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with the specimen obtained by manganese dioxide oxidation 
(Table I, no. 10) was demonstrated by mixture melting 
point determination and infrared comparison. 

Reaction of A5-Pregnene-3,17-dione with Manganese Di- 
oxide .-A solution of 0.20 g. of Ab-pregnene-3,17-dione 
(m.p. 163-165', no high intensity absorption in the ultra- 
violet, quantitatively converted to progesterone with a trace 

of acid)@ in 20 cc. of benzene was shaken at room tempera- 
ture with 2 g. of manganese dioxide for 1 hour. The total 
product exhibited A, 284 mp, log e 4.41, and 6-dehydro- 
progesterone with m.p. 143-145' could easily be isolated 
after one crystallization. 
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Dehydroabietic acid has been degraded by a series of reactions, including Hofmann elimination, to l-ketonordehydroabie- 
The 1-ketone is converted to 2-ket0-A~*'~-nordehydroabietene, a 3-keto-A4-steroidal system, by a new method of mov- 

This method is applied also in the conversion of a-decalone to 
Klyne's method of molecular rotational differences is used to demonstrate that the C-12 angular methyl group 

tane. 
ing a ring carbonyl function to an adjacent ring carbon atom. 
8-decalone. 
of the diterpenic acids most probably has the steroidal j3-configuration. 

Consideration of the structures of the diterpenic 
acids has led us to the present investigation of these 
acids with respect to their use as source material 
in the synthesis of steroidal substances. A rep- 
resentative resin acid, dehydroabietic acid, is em- 
ployed in the first phase of this problem, namely, 
the conversion of rings A and B of the resin acid 
molecule I into the cr,p-unsaturated ketonic system 
I1 common among the steroidal hormones. 

HOOC C i  
I II 

The degradation of dehydroabietic acid (111) a t  
C-1 to 1-ketonordehydroabietane (IV),2 previously 
believed to have been achieved by chromic acid 
oxidation of diphenyl-t-dehydroabietinolS and sub- 
sequently shown to be e r roneo~s ,~  has been accom- 
plished by a series of reactions including Hofmann 
elimination. In the course of this present work 
Jeger, et reported the preparation of IV by 
treatment of dehydroabietinol with phosphorus 
pentachloride followed by ozonolysis of the olefinic 
mixture containing the desired exocyclic olefin. 
Stork and Burgstahleld subsequently have synthe- 
sized dl-IV. 

The acid chloride of 111, by reaction with sodium 
azide followed by decomposition and rearrangement 
of the acid azide in xylene a t  90°, is converted 
smoothly into dehydroabietane-1-isocyanate (V). 

(1) (a) Taken from the dissertation submitted by W. B. Martin, Jr., 
to the F; culty of the Graduate School, Yale University, 1953, in can- 
didacy i >r the degree of Doctor of Philosophy. (b) Presented in 
part at Buffalo, N.  Y., March 26, 1952; Abstr. 121st Meeting, 
Amer. Chem. SOC., p. 41K; (c) E. I. du Pont de Nemours Fellow, 
1951-1952. 

(2) Nomenclatural usage in this paper follows the suggestion of 
J. L. Simonsen and D. H. R. Barton, "The Terpenes," Vol. 111, 
Cambridge Univ. Press, 1952, p. 391, by which dehydroabietic acid 
becomes dehydroabietane-1-carboxylic acid. 

(3) H. H. Zeiss, THIS JOURNAL, 70, 858 (1948). 
(4) A. Brosqi H. Gutmann and 0. Jeger, Xcle. Chim. Acta, 85, 1730 

(1950); H. H. Zeiss, THIS JOURNAL, 75, 497 (1951). 
(6) G. Stork and A. Burgstahlq, ibid., 79, 3644 (1951). 

The infrared spectrum of V is characterized by an 
intense band at  2220 cm.-' (4.5 p )  and the lack of 
the carbonyl band of I11 at 1680 cm.-l (5.9 p ) .  
Treatment of V with mineral acid to obtain the 
corresponding primary amine is unsatisfactory ; but 
reduction of V with lithium aluminum hydride6 
yields N-methyldehydroabietane-1-amine (VI). Re- 
ductive methylation of VI with formalin in formic 
acid gives rise to N,N-dimethyldehydroabietane-1- 
amine (VIII), which on further methylation with 
methyl iodide eliminates trimethylamine spontane- 
ously, although slowly, at  room temperature. The 
three 0-carbon atoms, having one, two and three 
hydrogen atoms, may compete in this elimination. 
The Hofmann elimination rule leads to the predic- 
tion of predominant elimination at  the C-1 methyl 
group, and this is found to be the case by the 
isolation of Al-"""-dehydroabietene (VIII) . Alter- 
nately, the solid, unstable quaternary iodide from 
VI1 may be isolated, treated with silver oxide and 
thermally decomposed to VIII. Or, VI may be 
quaternized directly with methyl iodide and de- 
composed to VI11 with equally satisfactory results.' 
The exocyclic nature of the double bond in VI11 
is substantiated by the appearance of absorption 
bands a t  1650 cm.-' (6.1 p )  and at  880 cm.-l (11.3 
p )  in the infrared spectrum of the olefin. From the 
ozonolysis of VI11 at  low temperature, ketone IV  
is obtained whose infrared spectrum (Fig. 1) is the 
same as that of Jeger's ketone and of the synthetic 

The 2,4-dinitrophenylhydrazone of IV 
melts between 85-86' in agreement with that de- 
rivative reported by Jeger.4,8 

Of the several methods known for moving a ring 
carbonyl function to an adjacent ring carbon atom 

(6 )  The reduction of an isocyanate to a methylamine, with lithium 
aluminum hydride, hithertofore unreported, to our knowledge was first 
performed by W. von E. Doering and K. €4. Wiberg (unpublished re- 
sults). 

(7) The facile elimination is attributed to the excessive steric strain 
obtaining in the quaternary salt. 

(8) The ketone itself, on standing for several months, crystallized, 
m.p. 60.5-51'; semicarbazone, m.p. 216-216.5'. Jeger has reported 
30-32' and 204-205', respectively, for these compounds. N ~ E  
ADDED IN PROOF.-The isolation of a new c-1 ketone by R. P. Jacob- 
sen, THIS JOURNAL, 76, 4709 (19531, allows the presumption that 
Jepr'r ketoqp is a cis-trqqs mixtwp. 



which on catalytic hydrogenation 
yields a mixture of cis- and tvn975- 
&decalones. 

The ketones IV and X I  are struc- 
turally related through reduction to 
the C18H26 hydrocarbon (XII) , nor- 

li dehydroabietane. Since IV  is op- &@-& OCN CH, HfHN GH3 tically stable in boiling alcoholic 
potassium hydroxide, the fusion of 
rings X/B of IV is probably trans,lfl 
in agreement with the conclusion of 
Barton and Schmeidlerll regarding 
the resin acids themselves. The re- 
duction of IV by zinc amalgam in 
hydrochloric acid, acetic acid and 
toluene leads, therefore, to trans- 
XII. Catalytic hydrogenation of 
XI over palladium black in ethanol 
gives the saturated 2-keto product 
(XIII), X (C=O) 5.84 f i ,  which is 

HOOC GH3 

m * / T  
&p-p H2 W3h PIT Y 0 

sm 
that employed by Komppa, Klami and Kujavag 
in the conversion of verbanone to pinocamphone is 
typical. A new method of achieving such a trans- 
formation has been developed which has the sole 
advantage of greater convenience. The ketone IV  
is condensed with benzaldehyde in aqueous, alco- 
holic sodium hydroxide from which the l-keto-2- 
benzilidene derivative (IX) is obtained. The con- 
jugated nature of this ketone is shown by its A,, 
292 mp, log E 4.19, X(C=O) 5.97 p .  Reduction of 
IX with aluminum isopropoxide in boiling xylene is 
accompanied by elimination to yield the 2-benzili- 
dene-A'S'l product (X), Xmax 288 mp, log E 4.5, in- 
frared carbonyl region clear. From the selective 
ozonolysis of X in ethyl acetate a t  -60" there is 
isolated the desired steroidal analog, 2-keto-A1.l1- 
nordehydroabietene (XI), Xmax 236 mp, log E 4.31, 
X (C=O) 6.01 p.  dpplication of the same reaction 
series just described to the model compound, cis-a- 
decalone, leads to the known 2-ket0-A~~~-octalin, 

d c 

Hh x: 
('3) C. Komppa, A. Klami and A. M. Kujava, Ann. ,  547, 185 

(1911). Verbanone is treated with sodamide and then  carbonated t o  
the  8-keto acid. T h e  @-hydroxy acid is obtained on electrolytic re- 
duction of the  keto acid, followed b y  acetic anhydride dehydration to 
the  a.5-unsaturated acid. T h e  corresponding acid chloride is treated 
with sodium azide and then hydrolyzed to pinocamphone. See also 
J. Bredt and a'. H. Perkin, Jr., J .  Cliern. Soc., lOS, 2182 (1913); J 
Rredt and >I. Bredt-Savelsherg, Be?., 62, 2214 (1924). 

furthe.r reduced ' by the. modified 
Clemmensen method to the C18H26 hydrocarbon 
(XIIIa). The optical rotations and infrared spec- 
tra of trans-XI1 and XIIa (Fig. 5 )  indicate that 
hydrocarbon XIIa is either the cis isomer or, more 
probably, a mixture of cis and trans forms, arising 
originally from hydrogenation of XI.  

The conversion of diterpenic acids to steroidal 
substances must depend inevitably upon the stereo- 
chemical configuration of the (2-12 angular methyl 
group. Inasmuch as this position is not subject to 
stereochemical control, an a-configuration of this 
methyl group would impose a most difficult ob- 
stacle. Fortunately, there now exists considerable 
evidence pointing to a correct P-configuration. 
Klyne" has correlated the stereochemistry of rings 
-4/B of the triterpenes with that of the steroids by 
a method of molecular rotational differences which 
suggests that if the difference between the molecular 
rotations of a ring X ketonic compound and its cor- 
responding saturated derivative is positive, then 
the A/B angular group is p .  Since this positive 
shift of rotation has been observed with a large 
number of steroids and triterpenoid ketones, as 
well as the 2-ket0-A'~~ product prepared from lano- 
stadienol by Ruzicka and c o - ~ o r k e r s , ~ ~  a mirror- 
image relationship at  the rings A/B angular methyl 
group between the triterpenes and the steroids be- 
comes unacceptable. From the establishment of 
the stereochemical identity of rings A and B of abie- 
tic acid and manool14 and of manool and the triter- 
penes16 the diterpenic angular methyl group would 
appear to be beta also. The preparation of the 
diterpenoid ketones and their corresponding hydro- 
carbons reported in this paper allows a direct ap- 
plication of Klyne's method to the diterpenes. 

Comparison of the molecular rotations of IV 
and X I  (Table I) with that of trans-XI1 gives A 

(10) This conclusion presupposes, of course, tha t  no configurational 
changes have occurred a t  C-11 during the  conversion of dehydroabietic 
acid to 1-ketonordehydroabietane. 

(11) D. H. R .  Barton and G. A. Schmeidler, J .  C h c m  SOL. ,  1197 
(1948). 

112) W. Klyne, ib id . ,  2916 (1952). 
(13) U'. Voser, D. E. White, H. Heusset, 0. Jeger and L. Ruzicka, 

(14) 0. Jeger, 0. Diirst and G. Biichi, i b i d . ,  80,  1853 (1947). 
(15: L, Ruzicka, 0. Diirst and 0. Jeger, ib id . ,  30. 353 (1947). 

Hela. Chim. Acta, 36, 830 (1952). 
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(C=O) and A (C=C-C=O) values of +199" and 
+580°, respectively, and the A (C=O) of XI11 and 
XIIa is 4-77". These large positive A values lend 
support, therefore, to the tentative conclusion that 
the C-12 methyl group of the diterpenic acids is 
stereochemically related to the A/B angular 
methyl group of the steroids. 

TABLE I 

Compound [ab [MID A 

abietane +52.2' $127° 0 

abietane $127 +326 f199 (IV-XII) 

TABLE OF MOLECULAR ROTATIONS' 

XI1 trans-Nordehydro- 

IV I-Ketonordehydro- 

X I  2-Keto-A1'11-norde- 

XIIa Nordehydroabietane 4-27.1 $65.7 0 
XI11 2-Ketonordehydro- +55,7  $143 $77 (XIII-XIIa) 

All rotations were measured in absolute ether a t  tem- 
peratures ranging between 25-28' in a 1-dm. tube. 

Acknowledgment.-We wish to express our ap- 
preciation for the kind and generous support of 
this work by the Research Corporation of New York 
and for the fellowship aid to one of us (W. B. M.) 
by the du Pont Company. 

Experimental 

hydroabietene 4-278 $707 $580 (XI-XiI) 

abietane $16 (XIII-XII) 

Dehydroabietane-1-isocyanate.-Dehydroabietic acid, 
m.p. 172-173.5', [CY]% +62.7', 63.2 g., was dissolved in 
550 ml. of dry ether to  which 28 g. of freshly distilled thionyl 
chloride and a few drdps of pyridine were added. The solu- 
tion was refluxed for 22 hours and then extracted with 1% 
sodium hydroxide. The ether layer was washed with water 
to neutrality, dried and the ether removed at 70' in vacuo. 
The crude acid chloride, weighing 66.2 g. and showing strong 
carbonyl absorption at  5.5 p in its infrared spectrum, was 
dissolved in 525 ml. of cold acetone, and a solution of 13.6 
g. of sodium azide in 38.5 ml. of water was added with vigor- 
ous stirring. After 20 minutes of agitation the oily mixture 
was poured into 1 1. of water and the oil extracted with xy- 
lene. At room temperature a slow evolution of nitrogen 
from the dried xylene solution was noted and a t  90' gas 
evolution continued smoothly. After this reaction had sub- 
sided, the solution was heated to reflux, a total of about 
85% of nitrogen being obtained. A small portion of the 
xylene solution was freed of xylene and the residue was 
evaporatively distilled a t  50-60' (0.01 mm.) to give the 
clear, colorless dehydroabietane-1-isocyanate as a liquid 
distillate, [a]*% +58.6' (a 1.74", c 2.97 in benzene). 

Anal.  Calcd. for C~OH~TON: C, 80.76; H ,  9.15; N, 4.71. 
Found: C, 80.62; H, 9.14; N, 4.66. 

The infrared spectrum of this substance shows intense ab- 
sorption at 4.5 p,  characteristic of the -N=C=O group 
and no C=O absorption at 5.5 or 5.85 p .  On standing, the 
liquid isocyanate decomposed to  an amorphous solid which, 
after chromatography and crystallization from benzene, 
melted between 215221.5' (uncor.) . It analyzed approxi- 
mately the same as the isocyanate but contained no band at  
4.5 p .  Its spectrum, showing strong bands at  6.1 and 6.5 
p ,  was not comparable with that of dehydroabietoyl amide. 
This solid may be N,N'-didehydroabietylurea, but it was 
not characterized further. 
N-Methyldehydroabietane-1-amine.-The xylene solu- 

tion from the Curtius reaction on 63.2 g. of dehydroabietic 
acid (less ca. 5% for isocyanate isolation) was slowly added 
with stirring to  45.7 g. of lithium aluminum hydride in ab- 
solute ether. The temperature was maintained at or below 
35' during most of the addition and was later allowed to  rise 
to 42'. After completion of reaction 154 ml. of ethyl ace- 
tate was added followed by water until the mixture became 
cream-colored. The inorganic salt was centrifuged and 
washed with ether. Removal of solvents in VUGZCO left 61 g. 
of a viscous yellow oil which, after evaporative distillation 
between 95-100' (0.01 mm.), yielded 43.9 g. of a strongly 
basic, colorless distillate. Treatment of its ether solution 
with dry hydrogen chloride produced 45.4 g. of the amine 
hydrochloride. The free amine was liberated by dissolving 
the salt in water and treating with potassium hydroxide. 
The resultant oil was redissolved in ether and reprecipitated 
as the hydrochloride twice more, after which 38.4 g. (57% 
from dehydroabietic acid) of pure amine salt was obtained, 
m.p. 199-202' dec. 

Anal. Calcd. for C20H32NC1: C, 74.61; H, 10.02; N, 
4.35. 

This hydrochloride (3.15 9.) was converted to the free 
amine and the amine was evaporatively distilled at 45-50' 
(0.01 mm.) to yield 2.7 g. of colorless distillate, n 2 b  1.5471, 
[LY]"D $26.5' (01 0.13, c 0.49 in absolute ether). 

Found: C,75.00; H, 10.23; N,4.50. 

Anal.  Calcd. €or CzoHalN: C, 84.14; H ,  10.95; N, 4.91. 
Found: C, 84.07; H, 10.87; N, 5.03. 

Two characterizing absorption bands a t  3.1 and 8.8 p were 
observed in its infrared spectrum. 

N ,N-Dimethyldehydroabietane-1-amine .-N-Methylde- 
hydroabietane-1-amine (2.40 g.) was dissolved in 90% for- 
mic acid, 1.5 g. of formalin was added and the solution was 
refluxed under nitrogen for 24 hours. This was next con- 
centrated in wacuo, and the residual yellow liquid was poured 
into water, made alkaline with potassium hydroxide and 
extracted with ether. Removal of the ether left 2.64 g. of 
crude tertiary amine which, after evaporative distillation be- 
tween 83-89' (0.01 mm.) and several precipitations as the 
hydrochloride from dry ether, gave the salt, m .p . 230-231 ' . 
Alternatively, the hydrochloride can be recrystallized from 
water. 
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Anal. Calcd. for C21HadNCl: C. 75.08; H, 10.20; N, 
4.17. Found: C.74.02; H, 10.18; N,4.01. 

Regeneration of the free amine with base and evaporative 
distillation between 78-82' (0.01 mm.) yielded 2.0 g. (78%) 
of N,N-dimethyldehydroabietane-1-amine. The alkylation 
of 28.8 g. of N-methyldehydroabietane-1-amine gave 19.7 g. 
(65%) of the dimethylamine which croystallized on standing, 
m.p. 39-40', [ C Y ] ~ ~ D  +3.5" (cy 0.51 , c 14.45 in absolute 
ether). 

Anal. Calcd. for CZ1HzaN: C,  84.22; H,  11.11; N, 
4.68. Found: C.84.39; H ,  11.10; N,4.85. 

The spectrum of the tertiary amine lacked the N-H 
Its hydrochloride melted between stretching band at 3.1 p .  

231-232'. 
Anal. Found: C,74.57; H,  9.85; N,4.21. 

Al-eXo-Dehydroabietene. (a) From N-Methyl-dehydro- 
abietane-1-amine.-The secondary amine (3.1 9.) was dis- 
solved in 150 ml. of absolute ethanol to  which 25 g. of anhy- 
drous potassium carbonate and 25 g. of freshly distilled 
methyl iodide were added. After refluxing the dry system 
for 50 hours, the mixture was filtered, the solid washed with 
chloroform and the combined filtrates and washings concen- 
trated in vacuo a t  35-40', leaving 2.8 g. of yellow oil. This 
oil, neutral, water-insoluble and free of halide ion, was 
evaporatively distilled at 73-78' (0.01 mm.) to give 2.37 g. 
(86%) of olefin, n% 1.5500, [aIz4D f 195.5 (a 30.07, c 
15.38 in 1,l-dichloroethane) . The terminal methylene 
group in this olefin is shown clearly by bands a t  6.1 and a t  
11.3 p (very strong) in its infrared spectrum. 

Anal. Calcd. for ClsHte: C, 89.70; H,  10.30. Found: 
C, 89.44; H, 10.33. 

(b) From N,N-Dimethyldehydroabietane-1-amine.-The 
dimethylamine (1.56 g.) was treated with 24 g. of methyl 
iodide in 20 ml. of ether and refrigerated for six days, after 
which 0.15 g. of solid quaternary iodide was obtained. How- 
ever, when 8 g. of additional methyl iodide was added and 
the mixture allowed to stand for five hours at room tem- 
perature, it became almost solid. Removal of excess of 
methyl iodide a t  the aspirator pump and extraction of the 
solid with ether left 1.82 g. of the quaternary salt. The 
combined solids were dissolved in methanol (immediate 
odor of amine) and freshly prepared silver oxide was added. 
After stirring for 2.5 hours the silver salts were filtered and 
washed with fresh methanol. Solvent methanol was re- 
moved at  the aspirator between 55-60' and the vapors were 
collected in a cold trap. This distillate was very basic and 
was titrated with picric acid to neutrality. Removal of 
methanol from the distillate left 0.44 g. of yellow, solid 
picrate, which, after recrystallization from ethanol, melted 
a t  223-224 dec. Mixed m.p. with the picrate of authentic 
trimethylamine gave no depression. 

The oil remaining from the original methanol distillation 
was evaporatively distilled between 85-110' (0.1 mm.), 
yielding 1.1 g. (87%) of the olefin. Subsequent reactions 
on larger amounts of the dimethylamine (4.2 and 14.5 g. 
lots) gave almost quantitative yields of the olefin. 
1-Ketonordehydr0abietane.-A number of ozonizations 

of exO-dehydroabietene were performed in either ethyl 
acetate or 1,l-dichloroethane a t  temperatures between -60 
and -70'. Yields of the desired ketone ranging between 45- 
58% were obtained in the former solvent and about 30% in 
the latter. The general procedure involved passing just 
under the theoretical quantity of ozone through the cold 
solution of the olefin, removal of the solvent under reduced 
pressure and refluxing the ozonide with zinc dust in water. 
The organic material was extracted next with ether. In  
one experiment the water-zinc dust mixture was filtered 
and the water was treated with an ethanolic solution of 2,4- 
dinitrophenylhydrazine containing a trace of hydrochloric 
acid. After heating on the steam-bath, the solution was 
cooled to give a solid which, after recrystallization from 
ethanol melted between 164.5-165.5'. These orange 
needles proved to  be the 2,4-dinitrophenvlhydrrazone of for- 
maldehyde and melted undepressed when mixed with an 
authentic sample. 

The ether solution of the decomposed ozonide was washed 
with base to remove small amounts of unidentified acidic 
material. Girard T reagent was then used in the usual 
manner to  separate ketonic and non-ketonic fractions. The 
litter fraction was always found to contain substantial 
qi1 itititieq of tinreacted olefin u-hich were reozonized to pro- 

duce additional amounts of ketone. The ketonic fraction 
was further purified by chromatographing through a column 
of alumina using benzene both as solvent and as eluant. 
The benzene eluant was evaporatively distilled a t  80-97" 
(0.01 mm.) to give a colorless and very viscous distillate. 
After standing for several months in the refrigerator, this 
material slowly crystallized, the crystallizate obtained 
melting between 38-39' without further purification. A 
later preparation, seeded with these crystals, slowly de- 
posited well-formed prisms, which, after centrifuging from 
its sirup, melted between 50-51'. The extreme solubility 
of these crystals prevented recrystallization from solvent. 
However, the crystalline as well as the sirupy ketone ana- 
lyzes correctly for d-l-ketonordehydroabietane. The in- 
frared spectra, showing carbonyl absorption a t  5.8 p ,  are 
identical with each other as well as with the spectrum of the 
synthetic dl-1-ketonordehydroabietane obtained by Stork 
and Burgstahlers and the rotations' are also in close agree- 
ment: [CY]%D f124.7' (CY 3.48, c 2.79 in 95% ethanol). 
The ultraviolet spectrum of the ketone showed no conju- 
gated chromophoric system. 

Anal. Calcd. for C18Ht40: C, 84.32; H, 9.44. Found 
(crystalline): C, 84.36; H,  9.31; (sirupy) C, 84.65; H,  9.69. 

The 2,4-dinitrophenylhydrazone of l-ketonordehydro- 
abietane was prepared using a trace of concentrated hydro- 
chloric acid. The derivative obtained, m.p. 83-87", was 
chromatographed through alumina using benzene as solvent 
and eluant. After recrystallization from aqu;ous methanol 
material was obtained melting between 94-96 . 

Anal. Calcd. for C~~HH~,O~N,:  C, 66.03; H, 6.47; N, 
12.84. Found: C, 66.05; H, 6.62; N, 14.08. 

The same derivative was prepared using sulfuric acid as 
catalyst. After chromatographing and recrystallizing as 
before, material was obtained melting between 85-86'. 

Anal. 
The semicarbazone of 1-ketonordehydroabietane was 

prepared in the usual manner and was purified by chroma- 
tographing through alumina using benzene as the solvent 
and methanol as the eluant. Recrystallization from aque- 
ous methanol gave material melting between 216-216.5' dec. 

Anal. Calcd. for CI~HZTONS: C, 72.80; H ,  8.68; N, 
13.41. Found: C, 73.39; H, 8.91; N, 12.99. 

1-Xetonordehydroabietane (0.94 g.) was dissolved in 30 
ml. of 95% ethanol containing 0.7 g. of potassium hydroxide 
and 1 ml. of water. The solution was refluxed for one hour 
during which the solution turned red. After cooling it was 
poured into 600 ml. of water and the orange-red liquid was 
extracted with ether. After decolorizing with Norit and re- 
moval of the ether, the ketone was chromatographed through 
alumina with benzene. Evaporative distillation between 
85-93' (0.01 mm.) gave 0.86 g. (91%) of the colorless ke- 
tone. The infrared spectrum and the rotation, [ L Y ] ~ D  
+123' (in 95% ethanol), of the ketone were unchanged. 

trans-Nordehydroabietane .-1-Ketonordehydroabletane 
(0.62 g.) was dissolved in 3 ml. of toluene to  which 5.5  g. of 
amalgamated mossy zinc, 6.6 ml. of concentrated hydro- 
chloric acid and 11 ml. of acetic acid were added. The mix- 
ture was refluxed for one day with occasional additions of 3- 
ml. portions of hydrochloric acid totaling 15 ml. After 
dilution with 300 ml. of water the solution was extracted 
with ether. Washing, drying and removal of the solvent 
ether left 0.59 g. of liquid. This impure hydrocarbon was 
treated with Girard T reagent and thk non-ketonic fraction 
was chromatographed through alumina with petroleum 
ether. Evaporative distillation of the eluted hydrocarbon 
between 78-82' (0.1-1 mm.) gave 0.44 g. (75%) of color- 
less liquid hydrocarbon, n 2 b  1.5403, [ C Y ~ ~ D  +52.2" ( ~ ~ 3 . 7 8 , ~  
7.24 in ether). 

Anal. Calcd. for CtgHte: C, 89.19; H,  10.81. Found: 
C, 88.98; H ,  11.06. 

The ultraviolet spectrum of nordehydroabietane showed 
slightly modified absorption for the aromatic system of de- 
hydroabietic acid, Amsx 267 my, log E 3.05; Xmax 276 mp, 
log e 3.05. 

The 6,S-dhitro derivative of nordehydroabietane was pre- 
pared by adding nordehydroabietane (0.35 g.) to an ice- 
cooled solution of 2 ml. of concentrated nitric acid in 3 ml. 
of sulfuric acid. This was stirred vigorously during the 
addition and for 15 minutes thereafter. After coming to 
room temperature the mixture was poured into 200 nil. of ice- 

Found: C, 64.08; H,6.51; N, 12.01. 
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water and the resultant tan precipitate was filtered, dis- 
solved in a mixture of ether and benzene and washed well 
with water. Removal of the solvents left 0.45 g. of crude 
nitrated product which was chromatographed through 
alumina with benzene and pentane. The eluate was re- 
crystallized from ethanol to  a constant m.p. of 141-141.5'. 

Anal. Calcd. for C18HwOlN2: C, 65.04; H, 7.28; N, 
8.43. Found: C,65.36; H,7.57; N,8.24. 

2-Keto-Alp"-nordehydroabietene .-1-Ketonordehydro- 
abietane (4.9 g.) was condensed with 2.42 ml. of freshly dis- 
tilled benzaldehyde in 38 ml. of 95% ethanol to  which 1.15 
g. of sodium hydroxide in 1.15 g. of water was added. After 
standing at room temperature for four days followed by an 
additional five days a t  O', the solution had separated into a 
pale yellow oily layer and a supernatant alcoholic layer. 
The oily layer was removed, dissolved in ether, washed with 
water and dried. Removal of the ether left 4.7 g. of a vis- 
cous orange liquid. Concentration of the decanted upper 
layer at reduced pressure with mild warming, extraction 
with ether and washing of the ether with water was followed 
by removal of the ether from the dried solution, leaving an ad- 
ditional 2.64 g. of the orange liquid. The ultraviolet ab- 
sorption of the liquid, Amax 292 mp, log e 4.2, indicated the 
presence of the expected 1-keto-2-benzylidenenordehydro- 
abietane. All attempts to  secure this derivative in the crys- 
talline state a t  room temperature failed. Partial purifica- 
tion was effected by chromatographing through alumina 
using mixtures of benzene and petroleum ether as eluants. 

Anal. Calcd. for C2&80: C, 87.16; H ,  8.19. Found: 
C, 86.52; H, 8.81. 

Thismaterial, [ a ] % ~  -52.3' (a 0.51', t 0.975 in benzene), 
underwent change on standing as evidenced by loss of ab- 
sorption a t  292 mp and was used without delay in the next 
step. 

The 2-benzylidene derivative prepared above (1.86 g.) 
was dissolved in dry xylene and 15 ml. of a 1 M solution of 
aluminum isopropoxide in isopropyl alcohol was added. 
After refluxing for four days a consistent negative acetone 
test was obtained. The reaction flask was cooled, diluted 
with 10 ml. of water and the contents filtered. The alumina 
was washed with ether and the combined xylene-ether fil- 
trates were concentrated and passed through an alumina 
column. Using pentane as the eluant, fractions containing 
Z-benzylidene-il1~11-nordehydroabietene were obtained. 
This material showed absorption a t  288 mp, log e 4.5 and 
showed no carbonyl absorption in its infrared spectrum. 
From the reduction and dehydration of 4 g. of the 2-benzyl- 
idene compound a yield of 1.71 g. (45%) was obtained, 
[ a ] l s~  +353' (a: 3.78', c 1.07 in ether). This phenylbuta- 
diene system is unstable and was used in the impure state. 

With ethyl acetate as solvent a t  -60' 2-benzylidene-A1JL 
nordehydroabietene (1.45 9.) was treated with ozone until 
the exhaust gases tested for ozone. The excess ozone was 
blown out with oxygen, and 1 g. of zinc dust was added. 
After removal of the solvent, water was added and the mix- 
ture was refluxed under nitrogen for one hour during which 
the odor of benzaldehyde was noted. Ether extraction 
yielded 1.4 g. of a brown oil which was chromatographed 
through a column of alumina using 2: 1 benzene-petroleum 
ether as solvent and benzene as eluant. In this manner 
0.29 g. (26%) of the desired unsaturated ketone was ob- 
tained. Rechromatographing of 0.24 g. of this material 
usine oentane as solvent and 1 : 1 Dentane-benzene as eluant 
gavg6.19 g. (17%) of pure liquid 2-keto-AIJ1-nordehydro- 
abietene, n% 1.5682, [ a : I n ~  +264' (a 0.95, c 0.36 h 95% 
ethanol). Its ultraviolet spectrum showed two absorption 
peaks, Amax 225 mp and 236 mu (log e of 4.28 and 4.31, re- 
spectively). In the infrared range it showed unsaturated 
carbonyl absorption a t  6.01 p.  

A n d .  Calcd. for ClsHgzO: C, 84.99; H, 8.72. Found: 
C, 84.50; H ,  8.73. 

The semicarbazone was prepared and, after recrystalliza- 
tion from aqueous ethanol, melted constantly between 20% 
209 ' and absorbed a t  269 mu (log e 4.74) . . -  

Anal. Calcd. for C I ~ H ~ ~ O N ~ :  C, 73.28; H ,  8.03; N, 
13.49. Found: C, 73.34; H,  8.13; X, 13.10. 

2-Ketonordehydroabietane .-Hydrogenation at  28' and 
under one atmosphere of 175 mg. of 2-keto-A1J1-nordehydro- 
abietene with palladium black in absolute ethanol resulted 
in the uptake of one mole equivalent of hydrogen within 30 
minutes. After removal of the catalyst and the solvent, 

the residual liquid was treated with Gward T reagent and 
thereby separated into two fractions, one of which was ex- 
tractable with Girard T and was identified as unhydrogen- 
ated material (28 mg.). The other fraction (136 mg.) 
showed no absorption maxima in the ultraviolet region be- 
tween 220 and 250 mp and showed strong carbonyl absorp- 
tion at 5.8 p and no hydroxyl band in the infrared. This 
fraction was purified further by chromatographing through 
alumina using petroleum ether as solvent and 1 : 1 petroleum 
ether-benzene as eluant. The eluted, colorless Z-ketonor- 
dehydroabietane was evaporatively distilled at 70' (0.05 
mm.) to  give 116 mg. (66%) of product whose ultraviolet 
spectrum contained typical absorptions of dehydroabietic 
acid, A,, 267 mp (log e 3.20) and A, 276 mfi (log e 3.23), 
n% 1.5480, [ a ] s ~  +55.7' (a 0.34', c 0.61 in ether). 

Anal. Calcd. for ClsH240: C, 84.32; H ,  9.44. Found: 
C, 84.36: H ,  9.47. . .  

The semicarbazone of the saturated 2-ketone was pre- 
pared and recrystallized from aqueous ethanol, m.p. 186- 
187'. A mixture of this semicarbazone with that of 1-keto- 
nordehydroabietane gave a depressed melting point. 

Anal. Calcd. for C19Hz70Na: C, 72.80; H, 8.68; N, 
13.41. Found: C, 73.09; H, 8.68; N, 13.82. 

2-Ketonordehydroabietane (0.33 mg.) is reduced by the 
modified Clemmensen method described earlier for 1-keto- 
nordehydroabietane, and the hydrocarbon product, norde- 
hydroabietane, purified also in the same way. This mate- 
rial has essentially the same infrared spectrum as that of 
trans-nordehydroabietane excepting the lack of weak ab- 
sorption bands at 8.2, 10.1 and 11.2 p.  The uItravioIet 
spectra of the two hydrocarbons are in close Wreement. 
However, its rotation is lower than that of the trans-norde- 
hvdroabietane. the inference of this fact being that it is 
efther a mixture of c k a n d  trans isomers or thecis isomer: 
[ C Y ] ~ D  +27.1' (a 0.45', c 1.66 in ether). 

Anal. Calcd. for C18HZ6: C, 89.19; H ,  10.81. Found: 
C, 89.01; H,  11.03. 
2-Benzylidene-cu-decanol.-tis-a-Decalone (26.7 g.) was 

condensed with benzaldehyde according to the procedure of 
Johnson16 from which 27 g. (64%) of 2-benzylidene-a:-deca- 
lone, m.p. 92-93.5', was obtained. 

Anal. Calcd. for C17H2oO: C, 84.96; H ,  8.39. Found: 
C, 85.16; H, 8.38. 

This substance shows a Xmax 285 mp, log E 4.22, in the 
ultraviolet and strong carbonyl absorption at  5.95 p in 
the infrared regions. 

Five grams of the 2-benzilidene ketone" was reduced with 
5 g. of aluminum isopropoxide in 100 ml. of isopropyl alcohol 
over a period of three days, after which acetone formation 
had ceased. The isopropyl alcohol was removed in vacuo 
and 20 ml. of water was added. Ether extraction of the 
product was followed by crystallization of the carbinol from 
aqueous ethanol to give 4.0 g. (79%) of 2-benzylidene-a- 
decalol, m.p. 97-98". 

Anal. Calcd. for C17H220: C, 84.25; H ,  9.15. Found: 
C, 84.00; H, 9.25. 

Its spectra (ultraviolet and unfrared) contained absorption 
bands at  245 mp, log 4.16, 2.8 and 3 . 0 ~  (0-H) and 9.8p 
(C-0, a, B-unsaturated secondary hydroxyl). 

The acetate of this carbinol was prepared with acetic an- 
hydride and pyridine and melted between 56.5-57.5" after 
crystallization from aqueous ethanol. 

Anal. Calcd. for C I O H ~ ~ O ~ ;  C. 80.24; H, 8.51. Found: 
C, 80.38; H, 7.96. 

2-Benzylidene-A1J'-octalin. (a) From 2-Benzylidene-a- 
decalone .-The 2-benzylidene ketone (5.7 g.) was dissolved 
in xylene and added to 50 ml. of a I M solution of aluminum 
isopropoxide in isopropyl alcohol. The solution was heated 
to  boiling and the isopropyl alcohol and acetone were allowed 
to  distil. After eight days the reaction mixture was cooled, 
treated with water and filtered. The xylene was removed 
and the residue crystallized from ether in a Dry Ice-bath. 
Recrystallization in the same manner yielded 2.4 g. (45%) 
of pure 2-benzylidene-A1*Q-octalim, m .p. 76-77'. 

Anal.  Calcd. for C1,Hzo: C, 91.01; H ,  8.99. Found: 
C, 90.75; H ,  9.08. 

(16) W. S. Johnson, THIS JOURNAL, 66, 1317 (1943). 
(17) Wolff-Kishner reduction of this ketone failed to give any 

isolable product, 



an4o C.IRI. DJERASSI, R. 11. ~ICDONALD AND A. J. LEYIN 1701. i-5 

I ts  ultraviolet spectrum shows one strong absorption peak 
at  285 mp, log E 4.48. 

ib) From Z-Benzvlidene-a-decalol.--Many dehydration 
experiments were p6rformed using acetic anhydride, tosgl 
chloride, potassium hydrogen sulfate, boric acid and oxide, 
iodine, formic acid, Shaw solution, thionyl chloride in pyri- 
dine and conditions for xanthate preparation and decom- 
position. These methods either failed or gave the desired 
product in very poor yield. Of these the use of acetic an- 
hydride is described. Three grams of 2-benzylidenecarbinol 
was refluxed in 200 ml. of acetic anhydride for 19 hours, 
then cooled and poured into 200 ml. of iced water. The 
oily layer was separated by decantation of the supernatant 
aqueous layer, taken up in ether and isolated by ether 
evaporation: 2.84 g. This was chromatographed through 
alumina using petroleum ether as solvent and eluant, from 
which 1.39 g. of semi-solid eluate was obtained having ultra- 
violet absorption in the 280 mp region. This was rechroma- 
tographed with pentane from which 0.54 g. of crystalline 
product was secured in the first eluates. Recrystallization 
of this material gave a totrtl of 0.33 g. (12%) of the pure 2- 
benzylidene-hl,Q-octalin. 
2-Keto-41~Q-octalin.-2-Benzylidene-41~g-octalin (2.33 8.) 

was ozonized in 150 ml. of ethyl acetate a t  -60" for ap- 
proximately three-quarters of ihe theoretical time. Zinc 
dust (1 8.) was added and the solution was concentrated 
in vacuo. Water was added next and the mixture refluxed 
for one hour. Ether extraction removed an oil which was 
treated directly with Girard T reagent. About 0.6 g. of 
ketonic material was isolated which upon evaporative dis- 
tillation between 85-100" (0.1 to 1 mm.) yielded a total of 
0.32 g. (90%) of Z-ket~-A.'~~-octalin, n% 1 .5213.18 This 
substance absorbed a t  238 mp, log B 1.15, in the ultraviolet 
region and had carbon)-l absorption at  6.02 p in its infrared 
spectrum. 

The semicarbazone of the unsaturated ketone was pre- 
pared and crystallized from ethanol, m.p. 207-208'. 

Anal.  Calcd. for CIII-II~ON~: C, 63.74; H, 8.27; S,  
20.27. Found: C, 63.34; H, 8.40; S, 20.17. 
___I__ 

(18) E. C. du  Feu, F. J. McQuillin and R. Robinson, J .  Chem. Soc., 
.53 (1'337); report t h e  following values: 2-keto-Ala-octalin, n ' s ~  
1.5238; semicarbazone, m.p .  208'; 2.1-dini t r r ,phen?lh~dra~[ ,ne,  m.1). 
1 n x = .  

Its ultraviolet spectrum displays a very intense maximum 

Its 2,4-dinitrophenylhydrazone was also pzcpared and 
a t  269 mp, log e 4.59. 

crystallized from ethyl acetate, m . ~ .  168-169 . 
A n a l .  Calcd. for -C16H1904N4: C, 58.17; €I, 5.49; K, 

16.96. Found: C. 58.10, H ,  5.52; K, 16.95. 
p-Decalone .-3-Ket0-A~~~-octalin (226 mg.) was hydro- 

genated a t  atmospheric pressure in ethyl acetate with plati- 
num. After a 10% excess of an equimolar amount of hydro- 
gen had been absorbed, the solvent and catalyst were re- 
moved leaving a colorless oil which was evaporatively dis- 
tilled between 45-60' (35 mm.) ; 84 mg. (37%), n2'D 1.4863 .I9 
The infrared spectrum of this material showed strong car- 
bonyl absorption a t  5.85 p and none a t  6.0 p .  Continued 
distillation between 70-120" (0.1 mm.) yielded 73 mg. 
(32%) of additional distillate, ~ z Z ~ D  1.5099, having the same 
carbonyl absorption as above, but which was apparently 
contaminated with p-decalol. 

A 2,4-dinitrophenylhydrazone derivative was prepared 
from the latter fraction. A small portion of this derivative 
was recrystallized to  a m.p. of 164.5-166". HoTvever, rc- 
crystallization of the main fraction from ethanol was accom- 
panied by upward and downward fluctuations in m.p.'s 
after each subsequent recrystallization and by a concurrent 
appearance of yellow and orange crystals. Finally, a sample 
melting between 111-111" was analyzed. This erratic be- 
havior is believed t o  be due to the non-homogeneity of a cis- 
trans mixture. 

.-lnd. Calcd. for C1~H?oO4Sa: C, 57.82; H, 6.07; S, 
16.86. Found: C, 37.78; H,  6.46; N, 16.67. 

The semicarbazone of this fraction was also prepared and 
crystallized from absolute ethanol, 1n.p. 175.5-176.5'. 

dnal.  Calcd. for CI~H1gOS~: C, 63.12; H ,  9.13; S, 
30.08. Found: C ,  62.95; H, 9.15; S, 19.99. 

(19) The  authors of ref.  17 report t h e  following values for what they 
consider t o  be cis-@-decalone, arising from t h e  palladium-on-strontium 
carbonate hydrogenation of Z-keto-&1,9-octalin, % ~ O D  1.4888; semi- 
carbazone, m.p. 182-183O. C. Evfannich, W. Koch and F. Borkowski, 
B P P . ,  70, 355 (1937), give a m.p. of 192' for t h e  semicarbazone of 
trans-p-decalone; W. Hiickel, A i m . ,  441, 28 (1926), lists the  following 
constants: cis-6-decalone, n% l.-tD2FS and lvaii~-P-decalone, n 1 8 D  

1.48088. 
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Terpenoids. 1IT.l The Isolation of Erythrodiol, Oleanolic Acid and a New Triterpene 
Triol, Longispinogenin, from the Cactus Lemaiveocevcus longispinus2 

H Y  C.IKL DJER.XSSI, Ti. 14. ~ICDON.AI,D AND .I. J.  LEMIN:' 
RECEIVED JLTY 15,  195,'j 

The Guatemalan cactus Lernaireucereus longispinus, although devoid of alkaloids, has proved to be a rich source of triter- 
Acid hydrolysis of the mixed glycosides produced oleanolic acid, previously isolated from another cactus, penoid glycosides. 

erythrodiol and a new triterpene, termed longispinogenin, which has been characterized as ~12-oleanene-3~,16~-x-tr iol .  

In a recent communication' there was described 
an investigation of the triterpenoid constituents of 
the cactus Lemaireocereus thurberi and it was shown 
that oleanolic acid and a new triterpenoid lactone, 
thurberogenin, could be isolated. Prompted by 
this observation, we have undertaken an extensive 
investigation of certain other members of the 
Cactuceae family, particularly those of the subtribe 
Cereanae, and the present note concerns such an 

(1) Paper 11, C. Djerassi, E. Wilfred, I.. J. Visco and A. J. Lernin, 
3. Ovg. C'hem., 18, 1449 (1953) 

(2)  This investigation was supported by a research grant (G-38fi3) 
from the National Institutes of Health, Public Health Service, De- 
partnient of Health, Education and Welfare. 

( 3 )  Postdoctorate Research i:ellow, I ! i . j R ,  o n  funds supplied hy thc 
I ; .  S. Public Health Service. 

(4) C. Djerasui, L. E. Geller and A. J. Lemin, T H I S  JOURNAL, 76, 
22.54 (1953). 

examination of the triterpenoid constituents of the 
cactus Lemaireocereus longispinus. This cactus 
is apparently restricted to Guatemala6 and the 
plants used in the present study were obtained 
through the courtesy of Srta. Elizabeth Berlin from 
the gardens of Don llariano Pacheco H. in Guate- 
mala City.6 

In contrast to the abundance of alkaloids in cer- 
tain related genera,T L. longispinus proved to be 
devoid of alkaloids as had earlier been found to be 

( 5 )  N. L. Britton and J. X. Rose, "The Cactaceae," Vol. 11, Car- 
negie Institution of Washington, Washington, D. C., 1920, p. 89. 

( 8 )  I t  is noteworthy tha t  another Guatemalan cactus, Nyctocereus  
gibalemnlensis, which was obtained from the same Source, has been found 
to  be devoid of glycosides. 
(7) C. Djerassi, N. Frick and L. E. Geller. THIS JOURNAL, 78, 3632 

(1953), and subsequent papers t o  be published from this Laboratory. 


