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SYNTHESIS OF 2a,3a-DIHYDROXY- A*"-6-KETOSTEROIDS,
STRUCTURAL ANALOGS OF DIAULUSTEROLS A AND B

N. V. Kovganko and S. N. Sokolov UDC 547.92

We studied various methods for synthesiziag&i-dihydroxyA4’7-6-ketosteroids, which are structural
analogs of the ecdysteroids diaulusterols A and B.
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Diaulusterols A1a) and B (Lb) were isolated from skin extracts of the nudibrach molRiskilula sandiegensifl].

These compounds have the ecdysteroid chemical structure [2], which suggests that they may contain biologically active
hormones for molting and metamorphosis of insects and crustaceans. Therefore, one reBs@ankdagensisontains
diaulusterols A and B is to protect it against predators, primarily crustaceans. Ingestion of these substances todether with t
food can cause various hormonal disturbances.

Our goal was to develop convenient methods for synthesizing ecdysteroids containing a full set of functional groups
typical of diaulusterols A and B in the cyclic part. For examptewhich can be synthesized from cholest&,ois one
compound with such a structure. We planned to use the experience gained previously during partial synthesis of ecdysteroids
and related compounds. In particular, we have found [3-5] that derivatives3of-@ihydroxyA%-6-ketosteroids are prepared
by cis-hydroxylation of 2,4-dien-6-ketosteriods by iodine and silver acetate in aqueous acetic acid by the Woodward reaction.
We hypothesized that the necessaxy%a-dihydroxy-A4'7-6-ketosteroids could be prepared analogously from the corresponding
2,4, 7-trien-6-ketosteroids. CholestePalvas converted through th@-8hloro-5a-hydroxy-7a-bromo-6-ketosteroi@ into 5a-
hydroxy-A2'7-dien-6-ketone4, according to the previously developed method [6]. We studied the conditions for
dehydratingd.
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la:R = OCOCHCH(OH)CH;
1b:R=0OH
1c:R=H
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TABLE 1. Chemical Shifts of C Atom, ppm) in** C NMR Spectra @14

Atom 4 5 6 7 8 9 10 11 12 14
c-1 344 343 382 433 360 378 435 357 358 35.9
c-2 1249 1242 127.0 295  133.3 67.4  67.6 67.6
c-3 1222 1217 1234 750 540 1231 746 642  64.8 64.8
C-4 30.7 302 1319 130.1 1340 131.8 129.3 1269 1235 123.7
cs5 742 753 1392 1497 1440 1388 1450 148.2 151.2 147.7
c6 198.1 197.6 1856 189.5 1954 193.6 197.7 196.4  202.8 187.6
c-7 120.3 1251 1297 1277 588 635 645 645  46.3 124.3
c-8 165.9 160.6 160.1 156.0 37.7  37.4 393 383  34.2 166.6
c9 433 393 440 457 436 423 409 424 512 47.8
C-10 400 401 359 421 386 427 420 416 40.5
c-11 220 208 209 214 204 211 218 209 214 21.8
C-12 390 300 304 388 385 388 387 386  39.2 38.6
C-13 447 479 476 469 423 423 434 431 426 44.5
C-14 558 963 958 1458 522 502 509 504 565 56.2
C-15 225 245 252 1224 228 232 238 229 238 22.6
C-16 277 266 272 238 278 279 280 279 297 27.6
C-17 562 507 514 589 557 559 559 559  56.0 56.0
C-18 124 156 167 228 123 119 122 120 119 12.5
C-19 16.0 166 194 173 200 189 228 195  19.2 20.7
C-20 3.0 355 358 339 359 357 357 357 357 35.9
c-21 188 189 192 188 186 186 186 187 187 18.8
c-22 3.0 361 365 359 360 361 360 361 361 35.9
c-23 239 240 241 238 238 238 238 238 239 23.8
C-24 395 394 397 394 395 395 395 395 395 39.4
C-25 280 280 292 280 280 280 280 280 280 28.0
C-26 225 225 227 225 225 226 226 226 226 22.6
c-27 228 228 230 227 228 228 228 228 228 22.8
CH,CO 20.9 210 209  20.9 20.9 21.0
CH,CO 169.7 169.9 170.2 170.1  170.0170.1
Solvent ~CDC} CDC] GOQON CDC] CDC] CDC] CDCl CDCl CDC cocl

Several attempts to eliminate the-Bydroxyl in this compound using thionylchloride in pyridine did not give the
expected result. A complex mixture of unstable compounds was formed, from which the desired 2,4,7-trien-6-ketosteroid was
difficult to isolate. Dehydration of 5-hydroxyascholesta-2,7-dien-6-one using basic aluminum hydroxide in toluene with
heating gave much better results. Depending on the reaction conditions, 5-hydrexydidperoxy-s-cholesta-2,7-dien-6-
one5 and 14-hydroperoxycholesta-2,4,7-trien-6-06én yields of 20 and 30%, respectively, together with unreacted starting
material were isolated.

The structures & and6 were established using spectral data. Thus! the H NMR spect&im déuteropyridine
exhibits a 2H multiplet for vinyl protons H-2 and H-3%%5.78 ppm and a doublet for vinyl proton H-7&.31 ppm. The
splitting of H-7 and the appearance at weak fi@l8.§5 ppm) of a signal for the methine proton édi@dicate that the molecule
contains an electronegative substituent in thee-gdsition.

Table 1 containg® C NMR spectra fothat confirm its structure as ad-hydroperoxide. The signal for C-14 is
observed at weak field©6.3 ppm). Such a chemical shift for C-14, as shown by us earlier [7,8], is characteristic namely of
14a-peroxides of\’-6-ketosteroids. The appearance of the signal for C55aird 75.3 ppm is consistent with the presence
of a 5a-hydroxyl.

Thel H NMR spectrum d contains signals for vinyl protons H-2, H-3, and H-7 in addition to a broad doublet for the
vinyl proton H-4 § 7.20 ppm). The structure of this compound as a 2,4,7-trien-6-ketone is confirmedby the C NMR spectrum
that contains signals for C-2, C-3, C-4, C-5, C-7, and C-8 with chemical shifts typical of vinyl C atoms. The chemital shift o
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C-14 © 95.8 ppm) also confirms the presence of a-gdroperoxyl in this steroid.

It should be noted that the formation ofdHydroperoxides in reactions ff-6-ketosteroids has been observed before
[7, 9]. Reduction of these compounds produces rather easitydroxyA’-6-ketosteroids, which are widely used in the
synthesis of ecdysteroids [10]. However, in our instance the presence ofotidtdperoxyl in6 should surely create
additional difficulties in the following synthetic step. We determined that the principal product of Woaisslaydroxylation
of 2,4,7-trien-6-0né is 2B-iodo-3a-acetoxyA* *46-ketosteroid?, which was isolated by chromatography in 36% yield. The
structure was determined by analyzing spectra. Thu$, the H NMR spectiicontéins signals for vinyl protons H-& (

6.31 ppm), H-7& 6.24 ppm), and H-1%(5.99 ppm). Its structure as a 4,7,14-trien-6-one was also confirmedjﬁy the C NMR
spectrum, in which the signals for C-4, C-5, C-7, C-8, C-14, and C-15 have chemical shifts typical of vinyl C atols. The H
NMR spectrum of this compound also contains signals for methine protods0& and 5.62 ppm that are geminal to the iodine

and acetoxyl, respectively.

The nature of the splitting of these signals enables us to conclude that the iodine and acetoaykia quasi-
equatorial orietation. Application of double resonance proved that these functional groups are bonded to C-2 and C-3,
respectively. Thus, the doublet of doublet® & 62 ppm for the proton geminal to the acetoxyl changes to a doublet with
splitting constant J = 9.5 Hz upon sattion of H-4. This does not change the signal for the proton geminal to the iodine.
Saturation of the signal at5.62 ppm for the proton geminal to the acetoxyl changes the sighdl@ ppm into a doublet;
the signal for H-4, a broad singlet. The complex multipl&@ 261 ppm simplifies to a doublet of doublets upon irradiation
of H-4. For this reason, this signal should be assigned to the resonance of the methine pmoton H-9

Ring A can exist in two different half-chair conformations owing to the presence df-tind in7 [11]. Therefore,
the stereochemistry of the substituents cannot be established only from theimetioforderived from thé H NMR data. Final
proof of the structure daf required the use of the nuclear Overhauser effect. Thus, the strengths of the signals in the difference
spectrum for protons H-1, H-3, H-4, and -Bcrease upon saturation of the signal for H-@ 4t09. This is possible only
if H-2 has thea-orientation. Also, an Overhauser effect between H-2 and the 19-methyl should exist if H-2 Ras the
orientation. However, the difference spectrum clearly shows that such an effect is ladgking in

It should be noted thétansiodoacetoxy derivatives liké are known as intermediates in the synthesgsafiiols via
the Woodward reaction. Apparenflycan be converted into the necessaryd2-diol. However, this is very difficult owing
to its instability.

We used B&-hydroxy-6-ketosteroid3 in further attempts to synthesizea,Za—dihydroxyA4'7—6—ketosteroids.
Dehydration oB by thionyichloride in pyridine producéf-6-ketosteroid in ~60% vield. The structure 8fwas proved based
on spectral data. In particular, the HNMR spectrum of this compound contains signals for the methine peotons H-3
(0 4.62 ppm) and H{7(d 4.35 ppm) geminal to the halogens and a signal for the vinyl protord8-27 ppm). Thé® C NMR
spectrum, which has signals for C-4 and C-5 with chemical shitd8%4.0 and 144.0 ppm, respectively, is consistent with the
presence of a 4-double bond in this compound.

AcO,. AcO,,

AcO" AcO"
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In the next step,(Y—bromoAZ"‘—G—ketosteroicQ was isolated in >20% yield upon elimination of the more available and
reactive allyl Cl by reaction with bi CO and LiBr in DMF with heating. Better results weeenaal upon dehydrochlorination
of 8 by heating in 2,6-lutidine. This gave the 2,4-dien-9®ie>40% yield. Thé H NMR spectrum &has a doublet &t
4.21 ppm for the methine proton H-geminal to the Br. The presence of a 2H multiplet for H-2 and 3631( ppm) and
a 1H multiplet for H-4§ 6.89 ppm) proves th&contains the 2,4-dien-6-one group. The significant shift to weak field of the
latter signal compared with its position in the spectrum of the stalkfiigketone8 is interesting. Such a shift is surely caused
by the presence of the highly conjugated 2,4-dien-6-one grdip Time analogous conclusion can be drawn frontthe C NMR
spectrum, which typically has signals for C-2 to C-5 at weak field »&apn-140 ppm.

It was found that the principal products of Woodwtisehydroxylation ofd and subsequent acetylation afei@do-3a-
acetoxyA*-6-ketosteroid 0 and 2r,3a-diacetoxyA*6-ketosteroid.1, which were isolated in yields of 18 and 42%, respectively.
ThelH NMR spectra of both compounds contain signals for methine prot@atB2.14 and 4.21 ppm, respectively. This
indicates that the Br is retained in them. The analogous conclusion follows frofn the C NMR speértnadifl in which
the signals for C-7 appear at64.5 ppm. The structure @D as a B-iodo-3a-acetoxyA?-6-ketone was determined by
comparing itd H NMR spectrum with thatdf Good correspondence of the chemical shifts and multiplicity of the signals for
methine protons H-& and H-3, which are geminal to the iodine and acetoxyl, respectively, is observed.

ThelHand® C NMR spectra indicate thatcontains a\*bond and two acetoxyls on C-2 and C-3. The multiplicity
in thel H NMR spectrum of the protons geminal to them enable us to conclude that one acetoxyl is quasi-axial whereas the other
is quasi-equatorial. Of the two possible-orientations of the acetoxyls (i.eq,3a or 26,30) in 11, the former was chosen
based on thé H NMR data. The appearance of the signal for H-4 as a dobiiet7Zappm with J = 5.5 Hz is characteristic
for 2a,3a-dihydroxyA*-6-ketosteroids [3-5]. Also, this signal in proton spectra®B@ diacetoxyA-6-ketosteroids is usually
observed ad 5.88 ppm as a doublet of doublets with J =3.0gnd J = 1.1 Hz [4].

The 7-double bond was introduced in the next step by reatiivgth Li,CO5 and LiBr in DMF with hating.
Unfortunately, the main product turned out toAfe6-ketonel2, which is formed by reduction and not elimination. The
structure ofLl2 was easily determined. Its spectral properties are identical to a previously obtained compound [4], the structure
of which was positively established by an x-ray structural analysis [12].

It should be noted that the products of reduction upon dehydrobrominatierbobiho-6-ketosteroids were also
formed previously [13]. Apparently this process becomes dominant because of the presence of the A@ditiodah11.

AcO,, AcO,,

AcO" AcO"

O
13 14 15

We also studied dehydration afr Ba-diacetoxy-Br-hydroxy/A’-6-ketosteroidl3, which has been isolated previously
[6], in the final stage of the investton in order to synthesizex?.%a-dihydroxyA4'7-6—ketosteroids. Reaction 8B with
thionylchloride in pyridine produceist in >70% yield. A minor product of this reaction (8% vyield) isrdgeroxidel5. The
spectra ofL4 agree with those in the literature [1] for analogous derivativee,GdeihydroxyA4'7-6—ketosteroids. This proves
its structure. The main properties of the H NMR spectruttbatgree fully with those of the tdperoxide of theA’-6-
ketosteroid described previously by us [7].

EXPERIMENTAL

Melting points were determined on a Kofler block. IR spectra were recorded or2@ ldRrument in the range 700-
3600 cntt . UV spectra of ethanol solutions were taken on a Specord M-400 instrdment.®*H and C NMR specti@veste ob
on a Bruker AC-200 NMR spectrometer at working frequencies 200 and 50.32 MHz, respectively. Chemical shifts are given
relative to TMS internal standard.

Dehydration of 5-Hydroxy-5a-cholesta-2,7-dien-6-one (4). AA solution of4 (0.30 g, obtained from cholesterol
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2 by the literature methd®]) in toluene (30 mL) was treated with basic aluminum oxide (0.60 g). The reaction mixture was
stirred and boiled for 1.5 h. The aluminum oxide was filtered off. ithaté was evaporated in vacuum. The solid was treated
with cyclohexane (15 mL). The precipitate was filtered off. Yiel® 6f015 g (5%), mp 175-176 C (hexane), 1812182 C
(acetone).
IR spectrum (KBry, cmi'): 3440, 3220 (OH), 1660 £0), 1635, 1615, 1560 L), 865 (O—0). UV spectrum
(Amaxe NM): 271 € 9700), 335€ 9600).
H NMR spectrum (€ B N, ppm, J/Hz): 0.80 (3H, s, 18-Me), 0.88 (6H, d, J = 6.5, 26-Me, 27-Me), 0.97 (3H, d,
J =6, 21-Me), 0.99 (3H, s, 19-Me), 2.77 (1H, qt, J =2,J = 1QHDV97 (1H, m,J =95, =55J =3, J =1, H-2),
6.10 (1H, ddd,y =9.5,J =5.5J =3, H-3),6.55(1H,d, J =2, H-7), 7.20 (1H,4br.d, J 5.5, =1, H-4).
Then, the filtrate was evaporated in vacuum. The solid was chromatographed over a silica-gel column with elution
by a cyclohexane:ethylacetate mixture of increasing polarity (from 10:1 to 6:1).
Fraction 1: 0.080 g (27%) of amorphous stardng
IR spectrum (filmy, cm'l): 1680 (€0), 1630 (&C). UV spectrumX,,,, nm): 249 £ 10,000).
'H NMR spectrum (§ B N&, ppm, J/Hz): 0.59 (3H, s, 18-Me), 0.90 (6H, d, J = 6.5, 26-Me, 27-Me), 0.99 (3H, d,
J =6, 21-Me), 1.00 (3H, s, 19-Me), 3.00 (1H, br.gt, J =25, = 1@)HB0 (2H, m, W/2 = 5.5, H-2, H-3), 5.97 (1H, t,
J=2.5, H-7), 7.37 (1H, so50H).
Fraction 2: 0.045 g (14%) of amorphdus
IR spectrum (filmy, cm'l): 1685 (€0), 1665, 1640 (€C). UV spectrumX,,, Nm): 245 € 5800).
H NMR spectrum (€ B N, ppm, J/Hz): 0.80 (3H, s, 18-Me), 0.87 (6H, d, J = 6.5, 26-Me, 27-Me), 0.96 (3H, d,
=6, 21-Me), 1.03 (3H, s, 19-Me), 3.65 (1H, ¢t, J =,3,J =9.9)H-8.78 (2H, m, W/2 =5.5, H-2, H-3), 6.31 (1H, d,
3, H-7).
B. A solution of 4 (0.26 g) in toluene (30 mL) was treated with diphenylamine (0.1 g) and basic aluminum oxide
(0.6 g). Air was bubbled through the reaction mixture for 1 h with constant boiling and stirring. The aluminum oxide was
filtered off. The fitrate was evaporated in vacuum. The solid was dissolved in hexane. Crystals that formed after 96 h were
filtered off. Yield of6 0.072 g (27%).
Woodward cis-Hydroxylation of 6. A solution of6 (0.15 g) in a heated (20 C) mixture of acetic acid (30 mL) and
THF (15 mL) was stirred and treatedcsessively with water (0.2 mL), silver acetate (0.18 g), and iodine (0.16 g). The
precipitate that formed after 50 min af40 C was filtered off. The filtrate was evaporated in vacuum to one fourth the volume.
The solid was dissolved in CHCI (30 mL), washed successively with water (10 mL), saturatedfNaHCO solution (10 mL), and
water (15 mL), and dried over anhydrous MgSO . The desiccant was removed. The solvent was evaporated in vacuum. The
solid was chromatographed over a silica-gel column with elution by hexane:ethylacetate mixtures of increasing polarity (from
50:1 to 40:1). Yield o¥ 0.073 g (36%), mp 123 C (dec.) (hexane).
IR spectrum (KBry, cm*): 1760, 225 (AcO), 1670 (€0), 1640, 1620, 1590 (). UV spectrumX,,,, Nm): 260
(€ 6600), 313¢ 15,700).
IH NMR spectrum (CDGJ §, ppm, J/Hz): 0.88 (6H, d, J = 6.5, 26-Me, 27-Me), 0.92 (3H, s, 18-Me), 0.95 (3H, d,
J=6,21-Me), 1.12 (3H, s, 19-Me), 2.13 (3H, s, AcO), 2.51 (1H, m, W/2 = 22) Y5 (1H, dd,J =15, =3.5, I§1
4.09 (1H,ddd,yJ =14, =9.5J =35,d9;5.62 (1H,dd, § =9.5,,J =1.5, $35.99 (1H, m, W/2 = 7, H-15), 6.13 (1H,
d,J=1.5, H-4),6.24 (1H, d, J = 2.5, H-7).
3pB-Chloro-7a-bromocholest-4-en-6-one (8). A solution of3 (1.90 g) in pyridine (20 mL) was treated with
thionylchloride (0.66 mL). The reaction mixture was diluted after 30 min with water (150 mL) and extracted with CHCI
(340 mL). The CHG extract was successively washed with water (50 mL), HCI (150 mL, 2 N), and water (50 mL), and dried
over MgSQ . The desiccant was removed. The solvent was evaporated in vacuum. The solid was chromatographed over &
silica-gel column with elution by hexane:dichloroethane mixtures of increasing polarity (from 50:1 to 10:1). 8igld7f
g (58%), mp 108-1r1 C (hexane).
IR spectrum (filmy, cmi*): 1710 (€0), 1640 (&C). UV spectrumX,,,,, nm): 252 ¢ 4000).
'H NMR spectrum (CDGl §, ppm, J/Hz): 0.72 (3H, s, 18-Me), 0.87 (6H, d, J = 6.5, 26-Me, 27-Me), 0.92 (3H, d,
J =6, 21-Me), 1.04 (3H, s, 19-Me), 4.35 (1H, d, J = 2.5014.62 (1H, ddd,J =10,J =6;J = 2.5, #:36.27 (1H, m,
W/2 =5, H-4).
7a-Bromocholesta-2,4-dien-6-one (9). AA solution of8 (0.2 g) in DMF (20 mL) was treated with.Li GO (0.3 g)
and LiBr (0.077 g). The reaction mixture was heated t8 135 C and stirred for 1 h. Thiégteesias filtered off after cooling
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the mixture to room temperature. The filtrate was diluted with water (50 mL) and extracted with benzene (2x40 mL). The
benzene extract was washed with water (2x20 mL) and dried over MgSO . The desiccant was removed. The solvent was
evaporated in vacuum. The solid was chromatographed over a silica-gel column with elution by cyclohexane:dichloroethane
(10:1). Yield 0f9 0.041 g (22%).

IR spectrum (filmy, cm'l): 1685 (€0), 1635, 1560 (€C). UV spectrumX,,, Nm): 236 £ 8500), 320 £ 5600).

1H NMR spectrum (CDGI &, ppm): 0.71 (3H, s, 18-Me), 0.87 (6H, d, J = 6.5, 26-Me, 27-Me), 0.93 (3H, d, J = 6, 21-
Me), 0.99 (3H, s, 19-Me), 4.21 (1H, d, J = 3, By®.11 (2H, m, W/2 = 7, H-2, H-3), 6.89 (1H, m, W/2 = 8, H-4).

B. A solution of8 (0.77 g) in 2,6-lutidine (10 mL) was boiled for 1 h 45 min, cooled to room temperature, and diluted
with water (50 mL). The reaction product was extracted with benzene (3x30 mL). The benzene extract was washed successively
with HCI (50 mL, 2 N) and water (50 mL) and dried over MgSO . The desiccant was removed. The solvent was evaporated
in vacuum. The solid was charomatographed over a silica-gel column with elution by hexane:dichloroethane (9:1). Yield of
90.30 g (42%).

Woodward cis-Hydroxylation of 7 a-Bromocholesta-2,4-dien-6-one (9)A heated (4D C) solution 8f(0.36 g) in
acetic acid (60 mL), THF (20 mL), and water (1 mL) was stirred and treated with silver acetate (0.39 g) and then iodine
(0.40 g). The reaction mixture was stirred for 2 h 40 min at 40 C. The precipitate was filtered off. The filtrate watedvapora
in vacuum. The solid was dissolved in CHCI (50 mL). The GHCI solution was wastwssively with water (20 mL),
saturated NaHCQ solution (2x20 mL), sodium thiosulfate solution (5%, 10 mL), and water (20 mL) and dried ovgr MgSO .
The desiccant was removed. The solvent was removed in vacuum. The solid was dissolved in a mixture of pyridine (2 mL) and
acetic anhydride (2 mL). The reaction mixture was kept at room temperature for 19 h. The solvent was removed by azeotropic
distillation with toluene. The solid was chromatographed over a silica-gel column with elution by cyclohexane:ethylacetate
mixtures of increasing polarity (from 40:1 to 10:1).

Fraction 1: Yield 0fL00.09 g (18%), mp 140-142 C (hexane).

IR spectrum (filmy, cmi*): 1755, 1235 (AcO), 1720 40), 1650 (&C). UV spectrumX,,,,, nm): 238 £ 6100).

'H NMR spectrum (CDGl §, ppm, J/Hz): 0.70 (3H, s, 18-Me), 0.87 (6H, d, J = 6.5, 26-Me, 27-Me), 0.92 (3H, d,

J =6, 21-Me), 1.05 (3H, s, 19-Me), 2.15 (3H, s, AcO), 2.78 (1H,,dd, J =34.5,7 = 3H, HIM (1H, d, J =3, HF), 4.14
(1H,ddd, § =13, =953 =3.5,14)25.54 (1H,dd, § =9,,) =1.5, i835.89 (1H, d, J = 1.5, H-4).

Fraction 2: Yield of amorphousl 0.19 g (42%).

IR spectrum (filmy, cm'l): 1755, 1250, 1235 (AcO), 17154Q), 1645 (&C). UV spectrumX,,,,, nm): 238 £ 6000).

H NMR spectrum (CDGl , ppm, J/Hz): 0.71 (3H, s, 18-Me), 0.87 (6H, d, J = 6.5, 26-Me, 27-Me), 0.93 (3H, d,

J =6, 21-Me), 1.09 (3H, s, 19-Me), 2.04 (3H, 8;&0), 2.12 (3H, s, &Ac0), 4.21 (1H, d, J = 3.5, HEJ, 5.11 (1H, dt,
J1=12,4 =4,H,555(1H,t,J =55, =4, HB6.17 (1H, d, J = 5.5, H-4).

2a,3a-Diacetoxycholest-4-en-6-one (12).A solution ofl1 (0.20 g) in DMF (15 mL) was treated with,Li GO
(0.25 g) and LiBr (0.066 g). The reaction mixture was heaté@%e130 C and stirred for 6 h. The solid was filtered off after
cooling to room temperature. The filtrate was poured into water (50 mL) and extracted with CHCI (2x20 mL). The CHCI
extract was washed with water (6x30 mL) and evaporated in vacuum. The solid was chromatographed over a silica-gel column
with elution by hexane:ethylacetate mixtures of increasing polarity (from 30:1 to 15:1). Y1&@.6f73 g (42%), mp 149-
151°C (hexane), lit. [3-4] mp 153-154 C (acetone).

IR spectrum (filmy, cm'l): 1755, 1250, 1230 (AcO), 1700+Q), 1640 (&C). UV spectrumX,,,,, nm): 230 ¢ 8000),

317 € 830).

H NMR spectrum (CDGl §, ppm, J/Hz): 0.71 (3H, s, 18-Me), 0.87 (6H, d, J = 6.5, 26-Me, 27-Me), 0.92 (3H, d,
J=6, 21-Me), 1.09 (3H, s, 19-Me), 2.03 (3H, &;A0), 2.10 (3H, s, 8-AcO), 2.58 (1H, dd,J = 15,3 = 3.5, #75.12
(1H, m, W/2 = 23, H-B), 5.55 (1H, m, W/2 = 12, Hf3, 6.10 (1H, d, J = 5.5, H-4). IR spectra dnd H NMR spectra of this
compound agree with those of that synthesized earlier [3, 4].

Dehydration of 13. A solution of13(0.12 g, prepared by the literature method [6]) in pyridine (3 mL) cooled to -19 C
was treated with thionylchloride (0.12 mL). After 15 min the reaction mixture was poured into water (30 mL) and extracted
with CHCL (5%10 mL). The CHG| extract was washed successively with HCI (20 mL, 2 N) and water (2x20 mL) and dried
over MgSQ . The desiccant was removed. The solvent was evaporated in vacuum. The solid was chromatographed over &
silica-gel column with elution by hexane:ethylacetate mixtures of increasing polarity (from 15:1 to 5:1).

Fraction 1: Yield 0fl40.082 g (71%), mp 139-121 C (dec.) (hexane).

IR spectrum (KBr, cril ): 1755, 1250, 1240 (AcO), 1675@% 1640 (&C). UV spectrumX,,,,, nm): 267 ¢ 16,300).
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'H NMR spectrum (CDGl §, ppm, J/Hz): 0.66 (3H, s, 18-Me), 0.87 (6H, d, J = 6.5, 26-Me, 27-Me), 0.96 (3H, d,
J=6, 21-Me), 1.24 (3H, s, 19-Me), 2.04 (3H, &;&0), 2.09 (3H, s, 8-AcO), 2.43 (1H, br.t,J =9.5,J =2, HP5.11
(I1H,dt,J =12,9 =4,HBA, 561 (1H,t,J =55, =4, HBB5.89 (1H,t,J =2, H-7), 6.43 (1H, d, J = 5.5, H-4).

Fraction 2: Yield of amorphousb 0.0094 g (8%).

IR spectrum (filmy, cm'l): 1750, 1245 (AcO), 1680 £0D), 1635 (&C). UV spectrumX,,,, nm): 254 £ 6100).

IH NMR spectrum (CDG 9, ppm, J/Hz): 0.87 (9H, d, J = 6.5, 18-Me, 26-Me, 27-Me), 0.93 (3H, d, J = 6, 21-Me),
1.26 (3H, s, 19-Me), 2.03 (3H, sp-AcO), 2.08 (3H, s, @AcO), 5.11 (1H, dt,{J =12, =4J =2, B25.62 (1H, t,
J; =5.5,H-$), 6.08 (1H, d, J = 2.5, H-7), 6.46 (1H, d, J = 5.5, H-4).
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