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what more deshielded than its counterpart in 33 and, 
therefore, a t  lower field. This is indeed the case. The ste- 
roids assigned to the anti configuration by uv maxima 
have C4-proton peaks at 6.65-6.85 ppm, while the other 
isomer has peaks at 6.00-6.28 ppm. Further, the assigned 
anti isomers have N-methyl peaks at  3.67-3.70 ppm while 
the other isomer has peaks at  3.71-3.84 ppm. These data, 
summarized in Table 11, confirm the stereochemical 
sssignments made for the isomers and corroborate the use 
of uv maxima for distinguishing between conjugated syn 
and anti nitrone pairs. 

Table I lists the androstene, the pregnene nitrones, and 
the saturated 3-ketonitrones prepared. The latter com- 
pounds were homogeneous by tlc analysis and had no out- 
standing spectral characteristics. Thus, although these ni- 
trones, too, must exist as stereoisomeric pairs, they were 
not detected. Biological testing of the nitrones found them 
less active than the parent ketones. 

Experimental Section1' 
N-(2-Hydroxyethyl)-a-( 17/3-hydroxy-3-methoxyandrosta-3,5- 

dien-6-y1)nitrone (14). General Procedure for 6- and 20-Aldoni- 
trones. A mixture of 17-acetoxy-3-methoxyandrosta-3,5-diene-6- 
carboxaldehyde (30.1 g, 81 mmol), NaHC03 (40 g), and N-(2-hy- 
droxyethy1)hydroxylamine oxalate (25 g, 0.116 mol) in MeOH (1 
l.)-HzO (50 ml)-pyridine (15 ml) was stirred under reflux in the 
dark for 22 hr. The hot reaction mixture was filtered and the fil- 
trate was concentrated to a yellow paste. The resulting solid (43 
g) was crystallized from aqueous MeOH to give 14 (23.5 9). 
17a-Methyl-3-rnethyliminoandrost-4-en-17~-01 anti- and syn- 

N-Oxide (40 and 41). General Method for 3-Ketonitrones. A 
mixture of methyltestosterone (30.6 g, 0.1 mol), NaHCO3 (35 g), 
and N-methylhydroxylamine oxalate (18.9 g, 0.1 mol) in absolute 
EtOH (75 ml) was stirred overnight in the dark under reflux. The 
reaction mixture was filtered and the filtrate was concentrated. 
The residue was chromatographed on silica gel (350 g), collecting 
250-ml fractions and eluting with MezCO (1 I.), MezCO-5% 
MeOH (1 l.), and MezCO-10% MeOH (7 1.). Fractions 11-16 were 
combined and concentrated and the residue was crystallized from 
acetone-ether-hexane to give 40 (8.0 g). Fractions 28-33 were 
combined and concentrated and the residue was triturated with 
ether to give 41 (2.0 9) .  
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The stereospecific syntheses of the two epimeric 22-aminocholesterols from the two known epimeric 22-hy- 
droxycholesterols uia tosylate - azide - amine are described. These amines are also obtained by the reduction 
of 22-ketocholesterol oxime. 

Recent  review^,^,^ describing the biogenesis of pregnen- hydroxylated species. Therefore it seemed interesting to 
olone from cholesterol, feature the importance of a C-22 synthesize 22-substituted derivatives of cholesterol in 
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Table I 
7 Change, % 
TNonsaponfiable lipids- c--Cholesterol---- 

Concn of 5, M Acetate Mevalonate Acetate Mevalonate 

1 x 10-4 -3  + 19 - 99 - 95 
1 x 10-6 +4 + 10 - 77 - 66 
1 x 10-8 $7 +2  - 20 - 10 

order to study their activity on the biogenesis of cholester- 
ol. 

As starting material we used the known 22-ketocholest- 
erol (1) prepared according to a published procedure4 
from methyl 3~-acetoxy-23,24-bisnorchol-5-enate. The 
benzoate of 1 was reduced with sodium borohydride and 
the mixture of the two isomeric alcohols 5 (22R) and 7 
(22s) was separated5 by fractional crystallizations and 
transformed into their tosylates. The 22s-tosylate 8 was 
displaced with sodium azide in hexamethylphosphoric tri- 
amide a t  room temperature, giving a quantitative yield of 
the azide 12 (22R) with inversion of configuration. Under 
these conditions, no elimination products could be ob- 
served. However, when the 22R-tosylate 6 was treated in 
identical fashion, the 22s-azide 9a (85%), together with a 
small amount of elimination product 9b697 (15%), was ob- 
tained. The reduction of these azides 9a and 12 with lithi- 
um aluminum hydride in ether under reflux yielded the 
desired 22s-( 10) and 22R-amines (13). 

It has already been pointed out by Barton, et ~ l . , ~  that 
the C-22 oxygenated sterols of the 22s configurations are 
more levorotatory than their analogs of the 22R configura- 
tion. We have observed similar properties for 22R- and 
22s-sterols bearing a nitrogen substitution a t  (2-22. Hav- 
ing established the absolute configuration of the 22-ami- 
nocholesterols, we were interested in the determination of 
the stereoselectivity of the reduction of 22-ketocholesterol 
(1) and of 22-ketocholesterol oxime (3) by lithium in eth- 
ylamine. At this point it should be reiterated that a num- 
ber of authorsg-l1 have claimed that the 22-oxo group of 
22-oxocholesterol is particularly hindered and unable to 

R1 RZ 
9a COCGHS N3 
10 H "2 

11 H NHAc 
15 H NHCOC6Hj 

react with the common carbonyl reagents. We have now 
obtained the crystalline oxime 3 and the hydrazone 4 of 
22-oxocholesterol (1). The reduction of the oxime 3 with 
lithium-ethylamine led to a mixture of the epimeric 
amines 22R (13) and 22s (10) in a ratio of 3:2, respective- 
ly. The stereospecific synthesis described above allows the 
unambiguous assignment of configuration to the reduction 
products of the oxime. The alcohol amines 10 and 13 were 
selectively benzoylated at  the amino function to give the 
amides 15 and 16, respectively. The nmr spectra of the 
(22R)- and (22S)-N-benzoates reveal a difference in their 
21-methyl resonance. The doublet assigned to the 21- 
methyl, which is only partially visible, is shifted down- 
field for the (22s)-benzamide to 63 Hz, while the 22R 
product gives a value of 59 Hz. The reduction of 22-keto- 
cholesterol (1) with lithium in ethylamine gives a mixture 
of epimeric alcohols 22R and 22s in a ratio of 3:212 (sepa- 
rable on silver nitrate treated silica thin layer plates). 

The mass spectra of C-22 nitrogen-substituted com- 
pounds were studied. It is that the basic nitrogen 
of amines readily retains the positive charge and induces 
fragmentation of the C-C bond at  the a position to the ni- 
trogen. Thus a base peak of mle 100 is obtained from the 
spectra of the 22-aminocholesterols. However, the hydra- 
zone 4 does not fragment in this fashion, but undergoes 
two McLafferty rearrangements. The first rearrangement 
leads to the ion mle  358, which undergoes a second rear- 
rangement to give the base peak of mle 86. The same 
holds for the oxime 3, exhibiting the analog peaks of mle 
359 and 87, respectively. 

Assays14 for inhibition of cholesterogenesis reveal the 
oxime 3l5 to be an active inhibitor a t  1 x but not at  
1 x M.  The data (Table I) show that the site of inhi- 
bition was at  a late stage in the biosynthetic pathway, 
i , e . ,  after the formation of squalene. 

Experimental Section 
Melting points are uncorrected. The rotations were measured in 

chloroform solution (c -1). The nmr spectra were obtained in 

BzO # 9b RIO & Ri RZ 

12 COCGHj N3 
13 H "2 

14 H NHAc 
15 H NHCOCGH5 
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deuteriochloroform solution with tetramethylsilane as the internal 
standard on a 60-MHz Varian A-60 spectrometer. The chemical 
shifts are expressed in parts per million. The mass spectra were 
obtained on an Associated Electronics Industry AEI MS 9 spec- 
trometer, The microanalyses were performed by Schwarzkopf Mi- 
croanalytical Laboratory, Woodside, N. Y.  

22-Oxocholesterol Oxime (3). To a solution of 1.411 g of 22- 
ketocholesterol (1)  in 10 ml of pyridine was added 2 g of hydroxyl- 
amine hydrochloride, and the solution was heated to 90" for 36 hr. 
After cooling, the oxime was extracted with methylene chloride, 
which gave 1.420 g of crude product. After tlc and crystallization 
from ethanol there was obtained 609 mg of oxime: mp 178"; [ a I z 2 ~  
-73"; nmr 6 0.72 (18-CH3), 1.01 (19-CH3), 1.11 (doublet, J = 7 Hz, 
21-CH3); mass spectrum m / e  (re1 intensity) M 415 (48), M - 17 
(53), M - C3H7 372 (56), M - C4Hs 359 (22), M - C4Hs - 15 
334 (33), C ~ H Q O N  87 (100). 

Anal. Calcd for C27H45N02: C, 78.02; H, 10.91; N, 3.37. Found: 
C, 78.30; H, 10.88; N, 3.45. 

(22R)-22-Azidocholesterol Benzoate (12). To the solution of 
200 mg of (22S)-22-hydroxycholesterol 3-benzoate (7) in 3 ml of 
pyridine was added 100 mg of toluenesulfonyl chloride and the so- 
lution was kept a t  23" for 4 days. After addition of water the tos- 
ylate 8 was extracted with methylene chloride and worked up as 
usual.ls The 250 mg of crude product was dried in a desiccator 
over phosphorus pentoxide and then added to the solution of 1 g 
of sodium azide in 30 ml of freshly distilled hexamethylphosphor- 
ic triamide. After the mixture was stirred for 3 hr a t  room tem- 
perature, water was added and the azide was extracted with ben- 
zene. The benzene layer was dried and evaporated in uacuo. The 
crude residue of 195 mg gave mp 174". An analytical sample was 
obtained after two recrystallizations from acetone which gave 95 
mg: mp 179"; [ a I z 3 ~  +6'; ir 2084 cm-I (N3); mass spectrum m / e  
(re1 intensity) M - C & ,  COOH 409 (loo), M - C5Hll 460 (4), 
M - CGHii - N2 432 (14), M - CsH5COOH - CaHizN3 283 
(ll), CsHizN 98 (81). 

Anal. Calcd for C34H4~02N3: N, 7.90. Found: N, 7.64. 
(22R)-22-Aminocholesterol (13). To the solution of 86 mg of 

azide 12 in 6 ml of ether was added 60 mg of lithium aluminum 
hydride and the mixture was heated under reflux for 2 hr. After 
usualie work-up there was obtained 71 mg of crude amine, which 
was recrystallized from ether-hexane. A sample gave a single spot 
on a silica tlc developed with ethanol. The pure material had mp 
140", [aIz2~ -37", mass spectrum M 401 (trace), m / e  100. 

Anal. Calcd for Cz~H470N: C, 80.73; H, 11.80; N, 3.49. Found: 
C, 80.43; H, 11.80; N,  3.27. 
(22S)-22-Azidocholesterol Benzoate (9a). This compound was 

prepared under similar conditions as described for the prepara- 
tion of its epimer 12. From 144 mg of alcohol 5 there was obtained 
107 mg of crude azide, which upon purification gave 62 mg of pure 
22s-azide 9a and 11 mg of olefin 9b, originating from the elimina- 
tion of the 22R-tosylate 6. The azide 9d, recrystallized from ace- 
tone-methanol, gave material which appeared uniform on tlc, 
and had mp 166"; [ a ] ~  -19"; ir 2084 cm-l (N3); mass spectrum 
similar to that of its 22R epimer 12. 

Anal. Calcd for C34H4~02N3: N, 7.90. Found: N, 7.64. 
The olefin 9b, which was not further characterized, showed in 

its nmr spectrum three olefinic protons between 5.20 and 5.65 
ppm (H-6, H-22, and H-23); mass spectrum m / e  (re1 intensity) M 

(22S)-22-Aminocholesterol (10). This compound was produced 
as described for 13. The 22s-amine 10 was recrystallized from pe- 
troleum ether (bp 30-6V), mp 144", [ a ] ~  -45". On silica thin 
layer plates (methanol) the 22s-amine 10 is less polar than the 
22R-amine 13. The mass spectrum of 10 is very similar to that of 
13 while their nmr spectra are identical. 

- C~HJCOOH 366 (1001, M - CsHaCOOH - C B H ~ S  255 (21). 

Anal. Calcd for Cz~H470N: N, 3.49. Found: N, 3.31. 
(22S)-22-Benzoylaminocholesterol (15). To the solution of 50 

mg of the amine 10 in 2 ml of benzene and 2 ml of methylene 
chloride was added 15 ml of a 5% aqueous NazC03 solution. 
While stirring, 0.3 ml of benzoyl chloride was added, and the 
mixture was stirred magnetically for 1 hr. The methylene chloride 
extract gave 60 mg of amide 15, which when recrystallized from 
benzene gave a single spot on tlc: mp 202"; [ a ] ~  -45"; nmr 6 0.72 
(18-CH3), 1.0 (19-CH3), 1.05 (doublet. oartiallv visible. 21-CHs): 

(22R)-22-Benzoylaminocholes~erol (16). 'This was prepared in 
the same fashion as 15. The amine 13 (50 mg) gave the amide 16 
(55 mg), which was recrystallized from benzene-ethyl acetate and 
appeared pure on tlc: mp 215"; [ a ] ~  -25"; nmr 6 0.70 (18-CH3), 
1.0 (19-C&), 0.97 (partially visible doublet, 21-CH3); the mass 

spectrum very closely resembles the spectrum of cholesterol 15. 
(22S)-22-Acetylaminocholesterol (11). To the saturated 

methanolic solution of 70 mg of the amino alcohol 10 a few drops 
of acetic anhydride (slight excess) was added. The product was 
crystallized from methanol to give 52 mg of amide, single spot on 
t k :  mp 256"; [ a ] ~  -48"; nmr 6 0.70 (18-CH3), 1.02 (19-CH3), 0.95 
(partially visible doublet, 21-CH3); mass spectrum m / e  (re1 in- 
tensity) M 443 (0.5), M - CsHll 372 (0.5), CH~CONHC~HIZ 142 
(loo), 142 - 42 = 100 (36). 
(22R)-22-Acetylaminocholesterol (14). This compound was 

prepared as described for 11. The amide crystallized from metha- 
nol: mp 215"; [ a ] ~  -31"; nmr 6 0.68 (18-CH3), 1.02 (Ig-CHa), 0.92 
(partially visible doublet, 21-CH3); mass spectrum very similar to 
that of its epimer 11. 

(22R)- and (22S)-22-aminocholesterol (10 and 13). To the so- 
lution of 315 mg of 22-ketocholesterol oxime (3) in 20 ml of ethyl- 
amine, 200 mg of lithium was added in small portions at  a rate 
which maintained the blue color. The excess lithium was de- 
stroyed with a few drops of methanol after 2 hr. The thus formed 
amines were extracted with methylene chloride and the organic 
phase was washed with water and saline and finally evaporated 
to dryness in uacuo. The residue gave 306 mg of crude amines 
which could be separated by tlc into 108 mg of 22R-amine 13 and 
75 mg of 22s-amine 10, both identical with the amines obtained 
by stereospecific synthesis described above: 10, mp 144", [ a ] ~  

22-Ketocholesterol Hydrazone (4). The solution of 360 mg of 
ketone 2 and 1 ml of hydrazine hydrate in 3 ml of absolute etha- 
nol was heated under reflux for 48 hr. The extraction with methy- 
lene chloride gave 370 mg of crude hydrazone, which contained a 
trace of starting material. The mixture was purified by thin layer 
chromatography, which gave 209 mg of hydrazone as a uniform 
band. Recrystallization from hexane gave 135 mg of 4: mp 146"; 
[ a ] ~  -68"; nmr 6 0.72 (18-CH3), 1.01 (19-CH3), 1.14 (doublet, 
partially visible, 21-CH3); mass spectrum m / e  (re1 intensity) M 

-45"; 13, mp 142"+ [a]D -37". 

414 (6), M - 15 399 (6), M - C3H7 371 (lo), M - C4Hs 358 (15), 
M - C4Hs - 15 343 ( l l ) ,  C4H10Nz 86 (100). 
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The steam distillate of the leaves and stems of sand sage [Artemisia filifolia (Torrey)] contains two new 
monoterpene lactones, filifolide A and filifolide B. These have been characterized as l(R),5(§)-(-)-5-hydroxy- 
2,2,4-trimethylcyclohex-3-ene-l-carboxylic acid y-lactone (8) and l(R),3(8)-( +)-3-hydroxy-2,2,4-trimethylcyclo- 
hex-4-ene-1-carboxylic acid y-lactone (9) .  Other major constituents of the distillate are the cyclobutanone ( - ) -  
filifolone, (-)-camphor, 1,8-cineole, and isophorone. Minor constituents are piperitenone, borneol, (-)-verbe- 
none, and 3,3,5-trimethylcyclohex-2-ene-1,4-dione (13). The chloroform extract of the plant contains the mono- 
terpene l(R)-( +)-5-keto-2,2,4-trimethylcyclohex-3-ene-l-carboxylic acid (14), the flavone acacetin, and the 
,sesquiterpene lactone colartin. In addition to the synthesis of lactones 8 and 9, another new monoterpene lac- 
tone was prepared, 2-hydroxy-oc,cu,3-trimethylcyclopent-3-ene-l~acetic acid y-lactone (2) .  

Sand sage [Artemisia filifolia (Torrey)] has been used 
by Hopi Indians and early white settlers as a medicinal 
plant.lb It grows at elevations ranging from 4000 to 6000 f t  
in the state,of Arizona. The strong “cough medicine” fra- 
grance of the plant, particularly after a rainfall, prompted 
us to investigate the steam distillate of the plant. 

Preliminary studies2 showed a relatively high (1% wet 
weight) percentage of steam volatile oil. The major con- 
stituents were separated by gas-liquid chromatography 
and identified as (-)-camphor, 1,8-cineole, and isophor- 
one. The structure of the fourth constituent was subse- 
quently shown3 to be the cyclobutanone (-)-filifolone. 

(-)-camphor 1,g-cineole 

isop horone ( -)-filifolone 

A fifth fraction appeared to be a 1:l mixture of two 
monoterpene lactones (filifolide A and filifolide B), both 
having the molecular formula C10H1402. Catalytic hydro- 
genation of the lactone mixture gives a neutral and an 
acid fraction, indicating an allylic lactone ~ y s t e m . ~  Struc- 
tures 1 and 2 were originally proposed for the two lactones 
on the assumption that these could have arisen by a sim- 

filifolone 
0 

Scheme I 
The Synthesis of Lactone 2 

DBNe PhMe 1 a-fencholenic acid 
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“DBN = 1,5-diazabicyclo[4.3.O]non-5-ene. 

ple Baeyer-Villiger oxidation of filifolone. The present re- 
port is chiefly concerned with the structures of filifolides 
A and B . 

Results 
Lactones. Compound 1 (carvenolide) has been reported 

by Wallach more than 70 years Its structure was re- 
cently confirmed6 and its nmr spectrum6 was shown to be 
different from those of filifolides A and B. Compound 2 
had not been previously reported; so its synthesis was car- 
ried out, as shown in Scheme I. The spectral data for lac- 
tone 2 did not coincide with either filifolide A or B from 
A.  filifolia; hence neither structure 1 or 2 was tenable. 

A careful reexamination of the hydrogenation reaction 
gave us the first clue to the structures of filifolides A and 
B. Surprisingly, both lactones underwent hydrogenolysis 
to  yield two unsaturated carboxylic acids, both CIOHI~OZ, 
which on further hydrogenation gave the single acid, 
C10H1802. Their respective structures were deduced from 
nmr spectra reported7 for 3 and 4 and from the hydroge- 
nation product 5.  
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