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Reactions of Cyclohexanones. Activation by an Endocyclic Oxygen.
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Abstract: Alkoxyl substituents are known to activate alpha H's for
rean’angement to carbemc cemers In acychc systems the degree of transmon
siaie \Llell/duUl’l UCPCUUS on WllCl[lﬁ[' Ll'lﬁ d.lKUXyl glUUp pUblllUl’lb llbﬁll Ayl'l or
anti to the moiety connected to the other side of the carbenic carbon; and in
cyclohexylidenes, it depends on whether the alkoxyl substituent is initially axial
or equatonal on the ring. To assess the relatlve actlvatmg power of a
tetrahydropyranyl ring oxygen we synthesized and studied a 17a-oxa-D-homo
steroidal C-16 ketone (11a). The carbonyl group was converted to a putative
singlet carbene center by thermal and photic Bamford-Stevens (B-S) reactions,
and the relative amounts of H migration from C-17 vs. C-15 were determined.

The ring oXygen proved 10 be a more powerful activator than ring alkyl by a
factor of 21:1 in thermolysis at 170 °C and ca. 14:1 in photolysis at -70 °C

© 1998 Elsevier Science Ltd. All rights reserved.

Introduction
Thermolyses (or direct photolyses) of arylsulfonylhydrazone metal salts (Bamford-Stevens reactions;
B-S) under aprotic conditions produce diazohydrocarbons, which readily lose N3 to generate, initially, singlet
carbenes.!2 A common fate of such carbenes is 1,2-shift of a substituent (usually H, but also other groups
such as aryl, alkyl, OR, SR, etc) to produce alkenes.3:4 The ease of rearrangement is influenced — often
strongly — by nonmigrating (i.e. bystander) substituents, so when two or more migrators compete, the outcome

can be dictated by factors other than their intrinsic mi
groups (B) promote rearrangement of Hy (relative to Hp) and that the overall activating power of differ
groups is: OMe > alkyl > Ph.3 Shift of H, can produce E and Z alkene isomers via transition states® in which B
is ANTI or SYN, respectively, to CH3 (the group attached to the migration terminus). Product ratios reveal that
when B = alkyl or Ph, the anti transition state is favored over syn; but for B = OMe, syn is preferred over anti.
In terms of simple steric interaction between B and terminus CHg, syn geometries should be less favorable than
anti, so the B = OMe case must have additional overriding features. Such fcatures might include: (a)
destabilization of anti from repulsion between oxygen lone pairs and the nonbonded carbene electrons; (b)
stabilization of syn through donation of the carbene lone pair into the antibonding (6*) orbital of the (nearly)

. ) - .
antiplanar C-O bond; (c) stabilization of syn through nuclear-electron attraction between H's on the terminus
ral 8§ J I e\ vV

L3 ang 1one pdll‘b on Uvie.

S E1 L OAN

*F-mail; nickon @jhunix.hef jhu.edu  Fax: (410) 516-8420
YCurrent address: La lJolla Pharmaceutical Co., 6455 Nancy Ridge Drive, San Diego, CA 92129, USA

0040-4020/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(98)00757-1



121672 K K Nactond A Niekasn / Totrahodran SA4 1008\ 1181 191792
A e LN e I, I, WZUTDLEWU, A INLLROUTL S TELTUNEQRIUN 9 (1 770) L &lVi~141l/ 4
Scheme 1
H H H
_— H, shift \ \_/
Bj—CH,—C—CH, c= + c==C
a 5 / \\ \
1 HsC H HaC
E Z
f f
| |
H. . H,
AN AN

Transition states Hac-(/K):iD Hsc—(/k);a
for H, shift H B] H

In ring compounds, carbenes can be subject to various additional features that influence the ease of H
shifts. For example, in cyclohexylidenes (generated by thermal and photolytic B-S reactions on chair-shaped
cyclohexanones) the inherent Hax/Hey migration ratio for 2° hydrogéns is known to be relatively low (2.15
thermolytsis at ca. 160 °C; 1.40 photolysis’ at ca. 25 °C) despite the distinctly different initial alignment of the
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Detailed analysis%? of the relative rearrangement rates of all the competing H's (two H's at C-6 and one at C-2)
revealed that the alkoxy substituent in epimer 2a strongly activates its geminal H (by a factor of 29.8), whereas
the alkoxy group in epimer 2b provides very little activation (factor of 1.56).%
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In view that the activating power of OMc on a 6-membered ring depends so much on the OMe
stereochemistry, (and in view that OMe in open chain analog 1 favors a syn rather than anti transition state
structure) it became important to test how H shifts would be affected by an oxygen incorporated within the
carbenic ring. We now report the first investigation of regioselectivity in such a heterocyclic system.

Synthesis
Our study utilized steroidal molecules; and Schemes 2 and 3 outline the syntheses and tranformations
involved. Estrone methyl ether (§) was converted (via known lactone 6) to the new enol ether 7, which was

ully charactenized. 1t showed vi ny vl Hsienalsat § 4.71 and 6.26 (J1¢

Hsign t .71 and 6.26 (Jj6.1

+ and cat lvi_lc hxdrnggn“[‘w

converted it to the known saturated analog 10. Conventional hydroboration/oxidation converted enol ether 7 to a

4:1 mixture of the 16ai-alcohol 8a and 16B-alcohol 9a, which were separated and individually characterized.
The 1H NMR chemical shifts and coupling constants for the carbinyl H at C-16 and for the - and B-hydrogens
at C-17 in each epimer agree with expectations based on their assigned axial and equatorial geometries. We
further confirmed these assignments for 8a and 9a by treatment with ethyl chloroformate to produce "cathylate”
derivatives. It is known that this reagent readily esterifies equatorial alcohols at room temperature, but axial
alcohols react sluggishly or not at all.10 As expected, cathylate 8b was obtained in low yield (8%) even after
prolonged (20 h) treatment, whereas we isolated cathylate 9b in 75% yield after 1h. We also converted 8a to its

tosylate (8¢) for later use
Ketone 11a {Scheme 3) needed for our B-S study, was conveniently prepared by oxidation of the 8a +
a Al asle ] oot Lo Lo oLl Lg ol N Ao S bl e ke Y 17T A A SR 412
$a aiconol mixture from hydroboration. This keione was fully charactenzed, and iis C-17 hydrogens (6 4.13

Hax, 4.20 Hey, Jgem 18 Hz) were easily identified by NMR. The corresponding tosylhydrazone derivauve
(11b) was prepared conventionally, and a notable feature in its IH NMR spectrum is that Heg at C-17 appears at
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i) Shapiro: xs BuLi/hexane/n 15 60 : 25
i) B-S: A/neat/ 170 °C 84 : 4 i2
iii) B-S : v / pentane 7 -70 °C 83 : 6 : 11

higher field (8 3.91) than the corresponding Hax (8 4.15).11 The 3.91 absorption shows a "W" coupling of 1.5
Hz (as well as the Jge = 18 Hz) in confirmation of its assignment as Hyg

To facilitate our B-S product studies we needed to prepare and characterize alkene 12, which we
1ed by a Shapiro reaction!2 on tosylhydrazone 11b and also by 12-elimination on tosylate 8c. The
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unexpected product (identified as 13) in the ratio 15:60:25. The desired major alkene 12 was separated and fully
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16 and C-15 vinylic H's at 5.46 and 5.79, respectively, with J15 16 = 10 Hz and J;5,14 = 2 Hz.

The unexpected product (assigned structure 13) was isolated as an oil, whose high-resolution mass
spectrum (exact for Cz3H3407) indicated a butyl group had been introduced, and whose IH NMR showed
narrow vinylic singlets characteristic of a R2C = CHz unit. One reasonable pathway to ring-opened 13 is shown
(Scheme 4), although several variants can be written. Related types of alkylations of tosylhydrazones have been
reported for other alkyllithium reagents. 13

Scheme 4
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dned, and subjected to thermolysis (neat, 170 + 5 °C) and also to photolysw (pentane suspension, -70 °C).
From thermolysis the isolated product (54% yield) consisted of expected alkenes 7 and 12, along with ring-
opened byproduct 13 in the ratio 84:4:12. Photolysis of 11¢ gave the same three products (62% yield) and in
similar proportions (83:6:11). By separate control reactions on known mixtures of 7 and 12 we established that
each alkene was stable to the thermal and photic B-S conditions, and that no interconversions or selective losses
on workup occur that might alter the ratio of these two alkenes
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Thermal B-S. The large
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alkyl residue C-14 which, based on acyclic analogs,® is expectea to exert its own appreciabie activation.
Therefore, the observed 21:1 regioselectivity favoring migration from C-17 means that ring oxygen activates
H's 21 times more effectively than does the C-14 ring alkyl.

Among acyclic tosylhydrazones that have been studied under comparable B-S conditions, the closest
analogs to our heterocycle 11 are 14al5.16 and 14b.16 For any comparison of cyclic vs. acyclic systems, we
should first realize that the transition states for 2° H shifts in 6-membered rings must necessarily be of the "syn"
type (see Scheme 1), because the bystander ring atoms are tethered to each other. Consequently, for acyclic

analogs we need to focus on alkene proportions that arise likewise from "syn" transition states; and in 14 at
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(Z)-16 proportions from i4a and also from 14b indicate that for syn transition geometries, open chain alkoxyl
(OMe) activates more effectively than open chain alkyls (Me or Et) by factors of about 12.2-25.8.6b Therefore,
the 21:1 regioselectivity we observed in our rigid steroidal heterocycle 11e¢ is of the same order as those for
acyclic counterparts, notwithstanding the multitude of conformational isomers that populate the mobile open-

chain series.
NNHTs
Il A R MO P MeO MeO T
WUCHQ_C_CHZR [ lm— S r/' ~ NN O \,j ~ S
MeO R
4 (2)-15 (E)-15 (Z)-16 E)-16
a) R=CH;, — 61 : 23 : 5 : il
b)R=CH,CH; ———p 64.5 : 27 : 2.5 : 6.5

(+0.5) @l *0.5) (+0.5)
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Photic B-S. Products from carbenes generated photolytically often contain higher proportions of the
minor components than products from thermally generated carbenes,! perhaps because species generated by
irradiation can react from higher energy levels. For our system 11e, the ratios of 7:12 from photolysis and
thermolysis are similar (83:6 vs. 84:4).6® This outcome is likely a coincidence, given that our photolysis
(-70 °C) was conducted at a temperature ca. 240° lower than the thermolysis (170 °C). Furthermore, there is
growing evidence that products derived from photolysis of certain nitrogen-containing precursors can sometimes
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shift,* but further research will be needed to iearn whether some thermaily-induced B-S rearrangements can

also proceed directly from activated nitrogen-containing species, in competition with generation of discrete
carbenes. If so, the influence of bystander groups on rearrangements of those species would require'study.
And of special interst for the case of H acceleration by a tetrahydropyranyl ring oxygen is whether the
heteroatom activates its adjacent Hax and Hg by different amounts, in view that the axial C-H bond is
positioned favorably with respect to the more polarizable lone pair on oxygen and might be subject to

"anomeric" type effects.1?

Experimental Section
General. All temperatures are in degrees Celsius (°C) and are uncorrected. IR spectra were recorded in
CHCIl3. !'H NMR were taken on Varian Model T-60, CFT-20, or XL-400 spectrometers. Chemical shifts are
referenced to the residual H signal in deuterated solvents or to internal tetramethylsilane. Optical rotations were
measured with a Perkin-Elmer 141 polarimeter. Low resolution GC-MS was conducted in the Department of

were provided by MicAnal Organic Microanalysis, Tucson, AZ.

Analytical TLC was performed on plates coated with silica gel GF (250 p thick). Visualization involved
a spray with 5% ethanolic phosphomolybdic acid (Aldrich) followed by heat to above 100 °C (for steroids).
Preparative TL.C was done on silica gel GF plates (1000 or 2000 p thick) or on UNIPLATE-T Taper Plates
(silica GF). Column chromatography involved silica gel-60 (25-40 mesh); flash column chromatography
followed published techniques2? with Ar gas to enhance hydrostatic pressure.

Photochemical reactions were conducted with a water-cooled, medium pressure mercury lamp (Hanovia,

ACN « Wa o su wrrmtindad e a anaste filtar and immarand i tha omlittinm lnaimo iemmdintad TMNerv? glaccwars indiratac
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it was heated overnight in an oven above 120 °C then cooled under argon. "Dry" ether and tetrahydrofuran
(THF) refer to commercial reagents refluxed over sodium-benzophenone ketyl and then freshly distilled just
prior to use. All other solvents were obtained "dry" by reflux over CaHj and distillation under inert atmosphere.
"Anhydrous" and "absolute” refer to the commercially available reagents. The n-butyllithium was purchased
(Aldrich) as a solution in hexane and was assayed by titration with 3,4,5-trimethoxybenzyl alcohol as
indicator.21 All solvents were removed on a rotary evaporator at reduced pressure.
3-Methoxy-estra-1,3,5(10)-trien-17-one (5; estrone-3-methvl ether). Estrone (Sigma) was treated

1zyl-n-butylammonium hydroxide phase transfer ¢ talyst. 22 The derived ether &



was recrystallized from CH2Clp/MeOH; mp 171.5-172.5 (1it.23167.5-169). Characteristic reference peaks: IR
1715 (C=0), 1608, 1500 cm-; IH NMR (80 MHz, CDCl3) & 0.91 (s, 3H, angular CH3), 2.80-2.90 (m, 2H,
C6-H benzylic), 3.77 (s, 3H, OCH3), 6.63 (d, 1H, J2 4 =3 Hz, C4-H), 6.75(dd, 1H, Jj2 =85 Hz, Jp4=3
Hz, C2-H), 7.18 (d, 1H, J; » = 85 Hz, C1-H).

3-Methoxy-17a-oxa-D-homoestra-1,3,5(10)-trien-17-one (6). This known lactone?4 was obtained
by adaptation of Grieco's procedure25 for Baeyer-Villiger type oxidations. Benzene peroxyseleninic acid was

nronared in eity by addition of R0% Ha 21 85ml ca 20 mmol) tn a ctirred eolution of 7enacalanimoe acmid
PIVEKLULAL 678 Sime V) QUL Ut DU 130 (el dlih, Wi &V UL W oG -{ulaw OUiIMWA/AL Vi WwilMwiiwviviliuL GAlu
AT A b AT wenn D 21 mirvand 1 NK A e TLIE 710 canT \ nd soiinn dmsmn snsann fraen A€tasr AN waien £ (LAC oo A o)
(ALAIICH, 40/ 1HE, ~.2 1 UL, 1.U0 CHUlY ) 11 15 (1V L) dat ] 111 LT, upcx LW, ALl DU Il & (VLo | g, PlppA
mmol) dissovied in THF (10mL) was added slowly to the stirred oxidation solution. After 24 h, aqueous

NaHCO3; was added, and the organic layer was washed with aqueous NaHS03 and brine and then dried
(MgS04). The derived 6 (645 mg, 90%, mp 168-172) was recrystallized from EtOH; white needles, rﬁp 171-
171.5 (1it.24 172.4-174). IR 1715 (C=0); IH NMR (80 MHz, CDCl3) & 1.35 (s, 3H, angular CH3), 3.77 (s,
3H, OCHj), aromatic region same as for 5.

3-Methoxy-17a-oxa-D-homoestra-1,3,5(10),16-tetraene (7) via the Corresponding 17 a-ol
Hemiacetal. Lactone 6 (188 mg, 0.63 mmol) stirred in dry toluene (50 mL) under Ar at ca. -70° was treated

dropwise with diisobutylaluminum hydride solution (Aldrich, 1 M in toluene, 0.8 mL, 0.8 mmol) during 1h.

1 At~ s
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ALl all uu.luux 1 11 at 1Uw wialipulatulic wic HILALUL wad Wul l 1w a uailll vl Ive, glatial a.bCle acid, ana
water, all of which was stirred 30 min. anic layer was diluted with CH,Cl» (20 mL) and then washed
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successively with water, aqueous NaHCO;3;, and brine, and was dnied (MgSOy). Evaporation and
recrystallization of the solid from methanol left 174 mg (93%) of white hemiacetal, mp 165-168 (1it.26 mp 182-
188, from acetone). IR 3600, 3400, 1608, 1500, 1260, 1240 cm-1; 1H NMR (80 MHz, CDCl3) § 1.21 (s, 3H,
angular CHg), 2.80-2.89 (m, 2H, C6-H benzylic), 3.77 (s, 3H, OCHgz), 5.10 (bs, 1H, C17-BH), aromatic
region same as for §.

The hemiace
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mg (74%); mp 110-117. TLC showed no starting material and a major product (Ry ca. 0.7) along with four
unresolved minor components (R¢ 0.3-0.5). The major product (7) was isolated by column chromatography on
silica (4:1 hexane-ether); 98 mg (61%), mp 120-125. The analytical sample (mp 122-123.5, from ethanol)
showed: IR 1650, 1603, 1500 cm1; 1H NMR (400 MHz, CDCl3) & 0.89-1.15 (m, 1H), 1.18 (s, 3H, angular
CH3), 1.30-1.50 (m, 3H), 1.55-1.81 (m, 3H), 1.98-2.08 (m, 2H), 2.12-2.26 (m, 1H), 2.34-2.51 (m, 2H),
2.80-2.94 (m, 2H, C6-H benzylic), 3.77 (m, 3H, OCHz), 4.71 (dd, 1H, Ji6,17 = 10 Hz, J1516 = 2.5 Hz,

Cl6-H vmyhc) 6.26 (d, 1H, Ji6,17 = 10 Hz, C17-H vinylic), aromatic region same as for §; [a]3) + 21°.
gH240n (284.40); C, 80.24; H, 8.51. Found: C, 80.48; H, 8.60. Hmh resolution

1
1

H . 1 gIn24\ oy OUInd.
AACS AQA 1"7TTI8 (T nldm D ronmiiirag ORA 17774
Viv, LO%. 1770, o P2 o N SV AV RS

ents were n MAQ ieadimnta:d

jot ideniified, but GC-low resolution MS indicaied that each has a

molecular ion at 284, and !H NMR data were recorded for each component (isolated by preparative TLC).2”
3-Methoxy-17a-oxa-D-homoestra-1,3,5(10)-triene (10). Enol ether 7 (50 mg) in absolute ethanol

(20 mL) was hydrogenated with 5% Pd/C (10 mg, Aldrich) in a Parr hydrogenator (20 psi) for 15 h at room
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temperature. Workup and recrystallization from aqueous methanol gave 48 mg (95%) of 10; mp 147.8-148
(1it25 150-151). A double resonance NMR experiment at 400 MHz (CeDg) made it possible to distinguish the
17 BH (axial) from the 17 auH (equatorial): & 3.60 (m, 1H, Jgem = 11.5 Hz, Jisa, 173 = 12 Hz, J1ep, 178 = 2
Hz, C17-BH), 3.66 (m, 1H, Jgem = 11.5 Hz, J16q, 170, = 5 Hz, C17-aH).
3-Methoxy-17a-oxa-D-homoestra-1,3,5(10)-trien-160.~0l (8a) and -16B-ol (9a) by Hydrobor-
ation of Enol Ether 7. A solution of BH3 » THF (Aldrich, 1M, 0.7 mL, 1.9 equiv) was added to a stirred
solution of enol ether 7 (104 mg, 0.37 mmol) in THF (20 mL) at room temperature under Ar. After 2h, 2N

11155 11111 pelatul

The combined ether extract was washed with NaHSO3 solution, dried (MgSOy), and evaporated. The white
solid (95 mg, 95%) showed a major and one minor component (by TLC), which were separated b) flash
column chromatography (silica/ether) followed by preparative TLC (silica/ether). The major alcohol (8a, 62
mg, 57%, mp 131.5-133.5) gave the analytical sample (mp 132.5-133 dec) after recrystallizations from ethanol.
IR 3595, 3400, 3000, 2940, 1608, 1500, 1045 cm-1; IH NMR (400 MHz, CDCl3) § 1.10-1.17 (m, 2H), 1.19
(s, 3H, angular CH3z), 1.22-2.51 (m, 9H), 2.78-2.90 (m, 2H, C6-H benzylic), 3.68 (d, 1H, Jgem = 11 Hz,

C17 - BH), 3.77 (s, 3H, OCH3), 3.87 (bs, 1H, C16-BH), 3.92 (dd, 1H, Jgem = 11 Hz, Jyjc or Jw =2 Hz, C17
- gH), aromatic region same as for §; 400 MHz (CgDg) & 3.40 (s, 3H, OCH3), 3.47 (bs, 1H, C16-8BH), 3.54
fhe DT 17 _ v and RLI ~vaslanmead) l’n127 . QNo Asmaleuate Malnld Ffar M ALT M 20D AN O IR ALK T
(08, 21, i/ - & ana pra ovenapplay, |_u,_]D + U AAIYSIS. LaiCa 10T Ljorizews (ovsi.av, L, /3.40; I1,
8.67. Found: C, 75.17; H, 8.47. High-Resolution MS, 302.i881. Cj9H2603 requires 302.1882.

The minor alcohol (9a, 15 mg, 14%, mp 149-150.5) was recrystallized twice from aqueous ethanol; mp
150-151.5. IR 3580, 3415, 3000, 2740, 1608, 1500, 1040. 1H NMR (400 MHz, CDCl3) § 1.15-1.70 (m,
6H), 1.19 (s, 3H, angular CH3), 1.83-2.50 (m, SH), 2.78-2.90 (m, 2H, C6-H benzylic), 3.44 (m, 1H, C17 -
BH), 3.77 (s, 3H, OCHj3), 3.75-3.83 (m, 2H, C16-BH and C-17-aH), aromatic region same as for §; 400
MHz (CeDg) & 3.34 (dd or pseudo t, 1H, Jgem = 10 Hz, J16,17= 10 Hz, C17 - BH) 3.40 (s, 3H, OCHjz), 3.48
(m, 1 H, C16 - aH), 3.73 (ddd, 1H, J16,17 = 5 Hz, Jgem = 10 Hz, Jy = 1.5 Hz, C17 - oH); (o3 + 107°.

s~

Hmh Resolution MS, 302.18%82 ("mHch_:) equires 302, 1882, 28
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Carboethoxylation ("Cathylation") of 16a-Alcohol 8a.10 A solution of 8a (31 mg) in anhydrous
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mL., 15 equiv), and the mixturc was stirred 20 h at room temperature. Workup followed by preparative TLC
(silica/1:1 hexane-cther) gave starting alcohol 8a (25 mg, 81%) and a small yield (3 mg, 8%, mp 128-129) of its
cathylate 8b. The analytical sample (from absolute methanol) had mp 128.5-129. IR 2930, 1735, (C=0),
1608, 1500, 1378, 1260 cm-1. TH NMR (400 MHz, CgDg) 8 0.78-0.85 (m, IH) 0.88 (s, 3H, angular CH3),
0.97 (t, 3H, Jyic = 7.5 Hz, OCH,CH3), 0.98-1.98 (m, 8H), 2.07-2.15 (m, 2H), 2.57-2.63 (m, 2H, C6-H
benzylic), 3.40 (s, 3H, OCH3), 3.54 (dd, 1H, Jgem = 13.5 Hz, J16p,178 = 1.5 Hz C17 BH), 3.80-4.00 (m,

,17
~7 it
3H, C17-oH and OCH;CH3), 4.67 (bs, 1H, C16-BH), aromatic region same as for 5; [LX_]D + 110°.
Analucice (Caln!'d far Casaldanx (R74 46 C TN SA H R NKR Annd 70 ’7 ” R 06
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(14 mg) in anhydrous dioxane (I mL) and anhydrous pyridine (2 mL). After I h, workup gave 16 mg of a
white, semi-solid; TLC (silica/ether) indicated one major component, two minor components with lower Ry, and

C
Cathylation of 16B-Alcohol 9a.10 Ethyl chloroformate (0.2 mL, 5 equiv) was added dropwise to 9a



no starting aicohol. The cathyiate (mp 99-101) was isolated by short column chromatography and for analysis
was recrystallized from absolute methanol; mp 100-100.5. IR 3000, 2940, 1732 (C=0), 1608, 1500, 1467,
1380, 1260 cm-l. 1H NMR (400 MHz, CgDg) & 0.80-0.90 (m, 1H), 0.91 (s, 3H, angular CH3), 0.96 (t, 3H,
Jyic = 7.5 Hz, OCHCH3), 1.10-1.41 (m, 5H), 155-1.63 (m, 2H), 1.78-1.85 (m, 1H), 2.03-2.17 (m, 3H),
2.50-2.67 (m, 2H, C6-H benzylic), 3.40 (s, 3H, OCHz), 3.52 (m, 1H, C17-8H), 3.90-4.01 (m, 3H, C17-oH
and OCH;CHz), 4.81-4.89 (m, 1H, C16-gH), aromatic region same as for 5. f(;d?:, + 127°. Analvsi

SR gL 18] ALl ILgiUll odillb [ Al | A

Calc'd for CaoH300s5 (374.46): C, 70.56; H, 8.08. Found: C, 70.45; H, 8.02.
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(Aldrich, 70 mg, 1.1 equiv), THF (20 mL) and pyridine (10 mL) was stirred at room temperature for 20 h.

Sulfuric acid (2N, 15 mL) was added, and the organic layer was washed with brine and dried (MgSQy).
Evaporation and crystallization from CH;Cly/ether gave 137 mg (94%) of the 16a-tosylate 8¢, mp 147-148
(dec). Two more recrystallizations gave mp 147.5-148 (dec). IR 3040, 3000, 2940, 1605, 1500, 1360, 1190,
1172 cm-l. 1H NMR (400 MHz, CDCl3) 8 1.01-1.10 (m, 1H), 1.12 (s, 3H, angular CH3), 1.12-1.22 (m,
1H), 1.38-1.53 (m, 2H), 1.68-1.86 (m, 1H), 2.35-2.49 (m, 1H), 2.45 (s, 3H, p-CH3), 2.78-2.89 (m, 2H,

C6-H benzylic), 3.70 (dm, 1H, Jgem= 13.7 Hz, C17-8H), 3.77 (s, 3H, OCHj3), 3.78 (dd, 1H, Joem = 13.7
7 Jo=2Hz Cl7-gH). 4.69 (s. 1H. C16-BH). 6.63 (d. 1H. Jo4 = 3 Hz. C4-H). 6.75(dd. 1H. ]+ » = 85

Hz, Jw =2 Hz, C17-aH). 4.69 (s, 1H, C16-BH), 6.63 (d, 1H, Jo4 = 3 Hz, C4-H), 6.75 (dd, 1H, J; 2 = 85

Wy T. . —2A T (M. IN 71R A 1TH T. A =Q K1y M IN T2AA/A DT T —-Q1ls Artha LIN 722 /4 1T T —

nié, b3 4 = 2 ni, La-ri), /.16 4, 11, 4] 2 = 6.0 1z, Li-niy, /.54 (4, 21, 4 = 0 14, Orwio iy, /.65 (G, 21, + =

7
8 Hz, meta H); [a]é + 52°. Analysis. Calc'd for Co6H3205S (456.58): C, 68.39; H, 7.06. Found: C,
68.63; H, 7.18.

3-Methoxy-17a-oxa-D-homoestra-1,3,5(10)-trien-16-one (11a). A mixture (92 mg, 0.33 mmol) of
alcohols 8a and 9a (from hydroboration of 7) and pyridinium dichromate2? (Aldrich, 98%, 198 mg, 0.57
mmol) in dry CH2Cl7 (5 mL) was stirred under Ar at room temperature for 22 h. Anhydrous ether (10 mL) was
added, the mixture was filtered through MgSOy4, which was washed with more ether (30 mL). Evaporation left
82 mg (84%) of white solid, mp 148-152. Two recrystallizations from aqueous methanol followed by vacuum

sublimation afforded analytically pure ketone 11a, mp 150.5-151. IR 3000, 2840, 2775, 1718 (C = 0), 1608,
1500 cm-l. 1H NMR (400 MHz, CDCl3) & 1.1

R.1728 ¢ 1 1
1. NNT il AVAL Aduy l \%4 P e O \lll, s ll, L o k7 \D’ - b A i ill,
(o3 8 3 10 1 NL £ 11T m’\f\ﬁ Famn ALIN D 1A AN - /ALY ﬂ')"f’\)l/lf 1LIN M AQ M &2 [ aan 1LY M1c
2H) 96 (m, 1H), 1.99-2.04 (m, 2H), 2.12-2.21 m (2H), 2.37-2.44 (m, 1H), 2.48-2.53 (m, 1H, Cl15-
BH'?), 2.73 (dd, 1H, Jgem = 18 Hz, J140,150 = 5 Hz, Ci5-aH), 2.70-2.92 (m ZH, C6-H benzylic), 3.77 (s,

3H, OCH3), 4.13 (d, 1H, Jgem = 18 Hz, C17-BH), 4.20 (d, 1H, Jgem = 18 Hz, C17-aH); [oc]l3)1 + 39°,
Analysis. Calc'd for C19H2403 (300.38): C, 75.97; H, 8.05. Found: C, 75.87; H, 8.32. High Resolution
MS, 300.1725. C19H240;5 requires 300.1725.

Conversion of Ketone 11a to its p-Toluenesulfonylhydrazone (11b). Ketone 11a (54 mg, 0.12
mmol) and p-toluenesulfonylhydrazide (Aldrich, 21 mg, 0.11 mmol, 0.95 equiv) in absolute ethanol (25 mL)

was stirred at room temperature for 30 min, during which time the product precipitated. Evaporation of solvent
and racrvctallization of the eolid from ethanol gave A48 mo (RO mn 150-161 i(dec Three recrvstallizationsg
CALINL l\/\.«l)’ﬂ\“lllwuull WL Wlvw OWVELW L1VAME whLIMIINV G T lllb AN AL F ljly At ’T AN A \.IW,- A AAA Vs lvvlJu\wAAmuuaAu

gave a constant mp 161-162 (dec). IR 3112, 3000, 2940, 2860, 1605, 1500, 1360, 1187, 1170 cm'1 IH
NMR (400 MHz, acetone-dg) & 1.21 (s, anguiar CH3), 1.20-2.45 (m, 9H), 2.41 (s, 3H, p-CHgz), 2.78-2.
(m, 2H, C6-H benzylic), 3.04 (dd, 1H, Jgem = 18 Hz, J14,150 = 4 Hz, C15-aH), 3.73 (s, 3H, OCH3),

(dd, 1H, Jgem = 18 Hz, Jy = 1.5 Hz, C17-0H), 4.15 (d, 1H, Jgem = 18 Hz, C17-BH), 6.61 (d, 1H, .Iz



3Hz, C4-H), 6.68 (d, 1H, J; 2 = 8.5 Hz, Jp4 = 3 Hz, C2- H) 7.18 (d, 1H, J; 2 = 8.5 Hz, Ci-H), 7.38 (d,
2H, J = 8 Hz, ortho-H), 7.78 (d, 2H, J = 8 Hz, meta H); [Ot]"DU + 64°. Analysis. Calc'd for CagH3204N3S
(468.60): C, 66.64; H, 6.88. Found: C, 66.42; H, 6.91.

3-Methoxy-17a-oxa-D-homoestra-1,3,5(10),15 tetraene (12) and Ring-opened Alkenol 13. (a)
By a Shapiro Reaction. n-Butyllithium (1M, 1.5 mL, 2.5 equiv) was added dropwise under Ar to a stirred
suspension of tosylhydrazone 11b (286 mg, 0.61 mmol) in dry hexane (30 mL) at room temperature. After 30

min water { 10 ml ) wac aded and the oreanic laver wac wached wit ne dred IMoQ(’h a evanarated to
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0.6, and ring-opened alkenol 13 (Ry = 0.5); their ratio was 15:60:25 respectively, as determined by integration
of olefinic H in a !H NMR spectrum. Separation of the three products by column chromatography
(silica’hexane) gave 12 (54 mg, mp 101-103.5). For analysis 12 was recrystallized repeatedly from aqueous
ethanol; mp 103-104; [cc]SD5 +36°. IR 3040, 2940, 1610, 1500, 1350, 1280, 1100 cm-l. IH NMR (400 MHz,

CDCl3) 8 1.17 (s, 3H, angular CH3), 1.20-1.72 (m, 7H), 1.87-2.93 (m, 1H), 2.08-2.16 (m, 1H), 2.22 (m

-

1H C14H) 237282 (m. 2H). 3.77 (s. 3H. (X ‘H 412 (m. 2H. C17-H allvlic). 546 (dm. 1 Jigar =
121y N A TTE 2 )y el Tt \Bidy A Afy P d i Sy SEEy Wi , TedD \lil, &ily, Nl iTA3 QRByUS ), LU MG, 423, v(5]10
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/ <
in 5. Analysis. Calc'd for C19H240; (284,40): C, 80.24; H, 8.51. Found: C, 79.84; H, 8.24.
The oily alkenol 13 was purified by column chromatography and by bulb-to-bulb vacuum distillation
(110°/0.5 mm Hg). IR 3600-3500, 3000, 2935, 2860, 1610, 1501, 1042 cm-1. 1H NMR (400 MHz, CDCl3)
S 0.92 (t, 3H, Jyic = 9 Hz, CH,CH3), 1.18 (s, 3H, angular CHz), 1.20-1.74 (m, SH), 1.84-1.92 (m, 1H),
2.05-2.24 (m, 5H), 2.28-2.44 (m, 3H), 2.78-2.90 (m, 2H, C6-H benzylic), 3.77 (s, 3H, OCH3), 4.82 (s, 1H,
vinylic), 4.90 (s, 1H, vinylic), aromatic region same as in 5. High-Resolution MS, 342.2557. C33H3402
requires 342.2559. We had insufficient sample for optical rotation or for combustion analysis.

(b) Tetraene 12 by 1,2-Elimination on Tosylate 8¢c. A solution of 8¢ (50 mg, 0.11 mmol) and 1,8-
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n e
chromatography to give 20 mg (63%) of 7 and 6 mg (19%) of 12 (mp 101-103 after one recrystailization), both

vaporation of solvent was separated by short column

P S [

of which were identified spectroscopically.

Bamford-Stevens Reactions.2’”  Preparation of Li Salt 1lec. A stirred suspension of dry
tosylhydrazone 11b (26 mg, 0.056 mmol) in freshly distilled benzene (5 mL) in an oven-dried flask was treated
with n-butyllithium (1.2 M in hexane, 0.046 mL, 0.055 mmol, 0.98 equiv) at 0° under Ar. With every drop
added, a shade of yellow appeared, which quickly faded to white. After 1 h, the solvent was evaporated to leave
white Li salt 11e (27 mg). Prior to use, this salt was dried 20 h under vacuum (0.05-1.0 mm HQ\ at 25°.

() Thermolyms. Dry salt 1 (27 mg) was heated at 170 (£5°) for 2 h under vacuum (0.05-1.0 mm

_,.__,.._h. 27 L6311 2 oo o lltn alid O P -\ inm tha Amalad rassivar
ng) in dmugc I a ratus.#’/ The umuu te ut:puau.m dS da wiill€ 5011l (O.0 I11g, J570) 111 Uit CUUITU 1clolivid
and was transferred with CHpCl, which was evaporated. 1H NMR (400 MHz, CgDe) showed alkenes 7:12:13

in the ratio 84:4:12.

(ii) Photolysis. Dry salt 11¢ (from 37 mg 11b and 0.94 cquiv n-BuLi) was suspended in pentane (160
mL) under Ar and was cooled to -76°. The stirred mixture was irradiated 2 h, while the temperature was
maintained below -70°.27 The solvent was evaporated, water (2 mL) and ether (5 mL) were added, and the
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water layer was extracted with more ether, which was then washed with brine and dried (MgSQOy). Evaporation
left white solid (14 mg, 62%), comprised of 7:12:13 in the ratio 83:6:11 (via 400 MHz 1H NMR).

Control Experiments: Stability of Alkenes 7 and 12 to Thermolysis and Photolysis. An 88:12
mixture of 7 (22 mg) and 12 (3 mg) plus p-toluenesulfinic acid sodium salt hydrate (Aldrich 0.088 mmol) was
subjected to the thermolysis conditions (170°, 0.03-0.05 mm Hg). The distillate (23.7 mg, 95% recovery)
contained 7 and 12 in the ratio 87:13. A similar control on an initial 1:1 mixture, likewise did not effect the ratio.

A mixture (20 mg) of 7 and 12 (1 i i

P QR 3% Ve N

was subjected to
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