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mp 99-100'; R f  0.61 (37, acetone in benzene; Rr of methyl 3- 
keto-5p-cholanoate, 0.37, and methyl lithocholate, 0.16). 

Acetic A ~ i d - f ~ * ~ ~ ~ . - A ~ ~ e t i c  anhydride (3.5 g), water (0.5 g), and 
tritiated water (0.1 g)  with an original activity of 10 mC were 
mixed together and refluxed for 1 hr. The product was cooled, 
left overnight at room temperature, and distilled. After reject- 
ing the first fraction, the second fraction w&s collected as tritiated 
acetic acid. 

Methyl 3-Keto-4~-3H-Sp-cholanoate (13).--hlethyl 3-keto- 
4~-bromocholanoate (300 mg) was dissolved in 10 ml of dry ether 
which was added directly into the reaction flask by distillation 
from lithium aluminum hydride. Tritiated acetic acid (0.3 ml) 
and zinc dust (0.6 g), previoiisly dried in vacuo, were added to 
the ether solution which was maintained a t  15' and magnetically 
stirred for 1 hr in an atmosphere of nitrogen. Ether was added 
and the mixture was filtered. The ethereal filtrate was washed 
with sodium bicarbonate solution and then with water, and finally 
dried over anhydrous sodium sulfate. On evaporation of ether 
a residue of 249.4 mg was obtained which on tlc had the same 
mobility as methyl 3-keto-5p-cholanoate,' Rr 0.62 (5% acetone 
in benzene). On crystallization of the residue from acetone- 
hexane short needles of methyl 3-ket0-4a-~H-5~-cholanoate,~~ 
mp 121-122", were obtained: specific activity, 2.36 X lo4, 
2.38 X lo4 dpm/mg. 

Action of Raney Nickel on Methyl 3-Ket0-4a-~H-Sp-cholano- 
ate.--A mixture of compound 13 (152 mg), Raney nickel catalyst 
(ca. 400 mg), and p-cymene (10 ml) was refluxed in the usual 
way. After separation of the catalyst and the solvent, the 
produrt (120 mg) was purified by plc in 3Y0 acetone in benzene. 
The major compound (96 mg) on crystallization from aqueous 
methanol yielded shining plates of methyl 3-keto-sa-cholanoate: 
mp 115-116°; specific activity 4.3 X lo2, 4.6 X lo* dpm/mg. 

p-Toluic A~id-8H.-p-Cymene-~H (specific activity 1.24 X 

(48) E. J. Carey and G. P.. Gregoriou, Chem.lnd.  (London),81,3127 (1959). 
(49) J. D. Roberts, C. h'[. Regan, and I. Allen, %bid., 74, 3679 (1952). 

10* dpm/mg, 5 ml), obtained by steam distillation of the product 
from the previous reaction, was oxidized by dilute nitric acid by 
the procedure of Tuley and Marvel.'* The crude p-toluic mid- 
aH (1.5 g, mp 173-174") was purified by extraction with toluene 
in a Soxhlet and chilling the product. p-Toluic a ~ i d - ~ H  was 
separated, dissolved in sodium hydroxide solution, precipitated 
by hot dilute hydrochloric acid, and crystallized from toluene: 
mp 177-178"; specific activity 0.57 X 0.59 X lo2 dpm/mg 
after two crystallizations. 

Action of Raney Nickel on Cholestanol .-A mixture of choles- 
tanol (510 mg), 20 ml of p-cymene, and Raney nickel catalyst 
(ca. 1.2 g)  was heated for 10 hr under reflux in the usual way. 
After separation of the catalyst and the solvent, the product (440 
mg) was separated by plc in 57, acetone in benzene into the 
following compounds: (a) 5a-cholestan-3-one [270 mg, mp 128", 
Rf 0.80 (Rr of cholestanol 0.30, methyl 3-keto-5a-cholanoate 
0.60), Rt 0.41 (Rt of cholestanol 0.35)] ; (b) 56-cholestan-3-one 
132 mg, mp 62O, Rr 0.84, Rt 0.353; (c) A'-cholestenone [36 mg, 
mp 82O, Rr 0.56 (Rf of methyl 3-keto-A4-cholenoate 0.41), Rt 
0.531. No cholestanol was detected in the above reaction prod- 
uct * 

Registry No.-2, 1173-32-6; methyl 3-keto-12a- 
hydroxy-A*-cholenoate, 19684-72-1 ; p-toluic acid-aH, 
19689-62-4; 5p-cholestan-3-one, 601-53-6; A4-choles- 
tenone, 60 1-57-0. 
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The participation of the neighboring group in two related steroidal a-methoxy alcohols has been studied, 
3p-Acetoxy5~-methoxycholestan-6j3-ol, 2a, and 3j3-acetoxy-6j3-rnethoxycholestan-5a-o1, Sa, were prepared by 
cleavage of the corresponding 5&6& and 5a,6a-epoxides, l a  and lb, in methanol in the presence of acetic acid or 
boron trifluoride. The course of the lead tetraacetate oxidation of these alcohols was strongly influenced by 
the adjacent methoxyl group. The structures of the products isolated have been established and mechanisms 
for their formation are discussed. 

Since the discovery, in 1959, that CH,, CH2, and CH 
groups 6 ,  and sometlimes E, to a secondary alcohol group 
could be oxidized by lead tetraacetatel to give rise t'o 
cyclic ethers, reactions of this type have been exten- 
sively studied.2 Much of this work has been done with 
steroids3 which are convenient models on which to study 
bhe geometrical factors involved in this interesting 
reaction. However, alcohols in d i t e r ~ e n e , ~  bridged bi- 

~ c t a .  43, 1124 (1959). 
(1) G. Cainelli, M. Lj. MihailoviC, D. Arigoni, and 0. Jeger, Hela. Chim. 

(2) For excellent reviews, see (a) R. Criegee in "Oxidation in Organic 
Chemistry," Part A, K. B. Wiberg, Ed., Academic Press, New York, N. Y.. 
1965, P 321; (b) K. Heusler and J. Kalvoda. Angew. Chem., 76,  518 (1964). 
(3) For example. see (8) J. F. Bagli, P. Morand, and R. Gaudry. J .  Oro. 

Chem., 98, 1207 (1963); (b) K. Heusler and J. Kalvoda, Helv. Chim. Acta. ,  
46, 2020, 2732 (1963); (c) A. Bowers, E. Denot, L. C. IbBAez, E. Cabezas, 
and H. J. Ringold, J .  Oro. Chem., 47, 1862 (1962); (d) H. Immer, M. Lj. 
MihailoviC, K. Schaffner. D. Arigoni, and 0. Jeger, Helu. Chim. Acta., 4S, 
7. 3 (1962): (e) K. Heusler, J. Kalvoda, P. Wieland, G. Anner, and A. 
Wettstein. ibid., 46, 2575 i:l962); ( f )  L. Velluz, G. Muller, R. Bardoneschi, 
and A. Poittevin, C. R. Acad. Sci . .  Paris, 4S0, 725 (1960); (9) A. Bowers and 
E. Denot. J .  Amer. Chem. Soc., 89, 4956 (19130). 

(4) U. Scheidegger, K. Rchaffner. and 0. Jeger, Hela. Chim. Acta., 46, 400 
(1962). 

c y c l i ~ , ~  and aliphatics-* systems have also been shown 
to form cyclic ethers as well as other products. Condi- 
tions for this reaction vary; in the work described here 
the alcohol was treated with lead tetraacetate and 
irradiated in refluxing cyclohexane or benzene in the 
presence of iodine.9 

Certain correlations have been madezb regarding the 
favorable internuclear distance between the oxyradical 
and the carbon atom carrying hydrogen atoms which 
can be abstracted intramolecularly. When a molecule 
has more than one alkyl group appropriately situated 
for hydrogen atom abstraction, other factors may 
influence the preferential abstraction of one hydrogen 

(5) K. Kitahonoki and A. Matsuura, Tetrahedron Lett.. 2263 (1964). 
(6) V. M. MiCovi6, R. J. Mamuzib, D. JeremiC. and M. Lj. MihailoviC, 

(7) V. M. MiCoviC. S. StojfiC, S. Mladenovic. and M. StefanoviC, Tetra- 

(8) W. H. Starnes Jr., J .  O w .  Chem., 88,  2767 (1968). 
(9) Ch. Meystre. K. Heusler. J. Kalvoda, P. Wieland, G. Anner, and A.  

ibid., 2091 (1963): Tetrahedron, 30, 2279 (1964). 

hedron Lett.,  1559 (1965). 

Wettstein, Helu. Chim. Acta, 46, 1317 (1962). 
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atom over another. For example, hydrogen atoms 
attached to an oxygen-bearing carbon atom are more 
reactivelo than the hydrogen atoms of a methyl group 
and, as expected, the reactivity of hydrogen atoms 
decreases" in the order tertiary > secondary > pri- 
mary. 

In  addition to intramolecular abstraction of suitably 
situated hydrogen atoms, oxy radicals produced by 
oxidation with lead tetraacetate are also known to 
undergo fragmentation, as shown. The amount of 

0 

cleavage which occurs increases with the stability1zp13 
of the product, RC<. The stability of the ketone 
formed, the decrease in strain by the loss of bulky 
groups, entropy factors in the resonance stabilization of 
the radical formed by cleavage, and, in cyclic com- 
pounds (particularly small rings), the decrease in strain 
as a result of ring opening are also factors which deter- 
mine the outcome of the competition between intra- 
molecular hydrogen abstraction and fragmentation. 

Results 

Lead Tetraacetate Oxidation of 36-Acetoxy-Sa- 
methoxycholestan-6/3-ol (2a).-Epimerization at  the 
carbon atom bearing the hydroxyl group and at  a 
carbon atom further removed has been shown to occur 
in the lead tetraacetate oxidation of 46-hydroxy 
steroids14 and of 6a-methyl-66-hydroxy steroids. l5 A 
reversible fragmentation reaction was postulated by 
the authors in both cases to explain the formation of the 
products isolated. Intermediates in which bond cleav- 
age had occurred at  C-4, C-5 and at  C-5, C-6, respec- 
tively, were invoked. 

In  steroids having a secondary hydroxyl group at  C-6, 
apart from small quantities of C-6 ketone, only the 
6@,19-0xide~~ has been is01ated.l~ It was therefore 
decided to introduce a 5a-methoxy group in a suitable 
66-hydroxy steroid to investigate what influence it 
would have on the course of the lead tetraacetate oxida- 
tion of the alcohol. 
3~-Acetoxy-5a-methoxycholestan-6~-ol, 2a, was pre- 

pared's by heating 3~-acetoxy-5~,6~-oxidocholestane, 
la, in methanol in the presence of acetic acid (Scheme 
I). The relative positions of the hydroxyl and meth- 
oxy1 groups were confirmed by oxidation of 2a to a 
ketone identified as 3/3-acetoxy-5a-methoxycholestan- 
6-one, 6. The ORD curve of this compound had a 

(10) P. F. Beal and J. E. Pike, Chem. Ind .  (London), 1505 (1960). 
(11) J. Kalvoda, G. Anner, D. Arigoni, K. Heusler, H. Immer, 0. Jeger, 

M. Lj. Mihailovit. K. Schaffner, and A. Wettstein, Helu. Chim. Acta, 44, 
186 (1961); D. Bertin and J. Perronet, C.  R .  Acad. Sei., Paris ,  267, 1946 
(1963). 

(12) J. Kocki, J .  Amer. Chem. SOC.. 84, 1193 (1962). 
(13) Ch. Walling and A. Padwa, z b i d . ,  86, 1593 (1963). 
(14) K. Heusler, J. Kalvoda, G .  Anner, and A. Wettstein, Helu. Chim. 

Acta, 46, 352 (19631. 
(15) K. Heusler and J. Kalvoda, Tetrahedron Lett., 1001 (1963); Helu. 

Chim. Acta, 46, 2732 (1963). 
(16) A. Bowers, L. C. Ibdfiea, E. Cabezas, and H. J. Ringold, Chem. I n d .  

(London). 1299 (1960); A. Bowers, E. Denot. L. C. Ibdiies, E. Cahezas, 
and H. J. Ringold, J .  Org. Chem., 97, 1862 (1962). 

(17) When a 5a-bromine atom is present, varying amounts of 5@.G@- 
epoxide are formed, depending on the reaction conditions (P. Morand and 
M. Kaufman, unpublished observation). 

(18) C/. R.  A. Baxter and F. 6. Spring. J .  Chem. Soc., 613 (1943). 

negative Cotton effect curve with a trough a t  327 mp, 
consistent with a C-6 ketonelS in a trans A/B ring 
sys tem . 

Treatment of 3~-acetoxy-5cr-methoxycholestan-6~-ol, 
2a, with excess lead tetraacetate and irradiation in 
refluxing cyclohexane in the presence of iodine gave a 
crude product from which three pure substances were 
isolated by column chromatography. The first com- 
pound to be eluted from the column was the methylene- 
dioxy compound 3b in a yield of 36%. On further 
elution, 3/3-acetoxy-5a-methoxy-6~,l9-oxidocholestane, 
4 (27%), and 3~-acetoxy-5a-methoxycholestan-6-one, 
6 (4%), were isolated. 

The structure of 4 was deduced from its analysis and 
by examination of its ir and nmr spectra. The infrared 
spectrum showed a low intensity band at  1497 cm-I 
which has been assignedaa to the C-H scissoring of the 
protons of the C-19 methylene group of the 6@,19-oxide. 
The nmr spectrum confirmed the presence of an acetate 
group, a methoxyl group, and a C-19 methylene 
A broad signal a t  4.75 ppm for the hydrogen atom a t  C-3 
indicated an equatorial configurationz0 for the C-3 
acetate group which would be expected if the A/B ring 
was trans. 

Examination of the nmr spectrum of compound 3b 
showed that the acetate group at  C-3 and the C-19 
methyl group were intact. The presence of a five- 
membered methylenedioxy group was suggestedz1 by 
the appearance of a singlet a t  5.1 ppm which integrated 
for two protons. When the spectrum was determined 
in benzene instead of CD3C1 an unresolved quartet was 
observed. 

Examination of Drieding models shows that three 
isomeric methylenedioxy compounds are possible (Fig- 
ure 1). Since the proton attached to C-6 would not be 

Ad) -P V 

Ad) Y 
Figure 1.-Possible isomers of the methylenedioxy compound. 

expected to be in too different an environment in any of 
these compounds the triplet centered at  3.86 ppm in the 
nmr spectrum and attributed to the C-6 proton did not 
enable one to establish configurations with any degree 
of certainty. Furthermore, since the band attributed 
to the 3a-H coincided with the signal of the methylene- 
dioxy group, examination of the half-band width of the 
former was not possible. 

(19) C. Djerassi, "Optical Rotatory Dispersion," McGraw-Hill Book Co.. 
Inc., New York, N. Y., 1960, pp 42, 43. 

(20) N. S. Bhacca and D. H. Williams, "Application of N M R  Spectros- 
copy in Organic Chemistry," Holden-Day Inc., San Francisco, Calif., 1964, 
p 79. 

(21) T. A. Crabb and R.  C. Cookson, Tetrahedron Lett., 679 (1964). 
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SCHEME I 

\ 3H17 -+ A& - 
OCH, 
4 

OCH, 

2a, R = H  3a, R - H  
la,  58, 68 b, R = A c  b, R = A c  
b, 5a, 6u 

1 

AcO 

1 

7a, R = H  
b, R = A c  

HU bCH, 

5a, R = CsH17 
b, R = COCH, 

10 PW” 
9a, R=CsHli; R=CHO 
b, R = COCH,; R = CHO 
c, R=C8H1;; R’=CH20Ac 

Hydrolysis of compound 3b under basic conditions 
gave the 30-hydroxy compound 3a which was subse- 
quently oxidized with chromic acid in pyridine to  
ketone 8. The ORD curve of this compound showed a 
positive Cotton effect as would be expected with a C-3 
ketone in a trans A/’B ring system.2z 

Treatment of 3b with hydrogen chloride gas in 
ether-methanol cleaved the methylenedioxy group and 
hydrolyzed the C-3 acetate group giving a triol. The 
structure of this triol was identical with 30,5a16a- 
trihydroxycholestane, 7a, obtained by hydroxylation of 
cholesterol acetate, 12, with osmium tetroxidez3 and 
subsequent hydrolysis. The configuration a t  C-5 and 
C-6 of the methylen.edioxy compound must t,herefore be 
as indicated in 3b. 

Lead Tetraacetate Oxidation of 3P-Acetoxy-6p- 
methoxycholestan-Sa-ol (Sa).-The lead tetraacetate 
oxidation of 5a- and 5p-hydroxy steroids has been 
shown** to yield products in which the C-5, C-10 bond 
is cleaved. The introduction of a methoxyl group a t  
C-6 in steroids having a Sa-hydroxy group has a strong 
influence on the course of the lead tetraacetate oxidation 
of such compounds and a discussion of these results 
f0llO~VS. 

(22) C. Djerassi, L. A. Mitscher, and B. J. Mitscher. J .  Amer. Chem. 

(23) V .  Prelog and E. Tagmann, Helu. Chim. Acta, 17, 1867 (1944). 
(24) M. Lj. Mihailovib. M. Stefanovib, Lj. Lorenc, and M. Gali6, Tetra- 

hedron Lett., 1865 (1964): M. Lj. Mihailovib, Lj. Lorenc. M. GaliC, M. 
Rogib, A.  Melera, and M. Stefanovib, Tetrahedron, 11, 2345 (1966). 

Soc., Si, 947 (1959). 

0 12 

l i  

The mixture of the epimeric epoxides, la and lb ,  
obtained by treatment of cholesterol acetate, 12, with 
perphthalic acid was treated with boron trifluoride 
etherate2s in methanol and the product isolated was 
subsequently acetylated. By chromatography it was 
possible to isolate 5a-methoxycholestane-3&6~-diol 
diace ta  te, 2 b , and 3p-ace toxy-6P-me t hox ycholes tan-5 a- 
01, Sa, in a ratio of 1 : 2. 

When 3~-acetoxy-6/3-methoxycholestan-5a-ol, Sa, was 
oxidized with lead tetraacetate under the same condi- 
tions used for the reaction with 2a, two products were 
isolated from the reaction mixture by chromatography 
on silica gel. The major product was the keto aldehyde 
11 in which cleavage of the C-5, C-6 bond had occurred. 
The structure of this substance was confirmed by direct 
comparison with the same substance obtained by 
ozonolysisz6 of cholesterol acetate. The other product 
isolated was assigned the structure 10 on the basis of its 
elemental analysis and spectral properties. It was also 
shown that when the pure keto aldehyde 11 was eluted 
over silica gel it was partially converted into the 
hydroxy aldehyde 10. 

Under slightly different conditions and using less of 
an excess of lead tetraacetate, Lunn2’ has reported the 
isolation of the formate ester Qb from 30-acetoxy-Sa- 

(25) S. Julia, B. Decouvelaere, and F. Englemann, Bull. Soc. Chim. Fr., 
2277 (1966). 

(26) J. W. Cornforth, G. D. Hunter, and G .  Popjak, Biochem. J . ,  64, 590 
(1953). 

(27) W. H. W. Lunn, J .  Org. Chem., 80, 1649 (1965). 
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hydroxy-6P-methoxypregnan-20-one, 5b. We have 
confirmed these results by isolation of the analogous 
formate ester 9a (30%) from 3/3-acetoxy-6P-methoxy- 
cholestan-5a-ol, Sa, under the conditions described by 
Lunn. The structure of 9a was assigned on the basis 
of its elemental analysis, its nmr and ir spectra, and the 
fact that triol 7a was obtained on hydrolysis of this 
substance in base. 

A small quantity (8%) of a second product, identified 
as acetyl 3~-acetoxy-5a-hydroxy-6a-cholestanyl formal, 
9c, was also isolated in this experiment. The empirical 
formula (C32HM06) of this compound was confirmed by 
its mass spectrum and by elemental analysis. Exami- 
nation of the nmr spectrum of this substance indicated 
the presence of two acetate groups and an AB quartet 
centered at 5.22  ppm was attributed to a methylene 
group flanked by two oxygen atoms. The group a t  C-6 
was assigned the a-configuration on the basis of the 
half-band width (20 Hz) of the signal attributed to the 
6B-H . 

Discussion 

As already mentioned, epimerizations have been 
observed in the lead tetraacetate reaction of certain 
steroidal alcohols and these results have been ex- 
plained14b15 by assuming a reversible fragmentation 
reaction. Bearing this in mind an attempt will now be 
made to correlate the results obtained from the oxida- 
tion of both methoxy alcohols. For the sake of 
simplicity, i t  is assumed in the mechanisms discussed 
below that decomposition of the lead(1V) alkoxide 
intermediates formed in these reactions occurs homo- 
lytically. 

Looking a t  Scheme 11, it is seen that homolysis of the 
lead(1V) alkoxide of 2a leads to the formation of an oxy 
radical (13) which can give rise to the intermediate 14 in 
which cleavage of the C-5, C-6 bond has occurred. 
This intermediate can then undergo cyclization with 
epimerization of the substituent a t  C-6 to give the 
oxy radical 17 in which the substituents a t  C-5 and C-6 
are geometrically disposed to allow for abstraction of a 
hydrogen atom from the methoxyl group, resulting in 
the formation of 3@-acetoxy-5a,6a-methylenedioxy- 
cholestane, 3b. 

Lead tetraacetate oxidation of 38-acetoxy-68-meth- 
oxycholestan-5a-olj Sa, using a 2 molar excess of 
reagent, can proceed in an analogous manner. Cleav- 
age of the C-5, C-6 bond (16), followed by cyclization 
with epimerization at  C-6, leads to the formation of the 
intermediate 19 (R = R’ = R” = H). From this 
intermediate it is possible to explain the formation of 
acetyl 3~-acetoxy-5a-hydroxy-6a-cholestanyl formal, 9c, 
by the abstraction of a proton from the methoxyl group 
and concomitant addition of an acetoxyl radical. 
Alternatively, abstraction of two hydrogen atoms from 
the methoxyl group followed by the addition of two 
atoms of iodine would give the intermediate 19 (R = H, 
R’ = R” = I ) .  Upon displacement of one atom of 
iodine by the oxy radical the monoiodomethylene- 
dioxy intermediate 18 could be formed which, under the 
reaction conditions, could decompose to give 30- 
acetoxycholestane-5~~,6a-diol 6-formate, 9a. 

With an excess of lead tetraacetate present the 
hydrogen atoms of the methoxyl group in 19 (R = R’ = 
R” = H) can be substituted by three atoms of iodine. 

SCHEME I1 

13 
5a 

0 hCH3 

15 

14 

.It 

16 17 

1 
3b 

k0 
I H  

18 

1 - R! - R” = I 

9c 

H O P  H 

20 21 

1 7b - 11 
9a 

Displacement of one of these atoms by the oxy radical 
may lead to intermediate 21 which could then decom- 
pose to cis glycol 7b. Further reaction with lead 
tetraacetate would cleave this glycol in the usual 
manner giving ketoaldehyde 11 as the final product. 

The difference in behavior of the two methoxy 
alcohols toward lead tetraacetate can be rationalized on 
the basis of steric hindrance. By using Dreiding 
models it is revealed that the methoxyl group in 17 is 
restricted in its rotation about the C-0 bond at  C-5. 
The least hindered position for this group appears to be 
just under the oxy radical. Abstraction of more than 
one hydrogen atom with concomitant addition of 
iodine is therefore not favored and even if excess lead 
tetraacetate is used the only other products that can be 
isolated are the 6,19-oxide 4 (formed via intermediate 
13) and methoxy ketone 6. 

In  the case of the intermediate 19 (R = R’ = R” = 
H) rotation about the C-0 bond at  C-6 does not involve 
any serious steric interactions. Abstraction of more 
than one hydrogen atom with concomitant addition of 
iodine is therefore possible, leading to the formation of 
formate ester 9a when 2 molar excess reagent was used 
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and to  ketoaldehyde 11 when a larger excess of the 
reagent was used. 

Experimental Section2s 
3p-Acetoxy-5~-methoxycholestan-6p-ol (Za).--Sp-Acetoxy- 

5p,6p-oxidocholestane29 ( la ,  0.25 g) was dissolved in 9: 1 metha- 
nol-acetic acid (30 ml) and the solution was stirred at 60' until 
no starting material remained (tlc). Usual work-up gave a 
crude product (0.24 g) which, upon crystallization from MeOH, 
gave a substance identified as 3p-acetoxy-5a-methoxycholwt~~n- 
68-01, 2a: mp 152.5-154'; [+ID -119' (c 0.6, CHCls); nmr 
(CDCl,) 6 4.8 (m, 1, w/2 = 20 Hz, CHOAc), 3.9 (m, 1, w/2 = 9 

Anal. Calcd for C30H5~0,: C, 75.58; H,  11.00. Found: C, 
75.83; H ,  10.84. 

Oxidation of 3p-acetoxy-5a-methoxycholestan-6~-ol (2a, 0.15 
g) with Jones reagent3" led to the isolation of a crude product 
(0.12 g) after working up the reaction mixture in the usual man- 
ner. Crystallization of this material from methanol gave an 
analytical sample of a substance identified as 30-acetoxy-5a- 
methoxycholestan-6-one, 6: mp 149-150"; [+ID -206' (c 0.6, 
CHCh); ORD (dioxane) [+]eo0 -280', [dl327 -5680°, [+I315 

-1860', [+]285 +2620"; nmr (CDC13) 6 4.8 (m, 1,  w/2 = 25 
Hz, CHOAc), 3.14 (s, 3, OCHs), 2.0 (s, 3, OCOCH,); ir (CHCh) 
1725 (acetate c=O), 1'300 cm-l (c==O). 

Anal. Calcd for C301&001: C, 75.90; H, 10.62. Found: C, 
75.68; H,  10.55. 

Lead Tetraacetate Oxidation of 3p-Acetoxy-5a-methoxy- 
cholestan-68-01 (Za).--Lead tetraacetate (6.5 g), previously dried 
over P20j, and anhydrous calcium carbonate (3.5 g) were added 
to benzene (150 ml) and the system was refluxed for 40 min by 
means of a 500-W lamp.g Freshly sublimed 1 2  (2.0 g) and 3p- 
acetoxy-Sa-methoxycholestan-6,8-ol (2a, 0.50 g) were then added 
and the reaction mixture was refluxed for 1 additional hr. The 
insoluble white residue was removed by filtration over Celite 
and the filtrate was washed with an aqueous 30% Na2S203 
solution (200 ml). After working up in the usual manner, a 
crude product (0.48 g) consisting of three major components (tlc) 
was isolated. 

Chromatography of this material over silica gel (500 g) and 
elution with benzene separated the first component (19 mg) which, 
after crystallization from methanol, was found to be identical in 
all respects with an authentic sample of 3p-acetoxy-5a-methoxy- 
cholestan-6-one, 6. 

The second substance (182 mg) to be eluted from the column 
was identified as 3~-iacetoxy-5a,6a-methylenedioxycholestane, 
3b, on the basis of its spectral properties and of its subsequent 
chemical reactions. An analytical sample of this substance was 
obtained by crystallization from methanol: mp 150-152'; 
[+ID -137" (c 0.7, CEIG13); nmr (CDC13) 6 5.1 (m, 1, CHOAc), 

(s, 3, CCH3); nmr (benzene) 6 4.29, 4.19 (m, 2, OCH10). 
Anal. Calcd for C30lI5004: C, 75.90; H, 10.62. Found: C, 

75.78; H,  10.42. 
Further elution with benzene led to the isolation of a third 

substance (136 mg) which could be purified by crystallization 
from methanol-acetone-water. It was identified as 38-acetoxy- 
5a-methoxy-6&19-oxidocholestane, 4: mp 110.5-1 12'; [+] D 
$32' (c 0.9, CHCh); ir (CHC13) 1720 (acetate C=O), 1497 
cm-' (CH2OC); nmr (CDCI,) 6 4.8 (s, 1, w/2 = 26 Ha, CHOAc), 

Hz, CHOH), 3.2 (s, 3, OCHs), 2.0 (s, 3, OCOCH,). 

5.1 (s, 2, OCHzO), 3.86 (t,  1, CHOC), 2.0 (s, 3, OCOCH3), 1.0 

(28) Melting points wer'? determined on a Hoover Uni-Melt apparatus 
and are uncorrected. Infrared and nmr spectra mere recorded on a Beckman 
IR-8 infrared spectrophotorneter and on a I'arian V-4302 60 Me spectrometer, 
respectively. A Durrum-Jasco automatic spectropolarimeter, Model ORD-5, 
and a Perkin-Elmer 141 recording polarimeter were used to determine 
optical rotatory dispersion curves and optical rotations, respectively. 
Microanalyses were performed in the Microanalytical Laboratory of Dr. A. 
Bernhardt. Max Planck In!ititute, West Germany. SilicaR (200-300 mesh) 
and neutral alumina (Woehn. activity I) were used as adsorbants for column 
chromatography. Silica gel G (according to  Stahl) was used as adsorhant 
for thin layer chromatography and sulfuric acid was used as spraying agent. 
In working up the products of reactions the organic extracts were washed 
with dilute HC1 solution and/or NaHCOa solution, dried over anhydrous 
MgSO4, and evaporated to dryness under reduced pressure. 

(29) ,J. Hattori, J .  Phnrrn. Sac. J a p . .  60, 125 (1940); Chem. Abslr., 84, 
7294 (1940). 

(30) K. Bouden, I. M. Heilbron, E. R. H. Jones, and B. C. L. Weedon, 
J .  Chem. Soc., 39 (1946); A. Bowers, T. G. Halsall, E. R. H.  Jones, and A. J. 
Lemin, ib id . ,  2555 (1953). 

3.8 (m, 3, CHpOC and CHOC), 3.27 (s, 3, OCHs), 2.0 (s, 3, 

Anal. Calcd for C3oH%Ol: C, 75.90; H, 10.62. Found: C, 
75.60; H,  10.62. 

OCOCHs). 

Hydrolysis and Oxidation of 38-Acetoxy-5a,6a-methylene- 
dioxycholestane (3b).-Treatment of 3b (0.13 g) with a solution 
of potassium hydroxide (0.10 g) in 9: 1 methanol-water (10.0 ml) 
for 12 hr a t  room temperature gave, after usual work-up, a 
crude product (0.10 g)  which could be purified by crystallization 
from acetone. The pure substance was identified as 3p-hydroxy- 
5a,6a-methylenedioxycholestane, 3a: mp 153-155 ', [$ID 
- 80.8'. 

Sarett3' oxidation of 3a (25 mg) led to the isolation of a crude 
product which, on crystallization from methanol, afforded a pure 
sample of 5a,6a-methylenedioxycholestan-3-one, 8: mp 167- 
169"; ir (CHCI,) 1710 em-* ( C d ) ;  ORD (dioxane) [+lsoO 
-117", [41350 +292', [+lam +2250°, [dl284 -3600". 

Acid Hydrolysis of 38-Acetoxy-5a,6a-methylenedioxycholes- 
tane (3b).-Treatment of 3b (180 mg) in a dry methanolic solu- 
tion of HCl gave, on usual work-up, a crude product which af- 
forded an analytical sample of 38,5a,6a-trihydroxycholestane, 
7a, on crystallization from acetone: mp 236-237' (lit.*3 mp 

Osmium tetroxide oxidation of 3P-acetoxycholest-5-ene,*3 12, 
and subsequent hydrolysis of the product gave an authentic 
sample of 3f?,5a,6~u-trihydroxycholestane, 7a, which was identical 
in all respects with the substance obtained above by treatment 
of 3b in a dry methanolic solution of HCl. 
3p-Acetoxy-6~-metho~cholestan-5a-ol (Sa).-Epoxidation of 

30-acetoxycholest-5-ene (12, 10.0 g)  was effected by treatment 
of the latter in an ethereal solution containing an excess of mono- 
perphthalic acid for 12 hr a t  room temperature. The reaction 
solution was then washed with an aqueous 2095 solution of 
N*SO3. Phthalic acid formed in the reaction was removed by 
filtering the dried ethereal solution through a column of alumina 
(500 g). The crude product (10.6 g) which was isolated was 
found (by tlc) to consist of two major components. 

Part of the product (5.0 g) obtained by epoxidation of 12 was 
treated with distilled boron trifluoride etherate (5.0 ml) in dry 
MeOH (40 ml) for 4 hr at room temperature.% Usual work-up 
gave a crude product (4.56 g), part (2.5 g)  of which was acetyl- 
ated with acetic anhydride and pyridine for 18 hr a t  room tem- 
perature. Ice-water was added to the reaction solution and the 
solid material (2.4 g)  which precipitated was collected by filtra- 
tion. The crude product was found to consist of two major 
components (tlc) which were subsequently separated by chro- 
matography on silica gel (600 g). 

The first fraction obtained by elution with benzene consisted 
of an oil (0.60 g)  which consisted mostly of 3P,6P-diacetoxy-Sa- 
methoxycholestane, 2b: nmr (CDC4) 6 5.0 (m, 1, w/2 = 6 Ha, 
6a-H), 4.82 (m, 1, w/2 = 25 Hz, 3a-H), 3.38 (s, 3, OCH3), 

Further elution with benzene gave a solid (1.26 g)  which was 
purified by crystallization from methanol and subsequently 
identified as 3p-acetoxy-6~-methoxycholestan-5a-o1, 5a: mp 139- 
141' (lit. mp 139.5-140.5",3a 138-139°,25 124-125' 33); nmr 
(CDC13) 6 5.1 (m, 1, 3a-H), 3.3. is, 3, OCHI), 2.99 (s, 1, w/2 

Oxidation of 3~-Acetoxy-6p-methoxycholestan-5~-ol (Sa) with 
Excess Lead Tetraacetate.-3P-Acetoxy-6~-methoxycholestan- 
5a-01 (5a, 0.50 g) was treated with lead tetraacetate (7.0 g) 
under conditions identical with those previously described for 
the oxidation of 2a. The crude product isolated appeared to 
consist of a t  least two major components (tlc) and these were 
separated by chromatography over silica gel (300 g). 

On elution with benzene an oil (148 mg) was isolated which was 
identified as 3p-acetoxy-5,6-secocholestan-5-on-6-al, 11: ir 
(CHCl,) 2715 (CHO), 1735 (acetate C=O), 1725 (aldehyde 
C=O), 1700 cm-' ( ( 3 4 1 ,  ORD (dioxane) +318', [+I316 

+5500"; nmr (CDCb) 6 9.35 (m, 1, CHO), 5.35 (m, 1, 3a-H), 

A second substance was obtained as a solid (36 mg) on further 
Crystallization from ethyl acetate gave 

(31) G. I. Poos. G. E. Arth, R. E. Beyler, and L. H. Sarett, J .  Amer. 

(32) J. Hattori, Chem. Abstr.,  88, 8622 (1939). 
(33) J. W. Blunt, A. Fischer, M. P. Hartshorn, F. W. Jones, D. N. Kirk, 

236-238'). 

2.0 (9, 3, OCOCHa), 1.95 (s, 3, OCOCH3). 

= 5 Hz, Ga-H), 2.05 (s, 3, OCOCH3). 

+7600", [+I309 +5400°, [+]80: +6000°, [(a1205 +1600°, [+I265 

2 (s, 3, OCOCH,). 

elution with benzene. 

Chem. Soc., 76, 422 (1953). 

and S W. Young, Tetrahedron, 11, 1567 (1965). 
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an analytical sample of a substance identified as 3p-acetoxy-B- 
nor-6f-formylcholestan-5f-ol, 10: mp 91-92’; ir (CHCls) 
3600 (OH), 2720 (CHO), 1725 (acetate C=O),  1710 cm-1 
(aldehyde C 4 ) ;  ORD (dioxane) [@Ism -74‘, [@]a18 -277’, 
[ ~ ~ ] z s o  +166”; nmr (CDCls) 6 9.35 (m, 1, CHO), 5.1 (m, 1, 

Anal. Calcd for C29H480t: C, 75.60; H, 10.50. Found: C, 
75.34; H, 10.53. 

Preparation of 11 by Ozonolysis of 3p-Acetoxycholest-5-ene 
(12).-Ozonized oxygen was passed through a saturated solution 
of 3~-acetoxycholest-5-ene (12, 5.0 g) in hexane (100 ml) for 
24 hr.” The solvent was removed under vacuum and the product 
was washed with petroleum ether and dried under vacuum a t  
room temperature. 

The ozonide was reduced by shaking with zinc powder (7.5 g) 
in acetic acid (50 ml) for 60 hr a t  room temperature. The zinc 
was removed by filtration over Celite and ether (50 ml) was added 
to the filtrate which was washed repeatedly with an aqueous 
60% solution of NaHCOa. After usual work-up part (2.7 g) of 
the crude product was chromatographed over silica gel (300 g). 
Elution with benzene gave pure 3~-acetoxy-5,6-secocholestan-5- 
on-6-a1 (11, 1.0 g, oil) which was identical in all respects with the 
substance produced in the lead tetraacetate oxidation of 5a. 

Oxidation of 3p-Acetoxy-6p-methoxycholestan-5a-ol (5a) with 
2 Mol of Lead Tetraacetate.-A solution of 3p-acetoxy-6p- 
methoxycholestan-5c-01 (5a, 0.50 g), lead tetraacetate (0.89 g, 
previously dried over PzOS), and iodiiie (1.0 g) in dry benzene 
(50 ml) was refluxed for 2.75 hr. The reaction mixture w a ~  
cooled and water (0.5 ml) was added with rapid stirring, followed 
15 min later by the addition of an aqueous 10% solution of sodium 
bisulfite (30 ml). Usual work-up gave a crude product (474 mg) 
which was chromatographed over silica gel (300 g). 

Elution with benzene afforded a fraction (144 mg) of a solid 
substance which was crystallized from methanol and identified as 
3~-acetoxycholestane-5ar,6a-diol 6-formate, 9a: mp 141.5-143’; 
nmr (CDCla) 6 8.05 (m, 1, OCHO), 5.05 (m, 2, 3a-H, 6p-H), 
2.0 (s, 3, OCOCH,), 1.03 (s, 3, CH3 at  C-IO). 

3a-H), 2.05 S, 3, OCOCHa). 

Anal. Calcd for C~OHWOS: C, 73.43; H ,  10.27. Found: C, 
73.73: H, 10.47. 

A second substance (40 mg) was isolated on further elution with 
benzene. Crystallization from methanol gave an analytical 
sample identified as acetyl 3&acetoxy-5a-hydroxy-6a-cholestanyl 
formal, 9c: mp 156.5-187.5’; nmr (CDCla) 6 5.31, 5.25, 5.20, 
5.15 (m, 2, JAB = 6 Hz, OCH20), 5.2 (m, 1, 3a-H), 3.5 (m, 1, 

0.94 (s, 3, CHa at  C-10); mass spectrum (70 eV) m/e (relative 
intensity) 456 (48), 444 (49), 426 (40), 414 (60), 396 (61), 384 
(99), 368 (loo), 360 (86). 

Anal. Calcd for C ~ Z H ~ O ~ :  C, 71.87; H ,  10.18. Found: C, 
71.72; H, 10.13. 

Hydrolysis of Pa to 3@,6c~,6a-Trihydroxycholestane (7a).-3@- 
Acetoxycholestane-5a,6a-diol 6-formate (sa, 20 mg) was treated 
with a 0.5 N methanolic potassium hydroxide solution (5 ml) for 
12 hr a t  room temperature. The product which was obtained 
by working up in the usual manner was identical in all respects 
with the 3p,5a,6~-trihydroxycholestane, 7a, prepared by the 
osmium tetroxide oxidation of 3&acetoxycholest-5-ene, 12, and 
subsequent hydrolysis. 

~ / 2  = 20 HP, 6B-H), 2.06 (s, 3, OCOCHs), 2.0 (s, 3, OCOCHs), 

Registry No.-Za, 19317-73-8; 2b, 2515-24-4; 3a, 
19289-39-5; 3b, 19289-40-8; 4, 19289-41-9; 5a, 
2515-20-0; 6, 19289-48-6; 8, 19289-49-7; 9a, 19289- 

lead tetraacetate, 546-67-8. 
50-0; Pc, 19289-51-1 ; 10, 19289-52-2; 11, 19289-53-3 ; 
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The synthetic procedures for the three isomers of a trail-following pheromone of a southern subterranean 
termite were described. Two of the isomers had identical spectroscopic properties as the natural pheromone. 
Only one of the isomers, cis-3,cis-6,truns-8-dodecatrien-l-ol, showed, however, an outstanding biological activity 
comparable to the natural product: less than 1 pg of the synthesized pheromone (like the natural pheromone) 
stimulated worker termites to follow artificially laid trails on ground-glass surfaces. 

The presence of insect pheromones that chemically 
control the behavior of highly specialized social insect 
species has been well documented.2 One such phero- 
mone, “termite trail-following substance,” is secreted 
by the sternal gland of various species of termite 
workers to mark the source of suitable wood to other 
workers of the same  specie^.^^^ The substance, when 
streaked across the surface of a solid object, creates a 
trail-following response in termite workers allowing 

(1) Supported in part by U. S. Department of Agriculture Forest Service, 
Contract No. 12-11-012-560(5), and in part by Hatch Project 822, Wisconsin 
Agricultural Experiment Station. Approved for publication by the Director 
of the Wisconsin Agricultural Experiment Station. We thank Drs. H. R. 
Johnston and G .  R. Esenther, Forest Service, U. S. Department of Agricul- 
ture, Gulfport, Miss., and Madison, Wis., respectively, for their cooperation 
in supplying the biological materials; and Dr. P. Bender, MI. L. D.  Sims, 
and Dr. B. M. Troat, Department of Chemistry, University of Wisconsin, 
Madison, for nmr and ir spectroscopic analyees. 

(2) M. Jacobson, “Natural Peat Control Agents,” Advances in Chemistry 
Series, No. 53, American Chemical Society, Washington, D. C., 1966, p 17. 

(3) A. M. Stuart, Nature. 189, 419 (1961). 
(4) R. V. Smythe and H. C .  Coppel, Ann. Entomol. Soc. Amer., 5@, 1008 

(1966). 

them to follow the exact streak. Esenther, et aE.,6 dis- 
covered that woods decayed by the fungus Lenzites 
trabea Pers. ex Fr. also produced a substance attrac- 
tive to the eastern subterranean termite, Reticulitermes 
flavipes. This substance was later found to work also 
as a “trail-following substance” against R. Jlavipes and 
a southern subterranean termite, Reticulitermes vir- 
ginicus.6 The active principle was purified and ana- 
lyzed spectr~scopically.~ We now report the synthetic 
aspects of the pheromone leading to its identification. 

Synthesis of Candidate Compounds and Bioassay.- 
As a result of various spectroscopic analyses of the 
purified termite pheromone,? two candidate compounds 
were considered to have spectroscopic properties iden- 
tical with the natural product: i e . ,  cis-3,cis-6,trans- 

(5) G. R. Esenther, T. C. Allen, J. E Casida, and R.  D.  Shenefelt, Science, 

( 6 )  R. V. Smythe. H. C. Coppel, S. H. Lipton, and F. M. Strong, J .  Econ. 

(7) F. Matsumura, H. C. Coppel, and A. Tai, Nature. 419, 963 (1988). 

184, 50 (1961). 

Entomol., 60, 228 (1967). 


