ill 

cther. After \vorl;-up in the usual \\.a). the product \\,as clistilled to give 2.8 g of 6-ero-camphenilanol, m.p. 
:Jon, IZ"" 1.-4187, ancl b.p. 200". Calr. for CgHIGO: C, 717.09; I-I, 11.50. 1;ound: C ,  77.1:3; FI, 11.17'). 

'l'lle acid phthalate \\:as prepared from a sample of the acetate, 11.p. 311°, \vhich contained 5';; of the 
acetate, h.p. 21-lo, by the proceclure usctl for the preparation of the hyclrogen phthalate of 5-exo-campheni- 
lanol. After three crystallizations from ethyl acetate and petroleum ethel- a constant melting point of 
1:JS.j-1-10" \\.as obtainccl. Calc. for Cl i I - I?~Ol:  C, 70.81 ; 1-1, G.9'3. Found: C, 71.02; I-I, 7.13. 

6- Ccir~pl~eiziln~zoirc 
.A solution of 2.G g of 6-eso-campl~enilanol in 20 ml of cther \\;as treated a t  20' \\.it11 8.8 1111 of a solution 

made LIP from 5.00 g of sodium dirhromate clihyclrate and 3.75 ml of concentrated sulphuric acicl diluted 
to 25 ml by the proceclure of Bro\vn and Garg (21). Chrolnatography of the product sho\vecl two pealcs. 
'The major peal;, representing 827;, of the total, \\.as collected to give 1.0 g of G-campI1enilanone, m.p. 55-5G0 
antl 1j.p. 194' (lit. (18) b.p. 197"). CaIc. for CgI-1110: C, 78.21; I-I, 10.21. 1:ound: C ,  78.22; H ,  9.95. 

Semicarbazone, m.p. 183-18-lo, mixed lll.p. with the semicarbazone of 5-camphenilano~~e 159-172'. Calc. 
for Clol-IliN:IO: C, 61.51; H,  8.78; X, 21.52. Found: C, G1.4G; M, 8.66; X, 21.50. 'l'he semicarbazone, which 
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was prepared in ~nethanol-water with semicarbazide hydrochloride and sodium acetate a t  room temperature, 
precipitated over a period of 4 weelis. 

2,4-Dinitrophenylhydrazone, m.p. 164-165". Calc. for CI~H:~N\T~O,: C, 56.50; H, 5.70; N, 17.60. Found: 
C, 56.65; H, 5.53; N, 17.61. The 2,4-dinitrophenylhydrazone tool; 3 weeks to form by the procedure of 
Shine (22). Camphor under the same conditions yields the derivative in 3 days. 

The minor peak was collected but not identified. Analysis gave C, 72.09; H, 8.08. 
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