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Abstract - A synthetic route to etherotricyclic structures by elaboration of

tricarbonyl cyclohexadienyl iron complexes is described.

We are currently concerned in the synthetic elaboration of the iron cyclohexadienyl complexes as
a new synthetic tool in the field of polycyclic natural compounds, especially terpenes and ste-
roids.l We report now, by elaboration of the complex la previously obtained,2 the synthesis of
the model tricyclic oxa compound 5, &, 7, as well as the lactones 12 and 13.

Complex la was decarboxylated3 to give the ketone 1b that was converted, by the methodic of Takai
et al.,4 inte the methylene derivative 2 (scheme}. Compound 2, by decomplexation with trimethyl-
amine-N-oxide then mild hydrolysis of corresponding encl ether with oxalic acid, afforded the
enong §.5 This appears a useful intermediate to be converted into 6-oxa-tricyslic structures, At
this purpose the enone 3 was epoxidized by m-chloreperbenzoic acid, to give three stereciscmeric
epoxyenones.6 By chromatographic separation the higher Rf isomer 4a was obtained as a pure com-
pound, then the other isomers 4b + Ac as an inseparable mixture with the same Rf were eluted. By
treatment of 4a with gaseous hydrochloric acid at room temperature the epoxy ring was opened

to afford the corresponding primary alcohol that under the reaction conditions added to the
enonic double bond, toc give the tricyclic ether 5. Likewise, the epoxy encnes mixture 4b + 4c
under the same conditions afforded the tricyclic ethers 6 and 7. As to the stereochemistry of the
carbon 8a located at the ring junction of the synthegized ethers 5, 6, and 7, this was deduced in
the 1H—NMR by the signal pattern of the H-Ba proton.7

Moreover, the enone 3 was later converted info the model tricyclic lactones 12 and 13. By hydro-
cyanation of 3 with diethylaluminum cyanide two only nitriles 8 and 9 were obtained exhibiting
the cyano group (NMR data) respectively in the axial and the equatorial positicn according to a
stereoselective attack of diethylaluminum cyanide to each diasterecisomeric encme.8 The next
epexydation reaction of compounds 8 and 8 gave the corresponding epoxynitriles 10 and 11, which

in hydrolytic conditions (gaseous hydrochloric acid, dioxane) underwent the opening of the epoxy



ring as well as the hydrolysis at the cyano group toc give the corresponding lactones 12 and 13,
These reported synthetic elaborations of the complex la appear extensible, starting from
suitable iron cyclohexadienyl complexes, to the synthesis of the biologically interesting 6-oxa-
or G—azasteroidslo as well as of the compounds similar to the steroidic lactone brassinolide 14,
a very active hormone regulator of the plant growthll exhibiting a lactonic structure very close

to the synthesized lactone 13. with this purpose we prosecute further cur research.
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EXPERIMENTAL

1
IR Spectra were recorded with a Perkin-Elmer 257 Infracord; H-NMR spectra with a Perkin-Elmer
apparatus {90 MHz) in CDCl3 using TMS as an internal standard; mass spectra of the reaction products

were recorded with an AEI M3 12 apparatus. For TLC Kieselpel from Merck was used.

Tricarbonyl[l—(2—5—ﬂ-d—methoxy—l—methylcyclohexa-2,4-dieny1)—2—ketocyclohexane] iron {1b). Complex

la (0.5 mM) was dissolved in 1.7 ml of HMPA and then tetramethylammonium acetate (80 mg) was added.
The solution was warmed at 100°C with stirring under N2 for 4 h, then water was added and the
mixture extracted with ethyl ether; the ethereal extracts were washed with saturated scdium carbon-
ate and water, then dried and evaporated. The crude mixture was chromatographed on silica gel. By
eluting with hexane-ethyl ether (95:5) and then hexane-ether (8$0:10), lb was obtained [65% yield}
as a liquid compound. MS: m/z 360. lH—NMR (CDCls)d 1 5.0 {1H, mixed dd, C3 olefinic proten), 3.6
(34, s, OCHS)' 3,2 (1H, m, C5 olefinic proton), 2.55-3.0 (2H, mixed signals, Cg and CG protons),

-1
1,0 (3H, s, angular methyl. IR (CHClS) vmax: 2020, 1980, 1710 cm . Anal. Calcd for C 7H FeQ

1726 008

C, 56.70%; H, 5.5%; Found: C, 56.1%; H, 5.1%.

Tricarbonyl[l-(2-5—ﬂ-d—methoxy—l—methylcyclohexa—z,d—dienyl)—Ermethylenecyclohexanelibon (2.

Powdered zinc (6.88 g) was added to a solution of methylene bromide in 70 ml of anhydrous THF
under N2. To this suspension 21 ml of a 1M solution of titanium tetrachloride in methylene
chloride were added in a few minutes under stirring; at the end of the addition the resulting
mixture was left to stir for additicnal 15 min. Then, a sclution of 1b (1.05 g) in & ml of THF
was added and the resulting mixture left tc stir overnight. The resulting suspension was fil-
tered and the sclution washed before with acidic water, then until neutrality with water; the
organic layer was dried and evaporated, and the resulting crude mixture was chromatographed on
silica gel. By elution with hexane, 800 mg of 2 were obtained (8C% yield). MS: m/z 358, lH—NMR
(CDCls)O ¢ 5,0 (14, mixed dd, C_ proton), 4.75 and 4.55% (2H, mixed d, olefinic methylenic

3

protons), 3.6 (3H, s, OCH3), 3.25 (1H, m, C5 proton), 2.65 - 2.0 {3H, mixed signals, C2 and C6

-1
pratons), 1.1 (3H, s, angular methyl IR (CHCl_) vmax: 2020, 1980, 1640 cm . Anal. Calcd for

3
H 0 : . 3%; 6.2, F d: C, .63 . Y%,
clB 22Fe 4 c, 60.3%; H, oun C, 59.6; H, 5.9%
1-(1-Methyl-4—keto-2-cyclohexenyl)-2-methylenecyclohexane (3). Compound 2 (1.5 g} was dissolved

in 33.2 ml of anhydrous benzene under nitrogen, to which 4.1 g of trimethylamine N-oxide was then
added under vigorous stirring at 85°C. After 4 h the reaction was stopped, water added and the
resulting mixture extracted with diethyl ether. The ethereal extracts were washed many times with
2N HCl, then neutralized, dried and evaporated. The crude residue was chromatographed on silicsa
gel. By eluting with petroleum ether (40-70°C) diethyl ether (20:10) 3 was obtained (650 mg) as a
liquid compound. MS: m/z 204, 1H-NMR (CD013)6 : 1.22 (3H, s, angular methyl), 4,67 and 4.85 (2H,

two broad s, olefinic methylenic protons}, 5.82 and 5.85 (1H, mixed d, J 10Hz C3 proten), 6.82

2-3

~1
2Hz, €_ proton). IR (CHCci_ ) ¥ : 1650, 1670 e¢cm . Anal.
ha 2 3 max

Calcd for C14H200: C, 82.30%; H, 9.87%; Found: C, 82.45%, H, 9,66%.

and 6.85 (1H, mixed dd, J2 2 10Hz, J




1-(1-Methyl-4-keto-2—cyclohexenyl }-2-epoxymethylenecyclohexanes (4a), {4b), (4c}. Gompound 3

{490 mg) was dissolved in 5.74 ml of methylene chloride (distilled on calcium chloride). m-Chloro-
perbenzoic acid (810 mg) was added and this sclution was left under stirring for 4 h. By thin
layer examination the formation of twe products at lower R was observed; a solution of sodium
m-chlorobisulfite {1 g in 10 mi of water) was added to the reaction solution to destroy the per-—
acid excess until a starch paper was colorless. Then this mixture was extracted with diethyl ether
and the ethereal extracts were washed with 2N NaOH and water until neutral, then dried and evaporat-
ed. The crude residue was chromatographed on silica gel. By eluting with hexane-ethyl acetate
(90:10) the higher Rf epoxide 4a was eluted (100 mg), microcrystals from hexane-diethyl ether, mp
74-77°C. MS: m/z 220, lH—NMR 0: 1,25 (3H, s, angular methyl), 2.5 and 3.10 (2B, two d, epoxidic
protons Jgem 4Hz ), 5.82 (1H, d, 03 clefinic proton J2_3 10Hz), 6.87 {1H, dd.‘C'2 clefinic proton
.Jha 24z). IR (CHCla) vmax: 1670 cm_l. Anal. Calcd for CLAHEOoa: c, 76.32%, H, 9.15%. Found: C,
75.94%; H, 9.43%. By further elution an inseparable mixture of 4b + 4c (150 mg), exhibiting the
same Rf, was obtained. lH—NMH 0: 1.23 and 1.25 (3H, mixed two s, angular methyl), 2,30-2.90 (2H,
mixed d, epoxydic protons), 5.77 and 5.85 {1H, mixed d, C3 clefinic proton J2_3 10Hz), 6.80 and

6.95 (1H, mixed dd, 02 olefinic proton J 3

-1
PHz)., IR {CHCL_.) ¥ : 1670 cm .
hal max

4b-Methyl-7-keto-9-oxa-10a-chloroperhydrophenanthrene (5). Compound 4a {200 mg) was dissolved in

9 ml of anhydrous dioxane and the resulting sclution, saturated with gaseous HCl, was left overnight
under stirring at room temperature. After total evaporation of the solvent, the residue was extract-
ed with methylene chloride, then the extracts were washed until neutral and evaporated; 150 mg of a
crude product was obtained. By chromatography on silica gel eluting with hexane-diethyl sther

(20:10} the ether 5 (100 mg) was obtained as prisms from hexane-diethyl ether, mp 134-137°C. MS: m/z

1
256. H-NMRO : 1.22 (3H, s, angular methyl), 3.60 (1H, m, CBa proteon wl i0Hz}, 3.87 (2H, 4d, ClO'

/2

-1
Jge 12Hz), IR (CHClg) vmax: 1710 c¢m 7 then a mixture of byproducts {30 mg) was Turther sluted.
m

Anal. Caled for C14H2102Cl: C, 65.48%, H, 8.24%. Found: C, 65,69%; H, 8.47%.

4a(10a)
4b-Methyl-7-keto~9-oxa- Z& 2 -perhydrophenanthrenes (8) and (7). The compounds 4b + 4c (200 mg)

by reaction with gasecus HCLl in the conditions previously reported gave, by thin layer examihation,
a mixture of two main compounds. After the ususl work up, a crude mixture (130 mg) was obtained,
which, by chromatography on silica gel eluting with hexane~diethyl ether (90:10), gave 6 (40 mg) as
a liguid e¢ompound, MS: m/z 220, 1H—NMR ¢: 1.12 (3H, s, angular methyl), 3.63 (1H, m, CBa proton

W, ,, 10Hz), 3.9 (2K, br. s, ¢, protons). IR (CGHCL,) Vo’ 1710 em ', Anal. Caled for € o005t

C, 76.32%; H, 9.15%. Found: €, 76.67%; H, 9.51%. By further elution 7 (70 mg) was cbtained; prisms
from hexane-diethyl ether, mp 130-132°C. MS: m/z 220. lH—NMRO : 1.1 {3H, s, angular methyl), 3.82

-1
{2H, s, C__ protons), 4.03 (1H, t, C8a proton J 7Hz). IR (CHClB) v : 1710 cm ; finally a minor
max

10

compound {15 mg) eluted was not investigated any further. Anal. Calcd for 014H2002: C, 76.32%, H,

9,15%. Found: C, 76.03%; H, 8.97%.
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1-(1-Methyl-4-keto-2-cyanocyclohexyl)-2-methylenecyclohexanes (8) and (9), Compound 3 (584 mg) was

dissolved in 6,66 ml of anhydrous THF under nitrogen and stirring at 0°C, then 4.54 m! of a 2.4 N
solution of EtgAICN in toluene was added. The stirring was continued overnight whereas the tempera-
ture was left to rise tec room temperature. The reaction mixture was poured into 2N NaOH and the
resulting mixture was extracted with diethyl ether, the ethereal extracts were washed until neutral,
dried and evaporated. By thin layer examination the formaticn of two compounds was noted. By chro-
matography on silica gel, eluting with benzene-diethyl ether (88:2), the higher Rf cyano derivative
8 was isolated (230 mg) as a liquid compound. MS: m/z 231. lH—NMR 9: 1.32 {1H, s, angular methyl),
3.30 (1H, t, C, proton J 10Hz), 4.80 (2H, m, olefinic protons). IR (CHc13) Vmax: 1640, 1715, 2240
cm_l. Anal. Caled for c15H21QN: C, 77.88%; H, 9.15%. Found: C, 77.47%; H, 9.05%. Afterwards, the
lower Rf igomer 2 (260 mg) was eluted as a liquid compound. MS: m/z 231. 1H-NMR d: 1.25 (3H, s,

-1
angular methyl}, 3.28 [1H, m, 62 proton Wl 12Hz). 1R {CHCi3) LA 1640, 1715, 2240 cm

/2

Anal, Caled for C15H210N: C, 77.88%; H, 9.15%. Found: C, 77.49%; H, 9.31%.

1-(1-Methyl-4-keto-2-cyanocyclohexyl )-2-epoxymethylenecyclohexanes (10) and {11). Cyano compound

8 was dissolved in 2.9 ml of methylene chloride. m-Chloroperbenzoic acid (313 mg) was added at 0°C
under stirring; the reaction was left to proceed overnight. After the usual work up, by thin layer
examination, the formation of the main liquid compound 10 (180 mg) was observed. MS: m/z

247. 1HANMR d : 1.3 (3H, s, angular methyl), 2.55 and 3.5 (2H, two d, J BHz, epoxydic protens), 3.0
(1H, m, C2 proton}. IR (CHClS) V4 max: 1720, 2230 cm_l. Anal. Calcd for C15H2102N: C, 72.84%; H,
8.56%. Found: C, 72.49%; H, 8.45%. In the same conditions the stereocisomer 9 gave the epoxyde 11
as a liquid compound. MS: m/z 247. 1H-NMR : 0.95 (3H, s, angular methyl), 2.0-2.6 (2H, m, super—
imposed epoxydic protons), 3.0 (1H, m, C2 proton), IR (CHClS) vmax: 1720, 2230 cm_l. Anal. Calcd

for € H__O_N: 72.84%; H, B.56. Found: C, 72.51%; H, 8.61%.
or 15554 2N c, % 1% %

4p-Methyl-7,9-diketo-B-homo-9a-oxa-10a-chloroperhydrophenanthrenes {12) and (13}, Compound 10

{300 mg) was dissolved in 23 ml of anhydrous dioxane, then the resulting solution was saturated
with gaseocus HC1 and left overnight under stirring at rocm temperaturs. After evaporation to
dryness, the residue was extracted with methylene chloride and the organic extracts washed until
neutral, dried and evapcrated. By chromatography of the residue on grade IV acidic alumina eluting
with benzene, a mixture of compounds (150 mg) was sluted, then the lactone 12 {80 mg) as a solid
at low melting point was obtained. MS: m/z 284, lH-NMR d: 1.20 (3H, s, angular methyl), 3.75 (lH,
m, CBa proton), 4.0 (2H, s, Clo protons). IR (CHClS) vmax: 1730 cm_l. Anal. Calcd for 015H210301:
C, B3.26%; H, 7.43%. Found: C, 63,52%; H, 7.60%. The above eluted mixture (150 mg) was submitted
to strong hydrolytic conditions {2 ml of dioxane, 2 ml of conc. HCl, 100°C overnight) to give more
lactone 12 {80 mg). Likewise, cyancepoxy compound 11 gave the lactone 13, microcrystals from
methylene chloride diethyl ether, mp 137-141°C. M5: m/z 284. 1H—NMH 0: 1,13 (3H, =, angular methyl),

3.72 (1H, m, CSa proton), 4.0 {(2H, s, C o protens), IR (CHC1 ) vmax: 1725, 1735 cm_l. Anal. Caled

1 3

H : 3,26%; H, 7.43%. Found: C, 63.01%: H, 7.21%.
for C15 2103C1 c, 6 % %. Foun 01%: H, 7.21%
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