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Reaction of 1 : 2 : 3 : 6-Tetrahyd~obenzaldehyde with Alkali? 
By E. G. E. HAWKINS, D. J. G. LONG, and F. W. MAJOR. 

[Reprint Order Xo. 5975.j 

The reaction of 1 : 2 : 3 : 6-tetrahydrobenzaldehyde with alkali has been 
studied. With increasing temperature these reactants provide (a) a tnmer, 
(b)  a glycol and the tetrahydrobenzoic acid, (c) the tetrahydrobenzyl alcohol 
and A3-tetrahydrobenzoic acid, and ( d )  pimelic acid and a mixture of hydro- 
carbons. Good yields of the alcohol and acid are obtained by the 
Tischtschenko reaction. 

WERBER, JANSEN, AND GRESHAM (J .  Amer. Chem. SOC., 1952, 74, 532) found that, although 
1 : 2 : 3 : 6-tetrahydrobenzoic acid and alkali gave pimelic acid in high yield (78%), the 
corresponding aldehyde, with alkali at 350°, gave a low yield of pimelic acid (42%) together 
with much hydrocarbon (mainly toluene). Our results with the aldehyde agree with those 
of the American workers provided that high temperatures and concentrated alkali are 
employed : 48450% yields of pimelic acid were obtained by use of a 50% excess of 40% 
aqueous sodium hydroxide at 300-350". Reduction in the quantity or the concentration 
of alkali lowered the yield, but variation in time of heating (3-6 hr.) produced little effect. 
Potassium hydroxide could successfully replace sodium hydroxide, but not calcium 
hydroxide, sodium carbonate, or trisodium phosphate with which the only products 
isolated were 1 : 2 : 3 : 6-tetrahydro-benzyl alcohol and -benzoic acid and high-boiling gums. 
The aldehyde may be replaced by its solid trimer (produced by the action of acid; 
Chayanov, J .  Gen. Chem. U.S.S.R., 1938, 8, 460) : the acid products from this reaction 

* This work is the subject of B.P. 679,854, 710,002, 711,424, 713,639, and U.S.P. 2,673,219, 2,698,339 
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contained, in addition to pimelic acid, 1 : 2 : 3 : 6- and 2 : 3 : 4 : 5-tetrahydrobenzoic and 
hexahydrobenzoic acid ; the neutral products were largely hydrocarbons, boiling over a 
wide range, and contained toluene, 1-methylcyclohexene, conjugated dienes, and some 
1 : 2 : 3 : 6-tetrahydrobenzyl alcohol and gum. 

The 
aldehyde with 3 M %  alkali a t  (60" led to mainly a high-boiling, viscous syrup, and 
traces of tetrahydro-benzyl alcohol and -benzoic acid. This syrup was not the aldol : the 
molecular weight indicated a trimer and, by comparison with the trimeric product (I) 
of reaction of isobutyraldehyde with alkali (Saunders, Murray, and Cleveland, J .  Amer. 
Chem. Soc., 1943,6!5,1714; Villani and Nord, ibid., 1946,68,1674; Alexander and Marvel, 
ibid., 1950, 72, 1396), it seemed probable that the main product here was the trimer (11). 

The trimer from isobutyraldehyde yielded a glycol, CHMe,-CH(OH)-Chle,*CH2*OH, and 
isobutyric acid when boiled with alcoholic alkali; the trimer, supposedly (11), with boiling, 
concentrated, aqueous alkali was completely converted into 1 : 2 : 3 : 6-tetrahydrobenzoic 
acid (1 mol.) and a glycol (1 mol.), which, by analogy with the glycol from (I), is probably 
(111). The aldehyde under similar conditions provided the glycol (111) and acid directly : 
use of more dilute sodium hydroxide led to incomplete conversion into acid and glycol 
(cf. Table 4). Further attempts to form the aldol failed, including reaction of the 
aldehyde with cold alcoholic sodium hydroxide (Celanese Corp., U.S.P. 2,436,416,2,450,498 ; 
B.P. 587,749) and with 10% aqueous potassium hydroxide at  -20" in the presence of di-n- 
butylamine. The latter experiment yiclded only the solid aldehyde hydrate. Hence the 
aldol is probably unstable or produced under very limited conditions. 

The glycol, supposedly (111), consisted of a mixture of solid (ca. 67%) and liquid 
(ca. 33%), probably diastereoisomers. 

In view of the complexity of the products the reaction was studied in stages. 

CH ,*OH 
CH 

C,H,-$H-- 1. ';Ha 
OH H,C\ /CH, 

CH, 
PrlHC\ (fC?7 /CH.OH C,T--T,.HC\ p'cY0H9 /CH.OH 

ChIe, C 
(1) ".F' '?HI (111) 

IJ&\ (9CH 
(11) c F? (C,H, == c~cZohex-3-enyl) 

Further reaction of the glycol and alkali at ca. 200" gave mainly 1 : 2 : 3 : 6-tetrahydro- 
benzyl alcohol and -benzoic acid, with a higher-boiling alcohol (probably a Guerbet self- 
condensation product of the tetrahydrobenzyl alcohol) and much residue. With sodium 
carbonate there was incomplete react ion. 

Thus the overall reaction is of the Cannizzaro type, and it has recently been found that 
such reactions take place at  200" with aldehydes which give other products at lower 
temperatures (Hausermann, Helv. Chim. Acta, 1951, 34, 1211). The glycol (111) probably 
decomposes via alcohol and aldehyde (cf. the decomposition of aa-dialkyl- y-hydroxy-acids ; 
Asselineau and Lederer, Nature, 1950, 166, 783), and the probable complete reaction 
sequence is as annexed. 

<60° a. 1200 
c6ti,*cHo ___) (11) - (111) + C6H,*CO,H Hydrocarbons 

\ + O V  / IIOCH, 

C,H,-CHO + C , H , ~ C H ~ ~ O H  --+ c,H,.cH,/\-.--// 

French and Gallagher (J .  Amer. Chem. Soc., 1942, 64, 1497) stated that aldehydes of 
similar type underwent a Cannizzaro reaction when treated in methanol with con- 
centrated aqueous potassium hydroxide, but it was found that under these conditions, 
although the corresponding acid was formed in reasonable yield, the neutral product 
consisted of the glycol (111) with only a little of the alcohol. Use of aqueous sodium 
hydroxide and methanolic sodium methoxide led to similar results. 
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The highest yields of tetrahydro-benzyl alcohol and -benzoic acid were obtained by 

hydrolysis of the ester obtained from the aldehyde by the Tischtschenko reaction; the 
anhydrous aldehyde gave 9&95y0 of tetrahydrobenzyl tetrahydrobenzoate without use 
of a solvent. Traces of acid (even 4% formed by autoxidation) in the aldehyde were found 
to inhibit this condensation, as also did higher temperatures. 

The reaction of concentrated alkali at 300-350" with compounds related to the 
aldehyde was briefly studied (cf. Table 1). The neutral products from the tetrahydro- 

TABLE 1. 
Pimelic Pimelic 

Starting material acid (%) Starting material acid (yo) 
Aldehyde diethyl acetal .................. 3 4  Trimer (11) .................................... 48 

Glycol (111) .................................... cu. 25 

Aldehyde-ammonia complex ............ 10-15 1 : 2 : 3 : 6-Tetrahydrobenzyl alcohol ... 7 
Aldoxime ....................................... tu. 90 1 : 2 : 3 : 6-Tetrahydrobenzoic acid ...... 85-90 

benzyl alcohol were hydrocarbons, as in the reaction of the aldehyde and alkali a t  300-  
350", and it is evident that these were derived from the alcoholic portion in the 
above reaction sequence ; dehydration followed by hydrogenation-dehydrogenation and 
polymerisation must be involved in this degradation. 

EXPERIMENTAL 
The 1 : 2 : 3 : 6-tetrahydrobenza1dehydeJ produced by reaction of butadiene and acraldehyde, 

was refractionated before use and had b. p. 53'111 mm., nc 1.4724. 
Reactions of 1 : 2 : 3 : 6-Tetrahydvobenzaldehyde and Alkali.-(a) One-stage veuction at 250- 

350'. The reactions were camed out 
in a rocking autoclave (450 C.C. ; stainless steel), and the pimelic acid was removed from the 
acidified product by continous extraction with ether. The combined neutral extracts from 
several experiments were distilled. Fractions boiling from 96"/l atm. to 200°/043 mm. were 
collected, few having sharp b. p.s: ca. 25% boiled in the range 96"ll atm. to 76'126 mm. and 
contained (by infra-red analysis) toluene ( 60-70y0) , 1-methylcyclohexene (15-20%) , and 
conjugated dienes. The higher-boiling fractions were also mainly hydrocarbons (partly 
aromatic), and there was much undistillable residue. 

The combined acid products were converted into ethyl esters, fractionation of which esters 
gave the following fractions : (1) b. p. 74"/9.5 mm., (2) b. p. 88--90°/10 mm., (3) b. p. 135- 
137O110 mm., (4) b. p. 86"/0-5 mm., (5) b. p. 125O/0-5 mm., and (6) b. p. 135-138°/0-5 mm. 

The results of selected experiments are given in Table 2. 

TABLE 2. 
Reactants 

Aldehyde (g.) NaOH (c.c.) 
45 123 (40%) 
59 108 (40%) 
53.5 114 (47.80//, KOH) 
60 164 (150/,) 
45 123 (40%) 
45 164 (30%) 
50 75 g. NaCO, 

115 C.C. water 
110 120 g. solid Na0I-I 

80 80.8 g. Ca(OH), 
100 C.C. water 

34.5 155 g. Na,PO, 1 
48-6 C.C. water I 

45 * 123 (407;) 

I 
I 

Temp. 
300' 
300 
300 
250 
300 
300 
300 
300 
295 

Time (hr.) 
6 
6 
6 
24 
3 
6 
6 
6 
6 

295 6 
300 6 

* Solid trimer. 

Yield of pimelic acid 

31.5 48.2 
34.5 40.3 
28-8 37.0 
3.4 3.9 

28.6 43-7 
21-6 33-0 

Wt. (g.) % 

- 0 
S.5 5-3 
0 - 

- 0 
30.5 46.6 

Fraction 1 consisted mainly of ethyl hesahydrobenzoate, hydrolysis yielding slightly impure 
hexahydrobenzoic acid, m. p. ca. 30" [p-bromophenacyl ester, m. p. 90-91.5" (Found : C, 55-4; 
H, 5.45; Br, 24-2. C,,H,,O,Br requires C, 55-4; H, 5-2;  Br, 24.6%) ; amide, m. p. 18A186° 
(Found: C, 66-3; H, 10.1; N, 11-1. Calc. for C,HI,ON: C, 66.1; H, 10.2; N, l l - O ~ o ) ;  
anilide, m. p. 145-146" (Found : C, 76.8; H, 8-2; N, 7.0. Calc. for C,,H,,ON : C, 76-8; H, 
8.4 ; N, 6*9%)]. 

Fraction 2 consisted mainly of ethyl 2 : 3 : 4 : 5-tetrahydrobenzoateJ hydrolysis yielding a 
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product, b. p. 134"/14 mm. (Found : equiv., 127. Calc. for C,H,,O, : equiv., 126). A small 
quantity of benzoic acid was removed from a cooled light petroleum solution, and the filtrate, 
after evaporation, provided the following derivatives of 2 : 3 : 4 : Btetrahydrobenzoic acid : 
pbrom0pknucyZ ester, m. p. 102-103" (Found : C, 55.8;  H, 4-8; Br, 24-9. C,,H,,O,Br 
requires C, 56.7; H, 4.6; Br, 24.8%) ; amide, m. p. 121-123" (Found : C, 67.6; H, 8-3; N, 
10-7. Calc. for C,H,,ON : C, 67-2; H, 8-8; N, 11.2%) ; anilide, m. p. 106-107" (Found : C, 
76.3; H, 7-25; N, 7.9. Calc. for C,,H1,ON : C, 77-6; H, 7.5; N, 7.0%). Treatment with 
bromine in chloroform, followed by evaporation, gave 1 : 2-dibromocycZohexane- 1-carboxylic 
acid, m. p. 144-146' (Found : C, 29.6; H, 3.6; Br, 55.9% ; equiv., 280. Calc. for C,H,,O,Br, : 
C, 29-4; H, 3.5; Br, 55.9%; equiv., 286). The reported m p.s are 124" and 129-130.6° 
(amide), 110-11lo (anilide), and 147" (dibromo-compound). 

Fractions 3 and 4 were practically identical and the physical constants (ng 1-4332-1-4360 ; 
0.991, 0.996) agree with those of diethyl pimelate (b. p. 92-93"/0.7 mm., 1.4306, 82 
Fractions 6 and 6 appeared to be esters of high molecular weight. 
Although ethyl 1 : 2 : 3 : 6-tetrahydrobenzoate was not isolated the acid was subsequently 

found in the products of many experiments. 
(b) Reaction at (65". (i) The aldehyde (180 g.) was added gradually, with cooling and 

stirring, to 40% sodium hydroxide solution (492 c.c.) ; the highest temperature reached was 60". 
The product was diluted and ether-extracted; the extract on distillation provided some 
unchanged aldehyde (29-4 g., containing a little 1 : 2 : 3 : 6-tetrahydrobenzyl alcohol), a main 
fraction (125.4 g.; fiz 1-5311, b. p. 208-214"/0-7 mm.), and residue (14-6 g.). The properties 
of the main distillate, the trimer (11), are given in Table 3. The compound gave no evidence of 
the presence of a carbonyl group with hydroxylamine hydrochloride or 2 : kdinitrophenyl- 
hydrazine hydrochloride. The aqueous alkali solution from the aldehyde-alkali reaction was 
acidified and continuously extracted with ether ; it yielded an oily acid (1 g .  ; equiv., 148). 

(ii) The aldehyde (50 g.) and 4% aqueous sodium hydroxide (250 c.c.), stirred for 6 hr. at 
room temperature, gave aldehyde (40.5 g.), high-boiling material (1.0 g.), and acid (1.1 g.). 

(iii) (cf. Celanese Corp., Zoc. c i t . ) .  The aldehyde (300 g.), when stirred with a saturated 
solution of sodium hydroxide in 95% ethanol a t  <65", provided low-boiling products (16.6 g.), 
trimer, b. p. 195-210"/1-5 mm. (248 g.), and residue (13 g.). 

0.994). 

TABLE 3. 

M (cryoscopic) .......................................... 326, 346 220 330 
Unsaturation equiv. (hydrogenation) ............... 107.3 110 110 
OH (yo) (Smith & Bryant) ........................... 4.6, 4.67 7.73 5.15 
Active H (Zerewitinov) .............................. 0-34 0.45 0.303 

Calc. for : 
Found aldol trimer 

(iv) The aldehyde (200 g.), ether (200 g.), and di-rz-butylamine (few drops) were cooled, with 
stirring, to -20", and aqueous 10% potassium hydroxide was added dropwise a t  - 15" to -20". 
A white solid (100 g.) was formed and removed by filtration : it had m. p. ta. 80" [Found : H,O, 
12 (Smith and Bryant), 14% (Dean and Stark) ; CO equiv., 131. C,HloO,H,O requires H,O, 
14.1% ; CO equiv., 1281, and provided the 2 : Pdinitrophenylhydrazone of 1 : 2 : 3 : 6-tetra- 
hydrobenzaldehyde. A cooled mixture of aldehyde 
and water gave a similar hydrate, m. p. 83-44". 

The filtrate yielded the aldehyde (78 g.) . 
(c) Reaction at 65" to ca. 120". 
In a typical experiment aldehyde (220 g.) and sodium hydroxide (40% ; 100 c.c.) were heated 

under reflux for 
The neutral product gave, on distillation, fractions: (1) (7.7 g.) b. p. 70-80"/2 mm.; 

(2) (120-8 g.) b. p. 170-175"/2 mm.; residue (2.6 g. ) .  Fraction 1 on redistillation had b. p. 
80-85"/18 mm., ng 1.4866, and provided a phenylurethane, m. p. 56-57" (from 
benzenelight petroleum) (Found : C, 73.1; H, 7.3; N, 6-8. Calc. for C,,H,,O,N: C, 
72.7; H, 7.4; N, 6.1%) (m. p. undepressed on admixture with the phenylurethane of 
1 : 2 : 3 : 6-tetrahydrobenzyl alcohol obtained by Ponndorf reduction of the aldehyde). The 
a-naphthylurethane had m. p. 103" (Found : C, 76-5; H, 6-85; N, 6-2. Calc. for C,,H,,O,N : 
C, 76-9; H, 6-8; N, 5-0y0), and the p-nitrobenzoate, m. p. 60-62" (Found : N, 5-4. Calc. for 
C,,H,,O,N : N, 5.4%). Fraction 2 was dissolved in benzene and light petroleum was gradually 
added. A white solid (83.7 g.) crystallised and the liltrate, after evaporation, provided further 
crystals on storage. The solid glycol (111) had m. p. 98-100" [Found: C, 76.6; H, 10-05; 

The results are given in Table 4. 

hr. and the neutral and acid products distilled. 
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OH (Smith and Bryant) 13.8% : M (Rast), 221 ; unsaturation equiv. (McIlhiney), 110-5. 
C,,HllO, requires C, 75-7; H, 9.9; OH, 15.3% ; M.  222; unsaturation equiv., 1111. It gave 
no reaction with 2 : 4-dinitrophenylhydrazine hydrochloride, and no carbonyl content (hydroxyl- 
amine hydrochloride). The non-crystalline part of this fraction had active hydrogen content 
(Zerewitinov), 0.84% (calc. for glycol, 0-90%), and infra-red examination indicated no essential 
difference from the crystalline material. 

TABLE 4. Products (g.) : 

Compound 
used Wt. (g.) 

Aldehyde ... 103 
1 s  ... 102 
, I  ... 220 
, I  ... 59 
,l ... 50 
,, ... 50 ,. ... 110 

... 127.5 in 

8 )  ... 127-5 in 

11 ... 45-5 in 

,. ... 46-0 in 

Trimer (11) 50 
1 s  50 
11 117 

Solid trimer 30 

MeOH (165 c.c.) 

MeOH (165 c.c.) 

MeOH (20 g.)  

MeOH (20 g.) 

Aq. NaOH 
(C.C.) Temp. 

492 (40%) B. p. 
492 (40%) , I  

100 (40%) , I  

250 (4%) , 
240 (10%) 1 ,  

200 (25%) 9 ,  

100 g. water 
135 g. KOH 

1 " 

37 g. Ca(OH), 

82-5 C.C. water) 
96.5 g. NaOH 
82.5c.c. water 1 70 

} 70" 

Reaction aldehyde 
time and 
(hr.) alcohol 

3 3.2 
3.7 
7.7 

8 

3 15.5 
3 4-1 
3 48.8 

4 32-0 

2 17.8 * 
9 
Y 18.5 * 

trimer glycol 
- 61.0 
- 57.7 
- 120-8 

f-- 5.7- 
-1 8.- 
- 24-9 

37.4 - 
- 54.4 

- 52.3 

2 5.9 - 18.5 

2 5.0 * - 18-1 

21.1 g. Na 

19-8 g. Na 
1254 g. MeOH 70 

155 g. MeOH 1 l8 
46.9 - 200 (4%) B. p. 3 - 

200 (10%) I ,  3 47.6 - 
I. 76.1 100 (40%) 1 

40 (40%) I *  3 No reaction 

- 
- - 

* Mainly alcohol. 

acid 
32.8 
33.7 
76.0 
5-2 
9.0 

17-3 
3.4 

52.0 

51.5 

16-1 

10.5 
2-1 
2-7 

34.2 

The acid product gave material (76-0 g.), b. p. 125-130"/15 mm., and a residue (2.1 g.) .  
The distillate of 1 : 2 : 3 : 6-tetrahydrobenzoic acid provided a p-bromophenacyl ester, m. p. 83- 
84" (Found : C, 55.3; H, 4-9; Br, 24-6. C,,H,,O,Br requires C, 55-7; H, 4-6; Br, 24-8%), 
and a dibromo-compound, m. p. 82-84' (Found : C, 29.6; H, 3-5; Br, 55.6. Calc. for 
C,H,,O,Br, : C, 29.4; H, 3.5; Br, 55.9%). 

(d) Reaction at 200-240". These experiments, carried out  in a stainless steel rocking 
autoclave, are reported in Table 5. 

TABLE 5.  
Keutral products (7;) Acid products (7;) 

Wt. Aq.NaOH Time Higher Resi- Resi- 
React ant  (g. ) (C.C.) Temp. (hr.) C,H,CH2-OH alcohols due C,H,CO,H due 
Aldehvde 90-0 240 (40°/,) 220" 6 56-3 10-0 24.0 94-7 5-3 

59.0 40'(30%) ' 220-230 6$ 65-5 6-2 21.4 86-7 7-6 
57.0 17-7 25.3 66.0 20.6 

75.4 16.8 5.5 68-4 * 12-8 

L i i i i d  

Solid 
glycol} 78.5 235-5 (40%) 210-240 6 

47.6 143 (40%) 210-230 6 
* 2 : 3 : 4 : 5-Tetrahydro-acid (p-bromophenacyl ester). 

The fourth of these experiments gave, in addition to the products soluble in water or 
ether, an insoluble brown solid (7-S g.) which on recrystallisation from benzene-light petroleum 
afforded a light brown powder not molten at  285" and giving an ash on ignition. The main 
products were neutral materials, (1) (19-0 g.) b. p. S2-90"/11 mm., (2) (2.0 g . )  b. p. 90- 
130"/11 mm., (3) (1.8 g.) b. p. >130"/11 mm., and a residue (6.2 g.). Fraction 1 was 1 : 2 : 3 : 6- 
tetrahydrobenzyl alcohol (phenylurethane) . Fraction 3 contained an alcohol (probably the 
Guerbet product from tetrahydrobenzyl alcohol) [Found : active H (Zerewitinov), 0.47% ; 
unsaturation equiv., 111.9. C,,H,,O requires active H, 0.48% ; unsaturation equiv., 1031, 
which provided a phenyluvethane, m. p. 140-142" (Found : C, 77-9 ; H, S.0 ; N, 4-4. C2*H2,02N 
requires C, 77.5; H, 8.3; N, 4.3%). The residue was mainly hydrocarbons (infra-red 
examination). 
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Reaction of Alkali with Related Compounds.-The reactions of the trimer and glycol a t  
temperatures up to 240" are given in Tables 4 and 5. The conversion at  ca. 300" into pimelic 
acid is mentioned in Table 1. The experiments described below are the reactions, at 300°, of 
the glycol and alcohol with alkali. 

The glycol (100 g.) and 15.5% aqueous sodium hydroxide (271 c.c.) were 
heated in the autoclave for 6 hr. a t  300". The neutral product on distillation gave fractions : 
(1) (6-7 g.) b. p. 30-106"/1 atm., n2,o 1-4745; (2) (0-9 g.) b. p. 70-100"/16 mm., nZ,O 1.4713; 
(3) (8.3 g.) b. p. 100-125"/16 mm., ng 1.5139; (4) (3-5 g.), b. p. 140-160"/1 mm.; (5) (5-7 g.) 
b. p. 160-185"/1 mm.; (6) (3-5 g.) b. p. 185-260"/1 mm.; and a residue (7-5g.). Fraction 1 
showed slight carbonyl and hydroxyl content, and its infra-red spectrum showed it to contain 
toluene (70%), a trans-CH:CH system (5%) ,  some OH, and the remainder mainly l-methylcyclo- 
hexene. Fraction 2 had an active hydrogen content of 0.78% and carbonyl equiv. 1010, and 
although hexahydrobenzyl and 1 : 2 : 3 : 6-tetrahydrobenzyl alcohol appeared to be absent infra- 
red examination suggested the presence of the 2 : 3 : 4 : 5-tetrahydro-alcohol. Fractions 3 and 
6 were mainly monosubstituted aromatic hydrocarbons with some unsaturated contaminants. 
Fractions 4 and 5 crystallised and were largely unchanged glycol. The acid product gave some 
crystalline pimelic acid (12.7 g.) and the remainder on distillation provided hexahydrobenzoic, 
1 : 2 : 3 : Gtetrahydrobenzoic, pimelic, and higher-boiling acids. 

The glycol (69-1 g.) and 40% aqueous sodium hydroxide (187 c.c.) were 
heated at  300" for 6 hr. The neutral products provided mainly hydrocarbons and a fractim 
(1-8 g-), b. p. 80-100°/16 mm., containing hexahydrobenzyl alcohol (7&75y0), 1 : 2 : 3 : G -  
(20-25%), and 2 : 3 : 4 : 5-tetrahydrobenzyl alcohol (ca. 5%) (infra-red). This fraction 
afforded the phenylurethane, m. p. and mixed m. p. 74--75', of hexahydrobenzyl alcohol. The 
acid products, when distilled, gave a hexahydrobenzoic acid fraction (6-3 g.) , which crystallised, 
and a pimelic acid fraction (12-5 g.). 

1 : 2 : 3 : 6-Tetrahydrobenzyl alcohol. The alcohol (38.9 g.) and 40% aqueous sodium 
hydroxide (1 10 c.c.) were heated at  300" for 6 hr. The neutral products contained no carbonyl 
compounds and distillation yielded fractions : (1) (5-2 g.) b. p. 100-150"/1 atm. ; (2) (2.8 g.) 
b. p. 90-110°/19 mm. ; (3) (2-6 g.) b. p. 110-150°/19 mm. ; (4) (3-6 g.) b. p. 150-240"/19 mm. ; 
and a residue (2-4 g.). Fraction 1 contained (infra-red) 35--40y0 of toluene and some l-methyl- 
cyclohexene; fraction 2 contained hexahydro- (85%) and 1 : 2 : 3 : 6tetrahydro-benzyl alcohol 
(15%), and provided the phenylurethane of the former; fraction 3 contained ca. 10% of the 
1 : 2 : 3 : 6-tetrahydro-alcohol and hydrocarbons ; fraction 4 contained mainly hydrocarbons 
but also 5-10% of glycol. The acid products contained approx. equal parts of hexahydro- 
benzoic (with a little tetrahydrobenzoic) and pimelic acid. 

Tischtschenko Reaction of the AZdehyde.-Freshly distilled 1 : 2 : 3 : 6-tetrahydrobenzaldehyde 
was added gradually, with stirring or shaking, to the catalyst (e.g., aluminium isopropoxide, 
1-5-2-5% calc. on aldehyde) dissolved in a little preformed ester; the temperature of the 
exothermic reaction was kept below 50". After the addition was complete stirring was 
continued until the temperature began to fall without external cooling ; then the product was 
distilled. 1 : 2 : 3 : 6-Tetrahydrobenzyl 1 : 2 : 3 : 6-tetrahydrobenzoate, b. p. 152-153"/7 mm., 
ng 1.4963, was usually formed in 90-95% yield. The aluminium isopropoxide could be 
replaced by aluminium ethoxide or magnesium ethoxide, but larger quantities of these were 
usually required. 

The aldehyde 
was estimated by hydroxylamine hydrochloride. 

Solid glycol. 

Liquid gZycol. 

The effect of acid and of temperature on this reaction is shown in Tables 6-8. 

TABLE 6. Unchanged aldehyde (%). [Redistilled aldehyde (500 g.) added to the catalyst 
(aluminium isopropoxide, 12.5 g.) in preformed ester (60 g.) during ca. 30 rnin.] 

Time (rnin.) after addn. of aldehyde 0 10 20 40 100 
Reaction at : 70" 4.4 - 3.2 1.6 - ..................... 

90" ..................... 17.4 12.4 8-3 - 5.4 
..................... 41-0 39-3 38.7 110" 42-1 - 

TABLE 7. Unchanged aldehyde (%). 

Time (rnin.) after addn. of aldehyde ... 0 10 20 40 70 120 

[-4ldehyde (500 g.), containing 0.5% of tetra- 
hydrobenzoic acid, treated as in Table 6. The addition took 20-40 min.] 

Reaction at : 50" ........................... 30-5 10.7 4-9 4-6 2-4 1.0 
60" ........................... 22.0 14.0 10.4 8-6 4.5 - 
70' ........................... 63.3 38.2 37.0 - 37.0 36.8 
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TABLE 8. 
Aldehyde (50 g. ) ,  containing the appropriate amount of added 1 : 2 : 3 : 6-tetrahydrobenzoic acid, 

added to the catalyst (aluminium dsopropoxide, 1.25 g.) dissolved in preformed ester (3 g.). 
Acid (%, m/w) present in the aldehyde ......... 0 0.78 1.58 3-10 4.77 
Unchanged aldehyde (%) after 2 hr. at (40" 0 43-0 57-6 78.6 77-6 

In one experiment, the ester (330 g.) was heated with 40% aqueous sodium hydroxide 
(300 c.c.) for 1 hr. with stimng; the neutral product, on distillation, gave 1 : 2 : 3 : 6-tetra- 
hydrobenzyl alcohol (137 g.) and a residue (3.5 g.), whilst the acid product consisted of 
1 : 2 : 3 : 6-tetrahydrobenzoic acid (183.3 g.) and a residue (6.0 g.). 

The authors thank Mr. Philpotts for infra-red spectroscopic examination of some of their 
products, the Pilot Plant Division (Tonbridge) for production of the aldehyde, and the Directors 
of the Company for permission to publish this paper. 
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