ON UTILISATION OF INDIAN TURPENTINE OILS
Part 11
CONVERSION OF u- AND f- PINENLS INTO BORNYL ACLTATE BY
ACETIC ACID IN PRESENCE OF CATALYSIS
By P O Guha and Arunendra Narayan IToy

There are several synthetic processes known in hterature for
the conversion of a-pmene to camphor  The fust mndustital process by
which «-pmene can be converted mto camphor consists m the mitial
conversion of pmene mto pmene hydrochloiide or bornyl chloide
From pmene hydrochloride camphor 1s oblaned by the following fou
different processes as outlined below
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Of the above four methods, the first two are indeed very important
and are still 1 practice m many countries (vide pait I). Although to
the third method, viz, conversion of pmnene hydrochloride directly into
1sobotnyl acetate, 1s attributed an yield of about 83-85 per cent of
bornyl acetate i patent literature (U S.P. 1372382, C.A, 1921, 15,
1906) the yield of 1sobornyl acetate at our hand by this method was
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not, however, satisfactory The fowth method (Rutter, J Amer
Chem Soc, 1933, 55, 3322) mvolving the conversion of pmene hydro-
chlotide into boinyl andlme etc, has not yel been tiied mdustrially,
although Rutter claims a yield of camphor as high as 89 per cent by
his method

The industrial mterest of the modern method of direct conver-
sion of pmenes to borneol-ester by acetic acid or formic acid mn
presence of catalysts like boric acid, boric {rioxide, anhydrous oxalic
acid, phosphorus pentoxide, etc, was first aroused by L Schmudt
(DRP 406,768, 592,131 (Sch 47731), 589,779 (I 99730),
582,043 (Sch 94897) ). Some detailed study of this method with
«-pinene has been made by Imoto (J Soc Chem Ind Japan, 1938,
41, 209B, 251B, 3758, 1939, 42, 183B) with boro-acetic anhydiide as
catalyst and sulphuric acid as promoting agent By this process,
Imoto obtamned a yield of 389 per cent (theor) of borneol The
mechanism of the reaction 15 explamed as follows

CH,CO
3 >0 +B,0,=2B (OCOCH,),
CH,CO
Boro-acetic anhydride acts as a catalyst and the reaction proceeds as,
CH, CHj
L <[:—< cocH, & .
HC/ \CH HC/ c< ch/ \c<
8  |oHyo OHg ’"‘H“‘% s l - 10 60CHs

HyC l CH, H,C CH, H,C CH,

\CH/ \CH \CH/

Of the two general methods viz, hydrochloride method and the
catalytic method mentioned above, the success of the first depends
on the 1solation of the bornyl chloride i good yield As mentioned
i part I, in India “One has to depend on Piunus longuifolia
turpentine, as his source of pinene, at least for some time to come,
because Pinus excelsa turpentine 1s neither being produced at present
nor 1s there any likelihood of its being produced in the near future”
a-Pmene obtamed from the turpentme oil of Penus longifolia 18

~+3 CH; COOH—> 3 - ‘
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always contammated with small quantitics ol S-pmenc and carene,
etc, and 1t 15 extremely difficult o wsolate the arystalline pinene
hydrochloride by this method It 15 worthwlile mentionng that the
catalytic method 1s applicable {0 both «-pmene and g-pmene, whereas,
in the hydiochloride method only puic a-pmenc has to be used
because with B-pmene both pmence hydiochlotide and dipentene
dihydrochloride are formed

With a view to finding out whether the ordinary vanely of
Indian turpentine o1l (Penus longufolia, which 1 available m India m
enormous quantities) can be utilised for the manulactuie of camphor,
it was considered desirable to study i delal the workability of the

catalytic method using «- and 8- pinenes obtamed ftom Punus longr-
foha

In the first series of experiments to he descubed mn this part,
the catalytic effect of boric acid anhydiide and acetic anhydiide has
been studied, the yield of borneol beng only 17 5% (theor ) m the
case of a-pinene and 18 8% (theor ) in the case of S-pmene  With the
addition of small amounts of sulphuric aud as rcaclion promoter
(cf M Imoto, J Soc Chem Ind Japan, 1939, 42, 314B) the yeld of
borneols 1 the case of a-pmene could be rased to 35 7 of the theory,

the yield of boineols mn the case of B-pienc under siulai condi
tion being 24 7 per cent

EXPERIMENTAL

Convei siom of punenes to borneols with acebic acid 1n the presence
of the catalysts boro-acelic anhydyide

Pure u-pmene was obtamned trom the tuipentine oil of the oleo-
resin from Ponus excelsa It has the {ollowing chatacteristics B P
150-52°/680 mm , d35=08559, n%® =14626, ()3 = +24 59

In the following experiments boro-acetic anhydiide was used
as the 1eaction catalyst Freshly fused boiic trioxide was finely
powdered and treated with acetic anhydride , acelic acid and pinene

were then added to this The mixiure was healed on an oil-bath
under stirring
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TABLE I(a)
) o | Acetic B =
= | §~ 2% | anhy- |B,O,| Temp |28 Yield of borneols
Nl gm| 8g dride | (g) °oC 5 0| on hydrolysis of
B a- | <3 g CC) 18§ Ting ester (g)
3 © (g) I g
1 186 | 120 20 2 90-95 25 200
2 136 | 120 20 2 | 100-105 | 24 24.5
186 | 120 20 2 | 110-115 | 24 250
4 | 186 | 120 20 2 | 125-130 | 20 195
5 136 | 150 30 2 | 105-110 | 24 | 270 (17 53% of
theory).

After the reaction was over, the product was fractionated al atmos-

phetic pressute (681 mm ) upto 185°C  The higher boiling residue
contamning mamly the ester was fractionated under reduced pressure

QUANTITIES OF THE INGREDIENTS COLLECTED AT DIFFERENT
TEMPERATURES FROM TIE PRODUCTS OF THE ABOVE

Five EXPERIMENTS

Fraction IV

;% Z Er;tf)tl(i)gﬁg a5t | iy H2-180°/80 | Residue
g g g g g
1| 1ro 106 0 8.5 25 0 50
g | 1155 1017 105 98.5 40
5 | 1160 1030 100 29 0 50
4| 1180 1070 13 4 22 0 55
5 | 1530 1029 85 335 50

The fiaction I consisted manly of acetic aad, fraction 1T consisted
of the muxtute of scveial terpenes o-pmene, dipentene, camphene,
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terpinene, etc  The fraction 111 was hydiolysed with methyl alcoholic
potash ~ The hydrolysed product on [rachionalion gave a small
quantity of borneol (solidified on coolng) and fenchyl alcohol (b p.
196-199°) The fraction IV on hydiolysis gave boineol-isoboineol
nuxture, and was purtfied by cystallisation [rom pelioleum ether,
mp 198-200°

B-Pmene was separaled by repealed carcful fractionation of
the turpentine oil fiom Pinus longifole 1t contamed very hille

a-pmene and carenes It has the following chatacteristics B D,
157-58°/681 mm , d37=08581, ni =14679, («)% = —14 29
TaBLE 1(d)
g ki o9 o 8 g |Yieldof borneols
G | T | EE~ = o o 3 | on hydiolysis
5| f2| g2 [E2y g [Temp (C) BT | "ot tho oster
SHICSN = aa i - (8)
1113601200 200 | 20| 105-110] 24 270
2113601500 300 | 20| 105-110| 24 290 (18 8%
of theory)
3113601300 300 | 20| 110-120| 24 280

The reaction product was firactionaled as in the case of «-pinene
QUANTITIES OF THE INGREDIENTS COLLLCTED AT DIrhLRENT
TEMPERATURES FROM TIE PRODUCTS OF THL ABOVL
THREE EXPERIMENTS

Fiaction III | Fraction IV
e T, [ S I
Acetic acid | Terpenes terpenes Ester
g g g g &
1 1180 930 85 360 60
2 154 0 1050 70 390 50
3 126 0 95 5 75 36 5 6-0
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Conversion of pinenes to botneols unth acetrc acd wn the pesence
of the catalyst boro-acetrc anhydide and promoter
sulphuric acvd : u-Pinene to borneols

Treatment of u-pmene with acetic acid 1n the presence of the
catalyst boio-acetic anhydride gave very low yield of borneol This
method was therefore modified according to M Imoto (J Soc Chem
Ind. Japan, 1939, 42, 183B) The method consists of two stage
operations In the present mvestigation a large number of exper:-
ments were performed in order to study the following factors with
a view 1o finding out the optimum condition

1 Imtal time of reaction before addition of sulphuric acid
(reaction promoter)

2 Quantity and concentration of sulphuiic acid
3 Tume of reaction after addition of sulphuiic acid

4 Temperature of reaction after addition of sulphuric acid

The best yield of boinyl ester was obtained under the follow-
ing experimental conditions  To boric acid anhydride (2 g) dissolved
1n acetic anhydride (30 g) was added a-pmene (156 g ) and acetic
acid (130 g) under constant stirring, and the mixture heated at
110-115° for 14 hours  The reaction product was cooled to ordmary
temperature and 80 per cent sulphuric acid (8 0 g) was added drop
by drop, under constant stirring, and heated at 50-55° for another 4
hours  Anhydious sodum acetate was added to convert the sulphuric
acid to sodium sulphate as otherwise it causes decomposition during
recovery of acetic acid by fiactionation The solid sodwmm sulphate so
formed was removed by filteration and the residual liqud fractionally
distilled  The fraction dishilling upto 125° consisted mostly of acetic
acid, the fiaction collected between 125-175° was a mixture of several
terpenes A small amount of bornyl ester distilled between 175-185°
along with terpenes  The man ester fraction distilled at 105-120°/25
mm A very high boiling polymerised product was left in the flask
as residue was not further studied

Hydrolysis of bornyl ester to borneols was carried out with



methyl alcoholic potash as described before

was 55 g (85 7% of theory)

In the following thiee tables are descitbed the 1esulls obtamed
by varymg several of the factors 1efeired to above, with w-pinene
136 gm, acetic acid 130 g, acetic anhydude 30 g, and bore
anhydride 2 0 g 1n all the experiments
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TaBLE 11(a)

Influence of varying the wmbial pervod of 1eaction before addition
of sulplurie acid

Initial time Reaction | Amount of teﬁe)‘mtla?re
Bo lof réactlon time m hrs | sulphuric ftexl erlal Lo
3 i hours with sulph-| acid (60%) aof su‘lllcalculullél
uric acid | 1 grams acid (°C)
1 25 7 15 55-60
2 20 7 15 55-60
3 15 7 15 85-60
4 12 7 15 5560

The yield of boineol

Yield of
boineols on
hydiolysts of
the esler

grams

305
36 5
500
48.0
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TABLE 11{5)

Influence of varyvng (1) the concentration, (u) the amount of
sulphuroc aced, (1) the fyme of reaction, after addvtion of
sulphuric acid

Reaction Yield of

- Initial time tlrlizagltl%?s ‘t‘lﬁoﬁﬁtlgf temperature | borneols on
242 | of reaction p after addition| hydrolysts of
&% | in hours Wzﬁ}fcs:l?cll]_ n af;?ns of sulphuric | the ester m

g acid (°C) grams

1 15 7 20 (50%) 55—60 405

2 15 6 15 (60%) 55-60 480

3 15 5 12 (70%) 55—60 500

4 15 4 8 (80%) 5560 52 0

5 15 4 6 (90%) 55-60 490

6 15 35 4 (98%) 55-60 450

The time of reaction (after addition of sulphuric acid) and the amount
of sulphuric acid was decreased with the increase of the concentration
of the acid as otherwise large amount of polymerised products are

formed
TaBLE TI(c)

Influence of varywng the reaction temper atur e after addvtion of
sulphuric actd

Reaction Reaction Yield of

- Imhaéfﬁmehme i hrs Agﬁogt;tnc;f temperature | borneols on
%é reaction n with amdp(SO%) after addition) hydrolysis
M " sulphuric rams. | Of sulphuric of the ester i

ours acid n g acid (°C) grams

15 4 8 4550 50 0

15 4 8 50-55 550

15 4 8 55-60 520

It will be noticed that the temperature range of 50~55° 1s conductve to
the best of yields



the case of a-pinene
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p-Punene to borneols

In the case of @-pinene the additional use of sulphuiic aud
along with the catalyst boro-acetic anhydude docs nol much mptove
the yield of borneols. Expenmental conditions weie wdentical as 1n

B-Pincne 1s readily attacked by sulphuiic acid,

resulting m the formation of large amounls of polymeitsed products,
The yield of borneol was improved to 247 per cent from 188 per

cent

TasLe 111

Results of some expetiments are given n the following lable,

(B-Punene 136 g , acelre aced 130 g , acelic anhydiwde 30 g,
Borie anhydride 2 g )

Time of .
Initial tume | reaction m | Amount of T(ffn;g?y&%gb
Bo of hrs afer | sulphuiic | o :d dution
3% | reaction m|additon of|  acid | )
of sulphuiic
hours sulphuric | 1 grams ad (°C)
acid acid ( ’
1 14 6 15 (60%) 50-55
2 14 5 12 (70%) 50-55
3 14 4 8 (80%) 45-50

Yield of
bhoincols afler
hydiolysis
ol the csle:

350
365
380
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