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SYNTHESES OF LARGE RING HORMONE ANALOGS

INTRODUCTION

Part I. Synthesis of 8,9:13,14-diseco-18-norestradiol

Since the application of hormones as antifertility agents,

numerous structural modifications have been developed in the hope

of producing the desirable estrogenic activity but reducing the risks

from side effects. It was with this purpose in mind that the present

project was undertaken to see if the target molecule, the 8,9:13,14-

diseco-18-norestradiol 1, could potentially be used as a fertility

control drug.

HO'

PH

1

HO

2

Estrogens, along with progesterones, are commonly administered

orally in birth control pills. As one can see from the structures

shown, the disecosteroid differs from the estradiol 2 in that a large

ring is used to replace the B, C and D rings that are present in

the parent steroid skeleton. Aside from its potential estrogenic

activity, this large-ring flexible hormone analog is also of theoret-

ical interest in testing the nature of binding of hormones to proteins.

Formation of an estrogen-protein complex is the first and essen-

tial step for the hormonal effects to be realized. One model of
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hormone action (1) theorizes that in the estrogen-receptor complex,

the steroid is tightly surrounded by the protein. In order to accommo-

date the steroid the protein has to be distorted and the deformation

then dictates the further biological activities of the complex. This

theory suggests that the rigid steroid skeleton and the placement of

the oxygen groups both play essential roles in the formation of the

estrogen-protein complex. The skeleton serves as a spacer to hold

the two oxygen groups at the right distance for binding (2).

Recently several monoseco steroids (3) with a greater degree

of flexibility than the parent steroid have been synthesized and

show a considerable amount of progestational activity. Among other

secosteroids, the strong biological activity of the 5,10-secosteroids

3 and 4 prepared by Robinson's (4) group are especially noteworthy

3, R=0

4, R=g-CH CO
, H

Compounds 3 and 4 show antiandrogenic activity (5) and are transformed

enzymatically by A
5
-3-keto steroid isomerase, an enzyme known for its

action in transforming A
5
-3-keto steroids to

4
-3-keto steroids, to

their allenic isomers 5 and 6, which in turn were proved to be power-_

ful irreversible inhibitors of the enzyme. Inactivation is thought to

occur through covalent bond formation at the active site of the enzyme

via Michael addition of a nucleophilic amino acid residue to the



5, R=0

6, R=ACH3C0 aH

3

conjugated allenic ketone group. Even though the acetylenic or the

allenic groups in the ten-memebered ring may cause the molecule to

adopt a conformation similar to that of a steroid, which in turn

provides the required distance between the oxygen functionalities,

the flexibilities of these compounds should still be greater than

that of the parent steroid skeleton. This efficiency of the 5,10

seco compounds 3 and 4 as substrates and of 5 and 6 as irreversible

inhibitors, and the estrogenic activity of other seco steroids,

prompted some doubts on the validity of the postulated binding mode

of hormones on their substrates. The observations demonstrate that

monoseco deviations from the steroid prototype can still yield compar-

able biological activity. The proposed diseco steroid is of interest

because it provides a much more flexible skeleton and yet at the

same time provides the necessary placement of oxygen functionalities.

Compounds like 1 should be able to adapt to the binding sites on the

protein without causing the deformation of the receptor. Strong

estrogenic activity would necessitate a change in the theory.-

Considerable effort has been put into constructing the diseco

steroid. The approaches have employed [1,3] and [3,3] sigmatropic

shift ring expansions (6, 7), ring closure (8), and cyclopentenone

annulation (9). Thus far, none of these approaches have successfully
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led to the preparation of the target molecule. Among these approaches

the two ring-expansion routes (6, 9) were the ones closest to being

successful. These two approaches are outlines in Schemes I and II.

Scheme I: Cyclopentenone annulation

r

11

4



Scheme II: [1,3] Sigmatropic shift

Br

14

12

17

OH

13

18 19

20 21

5

Note that in both approaches a benzo fused-ring system was constructed

for the ring expansions that followed. These benzocycloalkenone
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systems were all conveniently prepared via the Caubere reaction (10).

Caubere in his study of sodamide-containing complex base sys-

tems observed the following.

0
1) EtC-CH2Me

NaNH2/THF

2) H+

Me .

CHCOEt

22

The proposed mechanism is shown in Scheme III.

Scheme III

Br

+ R2
0

N

23

PRODUCTS

0_

25

R2

R

24 N
PRODUCTS

N
PRODUCTS

When enolates from alicyclic ketones were reacted with the benzyne,

three types of products 26, 27 and 28 resulted, depending on the



ring size of the starting enolates.

(CH2)n

26

OH

H
27 28

7

Benzocyclobutenols 27 were obtained only when n=1-3, whereas with

larger alicyclic ketones, ketones 28 were generated. a-Aryl ketones

26 were present in all cases as minor products. The advantages of

this reaction are at least three-fold. It constructs a benzo fused-

ring system, simultaneously provides a two-carbon ring expansion,

and sets up a ketone functionality for further reactions. The pres-

ent approach is aimed at making use of all these advantages to con-

struct the basic skeleton. Instead of starting with a small alicyclic

ketone as before, a larger one (ten-membered ketone) was employed.

It should be noted that even though Caubere had studied this reaction

rather extensively, not too much effort had been put into the substitu-

ent effects either on the alicyclic ketone or on the bromobenzene

or on both. If functional groups are placed properly in the starting

materials, this reaction could conceivably incorporate the required

functionalities in their desired positions as shown in Scheme IV.
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Scheme IV

OR

29

1 E--
R

30

OR

RO

OR

0

31 32

OH

The ketone 31 is only one carbon short from the required thirteen-

membered skeleton of 1. This ketone can also be conveniently trans-

formed into the twelve-Membered homolog 32 of 1.



Part II. Synthesis of 5,10:8,9-diseco-19-nortestosterone

The therapeutic values of progesterone 33 and testesterone 34

have long been recognized (11). Like estrogens, derivatives of these

33, R=CH3C0 PROGESTERONE

34, R=OH TESTOSTERONE

35

9

hormones are also commonly used in oral contraceptives. Progestins

(compounds that exhibit progestational activity, primarily including

progesterone and 19-nortestosterones) are used either with estrogens

or by themselves in birth control pills.

As seen from the structures shown, the disecosteroid 35 differs

from the androgen in that the A, B and C rings of the steroid skeleton

are replaced by a fourteen-membered ring. Since the primary activity

of 19-nortestosterone is progestational, it would be interesting to

study the hormonal activity of this "flexible androgen."

Brief examination of the structure of 35 suggests that a

fourteen-membered carbocyclic ketone like 36 would be a very rea-

sonable intermediae for the preparation of the disecosteroid. Cyclo-

pentenone annulation (12) should give the required bicyclic skeleton

37.



Me0
36 Me0

37

35

A somewhat related compound 38 that has been proposed earlier

(13) but has not been made, could have in theory been prepared from

36; however, the final lactone forming step would be nonselective.

No intermediate effort aimed toward the preparation of 38 has been

undertaken. 0

35 -4

38

10

The purpose of the present work is to explore methodology lead-

ing to the preparation of this fourteen-membered ring intermediate.

Several methods for preparing large carbocyclic rings were considered,

e .g., the acyloin condensation (14) and the two more recent approaches

which involve the use of Ni and Ti containing organometallic reagents

(15, 16); however, no straightforward process was envisioned for

these methods for putting the functional groups at the right positions.

.-CH2CH=CHCH2Br
(CH2)n Ni(C0)4

(CH
CH2CH=CHCH2Br

(CH,) CHO TiC11
n

Zn/Cu
(CH2)n
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The approach undertaken here is to apply a modified Robinson annela-

tion (17) to the readily available 6-methoxycyclodecanone 30 (R=CH3)

to generate ketone 44. Subsequent cleavage of the ring fusion double

Me0
44

bond followed by some simple transformations should result in the

preparation of 36.

Another interesting aspect of the above route is the versatility

of intermediate 44 which could also serve as the precursor for the

preparation of a 5,10-seco C-ring aromatic steroid analog 45. C-ring

Me0
45

COCH3

aromatic steroids have been reported by several workers (18-25). The

main interest was to evaluate the biological activities of this class

of compounds. The impetus also comes from the isolation of viridin

(26), the first natural C-ring aromatic steroid with remarkably high

fungistatic activity. The synthesis of 45 was realized in four

steps starting from 44.
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RESULTS AND DISCUSSION

Part I. Synthesis of 8,9:13,14-diseco-18-norestradiol

The required 6-methoxycyclodecanone 30 (R=CH3) for the-Caubere

reaction was conveniently prepared by a modification of Cope's (27)

procedure. The hydroperoxide 46 obtained from autoxidation of cis

and trans decalin was not isolated, but was isomerized directly to

the hydroxy ketone 47 by stirring.with an equal volume of 70% H3PO4

'(28). The hydroxy ketone 47 was then transformed readily into the

methoxy ketone 30 by refluxing in acidic methanol (29).

CO 0C °-)2
4

02

Me0H

H
+

70%

H 3 P 04

46
OH

47

The mechanism for the acid catalyzed isomerization of the hydroper-

oxide 46 is well established (30). The equilibrium between 48 and

46

48

47

-H20 H2O
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47 in different solvents has been studied by NMR (31). This trans-

annular interaction is believed to play a major role in the trans-

formation of the hydroxy ketone 48 to the desired methoxy ketone 30.

The bicyclic ether 49 was observed if the methanolic solution was

OH Me0
Me0H

H+
OH

49

30

allowed to stand at 0°C, but upon reflux, only ketone 30 was obtained.

With ketone 30 available, the Caubere reaction shown could be

tried. The initial attempts were made on bromobenzene in THF as

shown in Scheme V. Two compounds in a ratio of 85:15 were observed

Scheme V

30
NaNH

THE

OCH3

50

CH3
51

by GC analysis of the crude product. The minor component was pre-

sumably the a-phenyl ketone 51 which was never isolated. The crude

product was purified by medium pressure HPLC to yield a thick light
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brown oily layer which could be further purified by triturating with

pentane to give pure 50 in 44% yield as a white solid. Even though

the yield was not high, the ease of acquisition of pure 50 made this

route attractive.

Earlier work in this laboratory had shown that nitration of

benzo ketone 52 leads predominantly to substitution meta to the car-

bonyl group because of its electron withdrawing effect. It was

0 0

HN 0 3
0

52 53

therefore expected that nitration of 50 should yield a similar result;

HNO3
50 X

0 N

OMe

54

however this expectation was never realized. When the nitration was

carried out at low temperature (-5 to 0 °C) with fuming nitric acid,

several products were observed by TLC analysis. Surprisingly, the

NMR spectrum showed that the methoxy group had disappeared. Experi-

ments described at the end of this section provide a rationale for

the loss of the methoxy group under acidic condition. This approach

was finally abandoned after several attempts with similar results.

Another functional group that could ultimately be converted to the

hydroxy group was then considered.

It has been known for a long time that Grignard reagents can

be oxidized to their corresponding alcohols by molecular oxygen.
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The mechanism proposed is the initial formation of the hydroperoxide

which is subsequently reduced by another molecule of Grignard reagent

to form the alcohol (32). This mechanism was. further confirmed by

the isolation of hydroperoxides when Grignard reagents were treated

with molecular oxygen at low temperature (33). With this experimen-

tal evidence, Lawesson (34) conceived the possibility of using a hydro-

peroxide instead of oxygen in the oxidation of Grignard reagents to

their alcohols. Excellent yields of phenols and alcohols were

obtained by this route. Since bromination is a rather simple opera-

tion, it then seemed reasonable to consider it as a means of preparing

the necessary Grignard reagent.

Because of the presence of the carbonyl group in 50, a bromo-

substitution was also expected in a normal Lewis acid catalyzed bromi-

nation reaction; however, these bromo substituents should be readily

50
Br2

Fe

OMe

and selectively removed by treatment with zinc/acetic acid. Bromina-

tion was carried out with three equivalents of bromine in the presence

of catalytic amount of iron powder in carbon tetrachloride at 65°C.

Surprisingly, the NMR spectrum of the crude product obtained again

did not show the methoxy protons.

Inasmuch as this electrophilic substitution step had proved

to be more troublesome than anticipated, it was then decided to take

an approach where this step could be avoided. A feasible choice in
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this direction was to select an aryl bromide where a para substituent

was already present for the Caubere reaction. The drawback in this

approach is the probable formation of isomers which could be difficult

to separate. Since the ultimate compound contains an hydroxy group

on its aromatic ring, the commercially available para-bromoanisole

56 appeared to be the reagent of choice. Preliminary work showed

that the two isomers 57 and 58 could be separated by medium pressure

Br

OMe

56

+ 30

Me0

NaNH2

Me0
0

57

0

58

OMe

Me0

OMe
.><1

column chromatography, although the separation was not as clean as

one would like. When the Caubere reaction was carried out under the

same condition as before, 10% of 57 along with 5% of 58 were isolated

after purification by medium pressure HPLC followed by trituration

with pentane. The regiochemical disposition of the products can be

rationalized by the electronic effect exerted by the aryl methoxy

group; however, this analysis can be misleading since the seven-

membered ring case shows the opposite regiochemistry (9). The two

isomers were readily distinguished by their NMR spectra in the aro-

matic region: [57: 67.15 (1H, d, J=8 Hz) and 6.75-6.9 (2H, m);
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Me
--+ 57

more stable

---0 58
OMe0 Me

less stable

58: 57.34 (1H, d, J=8 Hz), 6.74 (1H, d, J=2.5 Hz) and 6.54 (1H, dd,

3=2.5, 8 Hz)]. The NMR assignments for the two isomers were further

confirmed by Europium shift-reagent study.

The theoretical prediction for the shifts of individual protons

with the addition of shift reagent is formulated below.

as =
k(3 cos

2
8-1)

r
3

Ref. 35

The terms r and 8 are explained by the following models of 57 and 58.

HC

1.5A

Me0
/ Ha 0 0

1.1 cA'

2.5

57

58

The values for r and e were obtained from direct measurement on the
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models. It was found that for 57, individual k values agree

best when the carbonyl has a 200 elevation from the aromatic ring

while for 58, it is 40°. Theoretical shifts for individual protons

Table I: Predicted Lanthanide Induced Shifts for Ketone 57 for a
Dihedral Angle of 20°

H
a

H
b

He

r () 0 (deg.) k(Hz-23) Expt A6(Hz)

3.8 47 16000 115

8.0 34 16800 35

8.0 19 16700 55

ave. 16500

CalcdAd(Hz)

118

34

54

Table II: Predicted Lanthanide Induced Shifts for Ketone 58 for a
Dihedral Angle of 40°

r (X) 0 deg.) k(Hz-2 ) Exptaa(Hz) Calcd (16(Hz)

H
a

4.1 45 20700 150 163

H
b

6.6 44 26000 50 43

He 7.9 20 20900 70 75

ave. 22500

were also calculated based on the averages of the k values. The

emphasis though is not on the numerical values, since they are obtained

very rudimentarily and also are subject to some prejudice, but rather

on the splitting constants of the Ha's. The shift reagent should

have the greatest effect on the Ha's owing to their proximities to

the carbonyl groups. As expected, the most downfield aromatic proton

(H a) of 57 has a splitting constant of 2.5 Hz while for 58 it is 8 Hz

(Figs. 1 and 2).

While the Caubere reaction was still under investigation, the



57 7 5 0 p prn 700
no shift reagent

lilt A
IlJt I L___1 I t II I

region of 4',8-Dimethoxv-1,2-benzocyclododecen-3-one

reagent.

1_11111111 I I I

(57)

_1_J

Figure 1. NMR spectrum of the aromatic

after addition of shift



J-1
a

a

710

747ppm
no shift reagent

III I 1 1 I 11111111'1m
Figure 2. NMR spectrum of the aromatic region of 51,8-Dimethoxy-1,2-benzocyclododecen-3-one

(58)

after addition of shift reagent.
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ring expansion step that would take the twelve-membered carbocyclic

ring to its thirteen-membered homolog was tested on model system

50. Earlier work on benzosurberone 52 (7) with TMSCN (trimethylsilyl

cyanide) and KCN/18:crown:6 or zinc iodide catalyst according to

the procedure of Evans (36) gave promising results. Ketone 50 was

52
1) TMSCN

2) LAH

HONO

HO CH2NH2
59

subjected to similar treatment at room temperature using ether as

the solvent. The reaction course of the TMSCN addition step to the

carbonyl was traced by GC analysis by monitoring the disappearance

of the starting ketone. It was observed that when the starting mate-

rial was all consumed, the major product was a compound with a reten-

tion time slightly shorter than the original ketone 50. This com-

pound was isolated by GC and identified as the silyl enol ether 62

TMSO,
62

OMe

of the ketone 50. The other product with longer retention was also

isolated and was found to be the expected trimethylsilyl cyanohydrin

61. Heating the mixture to elevated temperature for several hours

did not change their ratio. Investigation was then undertaken to
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study the solvent and temperature effects on the ratio of the products.

It was found that high temperature favored the formation of the silyl

enol ether 62 while low temperature favored the cyano adduct 61.

Non-polar solvent (pentane) on the other hand enhanced formation

of the cyano adduct 61 relative to polar solvent (THF). These obser-

vations suggested that the yield of 61 could be improved by using

anon -polar solvent at low temperature. Unfortunately the reaction

rate in pentane was too slow at low temperature (-8
o
C) to make this

reaction practical. An attempt was then made to use ZnI2 instead

of KCN/18:crown:6 to investigate the catalyst effect. The reaction

at room temperature did not improve the yield of the cyano adduct,

and in addition an unknown product was observed with a much shorter

retention time in the gas chromatogram. When the reaction was repeated

in refluxing methylene chloride, this unknown compound, which showed

no methoxy protons in the NMR spectrum, was almost the exclusive

product. The TMSCN approach was temporarily set aside.

Since the silyl enol ether 62 could be prepared easily, it

was then considered for use in an alternative route to expand the

twelve-membered ring. The additional carbon needed conceivably could

be introduced by a Simmons-Smith or dihalocarbene reaction on the

double bond. The Simmons-Smith ring expansion route had been well

worked out earlier (37) already and so attention was directed to a less

o-r NA 5

DMF

I

) (C H)2

0

expensive way to prepare the silyl enol ether 62.
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It was assumed that ketone 50 yielded the silyl enol ether as

the major product in the presence of TMSCN because of the ease of

formation of its enOlate. It was therefore expected that other silyl-

ating agents such as TMSC1 (trimethylsily chloride) should give simi-

lar results. Surprisingly both House's (38) and Hudrlik's (39) proce-

dures failed to yield the silyl enol ether 62. TMSCN was used for

the time being although it was more expensive.

50
TMSC1

Et3N
or NaH TMSO

62

OMe

Silyl enol ether 62 was formed as nearly the exclusive product

(>95%) when ketone 50 was allowed to stir with TMSCN/18:crown:6 in

refluxing toluene. The Simmons-Smith reaction (40) was carried out

in a normal way with Zn/Cu couple prepared by the procedure of Harrison

(41). To our surprise the methoxy group again disappeared in the

product.

62
Zn/Cu

>

CH212

The dibromocarbene route was then attempted at low temperature

according to the procedure of Miller (42). Excess carbene was gener-

ated for the reaction. Two products, which could be separated by



62 B K)

CHBr3
TMS0

OMe

64

24

column chromatography were formed in rather small quantities. No

idenfifications could be assigned for the products from routine NMR,

IR and mass spectral data. This route was abandoned after two attempts

because the product yield, if it was the expected product 64 at all,

was too low to make this route useful.

Two other routes which sought to introduce this methylene group

by nucleophilic attack on the carbonyl group were tried without suc-

cess. The failure was believed to be due to the relative ease of

enolization. An alternative route to prepare 65 through a Wittig

reaction also failed. Another reagent, AlEt2CN (45), which should

50
LiCHBr

2
>

behave similarly to TMSCN was tested and failed to yield the
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cyanohydrin 68. It was then decided to go back and further investi-

gate the the TMSCN method.

50
AIE-1.2CN OMe

68

Early results had shown that the reaction rate in aliphatic

non-polar solvent (pentane) was too slow to make the procedure prac-

tical; however, it was discovered while choosing a higher boiling

solvent for the preparation of silyl enol ether 62 that toluene

enhanced the rate of that reaction much more than the other non-

polar solvents such as carbon tetrachloride and chloroform. When

toluene was used as a solvent for the TMSCN reaction, a reasonable

rate (about one week) was obtained at low temperatures (-25 to -15°C).

The intermediate cyanohydrin 61 was reduced with LiA1H4 directly

prior to workup. The amino alcohol 69 and silyl enol ether 62 were

obtained in a 2.5/1 mole ratio. The silyl enol ether 62 was trans-

formed back to ketone 50 by stirring in THF/H30+. Ketone 50, thus

recovered was a thick oily layer which could not be recrystallized

to its solid form. A small amount of alcohol 70, judging from the

IR spectrum, was also present, presumably from the reduction by LAH

50
1) TMSCN

2) LAH

HO CH2NH-2

69

OH

70
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on the unreacted 50. The amino alcohol 69 obtained was diazotized

without further purification by HONO in 10% HOAc. In initial trials,

the crude product (a thick semi-solid layer) was recrystallized from

pentane to yield a white fluffy solid identified as ketone 71,

which is the expected aryl migration product, but the yield of this

step was consistently only at the 30-40% range. The portion which

was soluble in the pentane layer in the recrystallization was then

examined by.NMR, IR, MS and GC and found to be ketone 72, which corre-

sponded to the unexpected alkyl migration in the ring expansion step.

OMe OMe

HNO2

0 71 72
0

The two ketones were formed in almost equal amounts. The same proce-

dure was applied to ketone 59 and ketones 74 and 75 were obtained in

57

72

Me0

Me0

OMe

Me0
HO CH2NH2

72 4 1

OMe

0

about 1:-1 in 56% overall yield.

TMSO

OMe

OMe

0 75
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With ketones 74 and 75 in hand, success seemed imminent. Earlier

work on the reduction of ketone 50 by Huang-Minlon's (45) modification

of the Wolff-Kishner reaction gave a reasonable yield of the reduced

product 76. However, applying the same procedure to ketones 74 and 75

HOCH2CH2OH)
50

KOH, NH2NH2

76

OCH

only gave a low yield of the expected 77 along with a considerable

amount of dark brown impurity. A milder route was then explored

NH2NH274 + 75
KOH

to reduce the ketones.

The tosylhydrazone seemed to be a promising intermediate because

of its ease of formation and reduction by different reagents such as

NaBH
4

(47), NaCNBH
3

(48), or RLi (49). Surprisingly when ketone 50

was refluxed with one equivalent of tosylhydrazine in ethanol or

carbon tetrachloride (50), no solid tosylhydrazone 78 could be

50
NH2NHTs

NNHTs

OMe

78
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isolated. Other alternatives were explored and summarized as follows.

71
CI (Et0)20P

NaH

OMe

74+ 75
1) NaBH4

2) POCI
3

Me0

Pt20/H2

OPO(Et0)2
79

OMe

1) LAH74 75 2 PRODUCTS
2)MsCI
3) LA H

50
BF 3

Et3SiH

76

OMe

OMe

15% ?

80

For the phosphonate procedure, only starting material was recovered

when treated with chlorodiethylphosphate. The use of boron trifluoride

and triethylsilane caused the disappearance of the methoxy group.

The phosphorous oxychloride and the mesyl chloride worked for the

twelve-membered homolog and yet on the thirteen-membered system,

both of them yielded unexpected side products. Finally it was found

that instead of displacing the intermediate mesylate directly with

LiA1H
4'

elimination with potassium t-butoxide/DMSO gave one clean

product. This procedure was applied to reduce ketones 74 and 75
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1) LAH

2) MsCI

3) t8u0K 82

and gave dimethyl ether 77 in 51% yield.

74 + 75
1) LAH

2) MsCI

3) tBuOK Me0
4) H2/Pd
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A satisfactory route to demethylate the ethers required consider-

able exploration. The original plan shown in Scheme VI was to remove

Scheme VI

77

HO

1

the methyl ethers one at a time, since they are of different types.

It is known that the aryl methyl ether, because of the stability

of the resulting phenolate, can be demethylated by NaSEt (54) through

a S
N
2 mechanism. When this procedure was employed to the model

dimethyl ether 83, only starting material was recovered after
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83

OMe NaSEt

DMF

HO

30

OMe

84

prolonged heating. It was thought that an electron withdrawing group

might increase the stability of the resulting phenolate and so an

attempt was made on ketone 59, but the result for this step was not

reproducible.

57
NaSEt

DMF HO

OMe

85

Not too much effort had been put into this nucleophilic displace-

ment step of the aryl methyl ether before it was decided to change

the sequence of demethylation as shown in Scheme VII. It was thought

Scheme VII

77
1) DEMETHYLATION

2) [ 0 ) Me0 86

87

that if the aliphatic alcohol was converted to the ketone, it was

then protected from subsequent demethylation of the aryl methyl ether,

which could be removed by many other reagents.
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Literature procedures for removing methyl ethers all utilized

the same principle: the formation of a polarized bond between the

oxygen and the methyl group through complexation of the reagent with

oxygen and then attack on the methyl by a nucleophilic entity. The

>- OH

reagents investigated were TMSI (55), BBr3, BF3Et20/HC1/HSCH2CH2SH

(56), DIBAH (57), and A1C1
3
/ ethanedithiol or thiol (58). Among all

these reagents, only the AlC13/ thiol procedure gave a reasonable

76
AlC13-4
EtSH

88

OH

54`)/. 89

SEt

yield. The reactions were monitored by GC by observing the disappear-

ance of the starting ether. The TMSI and BBr3 both gave products

with retention times considerably shorter than the starting ether.

They were presumably products from elimination of the resulting iodide

or bromide. The DIBAH yielded only the starting material even at

elevated temperature. The BF3Et20/HC1-catalyzed reaction required

longer reaction time than the AlC13 one and gave some alcohol product

88 along with impurities.

When AlC1
3
/ thiol was applied to the model system 83, it was
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found that a reasonable amount of the aryl methyl ether was also

HO/"\//
83

90

demethylated. This observation was different from the TMSI cases

reported by Jung (55). When TMSI was used as the demethylation agent,

Jung observed that removal of the aryl ethers was much slower

than aliphatic ones, whereas in this case the rates were comparable.

This phenomenon was initially considered to be an extra problem for

this reacton since it was believed that there was still some differ-

ence in the demethyation rates. Prolonged reaction time for complete

demethylation of the aryl methyl ether might mean ethyl sulfide forma-

tion at the aliphatic position. On the other hand, conversion of the

sulfide to the alcohol (59) had been performed, and so it seemed

easier to convert all the methyl ether to sulfide and then back to

the alcohol than to optimize the temperature and reaction time to

obtain the diol directly. The sulfide was obtained in good yield

AICI3H

EtSH

SEt 2+ HO
1-1cg

HOAc

92

(95 %) but the subsequent step failed to yield the expected acetoxy

OAc
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alcohol 92. The alternative route shown in Scheme VIII seemed more

promising and only the starting sulfide was recovered.

Scheme VIII

77

Me0

1) Cr03

2) DEMETHYLATION
3) LAH

1

Diol l should be separated from 93 easily by aqueous NaOH extraction.

The reaction was repeated several times at room temperature and in

all attempts, judging from the NMR and IR spectra, only a very small

amount of ether 93 was observed, which was never isolated. To our

delight the diol 1 could be obtained in about 50% yield as the major

product of the reaction. The synthesis of this large-ring hormone

analog was thus accomplished in nine steps starting from 6-methoxy-

cyclodecanone 30.

Other derivatives of I were synthesized from standard proce-

dures. Diol I was oxidized with Jones reagent (60) to give the

estrone analog 87 in 74% yield. The ethynyl derivative 94 was
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Cr03

HO

87 94

34

ECH

obtained in 46% yield from 87 according to the procedure of

Carlson (61). The twelve-membered ring diol 32 was also prepared

from 57 by reduction of the ketone followed by demethylation with

AlC1
3
/ thiol. After testing several reduction methods on ketones

50 and 57, the mesylate method described earlier was found to give

the best result (59% from ketone).

1) MsCI

/

LAH

50 --A,LAN HOAc/H2601

Pd/H2
NH3,Li

(Ref 60)

1) POCI3

LAH /2) Pd/H2
57

\ 1) MsCI Me0
>

2) LAH

Although diol 1 was successfully synthesized, some steps,

76

OMe

95

OMe
32

in particular the Caubere reaction, gave exceptionally low

yield; modifications were therefore undertaken to improve the

overall yield. A benzyl ether 96, instead of methyl, was pre-

pared by Chiarello (8) and the yield for this step was improved to

about 20%. Unfortunately the TMSCN ring expansion procedure used



OBz

Br

96

+ 30 NaNH2

Bz0

97

OMe

35

on the methoxy analog could not be achieved on 97. Other methods

were used but also failed.

The trimethylsilyl group was also tested because of its easy

transformation to an acetoxy group (63). The trimethylsilyl bromo-

benzene 98 was prepared in 50% yield according to the literature

Mg

TMSCI

TMS

98

procedure (64). Unfortunately, the Caubere reaction did not yield the

ketone 99. The product yield was low and there was partial loss of

NaNH298 + 30 A >

OMe

the TMS group. Another modification that might improve the yield

would be to use the benzyl protecting group on the ten-membered ring

component. Unfortunately, attempts to prepare the benzyl ketone 100
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OCH2OH>

H±
OCH20

100

36

with a similar procedure to that of its methyl analog 30 only gave the

desired product in low yield.

Finally, some effort was turned to the exploration of the dis-

appearance of the methoxy group. It was noticed earlier that in

the presence of various acids (Fe, ZnI2, BF3, Zn/Cu, HNO3) the methoxy

group on 50 disappeared. One reasonable postulate is that these

acids catalyze an internal displacement of the methoxy group and

caused the formation of ketone 101. This postulate was tested by

50

101

heating 50 with zinc iodide in toluene. A compound with smaller

molecular weight was observed on GC analysis, yet only a small amount

of starting material (-15%) was converted in 18 hours of heating.

Upon the addition of TMSCN, almost all the starting material dis-

appeared in about 16 hours. A possible mechanism is shown below.

50
TMSCN

ZnI

Z

TMSO

nI2

ZnI

+/Me
101
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The spectral data which support the structure as shown are

the presence of the carbonyl stretching band at 1695 cm
-1

and the

two peaks appearing at (656.13 and 46.79) in the 13C NMR spectrum.

These two peaks appear as doublets in the off resonance decoupled

spectrum and are believed to be the two tertiary carbons of 101.

Further confirmation of assignment was done by comparing with

2-cyclohexylcyclohexanone (65), which has a shift of 656.4 for

the a-tertiary carbon. When AlC13 was employed, reaction was

completed within an hour. Besides 101, another product which has

a higher Rf was observed on TLC analysis. This product has

identical molecular weight as 101 and its NMR spectrum, which

shows vinyl protons, suggests that it is probably an elimination

product. No further identification was pursued.
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Part II. Methodology on the preparation of 5,10:8,9-diseco-19-
nortestosterone

The present approach is designed to make use of the readily

available 6- methoxycyclodecanone 30 to construct the specifically

substituted fourteen membered-ring moiety of the 5,10:8,9-diseco-

19-nortestosterone 35. The original plan to synthesize the four-

teen-membered ring ketone 36 for further transformation is shown

in Scheme IX. Alcohol 102 was obtained and hydrolyzed to the

Scheme IX

30
MgCFCH2OTHP

Me0

Me0

CaCCH2OR
HT

OH

102, R=THP
103, R=H

Me0

36

44

diol 103. Attempts to cyclize 103 with sulfuric acid:methanol(12)

(1:1 or 1:2) yielded only tar. An alternative route was then pur-

sued in which 44 would be prepared directly by a Robinson annelation

(Scheme X) followed by an isomerization of the double bond to the

B,Y position.

Scheme X
30

Me0

104

44
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Early attempts with base (66) or acid (67) catalyst on 30 with

methyl vinyl ketone gave back only the starting cyclodecanone. Gen-

eration of methyl vinyl ketone in situ from Mannich base(68)also

Me .N tite0Na

30

failed to yield the desired product. Presumably the methyl vinyl

ketone polymerized at too fast a rate for any reaction to take place,

so a more stable vinyl ketone was then sought.

Stork (17) had used an a-triethylsily1 substituted methyl vinyl

ketone 105 which gave a very good overall yield (80%) for the

106

Et
3
Si

OLD

105

O

107

Robinson annelation. A procedure similar to that of Stork (69,701

was used to prepare the vinyl ketone 106. The overall yield of 108

was not impressive (ca. 20%) but a large quantity of material could
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TMS 1)8r2 TMSyBr 1) Mg TMS,j'-LN
121Et

2
N 2)CH3CHO

1083)Cr03

be handled at one time without difficulty. When 108 was allowed

to condense with cyclodecanone 30, the diketone intermediate 109

was isolated. This intermediate 109 was not purified but was cyc-

lized with sodium methoxide in benzene. Benzene was used in this

case instead of methanol to avoid the possible formation of the bi-

cyclic side product 71 . Judging from the NMR spectrum, ketone 44

was formed exclusively; in particular, no vinyl proton was observed

108

LOA meo

TMS 0

109

0 Me0Na
4 4

0H

that would indicate the presence of 104. Cleavage of the double

bond by ozonolysis should eventually give ketone 36.

Attempts to protect the carbonyl with ethylene glycol failed

to give the desired ketone 110. A yellow solid compound with a

molecular weight of 310 was obtained which shows no methoxy protons

and no carbonyl stretching band. It is postulated to be 111 but no

further identification was done.
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HOCH

2
CH 20H

H+
X

Me
110

41

Several other attempts were made in which the carbonyl was

protected as its alcohol or acetate. Ketone 44 was reduced by

OH

44
1) NaBH4

2) 03

3) Me2S

or Zn/HOAc 112

sodium borohydride and subjected to ozonolysis with zinc/acetic acid

work-up which appeared to yield the diketone 112. Direct

OH

112

MeO

Et
EtS

S

115

SE t

S Et

NH
2
NH

2
KOH

NH NHTs

TsHN

M

Me0

NNHTs
114

113
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Wolff-Kishner reduction failed to yield the alcohol 113. Heating

with tosylhydrazine only gave a small amount of yellow crystalline

product. No effort was invested to see if the solid product is the

dihydrazone 114 since the yield was so poor. The TMSC1 catalyzed

thioketalization (72) only resulted in starting material attempts

to reduce the diol 116 through a mesylate intermediate or with phos-

phorous oxychloride (Scheme X) only gave low yield of crude products

Scheme X

Me0

44
1) NaBH4

2) Ac 20
Me0

116
1) 03

2) NaBH4
Me0

116

36

1) MsC

2) tBuOK
Cr03

4) H 2/Pd

BSc

which contained large quantities of impurities. The cleavage of

the double bond is still under investigation.

113
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While working with ketone 44, its potential as a precursor

of a C-ring aromatic hormone analog was discerned. Since the ap-

proach (Scheme XI) only called for a few steps and would constitute

a new approach to benzo substituted medium-sized ring systems, some

Scheme XI

LiCECH
44

Me0

Cis-CH

OH

Hg+2

H+ Me0

119 120

COCH3

45

effort was put forth to test the viability of the scheme.

Excess lithium acetylide was generated with lithium diisopropyl

amide and acetylene. In several attempts with THE or ether solvents

at different temperatures only ketone was recovered. Presumably,

the allylic protons alpha to the carbonyl are too acidic for a rather

strong base like lithium acetylide. A neutral reagent was sought

to introduce the necessary functionalities.

Our experience with TMSCN made it the reagent of choice in

this case. A check on the equilibrium (73) between a six-membered

ketone and its cyanohydrin gave more impetus for this approach.

0 HO CN

KeCi
=1000
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When TMSCN/KCN-18:crown:6 was allowed to stir with 44 in THE or ether

at room temperature, the ketone disappeared in about two hours and

cyanohydrin 121 was obtained after acidic workup. The rest of the

TMSCN
44

Me0

121

scheme then just called for the elimination of the hydroxy followed

by aromatization and the conversion of the cyano group to the methyl

ketone.

The resistance toward elimination of the cyanohydrin was more

than expected. Refluxing 121 with pyridine in benzene with azero-

tropic removal of water or in pyridine alone only gave back the start-

ing material, as did phosphorous oxychloride at room temperature.

121

Py/01-1

I or no 0H

POC13

r.)ct. )

Me0 122

Intermediate 122 was finally obtained by heating 121 with phosphorus

oxychloride at 70-80°C. The remaining transformations to 45 were

straightforward. Oxidation with DDQ (74) gave 123 which was converted

to 45 with methyllithium. The seco C-ring aromatic hormone analog

was thus completed in four steps from 44 in 1.2% overall yield.



122
DDQ

Me()

123

CN

1) CH3Li
45

2) H30+

45
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Biological Test Results

Of the components prepared, 1, 32, 77, 87, 95 and 45 have been

tested for uterotropic and post-coital activities (except for 77)

at the Contraceptive Development Branch of the National Institute

of Health Center for Population Research (see Table 3). When com-

pared to estradiol which approximately doubles the uterine weight

Table III: Uterotropic Activity

Compound Control 1 ug

Dosage
10 ug 100 ug 1000 pg

1 43.7 ±3.7 44.9 ±1.1 46.5 ±3.4 49.0 ±3.1

32 43.4 ±4.0 44.3 ±3.2 46.8 ±2.8 48.5 ±4.9

77 32.9 ±1.0 46.0 ±4.2 39.2 ±2.4 36.7 ±2.3 35.1 ±2.5

87 25.9 ±1.3 30.1 ±2.2 30.8 ±2.2

95 25.9 ±1.3 29.4 ±2.5 31.4 ±2.9

45 38.3 ±3.1 30.5 ±1.3 32.7 ±1.8 34.5 ±2.0

The table displays uterus wt (mg) vs. dosage of the compound
indicated which was applied subcultaneously in sesame oil once
daily for three days followed by sacrifice one day later.

at a 0.32 pg dose, all the analogs tested here, except 77, are ex-

tremely weak if active at all. The 40% increase in uterine weight

at 1 pg dosage for 77 demonstrates that estrogen analogs without

the rigid steroid backbone are capable of binding to the receptor

and acting as an agonist. Cases in which the uterine weight increase

falls off substantially with increasing dose have been observed previ-

ously for such compounds as nafoxidine which shows a 90% weight in-

crease at 5 pg but only a 55% weight increase at 50 pg (75).
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EXPERIMENTAL

General Laboratory Procedure and Conditions

All temperatures are uncorrected. Nuclear magnetic resonance

(NMR) spectra were obtained on a Varian EM-360 (60 MHz) and a Varian

HA-100 (100 MHz) spectrometers. Carbon 13 NMR was done on a Varian

FT-80A machine. Unless specified, tetramethylsilane was used as the

internal standard. Infrared spectra were obtained on a Perkin-Elmer

727B infrared spectrophotometer with polystyrene as a standard.

Low resolution mass spectra were obtained from a Varian CH7 instru-

ment using a 70 eV excitation potential. High resolution mass spec-

tra were obtained from a CEC 1108 instrument. Gas-liquid chromatog-

raphy analysis were carried out on a Varian 1200 flame ionization

detector GC using a 4' X 0.125" 7.4% OV101 on Chromosorb G, 80-100

column unless otherwise specified. Thin layer chromatography was

done on precoated TLC sheets (EM reagents). Medium pressure high

performance liquid chromatography (HPLC) was performed with a FMI

laboratory pump and the Altex columns listed below.

Column A: 1.5 X 21 cm

Column 8: 2.5 X 25 cm

Column C: 2.5 X 100 cm

The pressures employed were approximately 5 psi for column A, 10-

15 psi for column B and 50-60 psi for column C. In all cases silica

gel (EM Reagents Silica 60, 230-400 mesh) was used as the stationary

phase. Preparative GC purifications were done on either a 2' X 0.25"

4.9% OV101 on Chromosorb G, 80-100 column or a 5' X 0.25" 10% OV101
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on Chromosorb G, 60-80 column. Tetrahydrofuran (THF) and ether were

distilled from sodium/benZophenone under nitrogen.

General Procedure for the Preparation of
6-Hydroxy-cyclodecanone (47)

The modification of Cope was adapted for the preparation of

the intermediate hydroperoxide. Thus practical grade decalin

(Aldrich) was purified by passing through a column of silica gel

(CC-7). The decalin solution was heated to 125±5°C in a three-

necked flask equipped with a mechanical stirrer, a thermometer,

a condenser and an oxygen inlet. After reaching the desired tem-

perature, oxygen was bubbled through the solution at a rate of

about 2 liter per minute and the solution was stirred vigorously.

Benzoyl peroxide (a total of 11 gm per liter of decalin) was intro-

duced in about ten equal portions at ten minute intervals. The

temperature was maintained at about 125°C. The reaction wasexo-

thermic enough that only a small amount of external heat wasneeded.

The total reaction time was 1.3 to 1.5 hours. The reaction mixture

was, then cooled quickly in an ice bath and washed with three 200 mL

portions of 10% sodium hydroxide. The hydroperoxide intermediate

thus obtained was then quickly isomerized into the title compound

according to the procedure of Schnider (28). The organic layer was

stirred vigorously with an equal volume of 70% phosphoric acid at

15°C in the presence of 200 mL of acetone. After 1.5 h, the layers

were separated and the acid layer was extracted with water and chloro-

form. The combined organic layers were washed with water, sodium

bicarbonate, and brine and then dried over magnesium sulfate. After
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the chloroform was evaporated, a small amount of residual decalin

was removed by Kugelrohr distillation at about 40 °C and the crude

product was then transferred over quickly at elevated temperature

(120 -150° C). The clear oily layer thus obtained was shaken with

several hundred mL of hexane. White solid crystals settled out

almost instantaneously. The majority of the hexane was evaporated

under reduced pressure and the white crystals were filtered and

recrystallized from hexane (mp 69 -69.5° C; lit. (27) 70°C). This

procedure yields about 10-15 gm of the product from one liter of

decalin.

Recovered decalin (about 80%) was washed with water and sodium

bicarbonate. The dried decalin (MgSO4) can be used again one to

two more times without further purification.

Preparation of 6-Methoxy-cyclodecanone (30)

The title compound was prepared according to the procedure

of Creegee. Hydroxycyclodecanone 47 (14.8 gm) was dissolved in

150 mL of 0.1 N HC1/methanol and the resulting solution was re-

fluxed for eight hours. At the end of that period the methanolic

solution was diluted with three volumes of water and extracted with

chloroform. The organic layer was washed with water, sodium bicar-

bonate, and brine and then dried over magnesium sulfate. After

the chloroform was evaporated, 14.8 g (92%) of the desired product

was obtained from Kugelrohr distillation which GC showed to be about

95% pure:
1

H NMR (CC14) 63.4-3.0 (4H, singlet at 3.24), 2.7-2.18

(m, 4H), 2.04-1.06 (m, 12H); 13C NMR (CDC1
3

) 6214.4, 79.20, 56.37,

42.07, 39.76, 34.66, 33.64.
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Preparation of 8-Methoxy-1,2-benzocyclododecen-3-one (50)

The Caubere reaction was adapted for the preparation of the

title compound. Sodium amide was prepared in situ from metallic

sodium and ammonia. Thus to 25 mL of liquid at -78°C with a cata-

lytic amount of hydrated ferric nitrate, 3.2 g of sodium (0.14 mole)

was added in small pieces within 5 min. The mixture was stirred

at -78°C for 30 min and then at -33°C for an additional 30 min.

The dry ice trap was removed and 100 mL of dry THE was introduced

slowly and the result slurry was stirred at 45°C for about 2 h until

excess ammonia was evaporated. To this sodium amide solution, 6-

methoxycyclodecanone 30 (12.4 g, 0.067 mole) in 40 mL of dry THE was

added dropwise over 10 min and the resulting mixture was stirred

at 45°C for an additional h. Bromobenzene (5.0 g, 0.032 mole)

in 30 mL of THE was added over 2 h and the solution was allowed

to stir at 45°C for 24 h. The reaction was quenched by pouring

into a mixture of 300 mL of ice and 20 mL of .concentrated HC1.

The aqueous layer was extracted with three portions of chloroform

and the combined organic layers were washed with water, saturated

NaHCO3, and brine. The organic layer was dried (MgSO4) and evapo-

rated to yield a brown oily layer which was transferred by Kugelrohr

distillation at about 90°C (1 mm) to give 6.8 g of the starting

cyclodecanone and 6.15 g of the crude product at about 150°C. The

crude product was purified by medium pressure HPLC eluting with

ethyl acetate-pentane (1:4, v/v) on columns A and B. The oily layer

obtained was triturated with 7 mL of pentane to yield 3.63 g (44%)

of white solid product, mp 48-49 o
C.

1

H NMR (CC1
4

) 67.5-7.0 (m, 4H),
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3.15-2.70 (m, 8H, singlet at 3.18), 1.94-0.78 (m, 12H); IR (CS2)

2920, 2850, 2800, 1685, 1520, 1460, 1240, 1220, 1180, 1090, 980,

760 cm
-1

;

13
C NMR (CDC13) 6206.5, 141.83, 140.67, 130.73, 130.38,

126.07, 125.31, 79.41, 55.82, 39.59, 30.17, 28.38, 28.04, 27.83,

22.39, 20.24, 19.80; mass spectrum m/e 260.178 (calcd for C17H2402:

260.178).

Attempted Nitration of 8-Methoxy-1,2-benzocyclododecen-3-one (50)

Ketone 50 (0.797 g) was dissolved in several mL of ether and

dripped into 10 mL of fuming HNO3 at -10 0°C in about 15 min.

After stirring for an additional 45 min at 0°C, the reaction was

worked up with water and ether. The crude product collected

amounted to 0.636 g; however, the NMR spectrum showed the dis-

appearance of the methoxy protons (the IR still showed a band at

1690 cm-1).

Attempted Preparation of 4',4,4-Tribromo-8-methoxy-
1,2-benzocyclododecen-3-one (55)

The ketone 50 (1.10 g) was taken up in about 10 mL of carbon

tetrachloride and stirred at 65 °C for 18 h with 2.10 g of bromine

in the presence of a catalytic amount of iron powder. The reaction

mixture was then diluted with CC1
4

and the iron powder was filtered

off. The organic layer was then washed with NaHS03, water, satu-

rated NaHCO
3

and brine and then dried over magnesium sulfate. The

NMR spectrum of the crude product (1.10 g) showed no methoxy pro-

tons.



52

Preparation of 4',8-Dimethoxy-1,2-benzocyclododecen-3-one (57)

The title compound was prepared from 3.2 g (0.14 mole) of

sodium, 5.0 g (0.027 mole) of p-bromoanisole, and 11.2 g (0.061

mole) of 6-methoxycyclodecanone in a procedure similar to that for

50. After the Caubere reaction in 150 mL of dry THE at 45°C for

24 h, 6.2 g of starting 6-methoxy cyclodecanone was recovered from

Kugelrohr distillation at about 90°C. At elevated temperature

(about 150°C) 6.0 g of crude was obtained. The crude product was

dissolved in about 10 ml of 1:4 (v/v) ethyl acetate-pentane and

injected onto a medium pressure HPLC system consisting of 2

column B's and one column C in series. The mixed portion was

chromatographed again on the two column B's. Ketone 57 has

a slightly larger Rf value than 58. The separate portions were

then triturated with several mL of pentane which gave

0.746 g (9.2%) of 57: mp. 71-74°C; IH NMR (CC14) 67.15 (d, J = 9

Hz, 1H), 6.75-6.9 (m, 2H), 3.75 (s, 3H), 3.35-2.62 -(m, 8H, singlet

at 3.16), 1.9-0.85 (m, 12H); IR (mineral oil) 1680, 1615, 1510,

1295, 1260, 1210, 1180, 1100, 1040, 990, 870, 810 cm
-1

;

13
C NMR

(CDC13) 6157.04, 142.34, 132.52, 131.97, 116.04, 111.59, 79.56,

55.97, 55.39, 39.65, 30.39, 28.49, 27.91, 27.40, 23.37, 20.30,

19.84; mass spectrum m/e 290.186 (calcd for C102603: 290.188)

and 0.334 g (4.3%) of 58: mp 69.5-71.5°C; 111 NMR (CC14) 87.34 (d,

J = 8, 1H), 6.74 (d, J = 2, 1H), 6.64 (dd, J = 8, 2 Hz, 1H), 3.8

(s, 3H), 3.26-2.6 (m, 8H, singlet at 3.16), 1.92-0.8 (m, 12H);
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IR (mineral oil) 1670, 1605, 1585, 1290, 1260, 1220, 1190, 1100,

1060, 1040, 900, 800 cm
-1

;

13
C NMR (CC1

4
/CDC1

3
) 6160.00, 143.79,

134.63, 129.38, 115.88, 110.38, 79.29, 55.57, 54.69, 38.03, 30.01,

28.52, 28.08, 27.60, 22.54, 20.33, 19.65; mass spectrum m/e 290.189

(calcd for C
18

H
26

0
3'

290.188). The carbonyl carbon was too weak

to observe on
13
C NMR for both ketones.

Attempted Ring Expansion of the Silyl Enol Ether (62) of

8-Methoxy-1,2-benzocyclodecen-3-one (50) with Dibromo

Carbene

The silyl enol ether was prepared from the corresponding ketone

50 with TMSCN. Thus 0.520 g of the ketone 50 was heated in 5 mL

of toluene with 0.5 mL (4.1 mmole) of TMSCN. After reaching boil-

ing temperature of toluene, a catalytic amount of KCN:18-crown-6

was added. The resulting mixture was refluxed for 5 h. The vola-

tile components were evaporated under reduced pressure and 0.669 g

of crude silyl enol ether was obtained.

Crude silyl enol ether was taken up in 20 mL of cyclohexane

and stirred with 2.4 g of potassium t-butoxide. The mixture was

then cooled in an ice bath and 2.2 mL of bromoform (in 3 mL of cyclo-

hexane) was added and the resulting reddish brown solution was

stirred at 0°C for 15 min and then at room temperature for 24 h.

Reaction was quenched with 30 mL of water and extracted with chloro-

form. The combined organic layers were washed by water and brine

and then dried over magnesium sulfate. TLC of the crude product

showed two major products which were separated by medium pressure

HPLC on silica gel eluting with ethyl acetate-pentane (1:4, v/v)
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to yield 0.23 g of the major product and 0.096 g of a minor product.

GC of the major product thus obtained still contained a minor compo-

nent with a shorter retention time. The mass spectrum of the major

product has a molecular ion peak at 272 and IR of which shows a

strong stretching at about 1660 cm
-1

.

Attempted Preparation of Silyl Enol Ether (62) with TMSC1

Ketone 50 was heated to reflux in about 0.5 mL of DMF with

0.13 mL of TMSC1 and 0.4 mL of triethylamine. even after 18 h a

large amount of starting material was still present. Another at-

tempt with 0.622 g of ketone 50 in 6 mL of refluxing dioxane with

0.3 mL of TMSC1 and 0.7 g of potassium hydride (22% in oil slurry)

also failed to yield significant amount of product after 18 h.

Attempted Simmon-Smith Reaction on Silyl Enol Ether (62)

The zinc-copper couple for the reaction was prepared accord-

ing to the procedure of Harrison (41). Thus 0.13 g of zinc dust

and 0.181 g of cuprous chloride (both oven dried) were refluxed

in 5 mL of ether for 0.5 h. Silyl enol ether 62 (0.26 g, crude

from TMSCN/KCN on ketone 50) in 5 mL of ether was then added to

this zinc/copper couple followed by 0.14 mL of diiodomethane.

After 16 h of reflux, several products (including the starting

material) were observed on GC analysis and the prominent one had

a retention time shorter than that of the starting material. After

an additional 24 h, the crude product recovered showed no methoxy

protons in the NMR spectrum.
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Attempted Formation of 8-Methoxy-1,2-benzo-3-methylene
(cyclododecene oxide (651 with a Sulfur Ylide

A 25 mL flask was charged with 0.14 g of sodium hydride

which was then washed with two portions of pentane. Remaining

pentane from washing was evaporated under reduced pressure. To

this gray powder of sodium hydride, 3 mL of DMSO (distilled from

CaH
2

) was added and the mixture was heated to 60 °C for 1 h under

nitrogen to generate the methylsulfinyl carbanion. The solution

was then cooled to room temperature and an equal volume of THE was

added. The resulting solution was cooled to 0 °C and 0.78 g of tri-

methylsulfonium iodide in 5 mL of DMSO was added in a rapid rate

followed by the addition of ketone 50 in 5 mL of THF. The mixture

was stirred at room temperature for 10 min and then at room tempera-

ture for 1 h. Reaction was quenched by water and extracted with

pentane. The combined organic layers were washed with several por-

tions of water and then brine. After drying over K2CO3 the crude

product was analyzed by GLC and the majority of the product ob-

served was just the starting ketone. The IR spectrum of the crude

product showed very weak carbonyl stretching, but the NMR spectrum

did not show any singlet corresponding to the methylene protons

of the oxide.

Attempted Ring Expansion of 8- Methoxy -1,2- benzocyclodecen
3 -one (50) with Methylene Bromide

Lithium diisopropyl amide was prepared from 1.8 mL of n-BuLi

(1.7 M in hexane, 2 eq) and 0.45 mL of diisopropyl amine (2 eq)

in 3 mL of THF at 0°C. The amide solution was added to a solution
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of 0.406 g (1.56 mmole) of the ketone 0.22 mL of methylene bromide

(2 eq) precooled in -78°C. The mixture was stirred at -78°C for

3 h and quenched with water. After normal work up, only starting

material was recovered.

Attempted Ring Expansion of 8- Methoxy -1,2- benzocyclododecen-
3 -one (50) with Diethyl Aluminum Cyanide (A1Et2CN)

The ketone 50 (0.155 g) was dissolved in 1 mL of toluene

and cooled to -78°C. Diethyl aluminum cyanide (0.4 mL, Ventron,

1.57M in toluene) was added and the resulting mixture was allowed

to stand at -15°C for several days. Only starting material was

recovered. No attempts were made at higher temperature.

Preparation of 4',9-Dimethoxy-1,2-benzocyclotridecen-
3-one (74) and -4-one (75)

The title compounds were prepared from ring expansion of 57

with trimethylsilyl cyanide (TMSCN). The starting ketone 57 (2.53 g,

8.7 mmole) was taken up in 25 mL of toluene (distilled and dried over

molecular sieves) and cooled to -78°C. To this cold solution, 1.5 mL

of TMSCN (12.9 mmole) was introduced followed by catalytic amount

of 18-crown-6: KCN. The flask was then flushed with argon and

sealed tightly with parafilm. The resulting mixture was allowed

to wram up to -15°C in a refrigerator and left at that temperature

for 7 days. At the end of this period a small amount of starting

material was still detected by GC analysis. The reaction mixture

was stirred at room temperature for 1 h. Toluene was evaporated

and replaced by about 25 mL of anhydrous ether. This ether solution
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was cooled to 0°C and 0.50 g of LiA1H4 (Ventron 95%) was introduced

in small portions. The resulting mixture was stirred at ice tempera-

ture for 15 min and then at room temperature for 3 h. At the end

of the period, the reaction was cooled to 0°C and worked up by add-

ing 0.48 mL of water and then 2.20 mL of 10% Na0H. The reagents

were delivered carefully with the help of a buret. The mixture

was stirred for 5 min and the ether layer was decanted and the light

brown solid residue was washed with ether (2x25 mL). The combined

ether layers were washed four times with 20 mL portions of 5% H2SO4.

The aqueous acidic layer was then neutralized by 10% NaOH until

basic and then extracted into ether. The ether was washed with

saturated NaHCO3 and dried over magnesium sulfate to yield 1.85 g

of the amino alcohol 72 as a thick semi solid layer. The organic

layer left behind from the H2SO4 washing yielded 0.510 g of the silyl

enol ether 73. 72: IR (neat) 3400, 2940, 2860, 1610, 1580 cm
-1

.

74 & 75: IR (neat) 2940, 2860, 1715, 1690, 1615, 1580, 1500, 1460,

1260, 1100, 1020 cm
-1

.

The amino alcohol thus obtained was taken up in 70 mL of 10%

HOAc in an Erlenmeyer flask. The solution was cooled to 0°C and

20 mL of 1.25 M NaNO
2
was added and stirred overnight. The mixture

was extracted with water and ether. The combined ether layers were

washed with saturated NaHCO
3

and dried over magnesium sulfate.

Kugelrohr distillation yielded 1.46 g (56% overall) of products

as a light yellow oily layer. GC analysis only showed one peak

and TLC showed two spots.
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Preparation of 8-Methoxy-1,2-benzocyclododecene (76)

by Wolff-Kishner Reduction

The 8-methoxy-1,2-benzocyclododecen-5-one 50 (0.364 g) was

refluxed in 4 mL of ethylene glycol with 1.9 mL of hydrazine (mono-

hydrate) and 0.25 g of potassium hydroxide for 1.5 h. Excess hydra-

zine and water formed was then distilled and the resulting mixture

was refluxed for additional 5 h. After cooling down to room tempera-

ture, reaction was poured into 5% H2SO4 and extracted with ether.

The organic layer was washed with water and saturated NaHCO3. The

dried (MgSO4) solution gave 0.185 g (54%) of crude product which

analyzed as one peak on GC:
1
H NMR (CC14) 67.2-6.96 (m, 4H), 3.34-

3.04 (4H, singlet at 3.18), 2.88-2.3 (m, 4H), 1.94-1.10 (m, 14H);

I3C NMR (CDC13) 6140.19, 140.03, 129.50, 129.09, 125.62 (double

intensity), 79.54, 55.74, 30.29, 29.26 (double intensity), 28.92,

28.61, 26.24, 22.14, 20.35. ( 76 appears one carbon short but

the demethylated form shows all sixteen carbons).

Attempted Reduction of 4',9-Dimethoxy-1,2-benzocyclotridecen-
-3-one (74) and 4-one (75) by Wolff=Kishner Reaction

The cyclotridecenones (0.99 g) were taken up by about 2 mL

of ethylene glycol and refluxed with 4.4 mL of hydrazine (Baker,

monohydrate 99-100%) and 0.69 g of KOH for 2 h. At the end of the

period, water was distilled off and 2 mL of ethylene glycol was

added and the resulting mixture was heated at 195 °C for 5 h. The

reaction was then cooled, diluted with water and extracted with

ether. After the ether layer was washed with water and saturated

NaHCO
3

and dried over magnesium sulfate, 0.527 g of crude product
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was obtained. GC analysis of the crude thus obtained showed one

major peak. The high resolution mass spectrum of a GC isolated

sample of the major peak had a molecular ion peak 290.225 (calcd for

C17H3002: 290.225) which corresponded very well to the desired di-1,

methyl ether. The IR spectrum of the crude product also showed

no carbonyl stretching. But TLC analysis showed a lot of tailing.

No purification by chromatography was attempted since it was ex-

pected that yield would even be lower after chromatography.

Attempted Reduction of 8-Methoxy-1,2-benzocyclodecen-
3-one (50) via the Tosylhydrazone

The ketone 50 (0.118 g) and 91 mg (1.1 eq) of tosylhydrazine

were refluxed in 0.5 mL of absolute ethanol with a catalytic amount

of conc. HC1. After 3 h, TLC analysis still showed mainly the start-

ing material. No tosylhydrazone crystals were observed settling

out from the reaction mixture upon cooling down to room temperature.

The reaction was repeated without acid catalyst and the same result

was observed. Other attempts with nonpolar solvents (carbon tetra-

chloride, toluene) with or without acid catalyst also failed to

give the desired tosylhydrazone derivative.

Attempted Reduction of 9-Methoxy-1,2-benzocyclotridecen-
4-one (7l) via the Phosphonate Enol Ether

Ketone 71 (83 mg) was stirred in 5 mL of benzene with 15 mg

of soidum hydride (57.2% on oil dispersion) for 20 minutes. Diethyl-

chlorophosphate (0.05 mL) was then introduced and the resulting

mixture was stirred at room temperature for 3 h and then at reflux
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temperature for an additional 0.5 h. After cooling down to room

temperature an equal volume of pentane was added and the inorganic

precipitate was removed by suction filtration. Only starting mate-

rial was recovered after removal of solvent. Another trial with

longer reaction time and more chlorophosphate yielded the same

result.

Attempted Reduction of 4',9-Dimethoxy-1,2-
benzocyclotridecenones (74) and (75)

with Phosphorous Oxychloride

Ketones 74 and 75 were taken into 15 mL of 95% ethanol and

stirred with 0.19 g of soium borohydride at room temperature for

1.5 h and then at reflux temperature for anothe 1.5 h. Reaction

was quenched with dilute sulfuric acid and extracted with ether.

The organic layer was washed with NaHCO3 and dried (MgSO4). The

crude alcohols thus obtained were dissolved in 15 mL of pyridine

and chilled to 0 °C and then 1.2 mL of phosphorous oxychloride was

introduced and the resulting mixture was stirred at 00 C for about

fifteen minutes and then at room temperature overnight. At the

end of this period, water was added dropwise until the vigorous

bubbling stopped and the resulting solution was then diluted with

water and extracted with ether. The ether layer was washed and

dried as before and 0.465 g of crude product was obtained. The

GC analysis of the crude product showed one major peak and a minor

peak (about 15%) with longer retention time. Hydrogenation of the

crude product in 15 mL of 95% ethanol with 30 mg of 10% palladium

on carbon did not change the ratio of the peaks. Purification by
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medium pressure HPLC gave back only 0.229 g of product in about

90% purity.

Attempted Reduction of 4',9-Dimethoxy-1,2-
benzocyclotridecenones (74) and (75) via

Displacement of Intermediate Mesylate
with LiA1H

4

The ketones (0.292 g) were stirred at room temperature in

10 mL of ether with 78 mg of LiA1H4. After 3 hours, the reaction

mixture was quenched with 0.08 mL of water and 0.34 mL of 20% NaOH.

After drying (MgSO4) and concentration 0.211 g of crude alcohol

product was obtained.

The crude product was dissolved in 3 mL of pyridine and cooled

to 0°C. Methanesulfonyl chloride (0.6 mL) was added and the result-

ing mixture was left at -8°C for 36-h. At the end of the period,

pyridine and excess methanesulfonyl chloride was evaporated in vacuo

at room temperature and residue was taken up in 30 mL of chloroform.

The organic layer was washed with two portions of cold saturated

copper sulfate and then by two portions of cold saturated sodium

bicarbonate. The solution was dried and 0.4 g of crude product

was obtained as a thick oily layer.

The crude product thus obtained was dissolved in 10 mL of

ether and refluxed with 103 mg of LiA1H4 for 3 days. After treat-

ment with water (0.14 mL) and 10% NaOH (0.44 mL), drying (MgSO4)

and concentration gave 0.164 g of crude product. The GC analysis

showed two products of very similar retention time. Hydrogenation

with Pd/C (up to 70 mg of 10% catalyst) did not change the pattern

in the GC analysis.
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Attempted Reduction of 8-Methoxy-1,2-benzocyclododecen-
3-one (50) with Boron-Trifluoride and firiethylsilane.

Boron trifluoride (scrubbed by passage through a solution

of 15 g of boric anhydride in 70 mL of conc H2SO4) was bubbled

through 2 mL of methylene chloride at 0°C. To this cold methylene

chloride solution, the ketone (0.24 g) in 2 mL of methylene chloride

was added slowly. Upon complete addition, 0.6 mL of triethylsilane

(Silar) was added rapidly though a syringe and the mixture was

stirred at 0°C for 1 h with a constant slow stream of boron tri-

fluoride passing through it. The reaction was quenched with brine

and stirred at room temperature for several hours and worked up

with ether. Removal of the ether gave 0.115 g of crude product

which showed strong carbonyl stretching at about 1690 cm-1, but

the NMR spectrum showed that the methoxy group had. disappeared.

Preparation of 4',9-Dimethoxy-1,2-benzocyclotridecene (77)

Crude 74 and 75 (1.46 g) was reduced by 0.18 g of LiA1H4 in

35 mL of dry ether. After stirring at room temperature for 2 h,

the reaction was worked up with 0.17 mL of water and then 0.79 mL

of 10% NaOH. After the ether was decanted, the white precipitate

was washed with three 25 mL portions of ether. The combined ether

layers were washed with saturated NaHCO3 and dried over magnesium

suflate to yield 1.33 g of crude alcohols.

The crude alcohols obtained were taken up in 20 mL of dry

pyridine (over Ba0) and cooled to 0°C and 3 mL of methanesulfonyl

chloride (Aldrich) was then introduced. The mixture was stirred
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at 0 °C for 5 min and then left to stand at -15 °C for 16 h. The

majority of the pyridine and excess methanesulfonyl chloride was

then removed in vacuo at room temperature. The residue was taken

up in 100 mL of methylene chloride and the organic layer was washed

with cold 5% H
2
SO

4
(3x50 mL) and cold saturated NaHCO3. The dried

solution (MgSO4) yielded 2.18 g of crude mesylates.

The crude mesylates were elimin.iated by stirring with 1.55 g

of potassium t-butoxide in 30 mL of dry DMSO (over CaH2) at room

temperature for 8 h. The reaction mixture was then partitioned

between pentane and water and the aqueous layer was further extract-

ed with two portions of pentane. The combined organic layers were

washed with two portions of water and saturated NaHCO3 and then

dried over magnesium sulfate. After the pentane was evaporated,

1.6 g of crude product was obtained which was filtered through a

short column of silica gel to yield 0.71 g of light oily material.

The crude products from elimination were taken up in 20 mL

of 95% EtOH and hydrogenated with 45 mg of 5% Pd/C at room tempera-

ture and atmospheric pressure. At the end of 5 h, a stream of nitro-

gen was bubbled through the solution and the solution was further

diluted with 20 mL of 95% EtOH. The catalyst was removed by suction

filtration and after the ethanol was evaporated 0.71 g (51% overall)

of product was obtained as a clear oil. GC and TLC analysis only

showed one peak and one spot respectively. 1H
NMR (CC14) 66.93

(d, J = 9 Hz, 1H), 6.77-6.4 (m, 2H), 3.72 (s, 3H), 3.40-3.00 (4H,

singlet at 3.25), 2.95-2.5 (m, 2H), 2.5-2.1 (m, 2H), 1.90-1.0 (m,

16H); IR (neat) 2950, 2870, 1620, 1580, 1505, 1470, 1260, 1215,
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1160, 1100, 1055, 790 cm-1; 13C NMR (CC14/CDC13) 8141.03, 130.14,

115.19, 110.98, 78.09, 55.83, 54.52, 31.71, 30.89, 30.71 (double

intensity), 28.99, 27.94, 26.38, 25.18, 23.53, 21.81 (2 quaternary

carbons were not observed); mass spectrum m/e 290.225 (calcd for

C
19

H
30

0
2

: 290.225).

Attempted Demethylation of 4',8-Dimethoxy-1,2-benzocyclododecen-
3-one (57) with Sodium Thioethoxide

Sodium hydride (0.13 g, dispersion in mineral oil) was washed

three times with pentane and after the final wash the residual pen-

tane was evaporated under reduced pressure. This sodium hydride

was then stirred in about 4 mL of DMF (over CaH2) with 0.21 mL of

ethanethiol at room temperature for about 5 minutes. Ketone 57

(0.48 g in about 4 mL of DMF) was added to this sodium thioethoxide

solution and the resulting mixture was refluxed for 24 h. The reac-

tion was quenched with dilute acid and extracted with ether. The

ether layer was in turn extracted with 5% NaOH. The aqueous layer

was then neutralized by concentrated hydrochloric acid and extracted

with ether to give 0.433 g of starting material after washing with

NaHCO3 and NaC1 and drying (MgSO4). Another attempt yielded 60%

of yellow crystalline crude product which was believed to be the

phenol 85; however several other attempts gave back only the start-

ing material.

Attempted Demethylation of Methyl Ether (76)

via the Sulfide Intermediate

The methyl ether 76 (56 mg) was taken up in 2 mL of EtSH and

cooled to 0°C before 90 mg (3 eq) of A1C13 was added. The reaction
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mixture was then stirred at room temperature overnight. Ethane-

thiol was evaporated and the residue was taken up in dilute acid

and ether. The organic layer was washed with water and saturated

NaHCO
3

and then dried over magnesium sulfate. The crude sulfide

obtained (only 42 mg due to some mechanical loss during workup)

was dissolved in 2 mL of glacial HOAc and stirred with 45 mg of

mercuric acetate. No reaction was observed after 2 days at 65°C.

Attempted Demethylation of 7-Methoxy-1,2-
benzocyclododecene (76) with BBr3

The methyl ether 76 (0.16 g) was taken up in 1 mL of methyl-

ene chloride and cooled to 0
o
C. BBr

3
/CH

2
C12 (0.15 mL, 50%, w/w)

which had been cooled to -4°C was added and reaction mixture was

stirred at -4°C. Aliquot samples were withdrawn at 5 minute inter-

vals for GC analysis. Each aliquot was quenched with water and

organic layer was taken up in a small amount of ether and dried

over magnesium sulfate. Even after 5 min of reaction time, the

starting ether had almost all disappeared and a compound with a

lower retention time than the expected alcohol_ became the predomi-

nant product. No attempt was carried out again at lower tempera-

ture.

Attempted Demethylation of Methyl Ether (76) with

Boron Trifluoride Etherate and Ethanethiol in the
Presence of Hydrogen Chloride'

Methyl ether 76 (59 mg) was taken up in 1 mL of EtSH and

stirred with 0.4 mL of BF
3
.Et

2
0 (freshly distilled from ether and
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CaH2). The reaction mixture was cooled in an ice bath and a stream

of HC1 (from NaC1 and conc H
2
SO

4
) was bubbled through the solution

for about 10 min. The resulting mixture was then stirred at room

temperature and reaction was monitored periodically by GC for the

disappearance of the starting ether. After 2 days, the volatile

components were evaporated under reduced pressure and the residue

was dissolved in methylene chloride and washed with saturated NaHCO3

and dried over magnesium sulfate. The crude product collected was

put through a flash chromatography column eluting with ethyl acetate-

pentane (1:4, v/v) and 41 mg of material was obtained. The IR spec-

trum shows a weak OH stretching band and TLC has at least 3 to 4

spots. No further purification was done on this material.

Attempted Demethylation of 8-Methoxy-1,2-benzocyclododecene
(76) with Diisobutyl Aluminum Hydri -de (DIBAH)

To a 25 mL flask charged with 0.216 g of the methyl ether,

0.6 mL of DIBAH (Aldrich, 25% in toluene) was added and the reac-

tion mixture was stirred at 70°C (bath temperature). After sev-

eral hours, only starting material was observed by GC analysis.

The reaction mixture was stirred for six more days but still no

desired product was observed. Another attempt at refluxing toluene

temperature also produced no results.

Preparation of 4',9-Dihydroxy-1,2-benzocyclotridecene (1)

The dimethyl ether 77 (0.71 g, 2.45 mmole) was taken up in

8 mL of ethanedithiol and chilled to 0°C. To this cold solution,

1.0 g of aluminum chloride (Mallinckrodt) was introduced in small
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portions and upon complete addition, the reaction was stirred at

0°C for 5 min and then at room temperature for about 1.2 h. Ex-

cess ethanedithiol was evaporated at room temperature in vacuo and

collected in a trap cooled to -78 °C. The catalyst was destroyed

by addition of water and the product was taken up in 75 mL of ethyl

acetate. The time span between the addition of aluminum chloride

to its destruction should not exceed 1.7 h. The ethyl acetate was

washed with water (3x30 mL) and then extracted with 5% NaOH (6x30mL).

After further washing with saturated NaHCO3 and drying (MgSO4), the

solvent was removed to give a semi-solid product. The crude product

obtained was stirred with 15 mL of pentane to yield 0.361 g (56%)

of product as a white solid. Further washing (0.250 g) with a small

amount of ether-hexane (1:2, v/v) yielded 0.234 g of product, mp

142-145 °C. Pure diol (mp 149-150°C) was obtained by washing with

small amount of ether.
1
H NMR (d6-DMSO/CDC13) 66.86 (d, J = 8 Hz,

1H), 6.66-6.38 (m, 2H), 3.82-3.54 (m, 1H), 2.82-2.62 (m, 2H), 2.44-

2.04 (m, 2H), 2.04-1.04 (m, 16H); IR (mineral oil) 3420, 3200, 1610,

1270, 1240, 1160, 1090, 1010, 980 cm
-1

,

13
C NMR (d6-acetone) 6142.92,

131.88, 117.71, 114.17, 68.61, 37.71, 34.61, 32.79, 32.04, 30.39,

29.38, 27.92, 36.37, 24.94, 23.48 (2 quaternary carbons were not ob-

served); mass spectrum m/e 262.192 (calcd. for C17H2602: 262.193).

The NaOH extracted portion was neutralized with dilute acid

and extracted with ether to yield 0.335 g of a yellow liquid product

which was purified by chromatography. Analysis by TLC showed that

the product obtained has a much higher Rf than that of the expected

diol. The NMR spectrum of the product did not show any aromatic
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protons at all. This portion was discarded without further charac-

terization.

Preparation of 4'-Hydroxy-1,2-benzocyclotridecen-9-one (87)

The title compound was prepared by oxidation of the diol 1

with Jones reagent. Jones reagent was prepared by dissolving 7.0 g

of Cr0
3

in small amount of water followed by addition of 6.1 mL

conc H
2
SO

4'
The resulting solution was then diluted to 50 mL with

water.

The diol (0.234 g, mp 142-145°C) was taken up in 30 mL of

acetone and Jones reagent was added dropwise at room temperature

until a definite brown color persisted. Excess isopropanol was

then added until the brown color disappeared. The solution was

decanted and the acetone was evaporated under reduced pressure and

replaced with 50 mL of ethyl acetate. The green chromium salt left

behind from the decantation was dissolved in water and extracted

with ethyl acetate. The ethyl acetate layers were combined and

washed with two protions of water and saturated NaHCO3 and dried

over magnesium sulfate. After solvent was removed, the crude product

was Kugelrohr distilled to yield 0.172 g (74%) of product; mp 94.5

96°C.
1
H NMR (CDC1

3
) (56.98 (d, J = 8 Hz, 1H), 6.74-6.44 (m, 2H),

4.8 (s, 1H), 2.84-2.4 (m, 8H), 2.4-1.2 (m, 12H); IR (CDC13) 3600,

2940, 2860, 1705, 1610, 1500 cm-
1

;

13
C NMR (CDC1

3
) 6153.9, 142.17,

132.35, 130.54, 116.29, 112.91, 42.03, 40.62, 31.77, 30.65, 29.72,

28.94, 26.46, 25.47, 23.14, 23.08 (the carbonyl was too weak to

observe); mass spectrum 260.179 (Calcd for C17H2402: 260.178).
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Preparation of 41,9-Dihydroxy-9-ethyny1-1,2-
benzocyclotridecene (94)

Acetylene (conc H2SO4 washed) was bubbled through 20 mL of

dry THE at -78°C for 5 min. n-BuLi (3 mL of 1.27 M in hexane, 3.81

mmole) was added to this cold solution and stirred at -78°C for

an additional 10 min with the continuous bubbling of acetylene.

4'-Hydroxy-1,2,benzocyclotridecen-9-one 87 (0.150 g, 0.576 mmole)

in 10 mL of THE was added and the resulting mixture was stirred

at -78°C for 20 min and then at room temperature for 1.5 h. The

reaction was then poured into saturated NaC1 and extracted with

ether. The combined layers were washed with water and brine and

dried over magnesium sulfate. Purification by chromatography on

florisil eluting with ethyl acetate-hexane (40:60, v/v) followed

by Kugelrohr distillation yielded 76 mg (46%) of product: mp in-

definite, 45 -60 °C.
1
H NMR (CDC1

3
) 87.02 (d, J = 8 Hz, 1H),

6.7-6.52 (m, 2H), 4.7 (s, 1H), 2.76-2.3 (m, 5H, singlet at 2.43),

2.04-1.15 (m, 16H); IR (CDC13) 3600, 3310, 3160, 2940, 2870, 2350,

1820, 1800, 1710, 1610, 1590, 1500, 1420, 1380, 1220, 1100 cm
-1

;

13
C NMR (CDC1

3
) 8153.46, 142.23, 132.57, 130.34, 116.57, 112.87,

88.18, 71.67, 71.24, 38.48, 37.25, 32.92, 31.28, 31.06, 28.66, 26.40,

25.87, 22.47, 20.56 (the carbonyl was too weak to observe); mass

spectrum m/e 286.194 (Calcd for C19H2602: 286.193).

Preparation of 7-Methoxy-1,2-benzocyclododecene (76)

through the Mesylate Intermediate

Ketone 50 (0.206 g) was reduced with 40 mg of LAH at room

temperature in about 7 mL of ether. After 2.5 h, the reaction was
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quenched with water and sodium hydroxide as before to yield 0.133 g

of crude alcohol. This crude alcohol was then taken up in 4 mL

of pyridine and chilled to 0°C. To this cold solution, 0.4 mL of

methanesulfonyl chloride was introduced through a syringe and the

reaction mixture was left at -8°C for 40 h. Pyridine and excess

sulfonyl chloride was evaporated in vacuo at room temperature and

the residue was taken up in 25 mL of chloroform. The chloroform

layer was washed with cupric sulfate and NaHCO3 and dried over mag-

nesium sulfate. After the chloroform was evaporated, the crude

mesylate was refluxed with 55 mg of LAH in ether for 5 days (reac-

tion was completed in about 50 h already). After normal workup,

64 mg of crude 76 (51% from alcohol) was collected. The GC analysis

only showed on peak.

Preparation of 8-Methoxy-1,2-benzocyclodecene (76) via

Hydrogenolysis of 8-Methoxy-1,2-benzocyclodecen-3-ol

The alcohol was prepared from the reduction of the correspond-

ing ketone with either LiA1H4 or NaBH4 in refluxing ethanol. The

crude alcohol (0.814 g) was subjected to hdrogenolysis under 50 psi

at room temperature in 15 mL of glacial acetic acid with 80 mg of

10% Pd/C in the presence of catalytic amount of conc H2SO4. After

2 days of reaction time, the mixture was diluted with ethanol, fil-

tered and extracted with ether and water. The crude product ob-

tained (0.621 g) was purified by HPLC eluting with ethyl acetate-

pentane (1:4, v/v) and 0.254 g (33% from the alcohol) of product

was obtained. The GC analysis showed a major product with the

correct retention time for 76 and a 5% impurity.



71

Preparation of 8-Methoxy-1,2-benzocyclodecen (76)

via Lithium Reduction of 8-Methoxy-1,2-
benzocyclodecen-3-ol

The crude alcohol (0.331 g; from reduction of 0.367 g of the

corresponding ketone with LiA1H4) in 5 mL of THE was added slowly

to a solution containing 5 mL of NH3 and 90 mg of lithium in 5 mL

of THE at -78°C. Upon complete addition, reaction mixture was

stirred at -78°C for 5 min and then 15 more min with the dry ice

bath removed. The blue color was discharged with granular ammonium

chloride. After the NH
3
was evaporated, the residue was taken up

by ether and the organic layer was washed by water and saturated

NaHCO
3

and then dried over magnesium sulfate. The crude product

(0.246 g) was purified by HPLC on silica gel eluting with ethyl

acetate-pentane (1:4,v/v) to give 0.125 g (36% from ketone) of

product. The GC analysis showed about 10% of impurities.

Preparation of 4',8-Dimethoxy-1,2-benzocyclododecene (96)

from Ketone 57 with Phosphorous Oxychloride

Ketone 57 (0.604 g) was stirred in 15 mL of 95% ethanol with

0.106 g of sodium borohydride for 5 h. At the end of the period,

the reaction was quenched with dilute acid and extracted with ether

to yield 0.541 g of crude product after the normal washing and dry-

ing. Crude product was then taken up by 10 mL of dry pyridine and

cooled to 0°C followed by the addition of 1.5 mL of phosphorous

oxychloride. The reaction was warmed up to room temperature and
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allowed to stir for an additional 12 h. At the end of that period,

water was added dropwise carefully to get rid of the excess reagent

and resulting mixture was extracted with water and pentane and 0.328 g

of crude product was obtained. The crude material was hydrogenated

with 18 mg of 10% palladium on carbon in 15 mL of 95% ethanol at

room temperature under atmospheric pressure for 5 h. The solution

was purged of hydrogen by bubbling nitrogen through it for a few

minutes. The ethanolic solution was then suction filtered and

0.311 g of crude dimethyl ether 95 was obtained.. Chromatography

on Column A eluting with 20% ethyl acetate-hexane yielded 0.21 g

of 95 (37% overall).

Preparation of 4',8-Dihydroxy-1,2-benzocyclododecene (32)

The title compound was prepared from the reduction of the

4',8-dimethoxy-1,2-benzocyclodecene-3-one 57. The starting ketone

(0.318 g) was reduced with 63 mg of LiA1H4 in 10 mL of ether. After

12 h (usually 2 h is enough) the reaction was quenched with 0.06 mL

of water followed by 0.28 mL of 10% NaOH. The organic layer was

decanted and the precipitate was washed with ether (3x20 mL). The

combined ether layers were washed with satureated NaHCO3 and dried

over magnesium sulfate. After the ether was removed, 0.292 g of

crude product was obtained.

The crude alcohol obtained was dissolved in 4 mL of dry pyri-

dine and cooled to 0°C before 0.3 mL of methanesulfonyl chloride

was added and the resulting mixture was left at -8 °C for 7 days

(one day should be enough).. Pyridine and excess methanesulfonyl
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chloride was removed in vacuo at room temperature and residue was

taken up by 30 mL of chloroform. The organic layer was washed by

copper sulfate (2x25 mL) and saturated NaHCO3 (3x25 mL). The dried

solution (MgSO4) yielded 0.383 g of mesylate as a thick oily layer.

The crude mesylate was dissolved in 20 mL of ether and re-

fluxed with 66 mg of LiA1H4 for 2 days. After normal workup with

water (0.07 mL) and 10% NaOH (0.30 mL), 0.180 g (59%) of 95 was

obtained. Analysis by GC and TLC showed only one peak and one spot

respectively. 95: 1H NMR (CC14) 66.94 (d, J = 8 Hz, 1H), 6.74-6.4

(m, 2H), 3.7 (s, 3H), 3.36-3.0 (4H, singlet at 3.2), 2.9-2.2 (m, 4H),

2.1-1.04 (m, 14H); IR (neat) 2940, 2860, 1610, 1590, 1500, 1470,

1260, 1200, 1160, 1100, 1040 cm
-1, 13

C NMR (CC1
4
/CDC1

3
) 6130.46,

114.39, 111.52, 79.76, 56.0, 54.77, 30.51, 29.15 (about twice the

intensity), 28.66, 28.57, 26.21, 21.99, 20.28 (the carbonyl and

the quaternary carbons were too weak to observe); mass spectrum

m/e 276.208 (Calcd for C
18

H
28

0
2:

276.209).

The crude dimethyl ether (0.152 g) was dissolved in 5 mL of

ethanethiol and stirred with 0.3 g of AlC13. After 1.5 h at room

temperature, the mixture was stirred for an additional 10 min at

0°C. The reaction was quenched by 15 mL of 10% H2SO4 and the excess

ethanethiol was evaporated overnight. The aqueous acid layer was

extracted by ether and the ether was-then washed by several portions

of 10% NaOH. The aqueous NaOH layer was then neutralized by 10%

H
2
SO

4
until acidic and extracted with ether again. The combined

ether layers were washed with water and saturated NaHCO3 and dried

over magnesium sulfate. After solvent was removed 73 mg of crude
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was obtained as a sticky solid. TLC analysis of the crude product

showed only one spot with Rf<0.05 (eluting with20% Et0Ac-pentane)

was purified by chromatography on silica gel eluting with ethyl

acetate/pentane (1:4, v/v). It was evident later that the crude

product could be purified by simply washing with pentane or hexane.

32: mp 173.5-174.5°C; 1H NMR (d
6-acetone) 67.0 (d, J = 8 Hz, 1H),

6.7-6.52 (m, 2H), 3.9-3.6 (m, 1H), 2.9-2.3 (m, 4H), 2.0-1.2 (m,

14Hh IR (mineral oil) 3400, 3200, 1580, 1260, 1245, 1160, 1100,

1000, 800 cm-1 ;

13
C NMR (acetone/C0C1

3
) 6155.02, 141.7, 131.33,

130.37, 115.62, 112.03, 69.21, 34.17, 31.30, 30 23, 29.38, 29.06,

28.32, 26.31, 21.81, 20.48; mass spectrum m/e 248.178 (calcd for

C102402: 248.178).

Preparation of
p-Trimethylsilyl-bromobenzene (98)

The title compound was prepared from p-dibromobenzene. The

mono Grignard reagent of the dibromobenzene was formed from 10.3 g

(44 mmole) of the dibromobenzene (Aldrich) and 1.08 g (44 mmole) of

magnesium turnings. To this Grignard reagent (in about 50 mL of

THE), 6.2 mL of TMSC1 (2 eq) was added and the resulting mixture

was maintained at 45°C overnight. The magnesium salts were removed

by filtration and the organic layer was diluted with about 100 mL

of ether and washed with water and brine and then dried over mag-

nesium sulfate. Purification by distillation (68-70°C, 1 mm)

yielded 5.0 g (50%) of product: 1H NMR (CC14) 6, 7.47-7.2 (m, 4H),

0.23 (s, 9H).
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Preparation of 6-Benzylcyclodecanone (100)

The hydroxy ketone 47 (1.07 g) was heated up to 75°C in 5 mL

of benzyl alcohol in the presence of several drops of hydrochloric

acid. After 15 h, the reaction was diluted with water and ex-

tracted with ether. The ether layer was washed with NaHCO3 and

dried over magnesium sulfate. After the ether was stripped off,

excess benzyl alcohol was evaporated by Kugelrohr distillation.

The crude product was chromatographed on column A eluting with 15%

ethyl acetate-hexane and only 0.425 g of product was obtained.

The GC analysis showed about 30% of impurities. Another trial at

elevated temperature (90-110°C bath temperature) yielded a better

result (ca. 50%) after chromatography; but the product collected

still showed considerable impurities. 1
H NM R (CC14) 67.15 (s, 5H),

4.4 (s, 2H), 3.5-3.2 (m, 1H), 2.48-2.12 (m, 4H), 1.96-1.18 (m, 12);

IR (neat) 2930, 2870, 1700, 1455, 1365, 1095, 1070, 735, 695 cm
-1

Preparation of 3,4-Benzobicyclo[7.3.0]dodec-3-ene-2-one (101)

Ketone 50 (62 mg) was stirred in 2 mL of toluene with 90 mg

of zinc iodide at reflux temperature for 3 days and reaction was

then quenched with dilute acid and extracted with ether. The ether

layer was washed with NaHCO3 and dried over magnesium sulfate.

After the ether was evaporated the crude product was chromatographed on

column A eluting with 5% ethyl acetate-hexane to yield 47 mg of

101:
7
H NMR (CC1

4
) 67.4-6.92 (m, 4H), 3.14-2.42 (m, 3H), 2.42-1.04

(m, 13H); IR (neat) 2940, 2870, 1695, 1600, 1450, 1360, 1240, 1215,

1050, 755 cm
-1

:

13
C NMR (C0C1

3
) 6129.82, 129.59, 126.00, 125.29,
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56 13 (d) 46.79 (d), 36.48, 35.07, 32.52, 32.24, 30.28, 26.33,

23.36 (the carbonyl and the two quaternary carbons were too weak to

observe); mass spectrum mie 228.149 (Calcd for C10200: 228.151).

Preparation of 3-Trimethylsilybuten-2-one(108)

The title compound was prepared according. to the method of

Stork. Thus 40.5 g of vinyltrimethylsilane (Silar) was cooled to

-78°C and stirred vigorouSly while 20 mL of bromine was added

slowly. A large amount of yellow crystals were observed close to

the end of addition and a reddish brown color persisted. The reac-

tion mixture was warmed to room temperature slowly and stirred for

an additional hour. The solution was then diluted with about 300 mL

of pentane and washed with dilute sodium bisulfite until the brown

color was discharged. The organic layer was then washed with satu-

rated NaHCO
3

and brine and dried over magnesium sulfate. This

yielded 88 g of crude dibromo silane. The dibromo silane was elimi-

nated with diethyl amine according to literature procedure (31).

This crude intermediate was shaken with 75 mL (2.2 eq) of dry

diethyl amine (over calcium hydride) at room temperature for

two days. Ether (about 150 mL) was then added and the resulting

solution was filtered and 50 g of ammonium bromide salt was col-

lected (theoretical 52 g). The ether was distilled off under atmos-

pheric pressure and 43 g (59%) of bromo vinylsilane was obtained

by distillation at reduced pressure (25 mm, 34°C).

The Grignard reagent of the a-bromo-vinyltrimethylsilane was

prepared by dripping 25 g of the silane in 30 mL of dry THE into

4 g of magnesium turnings in 150 mL of THF. The Grignard solution
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was then cooled to 0°C and 16.8 g of acetaldehyde (about 2.5 eq)

in 30 mL of THF was added slowly and the resulting mixture was

stirred at 0°C for 0.5 h and then at room temperature overnight.

The reaction was quenched with 5% H2SO4 and extracted with water

and ether. The combined organic layers were washed with saturated

NaHCO
3

and dried over magnesium sulfate. Most of the solvent was

removed at atmospheric pressure and the residual THF was then re-

moved under slightly reduced pressure (100 mm); 21.7 g of crude alco-

hol was collected.

The crude alcohol was taken up in 90 mL of methylene chloride

and added slowly to a slurry of 41 g of pyridinium chlorochromate

(26) (Aldrich) in 200 mL of methylene chloride. The reaction mix-

ture was slightly cooled by an ice bath during the addition of the

alcohol and upon complete addition it was stirred at room tempera-

ture for 1.5 h. The reaction mixture was then diluted with about

2 volumes of ether and stirred at room temperature for 20 min. The

organic layer was decanted and the residual black sticky solid was

further washed with two portions of ether. The combined organic

layers were filtered rapidly through a small florisil column with

the help of an aspirator. The solvent was distilled at atmospheric

pressure and 7.6 g of the desired ketone was obtained from distilla-

tion (13 mm, 42°C; lit. (71) 50 mm, 72°C). The overall yield for

the last three steps was 34-48%.

Attempted Preparation of Ketone (104) by

Acid Catalyzed Robinson Annelation

Cyclodecanone 30 (1.235 g) and 0.59 g of freshly distilled
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methyl vinyl ketone was refluxed in 5 mL methanol in the presence

of one drop of concentrate sulfuric acid. The solution turned dark

very rapidly and only starting ketone 30 was recovered after 24 h.

Attempted Preparation of Ketone (104) by

a Base Catalyzed Robinson Annelation

Sodium hydride (0.23 g, 57.2% in oil dispersion) which had

been washed twice with pentane, was stirred with 1.00 g of cyclo-

decanone 30 and 0.6 mL of methyl vinyl ketone in 8 mL of dry DMSO

for 2 h. The reaction turned dark very rapidly and only starting

ketone 30 was recovered after workup.

Preparation of 7-Methoxy-4'-oxo-1,2-cyclohexenocyclodecene (44)

The title compound was prepared by the modified Robinson anne-

lation according to Stork. Lithium diisopropylamide was formed by

stirring 27 mL of nBuLi (1.55 M in hexane, 42 mmole) with 6.2 mL

of diisopropyl amine (43 mmole) in 120 mL of THF at 0°C. To this

cold LDA solution, 6-methoxycyclodecanone 30 (7.77 g, 42 mmole) in

20 mL of THE was added and stirred for 30 min. The resulting mix-

ture was then cooled to -78°C and 3-trimethylsilyl-buten-2-one 108

(6.00 g, 42 mmole) in 20 mL of THF was introduced in a slow dropwise

manner. The reaction was stirred at -78 °C for 2 h and then at room

temperature overnight. After quenching with water and extracting

with ether, the combined ether layers were washed with brine and

dried over magnesium sulfate. Solvent was evaporated under reduced

pressure and unreacted 6-methoxycyclodecanone was recovered by
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Kugelrohr distillation (1 mm, 60°C). The resultant 9.89 g of

undistilled 109 was then refluxed in 80 mL of dry benzene (acid

washed and then distilled over sodium) with 8.5 g of soidum methox-

ide in the presence of several drops of methanol. After 10 h, the

reaction was quenched with water and extracted with ether. The com-

bined layers were washed with saturated NaHCO3 and dried over magne-

sium sulfate. The crude product (7.31 g, 70%) thus obtained showed

about 85% purity when analyzed by GC. Analytic sample was obtained

by GC purification on the 5' column. 1

H NMR (CDC13) 63.42-3.16 (4H,

singlet at 3.27), 2.76 (bs, 2H), 2.66-1.98 (m, 8H), 1.98-1.08 (m,

10H); IR (neat) 2940, 2860, 1720, 1670, 1480, 1460, 1270, 1200, 1100

cm
-1

;

13
C NMR (CC1

4
/CDC1

3
) 680.23, 56.03, 42.94, 38.42, 30.54, 29.45,

29.30, 28.37, 26.21, 24.26, 21.06, 19.32 (the carbonyl carbon

and the quaternary carbons were too weak to observe); mass

spectrum m/e 236.178 (calcd for C102402: 236.178)

Preparation of 3-Hydroxy-10-methoxycyclotetradecan-1,6-dione (112)

The title compound was prepared by ozonolysis of the ketone 44.

Thus 0.800 g of ketone 44 was reduced at room temperature with 0.13 g

of NaBH
4

in 20 mL of 95% EtOH. After 4 h, the reaction was quenched

by 5% HOAc and extracted with ether to yield 0.789 g of crude alcohol.

The crude alcohol thus obtained was subjected to ozonolysis

in 20 mL of methylene chloride at -78°C until a light blue color

was observed (about 1 hour). Nitrogen was then bubbled through the

solution until the blue color disappeared and the resulting solution

was warmed to room temperature and poured into a slurry of 0.5 g

of granular zinc in 10 mL of glacial acetic acid. After stirring
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at room temperature for 1.5 h, the solution was extracted with water

and methylene chloride. The combined organic layers were washed

with saturated NaHCO3 and brine. The dried solution yielded 0.742 g

(81%) of crude product as a thick oily layer. The product would

not go through the analytical GC column even at 190°C. The IR spec-

trum showed strong carbonyl stretching at 1720 cm
-1

. The mass spec-

trum has m /e 252, presumably from the loss of the s-hydroxy group

as water.

Attempted Reduction of Diketone (112) by Wolff-Kishner Reaction

Crude ketone 112 (0.180 g) was heated to 150°C with 0.2 mL

of hydrazine (99-100%, monohydrate) in 4 mL of ethylene glycol.

After 1.5 h, water and excess hydrazine was distilled off. The reac-

tion mixture was cooled to room temperature and 0.12 g of KOH was

added. The mixture was then heated to 180°C for 1 h. Workup in

the normal way only yielded 38 mg of crude product which still showed

the carbonyl stretching band in the IR.

Attempted Reduction of Diketone (112) via the Tosylhydrazone

Crude diketone 112 (0.54 g) was refluxed in 5 mL of 95% EtOH

with 0.74 g of tosylhydrazine. After 3 h of reaction time, only

0.227 g of yellow crystals was collected. The crystals were not

characterized because the yield was too low to be useful.

Attempted Reduction of Diketone (112) via a Thioketal Intermediate

The diketone (0.209 g, crude) was taken up into 6 mL of methylene

chloride and to this solution, 0.23 mL of ethanethiol (ca. 4 eq) was
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added followed by 0.4 mL of TMSC1 (4 eq). The resulting mixture was

stirred at room temperature for 4 h and worked up with water and

methylene chloride. When the organic solvent was stripped off,

0.196 g of crude material was recovered which still showed a strong

carbonyl band.

Preparation of 7-Methoxy-4'-acetoxycyclohexenocyclodecene (116)

7-Methoxy-4'-oxocyclohexenocyclodecene 44 (0.875 g) was re-

duced by 0.15 g of NaBH4 in 20 mL of 95% EtOH at room temperature.

Normal workup after 3 h yielded 0.794 g of alcohol.

The crude alcohol was acetylated by stirring with 2 mL (6 eq)

of acetic anhydride in15 mL of dry pyridine at room temperature for

12 h. The volatile components were evaporated under reduced pres-

sure and the residue was taken up in ether. The ether layer was

then washed with 5% H2SO4 (2x30 mL), water and saturated NaHCO3.

The dried solution (MgSO4) yielded 0.742 g of crude product. A

sample for analysis was obtained by GC on the 2' column: 1H NMR

(CC14) 65.0-4.67 (m, 1H), 3.33-2.97 (4H, singlet at 3.18), 2.59-1.03

(m, 23H, singlet at 1.94); IR (neat) 2940, 2855, 1735, 1480, 1455,

1365, 1240, 1100, 930 cm -1.

Attempted Preparation of 1-Hydroxy-8-
methoxycyclotetradecanone (113)

Crude 116 (0.14 g) was subjected to ozonolysis in 10 mL of

methylene chloride at -78°C. After a blue color was observed (about

1 h), nitrogen was bubbled through the solution until the color was

discharged. The organic layer was warmed to room temperature and
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0.15 g of NaBH4 (77) in 10 mL of 50% EtOH was added and stirred at

room temperature overnight. The reaction was worked up with dilute

H
2
SO

4
and extracted with methylene chloride to yield 87 mg of crude

product. The IR spectrum of the crude product showed strong OH

stretching.

The crude product thus obtained was dissolved in 4 mL of pyri-

dine and stirred with 0.12 mL of mesyl chloride at room temperature

for 6h. Workup as before yielded 0.147 g of crude, which was im-

mediately taken up into 10 mL of ether/THF (1:1, v/v) and refluxed

with 45 mg of LiA1H4. No expected product was isolated by medium

pressure HPLC after 36 h of reaction time.

Attempted Preparation of 8-Methoxycyclotetradecanone (36)

Acetate 116 was subjected to ozonolysis in 10 mL of methylene

chloride at -78°C until a blue color was observed. Sodium boro-

hydride (77) (0.35 g in 20 mL of 50% aqueous ethanol) was then added

and stirred with the methylene chloride layer for two days (about

15 h should be enough). Acidic workup and extraction with ether

yielded only 0.218 g of crude product. The IR spectrum showed the

carbonyl stretching and the OH band and so it was assumed that this

was the expected diol. Crude product was then dissolved in 4 mL

of pyridine and chilled to 0°C before 0.3 mL of methanesulfonyl chlor-

ide was introduced and the resulting mixture was kept at -15 °C for

12 h. Pyridine and excess sulfonyl chloride was evaporated in vacuo

and residue was taken up into chloroform and washed and dried. The

mesylate thus obtained was dissolved in 5 mL of DMSO (over calcium

hydride) and stirred with 0.35 g of potassium t-butoxide at room
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temperature for 3 h. The reaction was then worked up with water

and pentane. The organic layer was washed with water and dried

(MgSO4) and 0.102 g of crude product was obtained. The IR spectrum

of this eliminated product still showed an OH stretching band but

no carbonyl stretching band as expected. It was assumed that the

acetoxy group had been converted to its alcohol during the process

of elimination with potassium t-butoxide. The crude product was

then oxidized with Jones reagent (78 mg yield) and hydrogenated with

24 mg of 10% palladium on carbon under atmospheric pressure for 3 h

and 71 mg of product was recovered. The GC analysis of this crude

product showed one major peak (ca. 60%) along with at least four

other minor ones. HPLC eluting with 15% ethyl acetate-hexane failed

to isolate the major component. Purification by the 5 ft. column

yielded a product with spectral properties which suggested that it

could be the desired product, viz, the mass spectrum showed a m/e

peak at 207 which was one mass unit short of the expected parent

minus methanol (the m/e counter on the instrument occasionally reads

one unit low). The NMR spectrum clearly showed the methoxy group

in the product. Another earlier attempt also resulted in several

components in the final product mixture.

Another attempt was made to eliminate the intermediate diol

117 with phosphorous oxychloride. Thus 0.111 g of the crude diol

was stirred with 0.15 mL of phosphorous oxychloride in 5 mL of pyri-

dine at room temperature for 4 h to yield 57mg of crude product.

LiA1H
4

(12 mg) reduction followed by Jones reagent yielded a crude

product which contained a large amount of impurities, judging by

the mass spectrum. No GC analysis was done since the yield and
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the purity were so discouraging.

Attempted Preparation of 4'-Hydroxy-4'-ethyny1-
7-methoxy-cyclohexenocyclodecene (119)

Lithium acetylide was generated by passing acetylene (H2SO4

washed) through a solution n-BuLi (4.4 mL of 1.55 M in hexane) in

10 mL of THE at -78°C. After 30 min, 0.409 g of crude ketone 44

in 5 mL of THE was added to the resulting solution at -78°C for 30

min and then stirring was continued at room temperature for 1 h.

The reaction was quenched with dilute H2SO4 and extracted into ether.

The majority of the crude product obtained was just the starting

ketone. Another trial of longer reaction time (overnight at room

temperature) gave a similar result, and so did a third trial with

a change of solvent from THE to ether.

Preparation of 4-Acetyl -7-methoxy-1,2-benzocyclodecene (45)

The title compound was prepared from 7-methoxy-4'-oxo-1,2-

cyclohexenocyclodecene 44. Crude 44 (0.663 g) was stirred with 0.5

mL of TMSCN in 15 mL of dry ether in the presence of a catalytic

amount of KCN:18-crown-6. After 5 h at room temperature, the reac-

tion was worked up with dilute acid and ether to yield the crude

cyanohydrin 121.

The cyanohydrin was taken up in about 4 mL of dry pyridine

and dehydrated with 1 mL of POC13 at 70 -80 °C. After 12 h, reaction

was cooled to room temperature and quenched by slow addition of water.

Extraction with water and ether followed by acid washing (2x25 mL

of 5% H
2
SO

4
) of the combined organic layers yielded 0.421 g of crude

product.
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The crude product thus obtained was aromatized by refluxing

with 0.6 g of DDQ (75) (MCB) in 5 mL of dry benzene (acid washed

and then over sodium) for 20 h. The mixture was cooled to room tem-

perature, diluted with pentane and filtered. The organic layer was

washed with 5% H
2
SO4

'

5% NaOH (2x20 mL and brine and then dried over

magnesium sulfate. The crude yield of the aryl nitrile 103 was

0.179 g. The IR spectrum showed stretching of the nitrile at

2310 cm
-1

. GC analysis of the crude material showed predominantly

one peak. Medium pressure HPLC purification of a sample from a

different batch eluting with ethyl acetate-hexane (1:9, v/v) gave

a pure sample of 123: 11-1 NMR (CC14) 67.54-7.06 (m, 3H), 3.42-2.98

(4H, singlet at 3.2), 2.98-2.58 (m, 4H), 2.28-0.88 (m, 10H); IR (neat)

2940, 2860, 2820, 2230, 1610, 1570, 1495, 1480, 1455, 1450, 1100,

900, 830 cm
-1

;

13
C NMR (CC1

4
/CDC1

3
) 6145.53, 141.34, 132.89, 129.43,

129.00, 110.12, 79.63, 55.91, 29.62, 29.20, 28.88, 28.11, 25.50,

24.31, 19.81 ( the nitrile carbon was too weak to observe); mass

spectrum m/e 243.161 (calcd for C 0200: 243.162).

This crude aryl nitrile was refluxed with 4.3 mmole (about

6 eq) of methyllithium (78) in 10 mL of ether for 24 h. The reac-

tion mixture was cooled to room temperature and quickly extracted

with two 25 mL portions of 5% H2SO4. The aqueous acidic layer was-

then stirred heterogeneously with 25 mL of ether at room temperature

for 12 h. The layers were separated and the aqueous layer was ex-

tracted with ether. The combined ether layers were washed with

saturated NaHCO
3

and dried over magnesium sulfate to yield 0.113 g

of crude product. Purification by HPLC on silica gel eluting with
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ethyl acetate-hexane (20:80, v/v) yielded 84 mg of the desired prod-

uct as a clear oily layer. Analysis by GC showed about 95% purity

with some lower boiling components. The overall yield from 44 was

12%. 45:
1

H NMR (CC1
4

) 47 7-7 43 (m, 2H), 7.11 (d, 3 = 8 Hz,

1H), 3.36-3.02 (4H, singlet at 3.2), 2.96-2.7 (m, 4H), 2.47 (s, 3H),

2.3-0.72 (m, 10H); IR (neat) 3100, 2930, 2855, 2820, 1680, 1600,

1570, 1480, 1440, 1410, 1360, 1295, 1260, 1090 cm
-1; 13

C NMR (CC1
4
/

CDC1
3

) alL5.77, 140.34, 135.06, 129.16, 128.90, 125.76, 79.94, 55.97,

29.74, 29.15, 29.00, 28.31, 26.34, 25.61, 24.48, 19.16 (the carbonyl

carbon was too weak to observe); mass spectrum m/e 260.178 (calcd

for C
17

H
24

0
2:

260.178).



87

REFERENCES

1. (a) J. A. Vida, "Androgens and Anabolic Agents; Chemistry and
Pharmacology," Academic Press, New York, 1969; (b) F. J. Zeelen
and E. W. Bergink, "Cytotoxic Estrogens in Hormone Receptive
Tumors, J. Raus, H. Martens and G. Leclercq Ed. "Academic
Press, London, 1980, pp. 39-48.

2. J. Grundy, Chem. Rev., 57, 305 (1957).

3. D. F. Morrow and D. Gallow, Ann. Rep. Med. Chem., 7, 182 (1971).

4. H. L. Carrell, J. P. Glusker, D. F. Corey, F. H. Batzold and
C. H. Robinson, J. Am. Chem. Soc., 100, 4282 (1978).

5. C. H. Robinson, U. S. 4,059,630, Chem. Abs., Vol. 88, 121546 h
(1978).

6. R. W. Thies and H. H. Shih, J. Org. Chem., 42, 280 (1977).

7. R. W. Thies and E. P. Seitz, J. Org. Chem., 43, 1050 (1978).

8. R. H. Chiarello, Ph.D. Thesis, Oregon State University, 1981.

9. J. R. Pierce, Ph.D. Thesis, Oregon State University, 1981.

10. P. Caubere, Acc. Chem. Res., 7, 301 (1974).

11. D. S. Fullerton, "Textbook of Organic Medicinal and Pharma-
ceutical Chemistry, 7th Ed., C. O. Wilson, O. Gisrold and
R. F. Doerge Ed.," J. B. Lippincott Co., Philadelphia,
Toronto, 1977, pp. 731-823.

12. (a) G. A. MacAlpine, R. A. Raphael, A. Shaw, A. W. Taylor
and H. Wild, J. Chem. Soc., 834 (1974); (b) M. Karpf and
A. S. Drieding, Hel. Chim. Act., 59, 1226 (1976); (c) T. Hiyama,
M. Shinoda and H. Nozaki, J. Am. Chem. Soc., 101, 1599 (1979);
(d) M. Bauman, W. Hoffmann and N. Muller, TefF6Fedron Lett.,
3585 (1976).

13. S. V. Sunthankar and S. D. Mehendale, Tetrahedron Lett., 2481
(1972).

14. D. C. Owlsey, J. J. Bloomfield and J. M. Nelke, Org. React.,
23, 259-403 (1976); (b) K. T. Finley, Chem. Rev., 64, 573-579
TT964) .

15. E. J. Corey and P. Helquist, Tetrahedron Lett., 4091 (1975).

16. J. E. McMurry and K. L. Kees, J. Org. Chem., 42, 2655 (1977).



88

17. G. Stork and B. Ganem, J. Am. Chem. Soc., 95, 6152 (1973).

18. J. Mency, J. K. Kim, R. Stevenson and T. N. Margulus, Tetra-
hedron, 29, 21 (1973).

19. H. T. A. Cheung, R. G. McQueen, A. Vadasz and T. R. Watson,
J. Chem. Soc. Perkin I, 1048 (1979).

20. A. B. Turner, ibid., 1333 (1973).

21. B. R. Davis and W. B. Watkins, Tetrahedron, 24, 2165 (1968).

22. R. C. Cambie and R. A. Franich, Austral. J. Chem., 24, 117
(1971) .

23. A. J. Birch and G. S. R. Subba Rao, Tetrahedron Lett., 857
(1967).

24. T. B. Windholz, B. Arison, R. D. Brown and A. A. Patchert,
ibid., 3331 (1967).

25. A. Chatterjee and B. G. Hazra, ibid., 2513 (1980).

26. (a) J. F. Grove, J. Chem. Soc. (C), 549 (1969); (b) Ref. 19.

27. A. C. Cope and G. Holzman, J. Am. Chem. Soc., 72, 3062 (1950).

28. A. Schneider, U.S. 3,429,927, Chem. Abs., vol. 70,87142q
(1969).

29. R. Creegee and W. Schnorrenberg, Justus Liebig's Ann. Chim.,
560, 141 (1948).

30. (a) A. A. Frimer, Chem. Rev., 79, 359 (1979); (b) C. F. H.
Tipper, J. Chem. Soc., 1675 (19.53).

31. W. J. Mijs, K. S. De Vries and J. G. Westra, Rec. Des Tray.
Chim. Des Pays-Bas, 580 (1968).

32. C. W. Porter and C. Steele, J. Am. Chem. Soc., 42, 2650 (1920).

33. C. Walling and S. A. Buckler, ibid., 77, 6032 (1955).

34. S. Lawesson and N. G. Yang, ibid., 81, 4230 (1959).

35. D. J. Raber, C. M. Janks, M. D. Johnston, Jr., N. Raber,
J. Am. Chem. Soc., 102, 6591 (1980).

36. (a) D. A. Evans, G. L. Carroll and L. K. Truesdale, J. Org.
Chem., 39 914 (1974); (b) D. A. Evans and L. K. Truesdale,
MTFaheFon Lett., 4929 (1973).



89

37. Y. Ito, S. Fujii, T. Saegusa, J. Org. Chem., 41, 2073 (1976).

38. H. O. House, L. J. Czuba, M. Gall and H. D. Olmstead, J. Org.

Chem., 34, 2057 (1970).

39. P. F. Hulrlik and J. M. Takacs, J. Org. Chem., 43, 3861 (1978).

40. S. Murai, T. Aya and N. Sonoda, J. Org. Chem., 38, 4354 (1973).

41. I. T. Harrison and R. J. Rawson, J. Org. Chem., 35, 2057 (1970).

42. R. B. Miller and C. G. Gutierrez, J. Org. Chem., 43, 1569
(1978).

43. E. J. Corey and M. Chaykovsky, J. Am. Chem. Soc., 87, 1353

(1965).

44. H. Yamamoto, H. Tahuchi and H. Nozaki, ibid., 96, 6510 (1974).

45. W. Nagata, M. Yoshioka and M. Murakami, Org. Syn., 52, 96
(1972).

46. Huang-Minlon, J. Am. Chem. Soc., 68, 2487 (1946).

47. R. O. Hutchins and N. R. Natale, J. Org. Chem., 43, 2299
(1978).

48. R. O. Hutchins, B. F. Manyanoff and C. A. Milewski, J. Am
Chem. Soc., 93, 1793 (1971); 95, 3662 (1973).

49. R. H. Shapiro and M. J. Heath, ibid., 89, 5734 (1967).

50. L. A. Paquette, R. Gree and H. Park, ibid., 102, 4397 (1980).

51. A. Jung and R. Engle, J. Org. Chem., 40, 365 2 (1975).

52. (a) J. L. Fry, M. Orfanopoulus, M. G. Adlington, W. R. Dittman,
jr. and S. B. Silverman, J. Org. Chem, 43, 374 (1978).

53. K. B. Wiberg and J. G. Pfeiffer, J. Am. Chem. Soc., 92, 553

(1970).

54. G. I. Feutrill and R. N. Mirrington, Tetrahedron Lett., 1327
(1970).

55. M. E. Jung and M. A. Lystra, J. Org. Chem., 42, 3761 (1977).

56. P. A. Grieco, G. Vidari and S. Ferrino, Tetrahedron Lett.,
1619 (1980).

57. E. Winterfeldt, Syn., 617 (1975).



90

58. M. Node, K. Nishide, M. Sai and E. Fujita, Tetrahedron Lett.,
5311 (1978).

59. E. J. Corey and S. Knapp, ibid., 4687 (1976).

60. E. J. Eisenbraun, Org. Syn., 45, 28 (1965).

61. R. G. Carlson and W. W. Cox, J. Org. Chem., 42, 2382 (1977)

62. C. H. Small, A. E. Minnella and S. S. Hall, ibid., 40, 3151
(1975).

63. (a) J. R. Kalman, J. T. Pinhey and S. Sternhell, Tetrahedron
Lett., 5369 (1972); (b) H. C. Bell, J. R. KALMAN, J. T. Pinhey

Sternhell, ibid., 853 (1974).

64. (a) C. A. Burkhard, J. Am. Chem. Soc., 68, 2103 (1946);
(b) G. Felix, J. Dunogues, R. Pisciotti-ind R. Calas, Angew
Chem. Int. Ed. Engli., 16, 488 (1977).

65. L. F. Johnson and W. C. Jankowski, "Carbon-13 NMR Spectra,"
Robert E. Krieger Publishing Co., Hungton, New York, 1978.

66. V. Scanio and R. M. Starrett, J. Am. Chem. Soc., 93, 1539
(1971).

67. C. H. Heathcock, J. E. Eliss, J. E. McMurry and A. Coppolino,
Tetrahedron Lett., 4995 (1971).

68. (a) E. C. du Feu, F. J. McQuillin and R. Robinson, J. Chem.
Soc., 53 (1937); (b) Ref. 25.

69. A. Ottolenghi, M. Fridkinand A. Zilkha, Can. J. Chem.,
2977 (1963).

70. R. K. Boekmann, Jr., J. Am. Chem. Soc., 95, 6867 (1973).

71. B. A. McAndrew and S. W. Russell, J. Chem. Soc. Perkin I,
1172 (1975).

72. B. S. Ong and T. H. Chau, Syn. Comm., I, 283 (1977).

73. P. D. Bartlett, "Nonclassical Ions," W. A. Benjamin, Inc.,
1965.

74. A. M. Creighton and L. M. Jackman, J. Chem. Soc., 3138 (1960).

75. E. R. Ferguson and B. S. Katzenellenbagen, Endocrinology,
100, 1242 (1977).

76. E. J. Corey and L. S. Melvin, Tetrahedron Lett., 2647 (1975).



91

77. J. A. Sousa and A. L. Bluhm, J. Org. Chem.; 25, 108 (1960).

78. F. Orsini and F. Pelizzoni, ibid., 45, 4726 (1980).


