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I. INTRODUCTION 

In connection with work directed towards the total 

synthesis of phyllocladene (1) and other related tetra¬ 

cyclic diterpenes, elaboration of the bridged five 

raembered D ring constitutes a problem of special Interest. 

(1) 

Some preliminary experiments carried out on model 

compounds by Lee2 and on degradation products of 

1 
phyllocladene by Shaw suggested that the ring D synthesis 

might prove difficult. Thus Lee showed that Arndt-Blstert 

homologation of the half-ester (2), a reaction which 

might have afforded a product suitable for Dieckraann 

cycllzation, is unsuccessful, and Shaw has further 

established that the diacid (3), obtained from iso- 

phyllocladene by the sequence shown in Chart I, cannot 

be cyelized by pyrolysis of the barium salt. The failure 

(2) (3) 



-2- 

of the latter attempt is reminiscent of Woodward's 

experience in a related cyclization effort in the 

strychnine series^ and is perhaps attributable to 

inversion at C. 7, which would give a diacld of 

inappropriate configuration. The possibility that the 

conjugated ketone (6) of Chart I may be convertible 

into an aO-dlketone (10) through the keto glycol (9)* 

and thence into phyllocladene norketone (12) by 

benzylic acid rearrangement remains, but this route 

has not yet been explored (see Chart II). 

Another scheme considered by Shaw is outlined in 

Chart III. Here the norketone (12) is treated with 

perbenzoic acid to give a lactone (13) of established 

structure^. The lactone can be opened with hydrogen 

bromide to give the bromo acid (14a). However, lactone 

opening is an exceedingly difficult reaction in this 

case, and the yield of (14a) is poor1*. Esterification 

with diazomethane affords the keto ester (l4b), which 

was then treated with lithium and with sodium, in the 

hope that an internal reaction of the Grignard type 

might yield phyllocladene norketone (12), the corre¬ 

sponding alcohol, or a pinacol. Only ill-defined 

products resulted, and attempts to effect reductive 

cyclization with the bromo acid chloride (l4c) were 

likewise unrewarding. 
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CHART I 

(3) 

(8) 



-4- 

CHART II 

(11) (12) 



-5- 

CHART III 

(14a) X= OH 
(14b) X = OCH 
(l4c) X = C1 3 
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The only successful closure of the bridged five 

ring thus far achieved was accomplished by Lee2, who 

carried out the acyloln condensation on the cis-diester (15). 

(15) (16) (17) 

No useful result was obtained by the sodium-xylene method , 

but with sodium In liquid ammonla6, a small amount of 

acyloln was obtained. The yield of analytically pure 

material, m. p. 77-78°, was only about 5$, and the structure 

of the product, (16) or (17), was not investigated. The 

present work was undertaken fior the purpose of r^caminlng 

the acyloln approach, with the hope of obtaining materially 

improved yields and of establishing the structure (16 or 17) 

of the final product. 
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IIt DISCUSSION 

The cls-dlester (15) required for the acyloin 

p 
condensation was obtained by the method of Lee outlined 

in Chart IV, The Investigation was considerably hampered 

by the necessity of repeating this rather long and 

tedious synthesis on large scale, and the results in 

general closely paralleled those reported by Lee. 

Condensation of malonic ester with two molecular 

equivalents of acrylonitrile was carried out by the 

method of Hesse and Bockmann^ as modified by Lee2. 

Hydrolysis of the resulting diethyl bis-(2-cyanoethyl)- 

malonate (18) with constant boiling hydrochloric acid 

followed by decarboxylation at 200° furnished the 

triacid (19a) which was converted directly, without 

isolation, into the corresponding trlmethyl ester (19b). 

Attempts to carry out Dleckmann cyclizatlon of (19b) 

with sodldm and benzene according to the literature 

procedure2gave, In the present Instance, variable 

yields of poor quality product. Since caking of the 

sodium enolate appeared to be responsible for this result, 

the use of molten sodium in a refluxing mixture of benzene 

and toluene was Investigated. Under these conditions the 

sodium surfaod is continually renewed, and yields of the 

cyclic keto ester (20) approximating 80$ were obtained 

by employing this modification. 
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CHART IV 

p.OOCxH-«- 
/JgC-CH = CHi +• c.Hi. f- c. Ha.-CI4-C3A/  ^ 

toeC* Hr 

^OOCittr 

/VC C HtCHt c Cfl,. o/i. cy 

COOQ i+r 
RO^C. C.fh.CSi.CU CM3.CMl.C.Ot,/Z 

(18) (19a) R - H 
(19b) R=CH3 

n> 
c<?x CHj 

(20) 

o 

’* c^CHj 

C
AOH3 

(21) 

® • 

' 0 ©* C H, 

c »iCHj 

’'CO1.R 

C©*.R 

23a) R= H 
23b) R =CH3 

(25) R=H 
(15) R = CH3 

(24) 
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Alkylatlon of (20) with 4-chloro-2-butanone was 

carried out In the presence of sodium hydride, and aldol 

cyclizatlon to the unsaturated keto dlester (21) was 

accomplished by treating the crude alkylated product 

with £-toluenesulfonic acid In benzene In a system 

equipped with a continuous water separator. The yield 

of purified keto dlester was only 21$, and hence 

represents no significant improvement over the yield (20$) 

reported by Lee. in one experiment an appreciable amount 

of a crystalline half-ester (26) (also obtainable by 

partial saponification of (21)) was Isolated. However, 

since in this case the combined yield of (21) and (26) 

was only 20$, It seems unlikely that hydrolysis is an 

important factor in determining the yield of keto dlester 

(21). 

(26) 

Catalytic hydrogenation of (21) over palladium-on- 

charcoal proceeded uneventfully and furnished trans- 

6, 10-dlcarbomethoxy-trans-2-decalone (22) In 90$ yield. 

The sterochemlstry assigned to this product* is based 

on analogy to the corresponding reduction of the 10- 
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carbomethoxy octalone (27) which yields a trans-fused 

product, but has not been rigorously established. 

COOCrij 

(27) 

Wolff-Klshner reduction of (22) by the Huang-Mlnlon 

method^ furnished the expected trans-dlacid (23a), and 

the latter product was Inverted by way of the anhydride 

(24) into the cis-dlacld (25), convertible with diazo¬ 

methane into the els-diester (15). 

Before proceeding to an examination of the acyloln 

condensation of (15), consideration was given to another 

possible route which is outlined in abbreviated form in 

Chart V. The crystalline trans-half ester (28), obtained 

by partial hydrolysis of the amorphous diester (23b)2, 

was converted Into the corresponding acid chloride (29), 

Am. 5.55, 5.77/*, by the action of thionyl chloride. 

Treatment of the crude acid chloride with anhydrous 

ethereal diazomethane afforded an oily dlazoketone (30) 

that showed appropriate absorption in the infrared at 

5.78, 4.78 and 6.08/i°. The latter product was then 

treated with hydrogen bromide. The material was non- 
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crystal line, but gave a strong positive Beilstein test 

and showed a band in the infrared at 5.78/4 with a shoulder 

at 5.82/*. Bands corresponding to the diazoketone structure 

were missing, and it was assumed that the material was 

largely the bromoketone (31). However, attempts to effect 

reductive removal of halogen by the conventional zinc- 

acetic acid method gave an anomalous result. There was 

obtained in very poor yield a crystalline, acid-soluble, 

nitrogen-containing product, m.p. 156-157°* that showed 

Intense absorption in the infrared (CHgClg solution) at 

2.90, 5.80, and 6.0<^. The material gave a negative 

ferric chloride test, and elementary analysis suggested 

the formula C27H44O5N2. The compound furthermore shows 

no distinctive absorption in the ultraviolet. This fact 

excludes the possibility that the 6.00/<band is associated 

with a conjugated ketone and suggests rather that an amide 

group may be present. It is difficult to formulate a 

structure derivable from (28) that fits the data, although 

it would appear that reduction (zinc-acetic acid) of the 

dlazoketone (30) may be Involved. In any event, it is 

clear that this by-product is of no utility in the present 

investigation, and the matter has not been pursued further. 

It is worth noting, however, that a synthesis of the 

acetyl ester (32) by an alternate procedure might make the 

conjugated ketone (3^) readily available (cf. the Stork 

cedrene synthesis11). If such proved to be the case, 
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CHART V 
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hydroxy la t ion of (34) to (35)# followed by treatment of 

the latter oorapound with base, might be expected to lead 
12 

directly to the hydroxy acid (36) , which would then be 

converted Into the bridged ketone (37) by the action of 

lead tetraacetate. 

In view of the discouraging results obtained by Lee 

in the acyloln condensation of (15)# the possibility of 

achieving some improvement in this step through the use 

of sodlum-on-alumina was next investigated. This reagent 

13 
has been reported by Doering as extremely effective in 

the production of the cyclopentadienide ion from eyclo- 

pentadlene, and it must be presumed to represent a highly 

dispersed form of sodium. Unfortunately, all attempts to 

accomplish acyloin condensation in (15) with the sodium- 

alumina reagent have led to the isolation of acidic 

products. This outcome is perhaps not surprising in view 

of the known difficulty of removing the last traces of 

water from alumina. 

The acyloin reaction wa3 finally carried out with 

sodium in liquid ammonia by the general procedure employed 

by Lee, but in somewhat more concentrated solution. The 

results were similar to those of the previous Investigation 

in that the yield of pure acyloin v/as low. There was, 

however, ?b£ained In addition to acyloin an alcohol (38) 

not isolated by Lee. Not to be overlooked, is the possibility 

of an alternate plnacol formulation (39)# but it is worth 



-14- 

no ting that appropriate oxidation of either of these 

structures would give a 5 ring ketone. The combined yield 

of tricyclic products is approximately three times that 

reported earlier for the acyloin alone. 

(38) (39) 

The structure of the acyloin was finally shown to 

be that Indicated by the formula (17) using the following 

oH 

(17) 

method of degredation. Treatment of the substance with 

lead tetraacetate furnished an oily aldehydo-acid (40a) 

which was treated directly with dlazomethane. The resulting 

aldehydo-ester (40b) likewise failed to crystallize, but 

showed a broad band (unresolved) in the carbonyl region 

of the infrared, and a weak band at 3.70^, characteristic 
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of the C-H stretching vibration of the aldehyde group 14 

(40a) R - H 
(40b) R = CH3 

On oxidation with chromium trloxide, (40b) was converted 

into the corresponding half acid, m.p. 145-146°. The latter 

substance was clearly not Identical with the trans half 

ester (28), m.p. 104-105° of Lee2, and admixture with a 

sample of trans half ester (2), m.p. 145-146.5°2* depressed 

the melting point to 113-123°. The substance must therefore 

be identical with one of the two els half esters (41) and 

(42). These products were prepared for the purposes of 

comparison by partial hydrolysis of the cis-diester (15) 

and by methanolysis of the anhydride (24), respectively. 
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Both products melted essentially at 146-147°* but whereas 

the half ester derived by cleavage of the acyloln depressed 

observed when a mixed melting point determination was 

carried out with (42). The Identity of the degredatlon 

product was further established by comparison of Its 

Infrared spectrum with those of the four authentic 

half esters, which show marked differences in the 8-14/*, 

region. The results of this Investigation clearly 

establish structure (17) for the acyloln condensation 

product. 

the melting point of (4l) to 112-128°, no depression was 

(41) (*2) 
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III* EXPERIMENTAL 

Preparation of Diethyl bis-(2-cyanoethyl)-malonate (18). 

Diethyl malonate (160.2 g., 1 mole) and acrylonitrile 

(106 g., 2 moles) were allowed to react In the presence 

of alcohol-free sodium'ethoxide (from 4,6 g. of sodium) 

according to the procedure described by Lee2. The purified 

product weighed 225 g. (85$), m.p. 61-62°, (previous 

result2, 86$, m.p. 61-62°). 

Preparation of 1.3.5-Trlcarbomethoxypentane (Iffb)2. 

The diethyl bis-(2-cyanoethyl)-malonate.of the proceeding 

experiment (225 §.) was hydrolysed by refluxing for 20 

hours with 500 g. of constant boiling (20.24$) hydro¬ 

chloric acid. The mixture was evaporated to dryness under 

reduced pressure, and the residue was then heated for 

2 hours in an oil bath at 200° to effect decarboxylation. 

The resulting crude acid was esterifled with methanol 

and sulfuric acid2, and the resulting triester (19b) 

was purified by vacuum distillation: Yield, 96.5 g. (79$), 

b.p. 144-149°/ 3 mm., (previous result2, 84$, b.p. 

138-140°/ 2 mm.). 

Preparation of 2,4-Dlcarbomathoxycyclohexanone (2Q)2*®. 

A solution of 26,0 g. (Q.I05 moles) of the trlester (19b) 

in 125 ml, of dry toluene and 50 ml. of dry benzene was 

treated with 3.0 g. (0iL3 gr. atoms) of sodium, A few 

drops of methanol were added to initiate the reaction, 

and the mixture was heated under reflux in a nitrogen 
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atmosphere for 24 hours. The residual sodium was then 

destroyed by the addition of methanol, and the reaction 

mixture was poured over Ice and hydrochloric acid. The 

organic layer was washed with water, dilute sodium 

bicarbonate solution, water, and saturated sodium chloride 

solution. After drying over anhydrous sodium sulfate, the 

solvent was evaporated under reduced pressure. The product, 

17.6 g. (78$), m.p. 42-43°* was obtained by direct 

crystallization from ether-petroleum ether, (previous 

result2, 79$, m.p. 44-45°). 

Preparation of 2-Keto-trans-6.10-dlcarbomethoxy- 

/^'^-octahydronaphthalene (21). - A solution of 21.4 g. 

(1 mole) of the ^-keto ester (20) In the minimum amount 

of dry benzene was added dropwlse over a period of 2 

hours to 2.3 g. of sodium hydride (0.1 mole) under 3 ml. 

of benzene. The formation of the sodium enolate was 

completed by heating on the steam bath for 1-| hours 

at the end of which time 10.8 g. (0.1 mole) of freshly 

distilled 4-chloro-2-butanone was added dropwlse to the 

cooled mixture. After standing overnight at room 

temperature, the product was Isolated as described by Lee2, 

and cycllzed by refluxing for 20 hours in 250 ml. of 

benzene containing 2.0 g. of £-toluenej3Ulfonic acid 

monohydrate. The vrater produced in the reaction was 

removed by means of a continuous water separator. 
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The product (21) weighed 5.6 g. (21$) and melted at 

87-88.5°* (previous results2, 20$, m.p. 88-89°). 

In a separate experiment carried out on the same 

scale the final product consisted of 2.0 g. of (21) and 

3,4 g. of the half-ester (26), m.p. l4l-l42.5°. A sample 

of (26) was prepared for comparison by the procedure 

of the following experiment. 

Preparation of 2-Keto-trans-6-carboxy-10-carbomethoxy- 

A1* 9-octahvdronaphthalene (26K- 200 mg. of the conjugated 

ketone-diester (21) was dissolved in 4 ml. of methanol and 

treated with 4 ml. of 0.5 N sodium hydroxide. Nitrogen 

was bubbled in to cut down air oxidation, and the solution 

was allowed to stand at room temperature for 16 hours. 

The solution was then acidified and extracted with ether. 

The ethereal solution was washed with water and saturated 

sodium chloride solution and dried by filtration through 

magnesium sulphate. The ether was evaporated off and 

the product was crystallized from methanol. The half- 

ester (26) after two recrystallizations from methanol 

weighed 135 mg. (71$) and melted at 141-142°. A mixed 

melting point with the sample obtained above showed no 

depression. 

Preparation of trans-6.10-Dicarbomethoxv-trans- 

2-decalone (22). - Catalytic hydrogenation of 2.0 g. of 

the bicycllc product (21) in methanol in:the presence of 

0.4 g. of palladized charcoal was carried out as 
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described by Lee2. The reduction product (22) weighed 

l. 9 g. (90$), m.p. 82-84°, (previous result^ 90$, 

m. p. 88-89°). 

Preparation of trans-Decalln-2.9-trans-dlcarboxyllc 

Acid (23a^. - A solution of 2.0 g. of keto-diester (22) 

in 30 ml. of diethylene glycol containing 4.0 g. of 85$ 

hydrazine and 2.0 g. of potassium hydroxide was heated 

under reflux with a nitrogen atmosphere for 1 hour. 

The reflux condenser was then removed, and the bath 

temperature was raised to 215° and maintained at that 

level for 3 hours. A 3low stream of nitrogen was passed 

through the reaction vessel during this period. The 

product was Isolated by the conventional method and 

was crystallized from dilute acetone. Yield, 950 mg.(56$), 

m.p. 225-226° (evacuated capillary). Lee2 obtained a 60$ 

yield of material of comparible purity. 

Preparation of trans-Decalin-2.9-dlcarboxylic Acid 

Anhydride (24), - A solution of 500 mg. of trans-diacid 

15 
(23a) in 50 ml. of purified acetic anhydride containing 

500 mg. of sodium acetate was heated under reflux with 

, 2 
a nitrogen atmosphere for 14 hours as described by Lee . 

The product was crystallized from ether-petroleum ether 

and afforded 302 mg. (66$) of anhydride (24), m.p. 89.5- 

91.5°, previous result2, 71$, m.p. 89-90°). 
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Preparatlon of trans-Pecalln-2.9-cls-dlcarboxyllc 

Acid (25). - The anhydride obtained In the previous 

experiment (650 mg.) was heated In a mixture of 10 ml. 

of acetone and 15 ml. of water until crystals began to 

separate. After standing overnight at room temperature, 

the mixture was filtered and In this way 602 mg. (85$) 

of the cls-dlaeld (25), m.p. 227-228° (evacuated 

capillar^ was obtained, (Lee*s result^ 83$, m.p, 229-230°). 

Preparation of cls-2,9-Dicarbomethoxy-trans- 

decalln (15). - Esterification of 600 mg. of the cis- 

diacld (25) was carried out by the use of an ethereal 

solution containing excess diazomethane. The yield of 

ester, m.p. 68-69°, was quantitative. 

Attempted Synthesis of the Acetyl Ester (32). 

A solution of 400 mg. of the trans-half ester (28)2 in 

8 ml. of dry benzene was treated with 1.5 ml. of thionyl 

chloride. The mixture was allowed to stand at room 

temperature for 12 hours, at the end of which time the 

solvent and excess reagent were removed under reduced 

pressure. The residual material was purged several 

times with dry benzene to remove the last traces of 

thionyl chloride. The crude oily product (29) showed 

strong bands in the infrared at 5.55 (-C0C1) and at 

5.77(-COOCHg) in carbon disulfid# solution. 

The acid chloride was then taken up in 5 ml. of 
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anhydrous ether, and a sodium-dried ethereal solution 

containing excess dlazomethane was then added. After 

standing at 5° for 10 hours, the solution was evaporated, 

whereupon a yellow oil,X^.5.78 (-COOCH3), 4.78, 6.08/4. 

(-COCHN2) was obtained. This material was dissolved in 

5 ml. of methylene chloride and treated with 5 ml. of 

methylene chloride which had previously been saturated 

with hydrogen bromide. Gas bubbles (Ng) were immediately 

evolved, and after standing at room temperature for 

2 hours, the solution was evaporated in a nitrogen 

stream, and the dark brown residue was dried under 

vacuum; positive Beilsteln test, A** 5.78/^(shoulder at 

5.82/4). 
The crude bromoketone was finally dissolved in 12 

ml. of acetic acid. Zinc dust was added, and the mixture 

was heated on the steam bath for 20 minutes. After cooling, 

the zinc was removed by filtration, and the filtrate was 
1 

diluted with water and extracted with ether. The ether 

extracts were combined and washed successively with 

water, dilute sodium hydroxide, water and saturated 

sodium chloride solution. Filtration through anhydrous 

magnesium sulfate and evaporation afforded 200 mg. of 

dark oil. This material was chromatographed on alumina, 

and furnished 120 mg. of light oil,5.78(see below), 

and 48 mg. of product which crystallized on standing. 

Two recrystallizations from ether-petroleum ether 
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gave 26 mg. of white needles, m.p. 156-157°, AAW.2.90, 

5.80, 6.00/*.. 

Analysis. Calculated for C27H44°5N2i C* ^8.03; 

H, 9.315 N, 5.88. Pounds C, 68.15; H, 9.^5; N, 5.86. 

The chromatographic fractions consisted of 120 mg. 

of yellow oil and were treated with potassium jb-butoxide 

in dry t_-butyl alcohol on the assumption that the material 

might contain the acetyl ester (32). The oily product, 

76 mg., obtained in this way gave a negative ferric 

chloride test. The ultraviolet spectrum gave no indication 

of any ft,-dike tone, and the infrared spectrum suggested 

that the material was a carboxylic acid. The matter was 

not investigated further. 

Attempted Acyloln Condensation of the cls-Dlester 

(15) with Sodium-on-Alumlna. - A 50 ml. round bottom 

flask fitted with a nitrogen inlet tube and outlet 

(protected by a calcium chloride tube) was charged with 

200 mg. of Woelm chromatographic alumina and was heated 

in a sand bath to 500° for 4 hours. Nitrogen liras passed 

over the hot alumina for short periods to change the 

atmosphere. After cooling, 15 mg. of freshly cut sodium 

was added, and the contents of the flask were stirred 

magnetically while heat was applied to melt the sodium. 

The mass turned a blue-grey color, and was then cooled 

to room temperature. A 20 mg. sample of cis-diester (15) 
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in 1.5 ml. of dry benzene was added, and the mixture 

was stirred at room temperature for 10 hours. At the 

end of this time, the excess sodium was destroyed with 

methanol, and the solution was acidified with acetic acid 

and filtered. The filtrate was diluted with water and 

extracted with ether. After washing and drying, the 

solvent was removed by evaporation. The Infrared spectrum 

of the residual material Indicated that It was largely 

carboxylic acid. 

Preparation of the Acyloln (17) by the Sodlum- 

Llauid Ammonia Process^. - The cls-dlester (15)> 500 mg., 

was dissolved In 65 ml. of dry ether and added through a 

dropping funnel to a 3-necked flask, containing 80 ml. 

of sodlum-drled liquid ammonia and 65 ml. of dry ether, 

and fitted with a dry Ice condenser, mechanical stirrer, 

and Inlet tube for a stream of dry, purified nitrogen. 

Sodium wire was added simultaneously In small portions, 

keeping the solution dark blue. An excess of 4 equivalents 

was required by the end of the addition (2 hours). The 

ammonia was evaporated under a vigorous flow of nitrogen, 

and the light yellow ethereal solution was treated with 

2 ml. of methanol In 50 ml. of ether to destroy any 

unreacted sodium. Acidification with 1 N hydrochloric acid 

gave, after separation, washing with dilute sodium 

bicarbonate solution, and working up In the usual manner, 

270 mg. of a light yellow oil. Chromatography on alumina 



-25- 

yielded two products* 30 ing. (8$) of the acyloln, m.p. 

74-75°, was obtained after recrystallization from ether- 
. 2. 

petroleum ether of one of these fractions* (Lee's result, 

20 rag. (550, m.P. 77-78°). 

The second product, not isolated by Lee, weighed 

53 mg. (13$), melted at 69-70° and showed absorption in 

the infrared at 2.88/c (hydroxyl), with no absorption in 

the carbonyl region. 

Analysis. Calculated for c, 79.94; 

H, 11.18. Found: C, 80.33; H, 11.23. 

Preparation of trans-9-Carboraethoxy-2-carboxy-trans- 

decalin (28K - 500 mg. of the trans-dies ter (23b), which 

can be obtained by esterification with diazomethane of the 

trans-diacid (23a), was partially saponified using 6 ml. 

of methanol and 6 ml. of 0,5 N sodium hydroxide and allowing 

the solution to stand at room temperature for 24 hours. 

368 mg. (80$) of material melting at 104-105° was obtained. 

(Previous result^ 79#, m.p. 104-105°). 

Preparation of trans-2-Carbomethoxy-9-carboxy-trans- 

decalin (2). - 500 mg. of the trans-dlacld (23a) was 

dissolved in 50 ml. of methanol and treated with 2 ml. 

of acetyl chloride. After standing at room temperature 

for 12 hours, the solvent was removed and the product 

recrystallized from ether-petroleum ether. The crystalline 

material melted at 145-146.5°. (Lee's product^" m.p. 143-144°). 
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Preparatlon of cis-9-Carbomethoxy-2-carboxy-trans- 

decalln (41) , - 300 mg. of the els-dies ter (15) v/as 

dissolved in 5 ml. of methanol and 5 ml. of 1 N sodium 

hydroxide and allowed to stand at room temperature for 

10 hours. Upon acidification with dilute hydrochloric 

acid, filtration and recrystallization from ethet- 

petroleum ether, 35 mg. (12$) of white needles, m.p. 

146.5- 147°, Aw 5.78* 5.88^, were obtained. 

Analysis. Calculated for C, 64.97s H, 

8.39. Poundi C, 65.24; H, 8.26. 

Preparation of cis-2-Carbomethoxy-9-carboxy-trans- 

decalin (42). - 65 mg. of the anhydride (24) was dissolved 

in 20 ml. of dry methanol and refluxed for 12 hours. The 

solvent was evaporated off under reduced pressure and a 

white solid, weighing 70 mg. with a melting point of 

138-140° was obtained. Two recrystallizations from ether- 

petroleum ether yielded 59 mg. (70$) of crystals, m.p. 

146.5- 147.5°,XSr 5.78, 5.91/c. 

Analysis, Calculated for C;L3H2Q04J C, 64.97; H, 

8.39. Found; C, 65.17; H, 8.34. 

Degradation of the Adyloin (17), - 27 mg. of acyloin 

(17) was taken up in 1 ml. of 90$ acetic acid and treated 

with 125 mg. of lead tetraacetate in 2 ml. of 90$ acetic 

acid. The solution was allowed to stand at room temp¬ 

erature for three hours, during which time the color 
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turned light brown due to formation of lead dioxide. The 

mixture was diluted with water and extracted with ether. 

The ether extracts were washed and dried and the solvent 

was evaporated off, leaving 22 mg. of light yellow oil. 

The material was then dissolved in 1 ml. of ether 

and excess ethereal diazomethane was added* After standing 

at 5° for 1 hour, the excess dlazomethane was blown off 

by a stream of nitrogen, 100 ml. of ether was added and 

the solution was washed with dilute sodium hydroxide and 

with water. After drying, the ether was removed, leaving 

23 mg, of light yellow oil. The infrared spectrum (CS2) 

showed a broad, unresolved band in the carbonyl region 

and a weak band at 3.70/4(aldehyde C-H stretch11*'). 

The product was dissolved in 2|- ml. of acetic acid 

and treated with 20 mg. of chromium trioxide in two drops 

of water. After standing at room temperature for 8 hours, 

the solution was diluted with water and extracted with 

ether. The extracts were washed with water and with 

saturated sodium chloride solution and dried. Concentration 

gave 20 mg. of material, which crystallized from ether- 

petroleum ether. In this manner, 6 mg. of crystals, m.p. 

O 
145-146 ,^5.78, 5.88/4,were obtained. Mixed melting points: 

with the trans half ester (2), 113-123°; with the cis half 

ester (42), 112-128°; with the cis half ester (4l), 144- 

145°. 
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