
MARCH 19158 REACTIOX O F  2,~-DIB1101LIOME?r'THOSE WITH Z I S C  S S D  ETHASOL 457 

Clemmensen reduction of the hydroxytetralone (XIII,  
0.20 g.) led to a quantitative yield of the tetralol (VII, 
R = H) as brown crystals, m.p. 71-75'. Recrystallization 
from dilute methanol afforded colorless needles, m.p. 78" 
(mixed m.p ). 

When the relatively impure specimen of the methoxy acid 
(X)  was used in the above reaction, a different result was ob- 
tained. X (0.70 g.), m.p. 114-115', was treated with 48y0 hy- 
drobromic acid (7 cc.) in glacial acetic acid (3.5 cc.), as de- 
scribed above. Along nith the tetralone (XIII,  0.11 g., 
20c;O), an acid (XIV, 0.13 g., 19y0) mas obtained as brown 
needles, m.11. 110-113". Recrystallization from water gave 
colorless elongated needles, m.p. 116-117". 

Anal .  Calcd. for C12H1603: C, 69.21; H, 7.74. Found: C, 
69.27; H, 7.80. 

Shortening (1 hour) of the reflux time in this reaction in- 
creased the yield of the tm-o products, XI11 (23y0) and XIV 
(50%). 

Based on the identity of the melting points, this hydroxy 
acid (XIV) is assumed to be identical with the sample of 
Cocker and Lipman,12 which was obtained either by Clem- 
mensen reduction of the keto acid ( IX)  or by reaction of "the 
niethoxy acid (X)," m.p. 92-93', with hydriodic acid. 

Reaction of y-(J,5-dimethyl-6-methoxyphenyl)butyric acid 
( X )  with hydriodic acid. By the procedure described in the 
preceding paragraph, the pure methoxy acid (X,  0.2 g.) 
was treated with 57% hydriodic acid-glacial acetic acid, ex- 
cept that the refluxing time was shortened to 2 hours. The 
tetralone (XIII,  0.11 g.)  m.p. 56-58' (mixed n1.p.) was ob- 
tained in 64% yield. Also, the use of hydriodic acid alone 
raised the yield of the tetralone (XII I )  to 91%. 

Reaction of -~-(S,5-dimethyl-6-hydroxyphenyl)butyric acid 
(XZV)  wzth hydrobromicaczd. The hydroxy acid (XIV, 0.2 g.)  
was treated with 4870 hydrobromic acid-glacial acetic acid, 
exactly as described above for the methoxy acid (X).  From 
the alkali-soluble fraction, the starting acid (0.12 g., 60%) 
was recovered. The neutral fraction gave the hydroxy-tetra- 
lone (XIII,  0.04 g., 237,), m.p. 59-60' (mixed m.p.), after 
recrystallization from dilute ethanol. 
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I t  was reported by Guha and Nath that a cyclopropanone, thujone, was formed in the reaction of 2,4-dibromomenthonc 
with zinc and ethanol. It has been found that the product actually is an ethoxymenthone, most likely the 4-substituted 
derivative. 

The forination of a transient cyclopropanone in 
the reaction of an a-haloketone with base has been 
postulated by Loftfieldl on the basis of results ob- 
tained in his study of the Favorski rearrangement. 
Although such an intermediate could well be ex- 
pected to show the reactions postulated,2 little is 
known about such small ring ketones. The prepa- 
ration of cyclopropanones has been claimed many 
times but in most cases the proof of structure was 
not def in i i i~-e .~-~  One case of special interest is 
that of a thujone (1)j in view of its similarity to 
the postulated intermediate of Loftfield. Guha and 
S a t h j  reported that n-hen 2,4-dibromomenthone 
(11) was allowed to react with zinc and ethanol, the 
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thujone (I) mas obtained. The proof of structure 
was based upon elementary analysis, carbonyl 
derivatives, reduction to  thujane with zinc and 
hydrochloric acid, and reduction to menthol with 
sodium and ethanol. If, indeed, the material was 
a cyclopropanone, it possessed a chemical reactivity 
entirely different from that expected on the basis 
of the work of Loftfield. In  order to  establish the 
structure of the compound of Guha and S a t h ,  the 
reaction of 2,4-dibromomeiithone has been re- 
examined. 

When 2,4-dibroniomenthone was allowed to react 
with zinc and ethanol, a SO7, yield of a material 
possessing the physical properties reported by 
Guha and Sa th5  was obtained. Care had to lie taken 
iii the distillation of the material since it was found 
that upon prolonged distillation through an effi- 
cient column, the elements of ethanol were lost and 
an unsaturated product slowly formed. The ele- 
mental analysis of the product, however, differed 
from that expected for a thujone (I). ,4 Zeisel ether 
determination established the presence of one 
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ethoxyl grouping and all data fit a formula best 
represented as an ethoxymeiithone (111). The ul- 
traviolet spectrum showed the presence of a normal 
isolated carbonyl grouping (A,,, 302 mp, log E 1.5) 
and the infrared spectrum showed absorption a t  
5.8311 which also is characteristic of the same 
grouping. Tn addition, bands a t  8.91 and 8.98p, 
characterisl ic of ethereal linkages, were present. 
The compound did not react with Tollen's reagent, 
sodium nitroprusside or bromine hut did form a 
semicarbasonc~ n-hich melts in the range reported 
by Guha and ?;ath.j The ana1ytic:rl data for this 
derivative also fit a structure related to an ethoxy- 
menthone. In  order to establish the generality of 
the reaction of the dibroinide, methanol also w s  
employed a b  the solvent and in this case a meth- 
oxymenthoiie ~ m s  obtained. On the basis of the 
present work, it must he concluded that the 
material ohtained by Guha and Sa th5  was not the 
cyclopropaiione derivative postulated. 

In an attempt to locate the alkoxyl grouping, the 
material wis allowed to react with p-nitrobenzal- 
dehyde and a mono-p-nitrobenzal derivative of the 
ethoxymenthone was obtained. This result sug- 
gested the presence of a methylene grouping 
adjacent to the cnrhonyl fuiiction arid eliminated 
C2 as a po+iljle location for the ethoxyl grouping. 

When etlwxymenthone was treated with hydro- 
chloric arid, A4-nienthenone was obtained. This 
product was characterized as the 2,G-dibenzal 
derivative and possessed an ultraviolet spectrum 
identical n ith authentic material. The isolation of 
this degradition product indicated that the alkoxyl 
group was present either on Cq or C6 of the ring or 
011 C8 of the iwpropyl sidechain, i e . ,  a or p to the 
carbonyl grouping. 

The reaction of ethoxynienthone with 2,4- 
dinitrophenylliydr~~~iiie in hot alcoholic hydro- 
chloric acid indicated that the ethoxyl group wab 
located on the ring. I t  was found that the 2,4- 
dinitrophenylhydrnzone formed had lost the ele- 
ments of elhaiiol and possessed a A,,, at 379 mp 
( E  26,000). J'hen this derivative (m.p. 141.0- 
1-23.3"), TKLS idinixed with the 2,4-dinitrophenyl- 
hydrazone of AJ-menthenone (m.p. 143.9-144,2"), 
no depreqsim in melting point was observed. That 
the derivarive of nienthenorie was the original 
product fornicd and not a rearrangement product 

.;hon.n hy the preparation of the 
%,4-dinitroplieiiylhy~lr~~soi~e of the latter compound 
(m.p. 147.,'i-118.So) under the s:me acidic con- 
dition.. Tlic pulegone derivative depressed the 
melting point (to 130-132") of the derivative oh- 
tained from ethosynienthone or A4-menthenone 
upoii mixing. 

T o  differentiate between the Cq aiid Cg positions 
on the ring, the stability of the ethoxymenthone 
toward hace wab studied since an alkoxyl group at 
C6 being @ to the ketone should be lost with great 
facility. As it is known that such a reaction is re- 

versible,g the stability of A4-nientheiione and 
pulegone towards alcoholic potassium hydroxide 
was studied. It was found that neither compound 
showed any tendency to add the elements of ethanol 
during the course of 7 days. When ethoxymenthone 
was subjected to similar reaction conditions, no 
band characteristic of either unsaturated ketone 
developed. These experiments support an assign- 
ment of the ethoxyl grouping at C4 on the ring. 

EXPERIMESTAL~~ 

Ethoxynzenthone. A mixture of 110 g. (0.35 mole) of 
2,4-dibromomenthone (m.p. 76-77°)11 and 71.5 g. of zinc 
(1.1 moles) in 275 ml. of absolute ethanol was stirred a t  
room temperature for 24 hr. and then refluxed on a steam 
bath for 24 hr. The reaction mixture was filtered and acidi- 
fied with aqueous 5% sulfuric acid. The insoluble layer was 
removed, diluted with ether, and the ethereal solution 
dried. After removal of the solvent, the product was dis- 
tilled from a Claisen flask, b.p. 95-102" (10 mm.), [a]: + 
26.7" (CHCI,), n'," 1.4526, yield 33.2 g. (51%) [lit.b b.p. 
110-112" (14 mm.), [a]'," + 25.1" n 1.4505.1 The ultra- 
violet spectrum showd a maximum at 302 mp ( e  30), char- 
acteristic of an isolated ketone, and a ninximum at 236 m p  
(E 160), indicating 1-2% of a conjugated unsaturated ketone 
( A4-menthenone). 

Anal. Calcd. for C12€I&: C, 72.68; H ,  11.18; OEt, 22.72. 
Found: C, 72.60; H, 11.29; OEt, 22.32. 

The semicarbazone was prepared using semicarbazide 
hydrochloride and sodium acetate in ethanol and allowing 
the reaction mixture to reflux for 5 hr. The crude product was 
recrystallized from aqueous ethanol, m.p. 182.5-184.5'. 

Anal.  Calcd. for C13H2502NB: C, 61.14: € I ,  9.87; X, 15.4G. 
Found, C, 61.58; H, 9.89; S, 16.10. 

The 2,4-dinitrophen~-lhydra~01ie \\-as prcspared by heating 
the et,hoxymenthone vi th  an ethanolic hydrochloric acid 
solution of 2,4-dinitrophenylhydrazine. The crude product 
\vas recrystallized tivice from ethanol, m.p. 141.0-143.2", 
A,,,, 379 mp ( E  26,000). 

A a a l .  Calcd. for CisH2001S4: C, 57.82; H ,  6.07. Found: 
C, 57.62; H, 6.01. 

Thc p-nitrobenzal derivative was prepared by ulloiving 
the ether to react n-ith p-nitrobenzaldehyde and sodium 
ethoxide in absolute ethanol solution. The product was 
recrystallized from benzene-ethanol, m.p. 135.0-136.0°. 

Anal. Calcd. for C19H2501X: C, 68.86; H, 7.60; N, 4.23. 
Found: C, 69.08; H, 7.65; 1, 4.17. 

Jfethoxymenthone. This material \%-as prepared as de- 
scribed above except that absolute methanol was used as the 
solvent. Starting with 62 g. (0.2 mole) of the dibromide 
there xi-as obtained 14 g. (41yc) of product, b.p. 85-88" 
(10 mm.), ng 1.4452. 

Anal.  Calcd. for CllH&: C, 71.69; H, 10.94; OMe, 
16.84. Found: C, i l .94; H, 11.04; O l l e ,  16.52. 

Cleavage of elhoxynenthone with hyrlTochloTic acid. A 
mixture of 10 g. (0.055 mole) of ethoxymcnthone and 130 
nil. of 6 S  hydrochloric acid was rcfluxcd for 6 hr. During 
the course of this period, 6 ml. of concentr:ttcd hydrochloric- 
acid was added earh hour. At the end of this time, the mix- 
t>we was steam distilled, the distillate saturated with sodium 
chloride, and extracted with ether. The ethcareal solution was 
dried, the solvent, removed and the prodiict distilled, h.1;. 
106-109" (20 mm.), ny 1.4730, Amax 236 nip (log E 3.96), 

(9) D. K. Fukashinia and T. F. Gallagher, J .  > l m .  Chem. 
Soc., 73,196 (1951). 

( 10) Analyses were performed by the Micronnalyticnl 
Laboratory of the Department of Chcmist ry, University of 
California, Berkeley. 

(11) 0. TV:tllach, ;inn., 414, 296, 333 (1018). 
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yield 5.3 g. (657“). Authentic A4-menthenone prepared from was recrystallized from ethanol and sublimed, m.p. 138- 
13-mentherie nitrosochloride12 has the following properties: 139’, A,,, 275 mp (log E 4.35) [lit.13 140-141’ 1. 
n’,” 1.4710, Am,, 236 mp (log E 3.97). Anal. Calcd. for C24H240: C, 87.76; H, 7 36. 1;onnd: 

The dibenzal derivative was prepared by allowing the C, 87.86; H, 7.31. 
cleavage pioduct to react with benzaldehyde in absolute 
ethanol in the presence of fiodium ethouide. The product B E R K E L E Y 4 3  

(12) J. Reid and G. J. Robertson, J .  Cheni. S O ~ . ,  2209 
(1926). (13) 0. Wallach, r2nn., 397, 214 (1913,. 
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24- and 2S-dehydrocholesterol have been prepared from 25-ketonorcholesterol. The identity of desmosterol and 24-deh~- 
drocholestei 01 has been substantiated. 

Desmosterol is one of the two new sterols which 
Stokes, Fish, and Hickey1 have recently isolated 
from chick embryos. It shows some superficial 
resemblance to 25-dehydrocholester01~~~ (IIa) but 
the abseiice in its infrared spectrum of a strong 
hand at  1 1 . 3 ~  indicated a lack of terminal unsatu- 
ration aiitl consequently a difference in the two 
c*ompounds. On the basis of other chemical evidence, 
xiid 011 good biogenetic grounds, the authors drew 
the significant conclusion that desmosterol is 24- 
dehydrocholehterol (IVa), a compound assumed to 
he one of the filial steps in the biosynthesis of 
c~holeqterol. 

Since it is to lie expected that desmosterol will be 
cncouiitervd in niany other natural sterol mixtures, 
its prepar:ttion and that of its 25-dehydro-isomer 
have been included in the program of synthesis of 
natural sterol 11ow in progress in this l a b ~ r a t o r y . ~  
The 25-d( hydrocholesterol (IIa) niay readily be 
prepared froni 25-ketoiiorcholesterol by means 
of the Wittig reaction. This very useful method 
was first ,Ipplied to  sterols by Barton, Campos- 
Sews ,  and Cooksoii5 in their preparation of 3- 
methylsterols, and more extensively also by 
Sondheinicr mid ?\lechoulian.6 More recently the 
method h<is been used in the synthesis of 24- 
methylenecholeiterol by the present authors’ and 

(1) W. 11 Stohch, W. A.  Fish, and F. C. Hickey, J .  Riol. 
C‘hem., 220, 415 (1956). 

(2) A. I. Ilver, W. H. Gebert, and K. 11 Nurrill, J .  Am. 

(3) W. G. Dauhen and H. Leon Bradlow, J .  Am. Chem. 

(4) The Liuthors are greatly indcbtcd to Ih. W. AI. 
Stokes for his coogeration. 

(5) L). H. R. Barton, -1. S. Campos-Xevrs, and R. C. 
Cookson, J .  Chenz. SOC., 3500 (1956). 

(6) F. Sortdheimer and R. Mechoulian, Abstracts 131st 
RIeeting American Chemical Society, Miami, Fla., 35-0 
(1957). 

( 7 )  17. Bergmmn and J. 1’. DUSZ~,  Ann., 603, 36 (1957). 
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C‘hena. Soc , 72, 4247 (1950). 

Soc., 72, 4248 (1950). 

Idler and Fagerlund.* The latter authors largely 
anticipated our own observations on the Wittig- 
type synthesis of 25-dehydrocholesterol (IIa). 
In  the present approach 25-ketonorcholesterol 
(Ia) was first converted by a transpyranylatioll 
reaction into the ether (IC) which afforded the 
corresponding 25-dehydrocholesterol derivative 
(IIc) when treated with the required Wittig rea- 
gent. To prove its structure, the sterol (IIa) n-as 
converted to cholestaiiol and to 25-ketonorcholes- 
terol (Ia). 111 the latter conversion the double bond 
of the sidechaiii was first selectively hydroxylated 
with osmium tetroxide, and the resulting glycol 
cleaved with periodic acid according to procedures 
previously described.? The properties of 25-de- 
hydrocholesterol are in close agreement with those 
reported by Idler and Fagerlund.8 

Compounds assigned the structure of 25-de- 
hydrocholesterol had first been prepared by the 
direct or indirect dehydration of 25-hydroxy- 
cholesterol (IIIa) . 2 , 3  The presence in these prepa- 
rations of terminal unsaturation was well substaa- 
tiated through spectrographic evidence by the 
original authors and subsequently by Stokes. 
Idler and Fagerlund18 however, did not observe the 
charact,eristic infrared band at  11.3 p, arid con- 
cluded that such preparations contained little if 
any of 25-dehydrocholesterol (IIa), and consisted 
essentially of the 24dehydroisomer (11’:~). We have 
reinvestigxted the dehydration of the tertiary 
alcohol (111) in the hope of finding a iiiethod lead- 
ing mainly if not exclusively to the 24-isomerJ 
ie., desmosterol (IVa). An analogous elimination 
has recently been used in the synthesis of lano- 
ster01.~ When the monoacetate of the tertiary al- 

(8) D. R. Idler and E. H. RI. Fagcrlund, J .  Am. Chem. 

(9) R. B. Woodnard, A. A. I’ntchett, 1). 11. It. Barton, 

___- 

SOC., 79, 1988 (19571. 

D. A. J. Ives, and R. B. Kelly, J .  Chena. SOC., 1131 (1957). 


