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ACYLATION OF CYCLIC KETONES’** 

M. GORODETSKY, E. LEVY, R. D. Y~~~FYEH and Y. MAZUR 
Department of Organic Chemistry, Weizmann Institute of Science, Rehovoth, Israel 

(Received 16 November 1965; b reutiedform 18 January 1966) 

Ah&act-Acylation of steroidal saturated ketones and their enol acetates with acetic anhydride and 
BF,-ezherate has been studied. a-Acylketones were obtained from 3-keto, 7-keto and 16keto steroids 
(I, XII and IX) in the A/B truns series and from 3-ketone (VI) in the A/B cis series. The intermediate 
difiuoroboron chelates (II and VII) were isolated and characte.rizcd. No C-acylation of tertiary 
carbon atom in steroids was observed. 

The acylation of 2-methylcyclohexanone (XVI) and its enol acetates (XVII and XVIII) is described, 
and the relation between O-acylation and Gacylation is discussed. 

Acylation of a&unsaturated ketones, testosterone (XXII) and Cmethyltestosterone (XXX) for a 
comparative short time results in C-6 derivatives (XXIII, XXV and XXX& and over a longer period 
of time in diiluoroboron chelates (XXVI and XXXIII). 

The tautomeric equilibrium of the enolic bdiketones IV, XXVII, XXVIII, XXIX and XXXIV is 
also described. 

RECENTLY, the conversion of enol acetates to the corresponding a-acetylketones by 
irradiation with UV light has been described. 3*Q Since some of the ketones had not 
been reported previously, their synthesis by more conventional routes was investi- 
gated. The most suitable method appeared to be the acid catalysed acylation of the 
ketones using acetic anhydride and boron trifluoride.“’ It has been suggested that 
these reagents first transfer the carbonyl group to an enolic derivative, (either enol 
acetate or BF,-derivative of the tnol) which is then further attacked by the acylating 
agent, the acylium cation.6*7 

The reagent used was acetic anhydride and BF,-etherate, and the reactions were 
done usually at room temperature. The BF,-etherate proved more convenient than 
the BF, gas previously used.6*6 

The acylation of 5a-androstan-3-on-17/Lol acetate (I), using acetic anhydride and 
BF,-etherate, resulted in the difluoroboron chelate of the 2-acetyl-5a-androstan-3-on- 
178-01 acetate (II)3. Compound II was recently reported as a product of acylation of I, 
using BF, gas.s’ It has also been obtained by acylation of the ethylene ketal and the 
diethyl ketal of Ie. Hydrolysis of II with a saturated solution of sodium acetate 

1 Taken in part from the Ph.D. thesis of M. Gorodetsky, submitted to the Senate of the Hebrew 
University, Jerusalem, December 1963. 

* Presented in part at the 19th International Congress of Pure and Applied Chemistry, London 1962; 
Abstracts A, p. 341. 

’ A. Yogev, M. Gorodetsky and Y. Mazur. J. Amer. Chem. Sot. 86,5208 (1964). 
’ M. Gorodetsky and Y. Mazur, J. Amer. Gem. Sot. 86,5213 (1964). 
6 H. Meerwein and D. Vossen, J. Prukt. them. 141,149 (1934). 
e C. R. Hauser, F. W. Swamer and J. T. Adams, Oqanic Reactions Vol. 8, pp. 59-196. Refs. cited 

therein, Wiley, London (1954). 
’ D. P. N. Satchell, Quart. Rev. 17, 160 (1963). 
m G. I. Fujimoto and R. W. Leedon, 1. Org. Chem. 29,2058 (1964); b A. Manson, A. J. Manson, F. 

W. Stonner, H. C. Neumann, R. G. Christiansen, R. L. Clarke, J. H. Ackerman, D. F. Page, J. W. 
Dean, D. K. Phillips, G. 0. Potts, A. Arnold, A. L. Beyler and R. 0. Clinton, J. Med. Chem. 6, 1 
(1963). 

D R. Youssefyeh, J. Amer. Chem. Sot. 8!5,3901 (1963). 
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3*8,9 resulted in the 2-acetylketone (IV; R = CH$ Similar acylation of III gave in 
high yield the previously mentioned chelate II. Both the UP and NMR spectra” of 
IV (R = CHs) indicate that this compound is completely enolic. It is reasonable to 
assume that it exists in au equilibrium of the two possibfe enolic forms IVa (R = CH, 
and IVb (R = CHJ with the first in preponderant. This assumption is made on the 
basis of analogy with the corresponding a-aldehydoketones (IV; R = H) which 
exists as a mixture of the two enols (IVa R = H and IVb R = I-I) the first being ca. 
80% of the total.‘2*13 The method used for the determination of this equilibrium in 
a-aldehydoketones cannot be applied with accuracy to the a-acetylketones. This 
method is based on the comparison of the chemical shifts of the vinylic or aldehydic 
protons of compounds existing in only one of the enolic forms with the chemical 
shift of the corresponding proton in the equihbrium mixture of the two en01s.~s In 
the a-a~~lketon~ the difference in the chemical shift of the ~o~esponding methyl 
protons of the two enolic forms i.e. IVa (R = CH3) and IVb (R = CHJ is expected 
to be too small for accurate determination of the weighted average of ends. Thus the 

CEIART r 

IVb 

chemical shift in a-aeetylcamphor (V) which is likely to exist in the exocyclic form 
only,12 is at 8 1.83 ppm14 and the corresponding signal in the enolic form of acetyl- 
acetone (1: 1 average) is at 2.0 ppm, the difference being 0.17 ppm. The difTerence in 
the corresponding chemical shift in the protons in a-aldehydoketones is I.25 ppm.‘% 
Nevertheless the value obtained for the methylprotones in IV (R = CH,) 8 2.15 ppm, 
point to the preference for the enol (IVa; R = CR). It seems however that the 
structure of the difluoroboron chelate (II) features two equivalent oxygen atoms. 

lo UY spectra were determined cm a C&-y 14 s~~phota~tff. 
l1 The NMR spectra wsm taken in CDCI, on an A-60 Varian spectxomates, ~~tbyls~~e serving 

as internaX !‘~~wxxx. 7;he p&c pasitions are reported in ppm (S), down&Id from t@amet.hyl&ne. 
I* E. W. Garbisch, J. Amer. C/MBZ. SQC. &$I696 (1963), 
1s N. S. l&m and Lt. H. Waft, 4~~~~~~~ of lvuR S’e~~~~scopy in &g&c C/ten&try pp. %- 

96. Holden-Day, San I%ncisco (1964). 
l4 To be publ~h~d at a later date. 
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CHART II 

OAc 

The acylation of 5B-androstan-3-on-l7B-01 acetate (VI) gave the difluoroboron 
chelate of 4-acetyl-5j&ndrostan-3-on-17/l-01 acetate (VII). The sodium acetate 
hydrolysis of this compound led to the non-enolic 4p-acetyl-5#?-androstan-3-on-17/l-01 
acetate (VIII), in which the acetyl group has the 4&equatorial configuration, as shown 
previously.4 The equatorial configuration of the Cacetyl group may also be deduced 
from its NMR spectrum. The hydrogen at C-4 in VIII appeares as a doublet with 
J = 12.5 c/s at 6 3.86 ppm. This high coupling constant indicates the tram diaxial 
relation between the hydrogen at C-4 and at C-5, similar to that found previously in 
the isomeric 4a-acetyl-5a-androstan-3-on-17/l-01 acetate.4 

The formation of the clacetylketone (VIII) involves an attack of the acylating 
agent on the primarily formed A%nol derivative of the C-3 ketone (VI). The possi- 
bility exists that the attack of the acylating agent on the olefinic carbon atom, C-4, 
proceeds axially from the a-side of the molecule, and is then followed by the loss of the 
equatorial, p-hydrogen at C-4, with the formation of the difluoroboron chelate (VII). 
The latter gives on hydrolysis VIII which is not enolic since its axial hydro- 
gen at C-4, hindered by the hydrogens at C-7 and C-9, cannot be removed with 
ease. On the other hand, a /?-side attack at C-4 can also be envisaged, with direct 
formation of VIII. Although the latter does not form an enol easily, but exists in its 
ketonic form in neutral solution, it reacts with BFa-etherate and acetic anhydride, 
and forms VII. 

The necessity for a primary formation of an enol derivative in the reaction of the 
ketones with BF, and acetic anhydride, is exemplified by the behaviour of 17-keto- 
steroids. It is known that this type of ketone undergoes enol acetylation only under 
forcing conditions, such as prolonged boiling with isopropenyl acetate and sulphuric 
acid.‘” Our attempts to C-acylate Sa-androstan-l7-on-3/J-01 acetate (IX) using stand- 
ard conditions, merely resulted in the unchanged starting material. On the other 

I6 N. S. Leeds, D. K. Fukushima and T. 0. Gallagher, J. Amer. C/wm. Sm. 76,2943 (1954). 
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CHART III 
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hand, the corresponding enol acetate (X) could be converted to the 16-acetylketone 
(XI). This compound was obtained as a mixture of enol and ketone tautomers, in 
approximately equal proportions,16 and was identified as its copper complex.a 

No acylation on a tertiary carbon atom was observed, when the 7-ketone (XII)” was 
subjected to standard acylating conditions, the only product isolated after sodium 
acetate hydrolysis was the 6-acetyl-7-ketone (XIII). This compound had the thermo- 
dynamically more stable ketonic structure, as evident from its IR and UV spectra 
(a:2 5.77 and 5.80 ,u ; &,, EtoH 286 mp E 84), and its NMR spectrum. In the latter 
spectrum the signal due to the proton at C-6 appears as a doublet at 8 3.33 ppm 
(J = 12.5 c/s). This coupling pattern is similar to that observed previously in both 
4a-acetyl-5a-androstan-3-on-l7/Lol acetate: and in 4~-acetyl-5#?-androstan-3-on-17~- 
01 acetate (VIII). In the ethanolic sodium hydroxide solution the UV spectrum of 
XIII does not change, indicating the additional difficulty in removing the /?-axial 
hydrogen at C-6. 

1a It is pertinent to note that a lCacetyl-17-ketone was previously described in the S/3-11-ketone 
series: N. L. Wendler, Terruhedron 11, 213 (1960). 

1’ The 0-acylation of XII was described by E. R. H. Jones and D. J. WIuka, J. Gem. Sot. 907(1959). 
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No C-acylation was observed when 2a-methyl-5a-androstaan-3-on-17~-ol acetate 
(XIV) was treated with acetic anhydride and BFs-etherate. These reagents however 
converted XIV in good yield to the corresponding enol acetate (XV). The latter was 
recovered unchanged even after prolonged treatment with the same reagents. 

The inability of the acylating agent to attack the fully substituted olefinic carbon 
atom in steroids may be attributed to both steric and electronic factors. 

It appears that suitable compounds for the comparison of the relative composition 
of O-acylation and C-acylation products would be the 2-methylcyclohexanone (XVI). 
This ketone gives a mixture of the two enol acetates (XVII and XVIII). When the 
O-acylation is done with acetic anhydride and strong acid, an equilibrium mixture of 
the two enol acetates is obtained, in which the relative composition of the two products 
is ca. 9: 1 .I8 On the other hand, the relative composition of the enol acetates (XVII and 
XVIII) from 0-acylation of XVI with isopropenyl acetate and sulphuric acid is ca. 
2: 1.18 

CHART IV 

OAc 

8_‘“* _ &H, _ 6% 

&is_ H,C,!Y&;l, H,C,!&:H, 

3 CH, 

XIX XXI xx 

In the reaction of acetic anhydride and BFs-etherate on XVI,‘@ the main com- 
pound was the enol acetate XVII (ca. 80% of the isolated products) which was free 
from its isomer XVIII. In addition, the two isomeric acetyl-methylcyclohexanones 
XIX and XX (ca. 10% of the isolated products each) were isolated. The 2-acetyl-2- 
methylcyclohexanone (XIX) was identified by comparison with an authentic sample,**s” 
and the structure of the 6-acetyl-2-methylcyclohexanone (XX) was deduced from its 
physical properties. The UV spectrum of XX was similar to that of 2-acetylcyclo- 
hexanone,s and in the NMR spectrum of XX both the doublet due to the methyl 
proton at C-2, and the singlets of the a&y1 protons and of the enolic hydrogen [at 
6 1.28 (J = 7 c/s), 2.11 and 16.0 ppm] were observed. The fourth product of the 
reaction, the 2,6-diacetyl-2-methylcyclohexanone (XXI; less than 5%) was not iso- 
lated in its pure form but only as a mixture with XX. Its presence was deduced from 
the NMR spectra of the mixture which showed in addition to the signals due to XX, 
sharp signals assigned to the protons at C-2, C-6 and to the enolic hydrogen (at LY 1.23 
lo H. 0. House and V. Kramer, J. Org. Chem. 28,3362 (1963). 
I’ The C-acylation of XVl with A60 and BF, gas was reported previously; the compounds isolated 

were not defined unequivocally, cf. C. R. Hauser and J. T. Adams, 1. Amer. Chem. SOC. 74,345 
(1944). 

w G. B. Payne, J. Org. Chem. 26,4793 (1961). 
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2.11, 2.20 and 15.9 ppm). When the previously described mixture of enol acetates 
XVII and XVIII (2: 1) obtained by action of isopropenyl acetate on XVI was treated 
under similar conditions, the relative proportion of the products varied: the yield of 
XX increased (25 %), and the yield of XVII decreased (ca. 60 %). On the other hand, 
treatment of the equilibrium mixture of XVII and XVIII (9: 1) under similar con- 
ditions, resulted mainly in the unchanged XVII (ca. 80%) and XX was formed only 
in traces. 

It may be therefore assumed that of the two enol acetates (XVII and XVIII) the 
latter is converted to the monoacetyl derivative XX, while the former is mainly re- 
generated unchanged. However, this fully substituted XVII may have reacted to a 
small extent with the acylating agent to give XIX. This ketone (XIX) undergoes 
probably further enolization and subsequent acylation at C-6, to yield XXI. The direct 
acylation of XVI may also proceed through a primarily formed mixture of XVII and 
XVIII whose composition approaches that of the equilibrium mixture. Hence the 
relative small yield of XX in this reaction. 

CHART V 

.& . ..& 
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The steroidal A4-3-ketones also underwent C-acylation with the same reagent. 
Thus treatment of testosterone (XXII) with acetic anhydride and BFs-etherate for 
15 min at 0”, and then for 5 min at room temperature, resulted in 6/Sacetyltestosterone 
acetate (XXIII).4*21 When the reaction was done for 10 min at 0” the main product 
isolated was the dienol acetate (XXIV). Higher yields of the 6/&acetyltestosterone 
acetate (XXIII) were obtained when XXIV was directly reacted with these reagents 
for 4 min at room temperature. Chromatographic separation of the reaction products 
revealed in addition the 6a-acetyltestosterone acetate XXV.p It appears that testo- 
sterone is converted primarily to XXIV which is directly attacked at the olefinic C-6 
carbon atom with concurrent loss of the 0-acetyl group at C-3. As expected, this 
electrophilic substitution proceeds mainly axially. However, the formation of XXV 
may indicate some a-side attack at C-6, though a partial epimerization at C-6 during 
the reaction is not excluded. It is noteworthy that no 4-acetyltestosterone derivative 
could be identified among the reaction products. Thus the substitution pattern of 
XXIV resembles that of the corresponding enol and not that of the enolate.= 

When testosterone (XXII), or its dienol acetate (XXIV) is treated with the same 
reagent for 3 h at room temperature, a high melting yellow compound is obtained. 
Its analytical data and physical properties (Table 1 and 2) suggest its being a di- 
fluoroboron chelate of a polyacetylated testosterone (XXVI). The difluoroboron 
group in XXVI was removed by hydrolysis with sodium acetate solution to give the 
pdiketone (XXVII). Treatment of the latter with hydrochloric acid yielded an equilib- 
rium mixture of the two isomeric 6-acetyl derivatives (XXVIII) obtained as an 
amorphous powder which could not be separated. 

TABIJZ 1. UV SPECXRUM DATA OF THE 2-su~srrru~t~ TESKSERONE 
DERIVATMB1o 

Compound 

Absorption maxima in 
Absorption maxima ethanolic sodium 

in ethanol hydroxide 

2-aldehydo- ?UUX” 

2,6diacety1 XXVIII 

2,6-diacety1- 
Cmethyl xxxrv 

en01 acetate of 
2,6dia&yl XXVII 

difluoroboron 
chelate 

difluoroboron 
chelate xxxlll 

a m*x E A mm E 

252 11500 248 16000 
307 so00 355 loo00 

249 7200 239 11200 
334 5100 363 7100 

260 8000 255 1064xl 
343 72aI 363 11200 

243 8200 
281 5500 
351 8300 

250 6500 
271 5000 
377 11500 

257 11200 
272 10900 
364 10900 

*I B. C. Elmer, M. P. Hartshorn and D. N. Kirk, J. Chem. Sec. 2285 (1964), describe analogous 
reaction in cholestane series. 

*f S. K. Malhotra and H. J. Ringold, J. Amer. Chem. Sot. 86, 1997 (1964); Ibid. 85, 1538 (1963). 
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The UV absorption maxima of the polyacetylated testosterone derivatives are re- 
corded in Table 1. The 2,6&diacetyltestosterone acetate (XXVIII) shows two maxima, 
the one at higher wavelength associated with the conjugated-ldiketone chromo- 
phore (in its enolic form), and one at lower wavelength with conjugated carbonyl 
group. Two comparable electronic transition maxima are also observed in 2-hydroxy- 
methylene-testosterone (XXIX),= possessing somewhat similar chromophores 
(Table l).% The UV spectrum of XXVII shows a third maximum at A,,, 281 m,u 
which may be related to the additional exocyclic double bond at the C-6 position. 
Three comparable maxima are also observed in the UV spectrum of the difluoroboron 
chelate XXVI (Table I). 

TABLE 2. NMR RESONANCE DATA OF THE POLYACETYLATED TESTOSTJZRONE DERIVATIVES” 

CHI at CH, at CH*-C CH,-C AcO at AcO at H at 

Compound C-18 c-19 at C-6 at C-2 c-17 C-6 C-4 

XXVII 

XXVI 

XXVIII 

6/i-COCH* 

6a-COCHS 

XXXIII 

0.83 1.01 2.0 2.1 2.06 

0.83 1.06 2.01 2.30 2.05 

0.80 0.91 2.22 2.1 - 

0.80 1.11 2.27 2.1 - 

0.83 1.0 2.13 2.27 2.01 

2.17 

2.15 

- 

- 

2.22 

5.85 

6.03 

singlet 

6.15 

singlet 

550 

doublet 

(J = 2 c/s) 

1.76 

In Table 2 the major signals of the NMR spectra of the three polyacetylated 
steroids (XXVI, ,XXVII and XXVIII) are compared. The mixture of the epimeric 
2,6&diacetyltestosterone (XXVIII) shows single peaks which may be assigned to both 
epimers (methyl protons at C-l 8 and at C-2), and signals assigned separately to the 6/I- 
and 6a-acetyl derivatives. The latter assignment was done by a comparison with the 
respective signals of 6/I-acetyl and 6a-acetyltestosterone acetate (XXIII and XXV).% 

The formation of this mixture of epimers at C-6 which is an equilibrium mixture 
(the relative proportion of both 6epimers does not change on further boiling with 
acid) indicates a comparable thermodynamic stability of these two isomers XXVIII 
with that of 6-acetyltestosterones (XXIII and XXV). 

The polyacetylated steroids (XXVII and XXVIII) may exist in one of the two 
possible enolic forms or as a fast equilibrium between the two. We assume however 

u R. 0. Clinton, A. J. Mason, F. W. Stonner, H. C. Neumann, R. G. Christiansen, R. L. Clarke, 
J. H. Ackerman, D. F. Page, J. W. Dean, W. B. Dickinson and C. Carabaeas, J. Amer. Chem. Sot. 
83, 1478 (1961). 

u As seen from Table 1 a substitution of the vinylic hydrogen of the hydroxymethylene with a methyl 
group gives a bathochromic shift of the higher wavelength maximum. This red shift is observed 
also when the UV spectra of 2+rldehydoandrostan-3-on-17/I-01 (Im,x 282 mp, E 9000) is compared 
with that of its 2-a&y1 analog II (A,., 289 rnp, E 9ooo); Refs. 3 and 24. 

I M. Gorodetsky, D. Amar and Y. Maxur, J. Amer. Gem. Sot. 86,5218 (1964). 
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that the predominant form is the one indicated in the formulae, having an exocyclic 
double bond at C-2. This reasoning is based on an assumed similarity with the 2- 
aldehydo-testosterone (XXIX). The latter showed a signal in its NMR spectrum 
assigned to the C-H proton at C-2 at 6 7.38 ppm .lp This value points to an equilib- 
rium of the two enolic forms of XXIX, the one having an exocyclic double bond at 
C-2 in ca. 77%.‘B It is of interest to remark that in the saturated analog of XXIX, 
namely in the aldehydo-ketone (IV; R = H); the proportion of the two enols is 
reversed. 

CHART VI 

OH OAC 

0 

a, CH, 

XXXIV 

The C-acylation of 4methyltestosterone (XXX) also resulted in C-6 substitution 
to give the 6#?-acetyl4methyLtestosterone acetate (XxX1). The latter could also be 
obtained from the corresponding dienol acetate (XXXII). Both Cmethyl derivatives 
(XXX and XXXII) were less reactive than the analogous compounds (XXII and 
XXIV) lacking the Cmethyl group. The comparative reaction periods for C-6 
acylation in the former compounds were longer and the yields were smaller. It is also 
significant that no 6a-acetyl derivative of Cmethyltestosterone could be isolated from 
the reaction mixture, and no epimerization at C-6 occurred when XXXI was heated 
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with acid. A reason for this behaviour may be the “peri” steric effect of the Cmethyl 
group which hinders the equatorial approach of the attacking reagent.8e 

Prolonged action of acetic anhydride and BF.&herate (20 hr at room temp) on 
XXX gave a yellow high melting compound. Its structure, (XxX111), was implied 
by analogy with the chelate (XXVI) due to its similarity in the UV spectrum (Table 1) 
and NMR spectrum (Table 2). As previously mentioned, XXX is less reactive than 
XXII. Thus treatment of the former for 1 hr with the reagent mixture resulted mainly 
in XxX1. On the other hand, treatment of XXII under similar conditions produced 
the polyacetylated derivative (XXVI), and not the monoacetyl derivatives (XXIII and 
XXV). 

Treatment of the difluoroboron chelate (XxX111) with a solution of sodium acetate 
resulted in hydrolysis of both difluoroboron and enol acetate groups. Although this 
compound was obtained in amorphous form, the structure XXXIV was assigned to it 
through its physical properties (Table 1). 

All mps were taken in capillaries and were uncorrected. The IR spectra were determined on a 
Perkin-Elmer infracord spectrophotqmeter, and the rotations were done in CHCl, solution. 

CAcylntion of 5asndfos~an-3-o+17jI-01 acetate (I) 

The ketone I (5.0 s> was treated at room temp with Ac,O (75 ml) and then with BF,-etherate 
(12 ml). After being left at room temp for 15 min, the crystalline precipitate was filtered off and 
washed with ether (25 ml). Recrystallization from ether yielded 5.04 g (80%) of II, m.p. 282-283”, 
[a], + 36”. AtB& 5.76, 6.28, 6.63 and 8.12 ,u; A’m:“.” 301 rnp (e 9600); lit.“; m.p. 265-277”. [a]n 
+38.7”; lit.O, m.p. 262-265”, [a]n f48”. 

A solution of II (2 g) in MeOH (50 ml) was treated with a sat AcONa aq (5 ml), then heated under 
reflux for 2 hr, and evaporated to dryness. The residue was extracted with ether, the solution 
washed with water and the isolated material recrystallized from ether-pentane to give IV (l-5 g; 85 %), 
m.p. 179-180”, [a]u +42”; lit.* m.p. 178-179”, [a], +41”; lit.& m.p. 180-181”, [a]n $43.3”; lit.* 
m.p. 180-183”, [aIn +52”. 

C-Acylation of 5a-anaVost-2-en-3,17B_diof &acetate (III) 

Treatment of III (3.0 g) at room temp with Ac,O (50 ml) and BF,-etherate (8 ml) for 15 min, and 
similar workup as above resulted in II (3.1 g; 93x), m.p. 282-283” identical with the compound 
obtained by C-acylation of I. 

C-Acylation of 5~-a~ostan-3-on-l7~-ol acetate (VI) 

The ketone VI (0.12 g) was treated at room temp with Ac.0 (1 ml) and BF,-etherate (O-3 ml). 
The solution was allowed to stand for 3 hr at room temp, and was then poured into ice and water 
The precipitated material was filtered off after 2 hr. and recrystallized from ether to give VII (O-125 g; 
82x), m.p. 215-217”, [x]n + 101”; AyaB,: 5.76, 6.36, 6.70 and 8.02 ,u; azz 302 rnp (6 9400). 
(Found: C, 65.37; H, 7.86; B, 2.59. Calc. for CIIHItO,BFI: C, 65.41; H, 7.88; B, 2*56x.) 

A solution of VII (0.5 g) in MeOH (10 ml) was treated with a sat. AcONa aq (2 ml), then heated 
under reflux for 2 hr and evaporated to dryness. The product was isolated with ether and recrystal- 
lized from ether-pentane to give VIII (@3 g; ES%), m.p. 180-182, [a)D +33”, Et: 5.77, 584 and 
E-04 p; g”p 289 rnp (E 110); &,,a= in ethanolic NaOH 313.5 rnp (E 11500). (Found: C, 74.00; H, 
9.06. Calc. for CIIHIIOI; C, 73.76; H, 9.15%) 

Compound VIII (0.1 g) was reconverted to VII by treatment with Ac,O (1 ml) and BF,+therate 
(O-2 ml) for 3 hr at room temp. yield of VII was 75 % (0.85 g). 

w A similar steric interference of the Cmethyl group is probably responsible for the reported forma- 
tion of the 2-bromo derivative and not the expected 6-bromo derivative, when 4-methyltestosterone 
XXX is brominated; C. W. Shoppee, G. A. R. Johnston and R. E. Lack, J. Chem. Sot. 3604 (1962). 
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C-AcyIation of 5a-androst-l6-ene-3~,17-dio~ diocetate (X) 

Compound X (1 g) was treated at room temp with Ac,O (5 ml) and then with BF&herate (1 ml). 
The solution was allowed to stand for 2 hr and was then poured into ia and water and the material 
isolated from ether. Chromatography on alumina (3Og) and elution with pentane-ether (1O:l) 
yielded XI (0.22 g; 22% yield) which showed a coloration with FeCl aq. This compound was iden- 
tical with XI obtained previously~ by IR and NMR comparison. 

This mixture of isomers, XI (@2 g) was dissolved in MeOH (5 ml) and treated with a sat. solution 
of cupric acetate (2 ml). After heating on water bath for 5 min, the copper chelate of XI was isolated 
with ether. Recrystallization from benzene-hexane yielded a sample m.p. 300-302”. 3.:: 260 and 
308 rnp (E 12000 and 20000), identical with a sample described previously.* 

C-Acylation of cholestan-3jLol-7-one acetate (XII) 

The ketone XII (O-5 9, was treated at room temp with Ac,O (5 ml) and then with BF.-etherate 
(1 ml). After being left at room temp overnight, the reaction mixture was poured into ia and water, 
left for 2 hr, and the material isolated from ether. The residue was dissolved in MeOH (25 ml) and 
heated for 2 hr under reflux with a sat AcONa aq (5 ml). The material isolated from ether was 
chromatographed on alumina (15 g). The first fraction eluted with pentane-ether (10: 1) gave 0.02 g 
(4%) of the starting material. The next fraction eluted with pentanbether (5: 1). was recrystallired 
from ether-MeOH to yield XIII (0*12g; 22x), m.p. 1%151”, [ah -42”, 2::: 5.77 and 580 p; 
#F! 286 rnp (E 84), unchanged in ethanolic NaOH aq. (Found: C, 76.42; H, 10.35. Calc. for 
CIIHooO,: C, 7650; H, 10.36x.) 

0-Acylntion of 2-ntethyl-5a-al7~~l-3~~ acetate ouv) 

The ketone XIV (1 g) was treated at room temp with Ac,O (10 ml), and then with BF,-etherate 
(2 ml). After being left at room temp for 1 hr, the reaction mixture was poured into ia and water 
for 2 hr. and the material isolated from ether. Recrystallization from ether-pentane gave XV, (0.9 g; 
80x), m.p. 91-92”; [aIn +66”, identical with an authentic sample.” 

Treatment of XV with the same reagent mixture for 24 hr at room temp, led to the unchanged 
starting material. 

Acylation of 2-methylcyclohexanone XVI 

The ketone XVI was treated at room temp with Ac,O (80 ml) and then slowly with BF,+ztherate 
(20 ml). After standing at room temp for 30 min, the reaction mixture was poured into ia and water, 
left for 2 hr and the material isolated from ether. It was then dissolved in EtOH (100 ml), treated 
with a sat AcONa aq (50 ml), heated under reflex for 3 hr and extracted with ether. The ether solution 
@E&ii 289 mp, E 1000) was extracted with cold 10% NaOH aq. The ethereal extract (24 g) was 
distilled in vacua. The first fraction (12 g; b.p. 95-1 lo”/28 mm) was redistilled to give 10.5 g of XVII, 
b.p. 95-96”/28 mm, identical with an authentic sample. 

The second fraction from the distillation of the neutral material (2.4 g; b.p. 11~120”/28 mm) 
was redistilled to give additional 1.3 g of XVII and I.1 g of XIX, b.p. 60-62”/0.5 mm, nF 14660, 
identified by comparison with an authentic sample.*s1° 

The NaOH solution was acidilied and extracted with ether. The ether extract (5 g; Al,hO,H 289 mp, 
E 4000) was distilled in vacua, the fraction, b.p. 13~132”/28 mm, was identitied as XX, 1.2 g; 
nro 14809; AgtxE 289 rnp (E 9000). (Found: C, 70.35; H, 8.20. Calc. for cHr.0,: C, 70.10; H, 
7%5 %.) 

The second fraction from the distillation of the acidic material (0.7 g; b.p. 145-160”/28 mm) 
consisted of a mixture of XX, and an additional product to which the structure XXI was assigned 
(see text). 

O-Acylation of 2-methylcyclohexanone (XVI) 

a. The ketone XVI (5 g) was treated with isopropenyl acetate (25 ml) and 2 drops of cont. H$O,. 
The reaction mixture was heated under reflex overnight and the product isolated from ether and 
distilled in uacuo. The fraction boiling at 8990”/25 mm (3 g); n: I.4570 consisted of a mixture of 
XVII and XVIII as found from the NMR spectmm .I0 The relative proportion of XVII and XVIII 
was 2: 1 as determined by integration of the NMR spectrum.l* 

*’ R. Mauli, H. J. Ringold and C. Djerassi. J. Amer. Chem. Sot. 82,5488 (1960). 
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b. The ketone XVI (5 g) was dissolved in Ac,O (20 ml) and treated with ptoluensulfonic acid 
(0.2 g). The mixture was heated under reflux for 3 hr, poured into ice and water and extracted with 
ether. Distillation gave the mixture of XVII and XVIII (4 g), b.p. 88-90”/25 mm. The ratio of XVII 
and XVIII was found to be ca. 9: 1 (see a.) 

GAcylotion of the enol acetates XVII and XVIII 

a. The mixture of XVII and XVIII obtained from the reaction of XVI with isopropenyl acetate, 
(0.87 g), was treated with Ac.0 (10 ml) and BF.-etherate (2 ml). After being left for 1) hr at room 
temp. the reaction mixture was poured into ice and water and after 2 hr the material was isolated 
from ether. The residue was dissolved in MeOH (20 ml), treated with a sat. AcONa aq (5 ml) and 
extracted with cold 10% NaOH. The neutral ether extracts were distilled in uacuo. The fraction 
boiling at 95-97”/28 mm (0.3 g) consisted of XVII, identified by comparison with an authentic sample. 

The second fraction of this distillation was the mixture of XVII and XIX, (1: 1) as established by 
comparison of the NMR spectrum with the spectrum of the pure component. 

The NaOH extract was acidified with 10% HCI and then extracted with ether. Distillation in 
uacuo yielded a first fraction, b.p. 130-132”/28 mm (0.11 g), identified as XX. The second fraction, 
b.p. 145-la”/28 mm (0.05 g) consisted of a mixture of XX and XXI (see text). 

b. The mixture of XVII and XVIII obtained from the reaction of XVI with Ac,O andptoluen- 
sulfonic acid (1.0 g) was treated with Ac,O and BF,-etherate as described under a. The neutral 
material obtained was distilled in wcuo to give XVII (0.5 9, and XIX (ca. 0.05 gI both identitied by 
comparison with authentic samples. The acidic material (0.1 g) had an NMR spectrum corre- 
sponding to the one of a mixture of XX and XXI. 

Acylarion of testosterone (XXII) 

a. Compound XXII (1 g) was treated with Ac10 (15 ml) and BF,-etherate (3 ml) at 0”, and then 
left for 15 min at this temp, and an additional 5 min at room temp. The reaction mixture was poured 
into ice and water and the precipitate produced altered off. Recrystallization from ether gave XXIII 
(O-25 g; 20x), m.p. 165-166”; [a]u -306”; 1::’ 246.4 q (E 13000)‘; identical with an authentic 
sample. 

b. Similar treatment of XXII (1.0 g) with the same reagent as under a, but at 0” for 10 min only, 
gave XXIV O-7 g, (54 %) which after recrystallization from pentansether melted at 149-152”. 

Acylation of the aYeno acetate (XXIV) 

A solution of XXIV (1 g) in Ac,O (15 ml) was treated with BF&herate (3 ml) at room temp. 
After being left for 4 min, the solution was poured into ice and water, the crystalline precipitate 
filtered off, and recrystallized from ether to give XXIII (0.425 g; 42’%), m.p. 165-166”, identical with 
an authentic sample.’ 

The mother liquor from recrystallization was evaporated to dryness, and chromatographed on 
ahunina (15 g). The fraction eluted with benzen-ther (9: 1) was recrystallized from ether to give 
XXV (0.1 g-lOy’J, m.p. ISO-152”, [aIn +66”, A,, EtoH 238 rnp (E 13500), identical with an authentic 
sample.’ 

Polyacetylated chelate of testosterone (XXVI) 

Compound XXII (5 g) was dissolved in Ac.0 (50 ml) and treated with BF,-etherate (10 ml) at 
room temp. After king left for 3 hr. the solution was poured into ice and water, left for 2 hr. and the 
oily precipitate triturated with ether. The crystals thus produced, which showed a negative teaction 
with FeCl, aq were recrystallized from ether to give XXVI, 3 g, (34%). m.p. 281-282”. [aIn +636”, 
12gz 5.69, 5.77, 6.16, 6.34, 6.61 and 8.04 p. (UV see Table 1). (Found: C, 64.70; H, 6.75. Calc. 
for C,,H,,OJ3F,: C, 64.30 H, 6.95 %.) 

En01 acetate of 2&-a%xetyltestosterone acetate (XXVII) 

A solution of XXVI (0.5 g) in MeOH (50 ml) was treated with sat. AcONa aq (10 ml). The reaction 
mixture was heated under reflux for 2 hr, the solvent evaporated, and the material isolated from ether. 
Recrystallimtion from etber-pentane gave 7GWI.I (O-32 g; 71 ya, m.p. 156157’, [a)0+486”, d= 
5.69, 5.74, 6.00, 6.16, 8.05 and 8.24 ,U (UV see Table 1). (Found: C, 71.37 H, 764. Calc. for 
C,,H,eO+ C. 71.02; H, 7.95x.) 



Acylation of cyclic ketones 2051 

2,6_Diacetyltestosterone acetates (XXVIII) 

The solution of XXVII, (O-35 g) in MeOH (50 ml) was treated with 20% H,SO, (3 ml). The 
reaction mixture was heated under reflux for 4 hr. and then poured into water and the material 
isolated from ether. The residue was dissolved in a small volume of ether and precipitated by addition 
of pentane, to give an amorphous yellow powder, m.p. 120-180”, of the isomeric mixture of diacetyl 
testosterone acetates (XXVIII) which gave a positive FeCl* reaction. A:::“.: 5*84,6.19 p. (UV spectra 
see Table 1). 

6,%Acetyl_dmethyltestosterone acetate (XXXI) 

a. A solution of XXX (1.0 g) in Ac,O (25 ml) was treated with BF,-etherate (5 ml) at room temp. 
After being left for 1 hr, the solution was poured into ice and water, and after 2 hr extracted with 
ether. The ether residue was dissolved in MeOH (20 ml) and treated with sat. AcONa aq (5 ml) and 
heated under reflux for 2 hr. The solvent was evaporated to dryness in uucuo, and the residue dissolved 
in a mixture of benzene-pentane (1: 1) and chromatographed on ah~mina (15 g). Elution with 
benmns-pentane (4: 1) and recrystallization from CH,Cl,-hexane gave XXXI, (O-14 g; 
187-190”, [a]n -2Ol’, ,I$: 252 rnp (e 13500), identical with an authentic sample.’ 

13 %), m.p. 

b. Treatment of XXXII (0.5 g) under similar conditions with the same reagents resulted also in 
XXXI. (0.08 g; 14%). 

En01 acetate of 2,6dixetyl4methyltestosterone acetate (XWCHl) 

A solution of XXX (0.35 g) in Ac10 (10 ml) was treated with BFs-etherate (3 ml) at room temp. 
After being left for 20 hr. the solution was poured into ice and water, left for 2 hr and the material 
isolated with ether. The crystalline product obtained from the ether gave XXXIH (@13 g; 22%). 
m.p.227~229”, [a], +390”, c& 5.69,5*76,6*24,6*37,6.62,8+4,~. (UV spectra see Table 1). (Found: 
C, 64.66; H, 7.19; B, 2.15. Calc. for C1,H,,0J3F,. C, 64.87; H, 7.20; B, 2.09%) 

2.6D&acetyl4methyltestosterone acetate @#NIV) 

A solution of XXXIII (0.1 g) in MeOH (20 ml) was heated under reflux with sat AcONa aq (5 ml) 
for 3 hr. The solvent was evaporated to dryness, and the material isolated with ether. Chroma- 
tography of the product on alumina (5 g) and elution with benzenscther (1: 1) gave an amorphous 
yellow powder (O-035 g) to which we assigned the structure, XXXIV. ezln 5.86, 6.24,~ (UV 
spectra see Table I). 


