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Abstract -..I -Tricontanol.a new plant growth regulator. has been synthesised starting from steancacid.and by 
two successive additions of six carbon units through enamine Intermediates. 

Recently Ries et al.’ have demonstrated that 
application of alfalfa (Mudicugo so&u L.) increased 
the yields of tomatoes, cucumber and lettuce. They 
have shown that several other crop species, including 
rice and corn, gain in dry weight when an extract of 
alfalfa is applied in small concentration. They have also 
isolated the active factor and characterised it as l- 
triacontanol, the principal constituent of the wax 
derived from alfalfa leaves.2 The response of both rice 
and tomatoes to a syntheticsample was similar to that 
of natural triacontanol. The compound increases the 
dry weight of test plants in the dark, hence it cannot 
have an effect on photosynthesis.3 Therefore, these 
authors speculated that it might function by increasing 
the uptake of nutrients. The real impact of i- 
triacontanol to agriculture will have to wait for 
confirmation of laboratory findings by field trials 
currently underway. 

I-Triacontanol was earlier prepared by lithium 
aluminium hydride or sodium-alcohol (ethanol or 
butanol) reduction of n-triacontanoic acid ester. n- 
Triacontanoic acid has been synthesised by a variety of 
tedious methods. Bleyberg and Ulrich4 first synthe- 
sised it from ethyl behenate (C,, acid ester) by 
repeating the malonic ester synthesis sequence four 
times. Subsequently Robinson,5 Jones6 and Oura et 
al.’ reported its synthesis by methods which are not 
suited for obtaining a reasonable quantity. Most of 
rhese methods involve unstable organo-metallic 
-eagents and the yields were poor. None of the other 
meported method?.” is suitable for a convenient 
synthesis. 

A fairly large quantity of I-triacontanol is required 
or field trials to assess its importance as a plant growth 
egulator at a reasonable cost,‘o and therefore a simple 
nd convenient method has been worked out for its 
ynthesis starting from stearic acid and by two 
uccessive addition of six carbon units through 
namine intermediates (Chart 1). 

Stearoyl chloride (II), obtained by the reaction of 
earic acid and thionylchloride was condensed with I- 
lorpholino-I -cyclohexene (I 1 in chloroform solution 
I the presence of triethylamine at 35” for obtaining 
-stearoyl-l-morpholino-1-cyclohexenellll). 
ydrolysis of (III) with hydrochloric acid in situ gave 
stearoylcyclohexanone (IV) in 95 “/:, yield. which on 
/drolysis (alcoholic alkali) gave the sodium salt of 7- 
;otetracosanoic acid (V). The sodium salt (V) was 
en subjected to Wolff-Kishner reduction using 80% 
vdrazine hydrate and potassium hydroxide in 
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ethylene glycol yielding n-tetracosanoic acid, m.p. 
80-82”.’ ’ 

n-Tetracosanoic acid (VI) was converted to its acid 
chloride (VII) using thionyl chloride in the presence of 
dimethylformamide which on condensation with I- 
morpholino-l-cyclohexene (I) under conditions de- 
scribed above, followed by subsequent hydrolysis with 
20% hydrochloric acid in siru gave 2-tetracosanoyl- 
cyclohexanone (IX), m.p. 48-50”. 

The diketone (IX) was hydrolysed with alcoholic 
alkali to sodium salt of 7-oxotriacontanoic acid (X). 
Attempts to reduce this sodium salt (X) by 
Wolff-Kishner reduction by the usual method gave )I- 
tetracosanoic acid (VI) instead of the desired n- 
triacontanoic acid. Apparently, Wolff -Kishner re- 
duction did not lead to the formation of the hydrazine 
derivative and the compound was cleaved under these 
conditions with alkali. This is not surprising in view of 
the known behaviour of keto-acids of long chain 
compounds,’ 2*1 ’ which do not form hydrazones or 
oximes easily. *’ To overcome this difficulty, we had 
adopted other methods for reducing the carbonyl 
group. Earlier authors adopted Clemmensen% 7 or 
Huang-Minlon” reduction to obtain n-triacontanoic 
acid from the corresponding oxo-acids in relatively 
low yield. These methods are not attractive and hence 
the carbonyl group was converted to a thioketal 
derivative and reduced by hydrogenation. 

The sodium salt of 7-oxotriacontanoic acid (X) on 
methylation with dimethylsulphate and potassium 
carbonate in acetone at reflux temperature gave a 
mixture of methyl-n-tetracosanoate (XI) as the major 
product and the methyl ester of 7-oxotriacontanoic 
acid (XII). Ester (XI) was identical (mixed m.p. and 
TLC) with the ester prepared by esterification of )I- 
tetracosanoicacid (VI) with diazomethane at 0”. From 
this it appears that 7-oxotriacontanoic acid is very 
sensitive to base and easily hydrolysed to n- 
tetracosanoic acid (VI). However. the sodium salt (X) 
is converted to the corresponding acid (XIII) by 
treating with hydrochloric acid (I: I ) and on 
subsequent esterification with diazomethaneat O’gave 
the ester (XII) in quantitative yield. It was smoothly 
converted to the dithiane (XIVA) by treatment with 
1,3-propanedithiol in the presence of boron trifluoride 
et herate. 

Although the dithiane (XIVA) was obtained in 
excellent yield, in practice. propanedithiol is used to 
only a limited extent as compared to ethanedithiol. 
Therefore, ethylnenedithioketal (XIVB) was also 
prepared in the usual way. Desulfurisation of (XIVA) 
or (XIVB) with active Raney-nickel in ethanol at reflux 
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temperature gave the methyl-ester of n-triacontanoic 
acid (XV). The ester function in (XV) was reduced with 
lithium aluminium hydride in tetrahydrofuran to give 
I-triacontanol (XVI) in quantitative yield. The 
synthetic sample is identical in every respect with a 
sample of I -triacontanol. isolated from alfalfa. 

EXPERIMENTAL 

This compound was prepared according IO the procedure 
described m the literature.” 

A solution of stearoyl chloride (60.4g. 2Oommol) in dry 
chloroform (6Oml) was added dropwise to a well stirred 
solution of I -morpholino-I cyclohexcne (36.74 g. 220 mmol) 
and dry triethylamine (20.2g. 2OOmmol) in dry chloroform 
(I 5Oml I over a period of I h at 35 The mixture was stirred at 
this temperature for 3 h. treated with hydrochloric acid 
1 lOOmI, 20”,,) and rcnuscd for 5 h. The contents were cooled 
to room temperature. and the chloroform layer extracted 
with water (6 x I5 ml). The combined aqueous solulion uas 
adjusted IO pH 5 6 \rith sodium hydroxide (25”,,) and 
extracted ulth chloroform (5 x Nml). The chloroform 
solution was dried (sodium sulphatcband percolated through 
ti column of dry silica gel (I kg). usmg chloroform ti\ ;tn 
cluen~. Distillation ol chloroform protided a syrupy resrduc 
which on cryslalllsatmn from hcxanc gag colourless needles 
01 (IV) (7Og. YS”,,). m.p. -l6 IR ICC‘I,) I740 (C‘=O ol’acyl 

group). 171Ocm-’ (<‘=O of cyclohexanoncl: M +. 364 
(Found: C. 78.97; H. 12.0. CZ,H,,02 rcquircs: C. 79.12; H. 
I2.09”,,). 

A mixture of I!-stcaroyl cyclohexanonc (36.4g. IOOmmol) 
and alcoholic sodium hydroxide (8 g. 200 mmol) was refluxed 
for I h. The precipitated sodium salt was filtered and pressed 
as dry as possihlc. It *as suspended In dry ethanol (lOOmI) 
with stirring and filtered IO yield the sodium salt (V) (35g. 
X6”,,). 

Powdered potassium hydroxide (5.6g. IOOmmol) in 

ethyleneglycol 16oml) was rcfluxcd until it dissolved and the 
solution cooled to 80 IW. Sodium salt (V) (20.2 g, 50 mmol) 
and hydrazinc hydrate (Xml. X0”,,) were added IO this 
solution. The contents were warmed cautiously (reaction is 
strongly exothcrmic) and then refluxed for I h The water 
formed in the reaction and excess hydrazine hydrate were 
distilled off and the mixture reflured for I h ac 19&200”. It 
was cooled 10 IO@ I IO”. poured Into water (lOOmI). acidlfed 
lo congo red and the solid uas filtered. Crystallisation from 
acetic acid. afforded rl-tetracosanolc acid (15g. X1.53”,,). m.p. 
87”. (lit.“’ m.p 87.5 -8X0 ). IR (CHCI,). 17OOcm ’ (C=O of 
acid); M *. 368. (Found: C. 78.26; H. 13.04. C10H4K0J 
requires: C. 7X.26; H. 13.14”,,). 

To a stirred mixture of I-morpholino-I-cyclohexcne 
(1.67~. IOmmol) and anhydrous triethylamlnc (1.39 ml, 
IO mmol) m dry chloroform ( IS ml) was added a solution of 
acldchlorlde(VII3.86g. 1Ommol)rndrychloroform (15ml). 
over a 2Omin period ar 35’. The colour of the solution 
changed from orange lo red. After an additronal 3 h, stirring 
at the same temperature. hydrochloric acid ( IOml, 20”,,) was 
added and rcfluxcd for 5 h. with vigorous stirring. The 
contents were cooled IO room temperalure and worked upas 
described for 2-slearoylcyclohexanune (IV). The chloroform 
solution was dried (sodium sulphatc), evaporated to dryness 
under reduced pressure and the brown oily residue subjected 
lo chromatography on a column ofsillca gel (3Og). Elution of 
column with hexane yielded (IX). which on crystallisation 

from hexane atiorded colourless plates (2.5Y g. 51.2 “,,). m.p. 

48-50”. M ‘.448. (Found: C, 79.64; H. 12.1 I. C,,H,,O, 
requires: C. 80.05: H. 12.50”,). 

Merhyl 7-o.rorriuconrunoute (XII) 
A solution of diazomethane was prepared from .%‘-nitroso- 

N-methylurea (5.15 g. 50 mmol) in 30ml ether and dried over 
potassium hydroxide. Thisethereal solution was added 10 the 
ice cold suspension of 7-oxotriacontanoic acid (XIII. 0.466g. 
I mmol) in dry methanol (5mI) and kept in the refrigerator 
overnight. dfter the usual work up, the residue was 
crystalhsed from hexane as colourless prisms m quantitative 
ydd. m.p. 64’ IR (CHCI,) 1705 (C=O of ketone). I74Ocm- ’ 
(GO of ester). M’,480. (Found: C. 77.38: H. 12.65. 
C.,,H,OOI requires: C. 77.50; H. 12.50”,,). 

A solution of boron trifluoride etherate (0. I56g. I. I mmol) 
in dry chloroform (I ml) was added 10 a Nell stirred solullon 
containing the methyl ester (XII. 0.48Og. I mmol) and l.3- 
propanedithiol (O.llXg. I.1 mmol) in dry chloroform (SmlI 
and the mtxture stirred at room temperature for 36 h. The 
chloroform solution was washed with water and dried 
(potassium carbonate). The residue obtained after evapora- 
ting the solvent on a rotatory evaporator *as chromato- 
graphed onacotumn ofsilica gel (log) usmg benzene--hexanc 
(I :I) for elution to give the dithiane (XIVA) in quantitative 
yield as a colourlcss viscous oil. IR (Ccl,) 920 fcharacterisllc 
dithiane hand). 1740cm ’ (C=O ofester). NMR (Ccl,). 3.40 

S-CH, 
(s. 3H. OMe) 2.60 (01,4H, S_CH I I.97 (hr. 2H. CHICO) I.20 

(hs. 57H. 27CH, and CH,). M2’.570. (Found: C. 71.58: H. 
I 1.41; S. II.08. C,,,H,,02S, requires: C. 71 58; H. 11.58; S. 
I I .23 “J. 

hlcdrh\,/ 7-(erh~lr,~rdirhio)-rriu~~~~n~ut~ou~~~ (X IVB) 
A solution ofboron trifluoride etherate (0.426g. 3 mmol) in 

dry chloroform (2 ml) was added dropwisc to a stirred 
mixture contamyg the ester (XII. 1.3478. 2.8 mmol) and 
ethanedithiol (0.290 8. 2.9 mmol) in dry chloroform (20 ml ). 
The contents were stirred at room temperature for 27 h. 
Chloroform solution was washed with water, dried (sodium 
sulphate) and solvent distilled offon a rotary cvaporalor. The 
rcsiduc on chromatography over a column of slhca gel (I 5 g) 
using benzene hexane (I :I I as an cluent provided cthanc- 
dithioketal (XIVB) as a colourlcss oil (1.327g. 85%). IR 
(Ccl,) shows a strong band at 174ocm ’ (C=O ofesler) and 
abscnceofband at 1705cm-‘. M’556. (Found: C. 7l.OY; H, 
11.47; S. 11.60. CJJHhJ02SL requires: C. 71.22; H. I I.51 ; S. 
I I .52 “,,I. 

(a) Drsuljurisorio~l rfl clir/Cuue (XIVA). A suspension of 
dithlane (XIVA.O.32Og)and active Raney nickel (3g. i.c. 6ml 
ofsettled suspension) in ethanol (20 ml. 95 ‘I,,) was refluxed for 
9 h. The suspension was filtered and nickel washed with hot 
ethanol Evaporation of solvent under reduced pressure 
yielded the ester (XV) in quantitative yield. Crystallisation 
from ethyl alcohol gavecolourless plates. m.p. 71” (lit.‘* m.p. 
71.5 ). IR (CHCI,) l740cm-’ (C=O of ester); M’.466. 
(Found: C. 79.68; H. 13.20. C,,H,,,02 requires. C. 79.82: H. 
13.30 “,,1. 

(b) Drsulfurisurion of’ethunrdithiokru/ (XIVB). A suspen- 
sion of compound XIVB (1.277g). and active Raney nickel 
(12~ 24ml of settled suspension) in ethanol (75 ml) WS 
refluxed for 7 h. The hot suspension was filtered and Raney 
nickel washed with hot ethanol (2 x SOml). Evaporation of 
solvent on a rotatory evaporator and the residue ofester (XV) 
on crystallisation from ethanol gave colourless plates 
(l.O7Og, IOO’~,). m.p. 71 

I-Triucontunol (XVI) 
A solution of theester (XV. I.IZOg. 2.4mmol) in dry THF 

(I 5 ml) was added dropwise to a stirred suspension of lithium 
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aluminium hydride (0.047 g. I .2S mmol) in dry THF (5 ml) at 
- 10’. The temperature was allowed to rise lo room 

’ W. Bleyberg and H. Ulrich, Chem. Ber. 64B. 2504 (1931): H 
A. Schuette. R. M. Christenson and H. A. Vogel. Oil NIL 
Soup 20, 263 (1943); F. Collins, Proc. Roy. Sot. (London 
15BA, 696 (1937). 

‘G. M. Robinson, J. Chem. Sot. 1543 (1934). 
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‘H. Oura, J. Hase. K. Honda and S. Fukai. J. Pharm. Sot 
Jcrpan 76, 1433 (1956): Chem. Ahsr. 51.65lSe (1957). 

‘D. E. Ames. R. E. Bowman and R. G. Mason, J. Chem. Sol, 

174 (1950). 
‘A. Watanabe, Bull. Chem. Sot. Jopan 34. 398 (1961). 

“At present it is available from Polysciences. U.S.A. at 

S36O/g. 

temperature over a period of I h and stirred at this 
temperature for 4 h. After the usual work up with aqueous 
sodium hydroxide, the fine precipitate was filtered and 
washed with THF. The filtrate was dried (sodium sulphate). 
solvent distilled off on a rotary evaporator and the crude 
alcohol (XVI) on crystallisation from hexane, furnished 
colourless plates (1.01 g, 950,), m.p. 87 (lit.’ m.p. 87-88 ‘). 
mixed m.p. with a natural sample remained undepressed. IR 
(Nujol) 3mcm-’ (-OH); M+.438; m/e 420 (M’-18). 
(Found: C. 82.08; H. 13.10. C,,H,,O requires: C. 82.19; H. 
I 3.30 “:,). 
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