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ABSTRAGT

The first chapter is divided into two sections:

i1st. S=cition

A summary of recent achievements in the field of

tetracycline synthesis.

2nd. Section

An outline of scme major achievements in these laboratofies
towards the synthesis of tetracyclinejalso a brief description of

the projected route to the cycloxide (A).

PART T

v st

Modification of established methods for the preparation
of ring A and CD bicyclic precursors for the synthesis of

tetracycline.

PART T1T

Investigation of potential acetalisation reagents and the

T

establishment of diethylene orthocarbonate® (B) as an active



transacetalisation reagent.

PART 11X
The cyclisation of tricyclic ACD ccmpounds to form
tetracyclic intermediates of the type (C). Where X is a substituent

that is readily convertible into a carbonyl group.
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A new acetalisation reagent: Ethylene orthocarbonate. D.H.R. Barton,

C.C., Dawes, P.D. Magnus, J.Chem. Soc. (G), 1975, 432-433.




INTRCDUCTTION

The tetracyclines are a series of closely related

compounds produced in nature by various strains of gtreptomveces.

These compounds act as antiblotics by inhibitiing the growth of

bacterial protein.

Aureomycin (1) was the first member of the series to be

isolated, and was obtained from a culture of streptomvces

- 1 . .
aureofaciens. Terramycin (2) was isolated two years later from

. 2 a1 , .
streptomyces rimosus. Utilisation of spectral methods determinad

... 3 '
the structure of terramycin~ and that of aurecmycin4 followed,

The parent tetracycline (3) was isolated from streptomyces albow

niger and was shown to be identical with the hydrogenolysis

product’ of aureomycin§’6’7
! 2
d 5 R R
R~ NMe . Ct  H
| Me. ¢ JOH_| P2
7; '..-—z,;y‘ 5,. . 4’:‘ r 2. }—I O"—Q
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t [t B 1 C D i,
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O] o2l &yl <
OH @) CH O

The tetracycline and aurecmycin molecules possess five
agymmetric centres: C-f4, ~&a, -5a, -6 and ~12a, whilst terramycin
with its C-5 hydroxyl function possesses six asymmetric centres.
Y~ray analysis has confirmed the assigned structures of terramycin

9’10The relative configuration of the C-5 hyroxyl

11

and auereomycin.

in terramycin (4) was deduced from n.m.r. data.
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The structure-activity relationship  which prevails in
the tetracyclines has been moderately well defined. Defunctionalisation
at positions 5,6 and 7 may be carried out without appreciable loss
of antimicrobial properties. Epimerisation at C-Ja and c-4 or
dehydration at C=5a~C-lla results in loss of activity. The natural
& wconfiguration at G4 is essential; equilibration involving C-4

12,13

leads to relatively inactive 4-epi~tetracyclines. It has been

postulated that the principal active centre is the C~1l, C~12

. R 14,150,106
diketone system of wings B and C.7 7777
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Recent achievemants in the field of tetracycline synthasis

The first synthesis of a tetracyclic molecule exhibiting
. . . . 17
anti-microbial properties was carried out by Woodward in 1962.
The compound obtained was dl-6e=demethyl~6.deoxytetracycline (1).

The precursor in the form of. a DCB unit, was the diketone (2).

. NMe
Ho oo b2

(83

e . £
N, ot B i

iy, o P [

f\
Chviz O OH

Conjugate addition of dimethylamine to the glyoxidene devivative
of (2), £ollowed by reduction by sodium borohydride gave (3).

Lactone formation, followed by two reductive processes gave (4).
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Treatment of the acid (4) with isopropyl chloroformate gave the

mixed anhydride of (5). Subsequent treatment with the ethoxy-—

?ﬁﬁ€2

. . A - R=

S e P S s
i P T > 5. R=CO -~ ~CGH-
bome A Ae 2 :
M e S’\é)/’
: 1 !
Ot @ s

magnesio derivative of ethyl«N-t~butylmalonate gave the amide (6).
The action of sodium hydride in dimethylformamide produced (7).

Treatment of (7) with hydrobromic acid prbduced the tetracylic

compound (8). 12a =~ Hydroxylation was achieved by careful

treatment of the l2a-deoxytetracyclic hydrochloride, with
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cerous ion~oxygen affording 6-~demethylmdeoxytetracycline (1).

The 12a-hydroxylation proceeded in only 6.5% yield.

by ' - Gl
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The first total synthesis of tetracycline was achieved

by Shemyakin and co~workers in 1967.18 A six stage sequential
conversion from juglome gave the dienediolone (9). Treatment of

(9) with the triethyl ammonium salt of ethyl nitroacetate gave

the nitroasster (10) as an epimeric mixture. Further transformations

via the amide (11), culminating in the tetracyclic 6-deoxy-compound
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(12) as a racemic mixture, constitute the total synthesis since the
(=) component of the racemic mixture has been converted to

. 19
tetracycline by 12 a»hydroxylation; followed by photooxidationzo

and reduction.
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. 22 .
The work of Muxfeldt™ " (1968) has led to a spectacular
synthesis of dl-terrvamycin. Combination of the three units 13-15
by stepwise carbanionic condensations gave the tetracyclic compannd

(16). . The methoxy-methyl group was removed at the 10-position,
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and l2a.-hydroxylation was carried cut in basic media with molecular

, OH  NHCSP;
Mi o AOHE EHC. o
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oxygen, Deacetalisation by mild acid treatment gave (17).

Methylation with methyl ilodide afforded (18}, which on acid
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hydrolysis gave the crystalline hydrochloride (19). Alkylation
to give texramycin was achieved by treatment with dimethyl

sulphate.
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Synopsis of previcus work

The pathway employved at Imperial College for the synthesis
of tetracycline involves the construction of an ACD unit formed
by condensation ¢f a suitably functionalised arocmatic ring A
and a protected DC moiety, Subesequent formation of ring B may
then be afforded by cyclisation. A large amcunt of the work

. . » . , 23-32
carried out in thess luboratories has been published.

Preliminary experiments designed to produce the phenolic
ketone (1) by condensation of 1,5-dihydroxynaphthalene with
benzoic acid in the presence of zinc chloride as catalyst, in

fact gave rise to an unexpected major product the
g J I

g

i
e
;}.»—”‘;‘n g*-},/' \:‘*i,/ ‘4‘5 '\\*\’3
§ 3 'i : . s i 2 :{X
kﬁt};”'x\x:ifj &”wi;’g

Egg}naphthofuran24(2), The value of this compound as a poteantial
CD component soon became apparent when several euperiments were
carried out to determine its suitability. Hydrogenation over
Raney nickel gave the dihydro~compound (3). Treatment with
benzaldehyde in concentrated sulphuric acid and glacial acetic
acid yielded the enone (4) and subsequentreduction over Raney

nickel led to the dihydro-ketone (5). Treatment with MeMgl led
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to the carbinol (6), and ozonolysis led to the keto-benzoate (7).

Me
. _AOH
e R e
‘,,«"::_,: -‘\L}? f‘_/ \\%s\' - A\\\) L _:,’ "»\
% 0N P *i
i I S 6
Ty, A N

In principle the problems of functicnality and stereochemistyy

in rings C and P had thus been solved.
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Various suitably substituted ring A precursors have

becn synthesised. Commnercially available orcinol (8) has provided

. . . . 33
a suitable starting material for these precursors. Carboxylation,

R

e e o S
Ao AT N NE P OR
i \V*":;,\.»»' e ,;""J' I iy ‘/.,'” e .;,/ N

N | Lo 9.

g\' ‘,n.,»:' o () " “\:, A

""\,%’.-’V Ny, 5 g ’\C C})} '| >
‘o <
CEH CRk=

: 24,34 ’
followed by methylation of the carboxyl group,” ’~ provided the
l::H:=1{2). The classical Gatterman reaction gave

1#;}10, RZemy , 2

1 2
When the corresponding oxime (93 R =CH:N.OH, R'=H) was treated

known ester (9:; R

excellent yields of the formyl derivative (93 R

. 8] . » -
with acetic anhvdride at 95 follewed by pyreolysis in refluwing

toluene the isoxazole (L0; EH) was formed.
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Oxidation of the corresponding acetate (103 BR=Ac) by the Thiele

method, gave the formyldiacetate (113 R=Ac) but only in poor

(OACLH Col

[
o~ b \\.
e o

.
l
[— O

\

T, .
“COMeE

Rl owraral

yvield (30%). Subesequent condensation of the isoxazole with
the perinaphthofuran (3) yielded the tricyclic compound (12).
However, in order to obtain the required endocyclic compound

(135 R=Me) a cumbersome reductionmdehydrogenation sequence

had to be employed, since catalytic reduction required for
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isoxazole ring opening was found to reduce the C-=5-<GC-5a double

bond in the twicyclic compound (12). Further, the convenient

. Y Y
)
OVHC TN A /”\\f/>\\ﬂ N M 2T T Ny
(i - L g\/lc’. C'"I O ,i/ N (,2 ViZ CF{O g D“\/;Q
! - ' -
Cie Ohle Ohe

method of rearranging the exocyclic €=5 » Gw5a double bond by
refluxing in triethylamine could not be employed because of the

extreme seasitivity of the isoxazole to such conditions.

ALl attempts to prepare the substituted phthalaldehyde
Ring A procursor (l4) were unsuccessful, Attemptad oxidation

of the methyl group in the aldehyde (15) to form the phthalaldehyde
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- 25 k) - ~ -
(i6)"" led to attack on the formyl function. The formyldiacetate

oy 29 . . . .
(1/)4 was synthesised by the oxidative acetylation (Thiele)

Orele, PN
] 17,
f\f/" \Coz,\/ze

. ) OAc

of (93 Rlzﬂ, R2=Ac) in the presence of acetic acid, acetic

anhydride, sulphuric acid and chromium trioxide. This compound

!
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N 1 o OA
T NN TR )
H ; : T 3
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‘xngfﬁ N S~ CO Mz
{1 i 2
A i O
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SEh

was condensed with the dihydroperimaphthofuran (3) under acidic

conditions to form the benzilidene compound (18) in good yicld.

De«acetylatioﬁ under acid condtions followed by rearrangemeﬁt of
the exocyclic double bond by refluxing in triethylamine and

finally formylation by the action of dichloromethyl-meihyl
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ether in the presence of aluminium trichloride led to the

aldehyde (19).

fvfg «OH
f’j::\\, /'.—”-‘;\‘T \\1.‘;‘4 /:\\1\/ OA.C;
L il T .
1'\ bl WL 20.
\\ ,y-"/ \\\T R*’) \K\Cc)g Me
(gtz C? OAC

Various approaches have been employed to attempt the
cyclisation of suitably substituted AGCD compounds to generate a
tetracyclic skeleton. The keto nitrile (20; R=CN) and the
corresponding ester (203 R:C02Mc)5 were subjected to various basic

.. . s . . . . 24
media in order to induce ring closure by a Dieckmann type reactiou.

All attempts ware unsuccessful.
Attempts were also made to inducc ring closure by a Michaz=l type
. . . . . 25
cyclisation via the cyanchydrin tetrahydro-pyranyl ether (21)V7 The model

1.2
ring A unsubstitued compound (213R =R™=H) was found Lo cyclise
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readily in the presence of sodium tertiary butoxide to form the
. 1 .2 .

tetracyclic compound (223 R™=R"=H). The reaction could not,

however, be extended to the ring A substituted compound-

O
i ,
b, a1 -
2’,::':, o ',.o"’ ., ‘/y/’ e . ﬂ’f"::_ o 'Q
¢ L RS il N H
! PO H
t ! 3oe H
LS \ as - i / A, - e
S T e S AT >
R ﬁ““\., - \‘ / iy, "]‘// F
i ‘H - \“"—! ) i )
3 0 CN OTHP g,
Cuv‘—--- i ey}
X £
Fh

(213 Rl»——OH, Rzr-cone) .

Closure by an alternative method
.

namely 123 dipolar
addition™, was attempted using the nitrone (23), wvhich was

prepaved by the action of phanyl hydroxylamine on tha aldehyde

(135 R=dMe). Although the desired cycliscd product (24) was
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obtained,it could not be converted to the required 12~keto

compound.

F 3
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. .27 .
A photochemical” mathod of ring closure was then
developed facilitating the transformation of the acetals

I = .. 0OCT T O o XY= o XY= u H S
(25; Xy OCHZCHzO 2 XY OCHZCHZS 5 Y SCHZCL'Izu ) to the

corvesponding tetracyclic acetals (263 XY= mOCHzCHzon, X¥= ~OCH5

-CHZS~,XY= »SCH7CN93~). The principle was found to be readily

@
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applicable to wing A substituted ACD t;lcycllc ccmnouﬁdb giv

e
ir=3
rise to the corresponding acetals (27), (28),_ (29)
35 . ’
(30). It is now hoped that the acetal (31) may be transfoimed

27, P H, Q D(“(-*“On,q{
28.RIRZFL RS O,
Me R _ 29R 1F1R - Cile, R, OH.
2 /R“ JO?Q?4R~ONQJ\TH

IJ-*”““\/ ™ \/l‘:} R%: CH,
ponpn |l
- P

“ANCOR

(according to scheme 1) into the cycloxide (32). Since it is

3L 32.

36,37,38

established that (32) may be converted into tetracycline
by reductive omination, followed by epimerisation at C-4, the

synthesis of (32) constitutes the synthesis of tetracycline.
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MODLFICATION OF ESTABLISHED METHODS FOR THE PREPARATION OF RIVG A

AND CD BECYCLIC PRECURSOQRS FCR THE SYNTHESTIS OF TETRAGYCLINE

The aldehyde (12) is an important intermedinte in the
synthetic route to tetracycline employed at Imperial College.
_The established route to (12) is summarised in schemes 1 and 2.
Most of the stages outlined in the schemes proceed in excellent
yield but the conversion of (4) to (5) and of (6) to (7) proceed
in unacceptably low yields. The formation of the formyldiacetate
(5) involved the oxidative acetylation of (4) by the action of
chromium trioxide and sulphuric acid in the preszsnce of acetic
anhydride and acetic acid,5 The product could ba obtained only
in yields of up tec 40%. The effect of addition of manganous ion
(manganous sulphate) was studied. 1t was found that addition of
manganous. Lon led to a marked increase in the yield and variation
of manganous ion, chromium trioxide and sulphuric acid led to
yields of up to 57%. Addition of dichloromethane to homogenise
the reaction mizture, and exhaustive extraction of the mother

liquors after work up increased the yield still further to 75%.

The established synthesis of the peuin pzthaE wran (7)
sroceeds via a Friedel-Crafts reaction on the naphthol {(6) in ths
i

presznce of benzoic acid and zinc chloride, The procedure™ is
complicated and involves the ungamely handling of the reaction
mixture during work up and a protracted extraction with large
amounts of benzene. The yield from this reaction is seldom more
than . 25%. 1t was decided that a new approach to the reaction
wag required, The Vilsmeiew.type reaction between the imidinium

chloride (13) and the naphthol (6) was investigated. The

midinium chloride (13) was readily cbtainable by the action of

M

7 P
phosgene on N-dimethyl benzamide.  Some difficulty was

encountered in the choice of suitable solvent. Aromatic solvents
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such as benzene, toluene and chlorcbenzene were found to be

[
s}
0
i
o
1=
P
o
o
(—6
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w
wie

o

ince the reactants would not fully dissolve to form
a homogeneous mixture,often resulting in anh unmanagable gum in

the reaction flask. It was, however, obvious by t.l.c.

analysis that the desired-product was being formed cleanly if

not efficiently. The use of nitro~bénzene was found to overcoms
all solubility problems and in the presence of a ona-fold excess
of the imidinium chloride (13) and a four-fold excess of
triethylamine the naphthol (6) was transformad inte the periunaphilio-
furan (7) in 75% yield. Water miscible solvents such as dimechyl.
formamide and diglyme were tried in order that the product might
be precipitated out of solution by the addition of water. Only

in diglyme was the perinaphthofuran formed cleanly (observed by
t.l.c.), bui addition of watewx led to the formation of an emulsion

from which the perinaphthofuran could not readily be separated.

= |4, 15,
Fh Cl Fh » P A
\\\W///k ///, \\\r//
! f
I! PRQQ G;“ P,Hh,
MM : NS ~ S N
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~ ! i a!
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The action of phosgene on N-benzoyl morpholine and
Nemethyl benzanilide lad to the formation of two highly unstable
compounds thought to be the imidinium chlorides (14) and (13)
respactively. Both (L4) and (15) were weacted with the naphthel
(6) immediately upon their isolacion. Treatment of the naphthol

with (14) yielded the perimaphthofuran in some quantity ( by t.l.c.
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analysis), but in the company of variéus decomposition products.
Reaction of the naphthol (6) with the imidinium chloride (13)
did not lead to the formation of the perimnaphthofuranj evidently
the Nedimethyl imidiniwn chloride (13) affordéd the most
efficient means of obtaining the desired perinaphthofuran

(scheme 3).
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the established” methed in the piresence of Raney nickel led to

the dihydroperinaphthofuran (8) in reasonably good yield (707).
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emot transhydrogenation by the action of
(16). The dihydro compound (16) was

readily generated by the reduction of benzocinoline by zinc dust

O

and hydrochloric acid. Treatment of (7) with dihydrobenzocinoline
in benzene gave rise to extensive deccmposition which was not

accompanied by any formation of the desired dihydroperinaphtho~

furan (by t.l.c. analysis).
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DISCUSSTON (PART TI

c.

INVESTICATION OF POTENTIAL ACETALTSATION REAGENTS

Attempts to convart the aldehyde (1) to the corresponding

acetal (2) by known procedures have failed.

A1l efferts to effect direct acetalisation by ethylene
glycol in the presence of toluenc-p~suphonic acid or exchange-
acetalisation by butan~2-one ethylene acetal (3) were wsuccessful.

The gpiro-acetal (4) appeared a pronising reagent for the
|
angacetalisacion.

ey
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rs have recently described the uge of thallium
lycolates” and tin glycolate33 to prepare’ diethylene
orthocarbonate (4). The reagent (&) has been prepared in

thege laboratories by the treatment of tetramethyl-
orthocarhonate with-ethylene zlycol in the presence of toluens-—-
p~suphonic acid, More conveniently sodium glycolate reacted
with chloropicrin (5), te give (4) in 40% yield. Attempts. to

prepare (4) by the action of sodium glycolate on carbon

tetrachloride were unsuscessful, The reagent was found to be

effoctive for the desired transacetalisation resulting in the
traasformation of (1) to (2) in the pwesence of toluene-~pesulphonic
acid or slightly wet borontrifluoride~etherate. The transacetalisaltlion

was carvied oulb at wvoom temperalbure and was complete in four hours

with yields of up to 95%.

In order toasscessthe genzrality of the reagent, it iras
decided to try the procedure with various aldehydes and ketones

(6) ~ (12).
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Treatment with diethylene orthocarbonate in the presence of
toluene~p- S ulphonic acid afforded the corresponding acetals
(1

3) = (19} in good yields'(see table 1)

TABLE T
Substrate  Temp. reaction time/h - Product Yield %
(L) R.T. 4 (2) 80
(6) R.T. 4 (13)tt 82
(7) R.T. 8 (14)’ 78
(8) R.T. 2.3 (15) 74
(9) R.T. 05 (1633 71
(10) R.T. 1 an? 79
(11)  R.T.. 1 (18) ** 78
(12) R.T. 3 (191’ 73

The known acetals (13),11(14),7(16),13(17),12(18)14were
also prepared by the established procedure with ethylene glycol
in thz presence of tolueneep-sulphonic acid. The producits weve
identical to those obtainad using diethylene orthocarbonate.

The structurce of the bis acetal (l4) of 1list wacetouyprogestercone

(7) was established by saponification of (14), (MeGNa-delH), to

form the 11X ~hydroxy compound (26}? Subsequent oxidation by
chromivm trioxide/pyridine in dichloromethane led to the known

11l-keto compound (21)? thereby demonstrating the position of the
_ £§ double bond.
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Exteusive efforts to prepare the acetals (22) and (23)
by the action of dicthylene orthocarbonate on benzophenone aund
2, 2; 6, 6 » tetramethylcyclohenanone,respectively, were

unsuccessful. This is probably due in part to the difficulty

;ooy
P, Ph 5 &
}’: Mg %‘}.{" Me
SH 22. T 2 3.
7 L N T g
" ] A ; i
o Me e
vrmirmimee & ' i&\ -~



Lty

encountered by the bulky reagent molecule in overcoming the

hindered approach to the active carbonyl site (scheme 1)
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The success of diethylene orthocarbonate az a
transacetalisation reagent, led to the consideration of other
cempounds that might behave in a similar manncr. We decided
to prepare the acetals (24) » (29) and determine their
trarsacetalisaticn properties. Ethylene carbonate (24) was readily
prepared by the action of phosgene on ethylene glycol. Attempts

were made to coavert the two steroid ketones (6) and (7) to the
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corresponding acetals (13) and (14) by the action of ethylenc
carbonate (24). Variation of temperature, solvent, acid
catalyst and amount of reagent failed to afford the desired
acetals (13) and (14) in any quantity. In view of the lack
of success met with this compound, plans to prepare and
investigate the sulphur analogue (25) of ethylene carbonate
were abandoned. Nephenyliminocavbonate (26) was prepared by

7 . . .
a two step process. First the action of chlorine gas on phenyl-
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isothiocyanate formed N-dichlovomethylensaniline (30) This was
,w"‘" e
Pt

! 30.
<

o “N:
N CC!2

followed by treatment with sodium glycolate to give the iminocarbonate
(26), A1l attempts to convert the ketones (6) and (7) to the
corresponding acetals (13) and (14) by the action of the imino-

carbonate (26) were unsuccessful.

Efforts were made to prepare the orthosilicate (27) by the
R : ‘ - . 18
action ethylene glycol on silicon tetrachloride, “and also on
silicon tetra acetate. In each case the product obtained was

. . - . ) o
a white amorphous solid which did not melt below 360 and was

S
found to be insoluble in any solvent. It was assumed that a
polymeric product had haen obtained and further work on the
preparation of this ccmpound was abandoned. The

o . -~ 19
tetrathioorthocarbonate (28), was prepared in 3 stepsa The

action of ethanclic KOH on a mixture of cyanamide and carbon

disuphide gave potazsium cyanodithiocimidocarbonate (31).

31 - 30.
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{(31) with 1,2-dibromoethane gave 2-cyanoimino=1,3-
arte. Finally, careful addition of ethane-l,zndithiol in thsa.
prasence of hydrochloric acid afforded the tetrathioorthocarbonata
(28). The tetrathlioortliocarbonate (28) was reacted with

11t ~acetoxyprogesterone (7) in the presence of toluenew-p-

sulphonic acid at voom temperature with no diminuition of

6]

tarting material {(by t.l.c. analysis) after 24 hours. However,
after refluwing in chleroform for 72 hours, t.l.c. indicated the
total disappearance of starting material and the clean formation
of a new product fourd to be the bisthicacetal (33) in 82%

vield. The iunfra-red spectrum showed the disappearance of the

two ketone carbonyl bands at 1710 and 1675 cm."1 The mass spectrum

“showed the molecular ion at m/e 524,

‘_‘f"‘/ \“'4: AT . ~
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The steroid Retone (6) was subjected to treatment with
the tetrathioorthocarbonate (28) in the presence of toluene-p-
stlphonic acid at reoom temperature. T.l.c. showed no change in
the starting material and the infra-red spectrum of the reactiocn
mixture showed no diminuition of the ketowne carbonyl band at
1712 Cmi«l Variation of temperature, acid catalyst, amount of

acid catalyst and amount of reagent did nct lead to the clean
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formation of a tractable major product. The obvious limitations
of the tetrathioorthocarbenate (28) as a transacetalisation
e
reagent led to the abandomment of any further work on it.
Finally it was dacided to attempt to prepare the

dithiooxthocarbonate (29). Two attempts we made to prepare (29);

{(i) Action of ethylene glycol on (32)

(ii) Reaction of carbon disulphide and ethylene glycol
in ethanolic KOH in an attempt to form the di-pctassium salt (33)
and subsequent treatment with 1, 2-.dibromoethane. Neither method |
yvielded to the desired dithioacetal (29). No further attempts

were made to prepare (29).
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DISCUSSICN (PART III)

CYCLISATION OF TRICYCLIC ACD INTERMEDIATES

The preparation of the acetal (I) as described in PART
II, and its subsequent photocyclisation by other workers in these

lcfzboratories,1 has led to the tetracyclic acetal (2). The yield
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of the tetracyelic acetal by this.procedure is not unaccaptable,
up to 68%, but the concentration of the acetal (I) in the
reaction solution is mnecessarily very lowvin ordar to obtain a
cleanly formed product. It has been found that a coacentration
of not more than 2m wmoles L.“l of solvent’ is necessary for

the reaction to proceed to give acceptable yields. This is
considered too low to constitube a viable stage in the

synthetic route. TIn view of this it was decided to again attempt
an intramolecular Michael~type cyclo~addition of a benzylic anion
to thé enona system.2 An attempt to generate‘a species of the type
(3) was made, wheve substituents X and Y must be capable of anion
stabilisation and yet ba readily convertible into a carbonyl

group.

Tnitially the aldehyde (4) was treated with aqueous NaCN and
sulphuric acid in tetrahydrofuran. The reaction failed to yield
the desired cyanohydrin (5) as a stable, isolable product. In
an effort to stabilise the éyanchydrin (5), 1,3~dihydropyran was
added to thg neutralised reaction mixture in the hope that the
cyanchydrin might be isolated as the tetrahydropyranyl ether.

This alseo failed to yield a stable intermediate. At the same tima



work w2s being carried out in an attempt to prepare thes tiig-

- trilecichylsilyl cyanohydrin (6) by the action of trimethylsilyl

cyanide on (4). Tt has been established that the action of

trimethylsilyl cyanide on aldehydes and ketones gives rise to the
3

high yield formation of trimethylsilyl cyanohydrins.” The rcagent

may be prepared by the action of liquid hydrogen cyanide on
hexamethyldisilazane (7). Or more convenicntly by the action

- . . . . 2
of silvar cyanide on trimethyl silyl chloride.
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When the aldehyde (4) was stirred with an excess of
trimethylsilyl cyanida at room temperature, in the absence of
solvent and Lewis acid catalyst, the tris~trimethyl cyanchydrin
(6) was, in fact, obtained in excellent yield. Although (6) could
not be obtained as a crystalline compound, it has been fully
characterised as a yellow foam;% max. 2900, 1730, 1640 Lme?]
Amas. 405, 325, 268 nm, (£28,478, 9,380 and 25,128), { 9.83
(9", s), 9.83 (91, s), ,060 (SH, s), 6.12 (34, s), 5.67 (2#, s),
4.00 (LH, s5), 3.52 (iH, sy, 1.68 ~ 2.74 (9H, cpx my. ALl atiempts

to crystaliise (0) Led to the formation of the Sis~tr4nethy1ci1y}

N

cyanchydrin (8) as a vellow crystalline solid m.p. 172 « 175
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The exact position of desilylation is uncertain, but the N.M.R
trum shows the cyanchydrin proton present at Tl&.Oé, thereby
. e

c
confirming that the silyl cyanohydrin had not suffered desilylation.

4

It seems most likely that desilylation occurs from the most
accessible ring A silyl ether functiom.

In order to avoid unnecessary use of ring A substituted
ACD tricyclic material, it was planned to prepare the silyl

. 2
cyanohydrin (10) of the model aldehyde (9),7 to carry out

preliminary experiments. When the aldehyde (9) was treated with

9. 10.
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tifmethylsilyl cyanide (one equivalent) in the abseuce of catnlyst
only very small amcunts of a new product could be detected by t.l.c.
The addition of a large excess of the veagent did not appeoar to
appreciably diminish the amount of starting material present

(the reaction was followad by t.l.c. and n.m.r.). When a crystal
of zinc iodide was added, t.l.c. showsd ths rapid disappearance
of starting material and the emergence of a new, blue fluorescent
product. Uhen the reaction appearced by t.l.c. to be complete,
the excess of reagent was removed by vacuum pump to leave a
colourless foam. The compound was found to be the bise

trimethylsilyl compound (11). The n.m.r, spectrum showed that
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the silyl methyl protons at the C-5 position formed two singlets

119.91. This indicates that (11) was formed as & mixture of

geometrical isomers at C-4. The aldehyde (4) was found to react

in the same way when treated with an excess of trimethylsilyl

cyanide in the presence of a crystal of zinc iodide. The tetra-

trimethylsilyl cyavnohydrin (12) was formed.

Scme experiments were carried out on the tris-

e
trimcthylsi]jlcyanohydrin (6) in an attempt to cyclise ring B

by an intramoleculav Michasletype additicn.

]

ing closure



did not cccur despite the variation of a wide range of reaction

conditions}

5]
[

Variation of ba

A number of different bases were investigated in order

to effect cyclisation;

1. Potassiumt butoxide.

2. Sodium hydride.

3. Sodium bis trimethylsilyi, amide.®
4. Lithium bis trimethylsilyl amide.

5. Lithium salt of 2,23 6,6~tetramethyl piperidine.

AN

5 &
Oww,m__,_ﬁ.i\ OThvg CN OTMS
Ph

The amount of base was varied from I equivalent of
base psr equivalent of substrate, to 5 equivalents of base per

equivalent of substrate.

Variation of nemperature.

; . . o o
“The reaction temperature was varvied from «~78 C to 60 C.
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nrmation of the desired cyclised product

Attenticn was now shifted to the possibility of ring
closure by an intramolecular benzoin-type condensation of the
aldehydes (4) and (9). The aldehydes wers subjected to treatmear
with sodium cyanide in aqueous ethanol. Variation of tempefature
and variation of sodium cyanide concentration did not lead to the
formation of cyclised products., It was felt that the alkaline
reaction conditions might not be conducive to the required
cyclisation. It was decided to buffer the reaction,by the addition
of potassium dihydrogen phosphate,over the range pil6 - 10. These
attempts still failed to lead to the Formation of cyclised products.
Soma further experiments were carried out in hexamethylphosphovamide
instead of aqueous ethanol. In thz case of the ring A substituted
aldehyde (4) no trace of the desired cyclised product was observed
(by t.l.c.). in the case of the model (9) one major product was
observed (t.l.c.) andon isolation it was found to be the naphtbacune

(13). TFailure of the benzoin~type reaction to produce the desired

- O
N

Necranscemrs
,

eyclisation led to reconsideration of a Michael-Lype reaction
but this time the benzylic anion stabilsing function was a

thioacetal.



The aldehydes (4) and (9) were treated with propane.

1,3-dithiol to form the thiocacetals (14) and (15) respectivaly.

-

It was hoped that in the presence of base, the intermediate

formation of the stabilised anion might lead to the closure of
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ring B. Treatmeni of the model thioacetal (15) with I equivalent
of potassium tiertiary butoxide was not effective. When the amouns:

of base was increased decomposition of starting material occurred
without Formaticn of the cyclised product. When I equivalent of

Lithium did so

hurd

-

. = . - Q.
prepylamide was added to (15) in T.H.F. at ~78°C and

5
-
jatnd



he temperature allowed teo rise to room temperature, the clean

t
formation of a new, product was obsarved by t.l. The material
» F Y

was seen as a bright blue fluoresceni spot on &.l.c. exhibiring
the corwect ultra violet characteristics of the desired cycliscd

product. The reaction appeared to reach equilibrium after a

short while, since no more than about 10% (by t.l.c.) of the
'starting material had been converted,leaving the remaining
starting material intact. Attempts to isolate the product by
pelec.ware unsuccessful since decomposition occurred., Increasss
in the amount of base did not appear to increase the amount of
>product foriged and at temperatures higher than «78°C deccmposition
occurred, As itseemed an equilibrium existed between formation
of product and reversion to starting material, it was decided to
carry out some experiments that might alter the balance of the
equilibrium to yield the desired product. It was considered that
the addition of cuprous iodide to the reaction might form the
cuprate of the hkenzylic anionsghereby facilitating intramolecular
addition to the enone system. In fact treatment of (15) with
equivalent of lithium diisopropylamide in the presence of T
equivalent of cuprous Zodide again led to the formation of the new
product. The additicen ¢f cuprious iodide appeaved, by t.l.c.,

to have had a marked beneficial effect on the reaction with
pevhaps as much as 20% product formation. The comelete exhowvstion

of starting material was not accomnlishaed and the product was

f-ie

vob present in sufficient quantity to facilitate isolation by

selective crystalligation. Anothar attempht was nade to

alter favourably the balance of the eqiulibrium. This time

the thioacetal (15} was treated with T equivalent of lithium
diisopropylamide in the presence of trimethylsilyl chloride in

the hope that the enol form of the cyclised productk might

be trapped in the form of the trimethylsilyl etherc (16). The
addition of trimethylsilyl chlovride to the veaction had no

apparent effect, and the blue fluorescent product observed by
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When the ring A substituted thioacetal (l4) was
subjected to treatment UltH potassium tertiary butoxide or lithium
diisopropylamide under similar conditions as those outlined for

the model (15), no fommation of cyclised acetal was obsecved.

At this juncture it was decided to attempt ring B
closure by photochemical means. The source of radiation was a
750 Watt Cungsten lamp set in a reflecting enclosure. Three

nreliminary experiments were caryied cut on the model thioacetal

5) in refluwing nzene undar Lhe illumination of the tungsten
(15 refl g ber wnday LT 1luminat f the gste

lamps
(i) TIn the absence of catalyst.
(i1) In the presence of benzoic acid.
(iii) In the presenée of potassium-t-butcoxide.

in the abscnce of catalyst, a small amount of the
blue fluorescent compund was formed which was ideanrical by t.l.c.

to the compound obtained by the action of lithium diisopro
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on {15) as described. No more than a trace of the compound was
8 hours,

e

In the presence of 1 equivalent of benzoic acid, after
12 hours the starting material appeared to be virtually intact,
with just a small amount of the blue fluorescent product

accempanied by several decomposition products.

In the presence of I equivalent of potassium
tertiary butoxide, the reaction proceeded cleanly leading to the
formation of the desired cyclised product (17) in 85% yield. -
The time taken for complete exhaustion of starting material was

less than 40 minutes.
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The rwing A substituted thicaceral ©14) was then

subjected to the same preliminary conditions. In benzene,in the

\

o

+

absance of catalyst,after irradiation for less than ove hour by
the tungsten lamp,

a small amcount of a new blue flucréscent

product was observed by t.l.c. The formation of the new product

was accempanied by traces of decempostion products.

In the presence of I equivalent of benzoic acid only a
very small amount of the new product was formed after 2 hours,

with concomitant decomposition.
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In the presence of I equivalent of potassium tertiary
butoxide; the new preduct was formed in substantial quantity
(approximately 40.50% by t.l.c.), but was not formed cleanly,
and aftef 2 hours preduct formation was accempanied by considerable
deccmposition, Change of solvent to acetonitrile did not afford
a ¢leaner reaction. Various other bases were used. Lithium
diisopropylamide was ineffective. When the thiocacetal (14) was
irradiated in the presence of sodium bis~trimethylsilyl amide,
the reaction proceeded cleanly to completion in less than 2
hours. In the presence of lithium bis~trimethyleilyl amide,
the reaction was complete in 40 minutes, when t.l.c. analysis
showed the complete disappearance ofstarting material and
the formation of a new blue fluorescent product, thought to be

(18). When the reaction solution was heated under reflux in the

2. R=H
19. R= Ac

absence of light, formation of the new product was not observed.
The product was found to be very sensitive to atmospheric oxidation
and great difficulty has been encountered in fully characterising
the material. Work is now being carried out in these laboratories,
in an attempt to isolate the product probably in the form of

acetate (19).
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FEXDERIMINTAL

Unless otherwise stated, the following data applies Lo

experiments described in this section.

Melting points were measured on a Kofler block and are
uncorrected, Infra red were taken on Unicam SP 200 or Ferkin Elmer
P.E. 157 spectrometers. Ultra violet spectra were recorded on
the Unicam SP 800. M.n.x. spectra were measured in deuterochloroform

with T.}.S. as internal standard on the Varian T 60 spectrometera

The following abbreviations refer to the n.m.r. datase

= singlet
= doublet

broad

I 2 o P ]
i

= triplet

=
I

multiplet

cpx = complex

411 solvents and reagents were dried and purified by the standard
techniques. The silicz gel for t.l.c. (thin layer chromatography)
and for p.l.c. {preparative layer chromatography} was Mewck

G sile 251;
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EXPERIMINTAL TO PART 1

PuOrsellinic acid {(2),

Prepared by the carboxylation of orcinol by the method

of Roberison and Robinson, m.p. 164m165° (1it. mep. 163+166%).1

Methyl peorsellinate (3),

Prepared by the esterfication of the acid (2) with
sodium hydrogen carbonate~dimethyl sulphate by the method of

Barton et al? MaD e 98~990(lit. M. 98~990).2’3

3,5-Diacetyl-femethoxycarbonyltoluene (4).

Prepared by the acetylation of the ester (3) with
sodium acetatewacetic anhydride by the method of Saraiya and

/ {
Shah, " m.p. 70° (lit. m.p. 70°)."

2, 6.Diaceroxy-b-diacetoxymethylbenzoate (SL

(The established method of MagnusS wags modified by the
addition of mangaucus sulphate and the vaiation of the proportion:
of chromium triovide and sulphuric acid. Also the reac .
mixture was homeogenised by the addition of dichloeorometbanes; and

an exhaustive solvent extraction was incorporated into the work-up).

3,5«Diacetyl-bemethoxycarbonylitoluene (43 1.0g) was
added to a mixture of acetic anhydride.(13.5ml), acetic acid
(13.5 ml) and dichloromethane (10O ml). The solution was stirred
vigorously at ~5% while concentrated sulphuric acid (1.8 cm3)
wags added over a period of ona hour.‘ Finelyeground anhydrous

manganous sutlphate (4.1g) was added immediately.
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Cliromium trioxide (1.8 ¢) was added over a period of one hour while

o &
. . O ' . .

the temperature was maintained at «5. The reaction was stirred

Py

o . . . . s .
at -5 for about 4 hours until all ths starting material had

\
o

bean

c

{

consumed {(t.l.c. analysis). The mixture wasg poured over an

-t

ice~water mixture (100 ml) and stirred for 2 hours. The organic
layer was separated and the aqueous layer extracted with dichlorow

methane, (3 ¥X 30 ml). The collected extracts were dried over

=

sodium sulphate and evaporated to small bulk. The resulting oil
was - evaporated further (oil pump; 1 mm Hg; 80? 2 hours) to yield,
after recrystallisation from benzene~petroleum (60-800), the
formyldiacetate (5; 1.08gz, 75%), m.p. 110-111°%C1it. m.p.»llzo)?

V max. 1780 and 1730 cm?l

N-Dimethylbenzamide.

Benzoyl chloride (35g) was dissolved in dichloromethana
(1060 ml1). An aqucous solution of dimethylamineg (ZS%Y/V; 90 nl)
was added slowly at 0° and the mixture shaken vigorously for 10
minutes. The dichloromethane layer was separated and washed
with water. The washed solution was dried and the solvent removed
_to yield colourless rosettes of the benzamide,m.p. 41° (lit. m-po.

5190

. - 1 1‘—!7/ l'.- 4 4. - . . v -,
¢ Chlovowbenzaldehydoeiedimethylimidinium chloride (13).

. . . 7
Prepared by the action of phosgene on N-dimethylbenzamide.

2~Phenylnaphtho (1, 8-bc) furan=-5-one (7).

(i) Prepared by the action of benzoic acid on 1,5~

dihydroxynaphthalena in the presence of zinc chloride by the _

2 e ) . - 0
method of Bartom et al, m.p. 137-137.5 (lit. m.p. 137-137.57),

4 - ""1
Vmax 1645 cm.
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(ii) 1,5«Dihydroxynaphthalene (1.00 g) was added to
freshly distilled nitrobenzene (30 ml) and heated with stirring
to 807 Triethylamine (3.20 ml) was addad followed by the addition
of the imidinium chloride (133 2.55g) under z stream of dry,
oxygen free nitrogen. The mixture was stirred under nitrogen at
80° for 40 minutes until t.l.c. analysis indidated that all the
starting material had been consumed. The reaction mixture was
poured into water (100 ml) and shaken vigorously. The solution
was extracted with benzene (3 X 30 ml) and the collected extracts
were dried over sodium sulphate. The solvent was removed and the
residue chromatographed on silica gel (elution with ethyl acetate-
petroleum 6O~800) to afford the perinaphfhbfuran (7; 1.17g, 76%),
m.p. 137-137.5° Vmax 1645cm.” "

3, 4~Dihydro-2-phenylinaphtho (1,8-bc) furan~5~one (8).

The naphthofuran (7; 5g) in freshly distilled toluene
(250 ml) was hydrogenated over alcohol-free Raney nickel at room

temperature and atmospheric pressure. After 2 hours (uptake of H?

460 mi ), the solvent was removed and the residue recrystallised

from methanol as pale yellow crystals of the dihydronaphthofuran
1

2 .
(85 3.5g, 70%), m.p. 113.114° (lit. m.p. 113-114°%, Vmax. 1686 cm’

NN’mDihydrobenzo (C) cinnoline (16),

Prepared by the action of zinc dust and hydrochloric

9
acid by the method of Kuhne and Ehrlenmeyer.

Attempted transhydrogenation of the nanhthofuran (7) in the

1 . . .
presence of N ~dihydrchenzo (G) cinnolina.

The naphthofuran (7; 20mg) in benzene (2 ml) was treated

with NNludihydrobenzo (C) cimmoline (18g). The mixture was



stirred under nitrogen at room temperature. T.l.c. analysis
indicated the formation of several products, none of which was

the desired dihydronaphthofuran (8).

£ (3,5, «Dihydroxyw2.-formyl-fe-methoxvcarbonyl benzyl)~2~phenyinaphtho-

{1,8-bc] furan-S-one (12).
2

Préparedi by the condensation of the formyldiacetate (5)
and the furanons (8) to form the benzilidene diacetate (9);
subsequent transformation to the aldehyde (12) was effected by the
prcedure of Barton et al, m.p. 228..229° (Lit. m.p. 228~229O)§
Vmax. 3370, 1665, 1638, 1617 —_
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EXPERIMENTAL TO PART IT

- .

Attempted preparation of 4-(2-ethylenedioxymathyle3,5-dihydroxs=/li-

methoxycarbonylbenzyﬁ ~2wphenyinaphtho [i,8-bc] furan-5-one (2),

(i)Bv the action of ethylene glycol and toluene-p=

sulphonic acid.

The aldehyde (1; 150mg) in benzene (3C ml) was treated
withvefhylene glycol (4 ml) and toluene~p-sulphonic acid (10 mg).
The mixture was refluxed for 6 hours through a soxhlet apparatus
filled with calcium hydride. A portion_of the reaction mixture
(6 ml) was withdrawn and washed with saturated aqueous sodium
bicarbonate solution. The organic¢ solution was wééﬁed with water
and dried over sodium sulphate. The solvent was removed and the
remaining solid dissolved in deuterochloroform containing T.M.S.
as an internal standard. An n.m.r. spectrum was recorded showing
the isolated solid to be essentially unchanged starting material.
Further heating of the reaction mixture under reflux for 16 hours

did not form the desired acetal (2).

(ii) By the action of butan-2-one athvlene acetal (3),

The aldehyde (13 100ag) in butan-2-~one ethylenec acetal
(5 ml) was treated with (a) toluene-p=sulphonic acid (2mg), and
(b)ABF,iOEt2 (2mg). Experiments were carried out at various
) 0 o} . .
temperatures; «10, O, R.T, 60. TIn no instance was the degired

product formed.

Tetramethyl orthocarbonate,

Prepared bythe scetion of sodivie methewide on
. . " - N N - e - O
chloropicrin,by {the method of Harlcl,bep.Ii2-Ti4

0 4 _
(1itebup.TI4), If;:zn %562 (Lit.i.3864),



Diethvlenc orthocarbonate (&),

-

(i) Viatetra methyl orthocarbonate and ethylena elvcol.

To a solution of tetramethyl orthocarbonate (1.5g) and
ethylene glycol (l.4g) in benzene (40 ml),was added toluene-p-
sulphonic acid (one crystal). The mixture was refluxed through
a Soxhlet apparatus containinga thimble of calcium hydride, for
24 hours. The solution was evaporated to small bulk and then
‘shaken with hot petroleum (6On800) (3 X 40 ml). The petroleum
was decanted each time from the remaining small amounts of
insoluble residue and the collected extracts evapourated to yield
the orthocarbonate (43 0.125g, 8.6%); m.p. 141-142° (1it. m.ps 1430)§
Vmax. (C 014) 1356, 1245, 1200, 1060, 1019, 945 cm?l ‘

(ii) Via chloropicrin and sodium glycolate.

Finelywcut sodium (4.6g) was sowly dissolvad in freshly
distilled ethylene glycol (50 ml) under a stream of nitrogen.
The solution was allowed to cool to 90-100° and chloropicrin (7g)
wag added cautiocusly with stirring, under nitrogen. The mixture
was allowed to cool to room temperature and stirred overnight.
It was then continuously extracted with petroleum (6O~800) for 12
hours. The petroleum was evaporated to small bulk wuﬂvauva the
orthocarbonate (4) was deposited as colourless crystals (2.3g, 417%).
The product was purified further by sublimation (0.5mn Hz, 60»700)9

mape 141~142 Vimax. 1256,1245, 1200,1000, 1019, 945 cmnl

(iii) Attempted preparation by the action of sodium

glycolate on carbon tetrachloride.

Al

All attempts to prepared the oxthocarbonate (4) by this

method lead to vigorous decomposiition.
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4 (2-FEthylenedioxymethyl-3, 5~ dihydroxy =fe

methoxycarbonylbenzyl)-2-phaenylnaphtho [1,8«be] furan-5-one (2),

by the action of dicchylena orthocarbonate (43,

A suspension of the aldehyde (1; 200mg) in ethanol-free
chloroform (10 ml) was stirred with an excess of diethylene ortho~
carbonate (400 mg, 7.5 equivalents) in the presence of toluene-p-
sulphonic acid (2mg) at room temperature for 4 hours. Triethylamine
was added to the sclution and stirred for a further 15 minutes.
The solution was washed with saturated aqueous sodium bicarbonate
~solution and the aqueous washings extracted with a further portion
of chloroform. The combined organic layers ware dried and
evaporated to give a yellow solid (205mg). Crystallisation from
chloroform-benzene gave-the acetal (2) as yellow microcrystals
(185mg, 84%), m.p. 220-226°, Ymax. 3380, 1662, 1641 cm,® ’max 222,
264, 327, 404 nm. (¢ 24600, 8100,23800 and 288C0), T 5.85 (4H, m),
5.83 (3H, s), 5.70 (28, s),3.55 (1H, s), 3.45 (1H, s), 1.8-2.5

(84, cpx m), 0.37 and 0.42 (each 1H, s,.D,0 exchangeable}. (Found:

2
C, 69.8; H, 4.6%; m/e 493, C29H2208 requires G, 69.9; H, 4.45%;
Mt 498).

Preparation of (2) was done in conjunction with Drs. M.
] =4

5
~Bolton and J.H. Bateson,

llxwAcetoxy=3, 20-dioxopragn-fA-ecne (7).

To a solution of lLX»hydroxyprog%Ferone_(Bg) in
dichloromethane (50 ml) were added pyridine (4g) and acetyl
chloride (4g), while the mixture was maintained at O? The mixture
was stirred for 1 hour, washed with water and dried over sodium
sulphate. The solvent and excess of reagent were removed, (oil
pumps 1 mm Hgs 80? 3 hours) to yield the crude acetoxy

derivative (7). Crystallisation from ethanol-chloroform gave the
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pure compound {3.2g, 86%), m.p. 172-174° (lit. m.p- 175»1770)?
\max. 1740, 1718, 1685 cm’ "

11t ~Acetoxy~3, 20-bisethylenedioxypregn~5-ene (14) .

l11%~Acetoxyprogesterone (73 1.0g) in ethanol-free chloroform -
(5 ml) was treated withi diethylene orthocarbonate (2.8g, 8 equivalents)
and toluene-p-sulphonic aCid(lOOmg). The solution was stirred at
Toom temperature for 8 hours. The solution was washed with saturated
aqueous sodium bicarbonate solution and then with watér. The
organic layer was separated, diied and evaporated to small bulk
and then eluted through a bed of grade 3 alumina by petroleum
ether (6O~800) ~ ethyl acetate (4:1). The collected solution was
evaporated to yield the big acetal (14) as a colourless solid.
Recrystallisation from ethyl acetate and petroleum (60«800) yielded‘
the pure product (960mg; 78%) m.p. 185.190° (lit. m.p. 186-190°)7
Vinax. 1738 cm:1 [Dfléo - 44° (1it?u400). The product was found to
be identical with the product obtained by the action of ethylene
glycol7 on (7), m.p. 185~189? mixed m.p. l85~190?&fmax. 1738 cm:1
(o]0 43¢

11 ol=Hydroxy-3, 20-bisethylenedioxypreens5-ene (20).

Tha bis acetal (l4:lg) in tetrahydrofuran (25 ml) was
treated with 5 cm3 of a IN solution of sodium hydroxide in methanol.
water (9:1) and the mixture stirred at room>temperature for 24
hours. Dichloromethane (150 ml) and water (50 ml) were added.

IN Hydrochloric acid was added until the reaction mixture was at
pH 7. The organic léyezP was separated, dried over sodium sulphate
and.evaporated to small bulk. The resulting oil was purified by
pel.ec. to yield the 11X~hydroxy bis acetal (20; 1.2g, 66%), m.p.

L0.8
212.2157 (lit. m.p. 214-217°)%
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=t

lIMOXOmBLQQ«bisethy1enedioxvpragn~5¥ene (21

The 1l¥~hydroxy bis acetal (20; Ong) was added to a
mixture of pyridine (5 ml) at room temperature and stirred for
15 hours. The solution was shaken with water (50 ml) and the
mixture extracted with benzene—diethyl ether (1:1) (3 X 30 ml).
The collected extracts were dried over sodium sulphate and the
solvent was removed to yield a pale yellow oil. The oil was
purified Ly p.l.c. to give the ll-oxo compound (213 250 mg,
507), mep. 172-178° (lit. m.p. 175,1790)? Vmazx. 1695 cm) ' [0<]12)O
+ 25% (Lies 4+ 259).

3f-Acetoxy-20-0xopregn-5-ene (6),

To a solution of pregnenolone (l.5g) in dichlorcmethane
(23 ml) were added pyridine (2g) and acetyl chloride (2g) while
the mixture was maintained at O The reaction was then stirred
at room temperature for 90 minutes. The solution was washed with
sater and dried over sodium sulphate. The solvent was yomoved to
afford the crude acetate (6); recrystallisation from ethanol-
chloroform gave the pure compound (l.5g, 89%) m.p. 1461477

L0y 10 -1
(lit. m.p. 1&6u1470)5 Ymax. 1740, 1710 an)

I3

3f~ acetoxy.-20~alhvlenad

p

wypregn-S-ene (13),

O

The acetate (H3; 1.02) in ethanol-free chlovoform {5 mi)
was treated with diethylene orthocarbonate (1.5g, 4 equivélents)
and toluenc-p-sulphonic acid (100 mg) and the soluticon was stirrad
at room temperature fov 4 hours. The golution was washed with
saturated aqueous sodium bicarbonate sclution and then with water.
The solvent was removed and the residue was eluted through a bed
of grade 3 alumina by patroleum (6Ow800) - ethyl acetate (4:1).

The solution was evaporated to yield the acctal (13) as a colourless
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solid. Rac LdllLQWCL¢Q from ethyl acetate - petroleum (6O~800)
gava the pure acstal (13; 0.92g, 82%), m.p. 158-161° (1it. m.p.
159.160%) 1% Yhax, 1735 cx] [a]gonas T2 ie. ~40%).  The
product was found to be identical with the producr obtained by
the action of ethylene glycol11 1 (6, m.p. 159 mixed m.p.
157160, Vhax. 1735 cﬁji{?‘]%o 46

Acetonhenona-ethylene acetal (15).

“Acetophenone (200mg) in ethanol-free chloroform (1 ml)
was treated with diethylene orthocarbonate (88Cmg, & equivalents)
and toluene~p-sulphonic acid (100mg) and the solution was stirred
at room temperatufe for 2 hours. The solution was washed with
saturated aqueocus sodium bicarbonate solution and then with water.
The solvent was removed and the residual solid purified by p.l.c.

{G7UL10“ with ethyl acetatespetroleum (60~8O ) (1 3)J to afford

tho acetal (153 0.20g, 74%). TFurther puriflication could be
afforded by sublimation (0.0mm Hg, 70«800) to form spectacular
colourless prisus, m.p.57“5900, (the infra-red spectrum shows

the disappearance of the carbonyl band at 1685cm“1),'f8u35_(3ﬁ, s),
6.85 (4H, wy, 2.4~2.8 (5H cpx m). (Found: G, 73.233 U, 7.51%;
m/e 149, C. H] 0, requires C, 73.15; H, 7.37%; Mh-15 1409},

The product was found to be identical to that obtained
by the action of ethylene glycol on acetophenons: fcetophenons
(1) was dissolved in benzene (100 ml). Ithylene glycol (10z)
aad toluenc-p-sulphonic acid (30ng} were added and the mixture
reluxed through a Soxhlet apparatus containing calcium hydride.
After 36 hours t.l.c. indicated the total consumption of starting
material. The solution was washed With saturated adueous sodium
bicarbonate end then with water. f er removal of solvent the
the residual solid was purified by p.l.c. subsequent sublimation

gave the pure product identical (i.r. spectryum) Lo the one
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1

. - a® . 0
described above, m.p. 57-59, mized m.p. 57-~59.

peNitwo benzaldehydesethylena acetal (17). 7

p-~Nitro benzaldchyde (200mg) in ethanol-free chlorofomm
(1 ml) was treated with diethylene orthocarbonate (700mg, &
equivalents) and toluene-p-sulphonic acid (2Cmg). The solution
was stirred at room temperabture for 1 hour until the infra-red
spectrum showed the disappearance of the carbonyl band at 1710 cmf1
The solution was washed with saturated aqueous sodium bicarbonate
solution and then with water. The solution was dried over sodium
sulphate and evaporated to yield a colourless solid. Excess of
reagent and reagent by~products were removed by sublimation
(1Om4mm Hg, 50%). Crystallisation from ethanol afforded the pure
compound (173 203mg, 79%), m.p. 90,5 The product was found to
be identical (i.r. spectrum) with the product obtained by the

. ; . 12 0
action of ethylene glycol on pe.nitr benzaldehyde,2 m.p. 90.5

t O Q

(1it. mop. 90.5%52 nived m.p. 90.5
P P) p

Cyclohoxanone~athylene acetal (163
Ly 3 AT

Cyclohexanone (200 mg) in ethanol-free chloroform (1 ml}
was treated with diethylene orthocarbonate (1.0lg, & equivalents)
and toluene-p~sulphonic acid (20 mg)», Th2 solution was stirved
at room tempoerature for 30 minutes and was then washead with saturated
aqueous sodium bicarbonate solution. The solution was washed wich

watcr and dried over sodium sulphate. Solvent removal afforded

ol

an oill which was purified by p.l.c. [elution with ethyl acetate-
: O
petroleum {60-607) (1:3ﬂ and finally isolated as an oil (163

. e 20 .
200 mg, 7i%y, U9 1.4562. The product was found to be identical

(i.v. spectrum) to that obtaiuned by the action of ethylene glycol
; 20 .. 13 .
on cyclohcxanone,zzD 1.4562 (lit. ™~ 1.4562).
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0-Nitrobenzaldehvde-cthylena acetal (18).

-

omNitrobenzaldehyde (20Caz) in ethanol=froe chlorofocimm
(1 ml} was treated with diethylene orthocarbonate (70Q0ng, 4
equivalents) and toluene~p~sulphomic acid (20ng). The solution
was stirred at room temperature for 1 hour after which time the
infra red spectrum showed the disappearance of the carbonyl band
at 1695 cﬁtl The solution was washed with saturated aqueous
sodium bicarbonate solution and then with water. The solution was
dried over sodium sulphate and evaporated to small bulk. The
resuliing oll was purified by p.l.c. [elution with ethylacetate-
petrolaum (6O~800) (1:3):1ﬁo yield (18) as a colourless oil
(200mg, 78%), Dgo 1.5487. The product was found to be identical
(i.x. spectrum)>to that obtained by the action of ethylene glycol

‘ 0 14
on grnitrobenzaldehydelhj7g 1.5487 (1it~+ 1.5487).

Salicylaldehvde~athylene acetal (19),

Salicyladehyde (200ng) in ethanol-free chloroform (1 ml)
was treated with diethylene orthocarbonate (86&mg, &4 equivalents)
and toluene~pwsulphonic acid and the solution was
stirved abt voom temperature for 3 hours until t.l.c. analysis
i
N

starting material. The solution

indicated total consumption o 19

"
was washed with an ayueous solution of gedium bicavbonate

(0.5% w/v, 10 ml} and then with watnr, The organic laysr was
sep=rated and dried over sodiwn sulphate. The solvent was
removed by evaporation, excess reagent and reagent by-products
ware removed by sublimation (lonamm‘Hg, 80" for 24 hours) to give
tha acetal (19: 197mg, 73%), m.p. 69~70°C (lit. m.p. 69u700)?

The infra-ced spectrum shows the disappearance of the carbonyl

-l
band at 1670cia.



Benzophzaone (2C00mg) in ethanol-free chloroform (L mt)
was treated with diethylene orthocarbonate (580.mg, 4 equivalents)
and toluenew-p-sulphonic acid (20mg). here was no reaction (t.l.c.
and i.r.) after 24 hours. at room temperature. Extensive variation
of the reaction conditions did not lead to the formation of the

desired acetal (22).

Atteupted ncetalisation-2, 23 6, b6-tetramethyl cyclohexanone (23).

2, 235 6, 6-lTetramethyl cyclohexanone (200 mg) in ethanol-
free chloroform (1 ml) was treated with diethylene orthocarbonate
{685mg, 4 equivalents) and toluene-pwsulphenic acid (20ng).

LT
Lagére - -wa

w

no reaction {t.lec. and i.r.)} after 24 houxs at’
room temperature. IExtensive variation of the reaction conditions

did not lead to the formation of the acetal (23).

Kl lene carhonate {24),

Prepaved by the action of phosgene on ethylene glycol
. 16 0 i
by the method of Allpress and Maw, m.p. 38.5.397 (lit. m.p.

4.5..39%y, 10

HePhenyliminocarbonnte (26),

-

1
Prepared by the method of Gulbins and Hamamn, /m.pa
69.71°(1it. mop. 69-71%, Vinax 1712 enit T 4,47 (41, sy, 2.5-3.1

(5H, cpx m).



Tetrathiodicthylena orthocarbonate (28)

‘ 19
Prepared by the method of Amico and Campbell,” m.p.

141-143° (1it. m.p. 142-143%),Vmax. (CHCL) 3000, 2910, 1435,
2
1283, 980, 563, 863 i

1itdcetoxy=3, 20-bisethylencdithicpregnw=S~ene (33).

11lol «Acetoxyprogesterone (73 200mg) in ethanol-~free
chloroform (1 ml) was treated with tetrathiodiethylene
orthocarbonate (900mg, 4 equivalents) and toluene~p~sulphonic acid
(1C0mg) and the solution was refluxed for 3 days. The solution vas
washed with saturated aqueous sodium bicarbonate solution and then
with water. The solution was dried over sodium sulphate and
evaporated to small bulk and the resulting solid purified by
p.l.c. {elution with ethylacetate~petroleum (60_800) 1:3] to
give the bisthiocacetal (333 23lmg, 82%), m.p. 225«2280,¥4nax.

1715 emyt [o¢ ] ;O(GHCIB; 8.75mg. ml”0) +34.5% (Found: G, 61.63;
H, 7.61; S, 24.647%3 m/e 524.
H, 7.68; S, 24.44%; Mt 524).

3, wequire: L 725
CZ7H400254 equires C, 61.72;
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EXPIRIMENTAL TO PART TTT

Attempted preparation of 4. 2« [Cvano (hydroxy) methyl] = 3,5

P N

dihydroxve/methoxyecarbonylbenzvli«2-phanyinaphtho fl 8-bel
7

furan-3=-one (3),

The aldehyde (&4; 50mg) in dried tetrahydrofuran (10 ml)
was treated with a solution of sodium cyanide (0.3g) in water
(10 ml) and the solution was maintained at 02 The reaction was
maintained at neutrality by the dropwise addition of 0.5N sulphuric
acld. After stirring at 0° for 1 hr., t.l.c. analysis indicated the
formation of a new product. All attempts to work up the new

product led to reversion to starting material.

Trimethylsilyl cvanide.

(i) Prepared by the action of hydrogen cyanide on
hexamethyldisilazane by the method of T.A, Bither, W.H. Knoth,
4
R.V. Lindsey, Jv., and W.H. Sharkey.
(ii) Prepared by the action of silver cyanide on trimethyl
silyl cyanide by the method of E.C. LEvers, W.0, Frictag, J.N. Kieth,

WeA. Kriner, A.G. Mac Diaramid and S. Sujishi, b.p- 116-117°

2) , 20 I

(lit. b.p. 116-117 ), {5 1.3893, (QD lic 1.3892%, Vmax, 2980,

o L1T
S . .

2180 cm To.e0 (s}

___(_ r’“ cane (triwmethylsilvlony) methyll =3, 5 bistrimethylsilyloxy~
3 -

hemethorvoarbony Lbenzy1{w2-phenylnaphtbo L178mbc] furaa=Seone {0
/

The aldehyde (4;>56mg) was added to trimethylsilyl cyanide
(55mz, 5 equivalents) and stirred for 48 hours. The excess reagent
was removed invicuo to yield (63 7amg, 98%) as a yellow foam,
Vieax. 1730, 1635ca”+ 19.38 (o, $), 9.85 (o, $), 9.66 (91, 8),
6.12 (3H, S), 5.67 (2H, S), 4.00 (lH, 8), 3.52 (1, S), 1.68-2.74
(SH, cp X m), \max. (Gutly) 267, 325, 405 nm. (€25,100,9380 and
28,500) (Found: C, 63.563 4, 0.213 N, 2.13% C37h1, o7Si3
requires C, 63.67, H, 6.213 N, Z.01l%). All attempts to crystallise
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the foam caused desilylation, affording §322~[byano (trimethylsilviowy)

methyl]n3mhvdroxy,5»trimethvlsilyloxv~4~methoxvcarbonylbenzzlg -

—_—

2=phenylnaphtho [1,8~bel furan-5-one (8), m.p. 172-175° (from

- Ml
chloroform~petroleum (6O~800) ), VYmax. 3380,1730, 1635 cm ,
TLCO0 (9T, 8),9. T0{9H, 8) ,4.06(18,bs), 5.65(10, ) ;1.82-2.6{ 9%, cox o)

1.82-2.60 (9H, cpx m), \ max. (cHelL) 267, 327, 406 nm. (€27,770,

11,750 and 26,700) (Found: G, 65.073 H, 5.47; N, 2.03%. C34l35
N07812 requires C, 65.25, H, 5.64; N, 2.24%).

Attempted preparation of 4~§2~[§yano (trimethvlsilvyloxy) methyl]

benzy1§»2~phenylnaphtho [1,8-bc] furan-5-one (10).

The aldehyde (93 50mg) in ethanol~free chloroform (0.1 ml)
was treated with trimethylsilyl cyanide (68mg, 5 equivalents)
and the solution stirred at room temperature for 24 hours.
The solvent and excess reagent were removed in vacuo to leave a
yellow solid. T.l.c. and n.m.r. showed only partial consumption
of starting material and the formation of @ new product. The
new product was not isolable by p.l.c. since reversion to starting
material occurred. Increasing the reaction time to 72 hours did
not increase the amount of product formed. Addition of a crystal
of zinc iodide led to the rapid consumption of starting material,
with the formation of another compound that was blue and fluorescent
by t.lac. analysis. Evaporation of the solvent and excess reagent
vielded a colourless foamj; all attempts to crystallise the foan

led to decomposition. Investigation of the foam showed it to be

g:EZu[qyano(trﬁnethzlsilyloxy) methvl]benzzi§~4—deoxy%h(cyano~
benzilidene)-5-trimethylsilyloxynaphthoquinone (11). (70 mg., 91%),
Vmax. 1640, 1605 cle’EQ.gz (9H,d), 9.58 (9H,s), 5.68 (2H, s), 4.41
(1H, s), 2.20-3.24 (131, cpx m). A max. 340, 323 and 308 nm. (Found:

M/e 562. C33H34N20,JS:‘L2 requires Mt 562). Similarly the ring A
- o} .

substituted aldehyde (45 50mg) was stirred with trimethylsilyl

cyanide (55mg, 5 equivalents) and zinc iodide (one crystal) at

room temperature for 1 hour. Removal of solvent and excess
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reagent gave a cclourless foam which was found to be 2- 2 furwﬂu
(Trimethylsilvloxy) methvl] «3,5-bis trimathyleilvlonyw=’ wwntuax,~

carbonvleHZVL§n4md«ox*nqu(nvwnobdn751idena)~5utrimethylsilg
naptht _hogquinone (12}. (81.6 mg, 93%), ¥1ﬂu“. 1735, 166G, 1617,

1605 cm " T9.50-10.00 (36H, cpx m), 6.10 (34, d), 5.50 (2H, s),
3.98 (1H, s), 3.60-3.83 (lH, m), 2.20~3.31 (9H, cpx m).Nmax. (GiIcty)
340, 323 and 307 nm. (Found: m/e 979. CQIH’ N O7SJ4 requires

M- 797) .,

Attempted base catalysed cyclisation of the tris trimethylsilyl

cyanohydrin (6).

A number of experiments were performed on the tris
trimethyleilyl cyanohydrin (6) in the presence of various bases
dissolved in suitable solvents such as benzene, toluene and

tetrahydrofuran., The bases used were:

(1) Potassium tertiary butoxide.
(ii) Sodium hydride.

L . 6
(iii) Sodium blstrlmcLb"1rL1y1 amide.

{(iv) Lithium bistrimethylsilyl amide.
(v) Lithivm salt of 2,2; 6,6utetramethyl piperidine.

Extenslve variaetion of the reaction conditions failad

to lead to the formation of the desired cyclised product.

Attempted iniramolecular benzoin-type cyclisation of the aldehvde

(4) in the presence of cvanide ion,

A solution of the aldehyde (43 23mg} and sodium cyanide {3 mg)
in ethanol (0.5ml) was cooled to ~10° for 1 hour. MNo diminuition of starting

material was observed by t.l.c. Extensive variation of the reaction conditions



including the introduction of potassium dihydrogen phosphate

as a buffer over thas vange pil 6.0-10.0, did not lead to the

formation of a cyclised product.

Attemnted intramolecular  benzoine~type cvcliga

tion of the model

The aldnhydu (9; 36mg} in hexamethyl

phosphoramide

( 1 ml) was stirred at room temperature under nitrogen. Sodium

cyanide (2.5 mg, 1.1 equivalents) was added. The mixture was

stirred for a further ? hours at room temperatu
analysié indicated the Eformation of a new produ
by some decomposition. The product, which was

was found to be the naphthacenofuranone (13; 19

2457 (lit. m.p. 2&50)?\(max. l640cmtl

ﬁ:EQw (Propane-~1,3-dithio) methylbenzylngHGhenV

re. T.l.c.
ct accompanied
isolated by p.l.c.

mg, 55%) mep.

‘naphiho &,8mbc]

~furan~5-.one (15),

(1) Hydrogen chloride as catalyst.
Iyl

The aldehvde (9; 50ang) and propane«l,3..dithiol (1l5mg)

wore added to mixture of methanoletoluene (i:lj

of hydrogen chlowide gas was passad thiought th

e solution at 5-10

for 2 hours. The solvent and excess reagenl were removed in vacuo

. 0
(L mm Mg, 80, 2 hours). Crystallisation of th
" from chloroform-petroleum (60~80 ) gave the di

yellow clusters (153 5%mg, 95%), m.p. 196m1980,

a residual solid

thicacetal as

Vﬁnax, 1635 cm?l

(shows disappearance of carbonyl band at 1688 e ),>\max. (ethanol)

265 and 400 nm. (€ 24,190 and 28,800), T 7.9
(41, bs), 5.86 (24, s5), 4.62 (1H, s), 1.8¢.2.92

(ZAL, bS), 7.20

13H, cpx m).
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(Found: G, 73.94; H, 4.75; s, 13.78%; m/e 454, C28H220282
requires C, 74.00, H, 4.88; 5, 14,08%; Mt 457)

~
e
PN

1} Acectice acid and boron trifluoride~stherate

as ca Lcllgh.

To a suspension of the aldehyde (93 AOGmg) in glacial

acetic acid (24 ml) was added boron trlflu ~ctherate (40 ml).
Propana-1,3-dithiol (1 ml)-and the mixture siirred at
room temperature for 30 minutes. The reaction mixture was poured
into water (150 ml) and extracted with chloroform (150 ml). The
organic layer was wasched with water (3 X 150 ml), sepzrated and
ried over sodium sulphatc., The golvent was removed to yield an
orange oil. The remaining solvent and reagent were removed

(oil pump; 1 mm Hg; 800; 3 hours). The resulting yellow solid
was crystallised from benzene~petroleum (60-80°%) to give the

. o
dithioacetal (153 454g, 91%), m.p. 196ml980,\5maxu 1635 cm.l

}2»(Propanem1gﬂmdithio)n6a%,7,12,lZadutetrathrOMlm3heny1naphthncmqg

-1, 12-bd] furane6-ona (17).

Anhydrous benzene (50 wl) was placed in to. a 250 mi, thiec
neckad, round bottom flask, and a stream of dried, oxygen fuee
nitrogen was passed through the soluticn at reflux teaperature fox
30 minutas. The Fflask was positioned in a rellecting enclosura
so that its bottom was 5-0 cm from the surface of a 750 Watt
tungsten lamp. The dithiocacetal (1535%;g) and freshly-prepared
potassium terciary butoxide (6.7mg, 1 eguiv.) was added. The

solutlcn was irradiated under reflux while the stream of nitrogen

<O

.

was passing through. After 30 mirutes, t.l.c. and u.v, analysi

L)

indicated complete consumption of starting material, with the
clean forma ticn of a new preduct. The cooled benzene solution

wag washed with an aquueous solution of potassium dibydrogen



phosphate, and then with water. The organic phase was seperated

and dried over sodium sulphate. The solvent was removed to give

a colourless solid. OCrystallisation from banzenewpetroleum

{60-80 ) gave the tetrac ‘CI?C dithioacetal (17: 42,.5mg, 85%) m.p-
2282317, Yaax. 1692 X\huA. (ethanol) 278 and 354 na. (£22,370
and 12,500),T“5.6on8,79 (9H, cpx m), 5.18 (1H, d, J 5Hx), 1.82-3,05
(12H cpx m). (Found: C, 74.00; H, 5.04; S, 13.80%; m/e 454. Cus
Hop 0p Sp requires C, 74.00; H, 4.88; S, 14.08%; 1+454).

(2«ﬂbro pane-1,3~dithio) methvl] -2, 5-dihydroxy=~4~ methoxycarbonyl.

(

n7y1) 2-phenylnaphtho [1 8 bel Furan-5-one (14).

)

The aldehyde (43 20Cnmg), was suspended in glacial acetic
acid (24 ml). Boron trifluoride~etherate (4 ml) and pro pane-
1,3-dithiol (1 ml) were added. The solution was stirred at
room temperature for 30 minutes. The reaction mixture was
poured into water (150 ml) and extracted with chloroform
(laliquot, 150 ml). The chloroform solution was washed with water
{3 X 150 ml) and dried over sodium sulphate. The solvent and
excess of reagent were removed in vacuo (1 wm Hg, 80? 3hours).

The residue was recrystallised from benzenewpetroleum (6O~800) to
cive the thioacetal (Lbz 23%4mg, 98%), mep. 196.198% Vmax. 3370,
1675, 1638 cm 1)\ max. {ethanol) 265, 400 nm (€ 27,300 and 15,360Q),

T 8.00 (2H, m), 7.18 44, bs), 5.98 (3H, sy 5.32 (2, m), 3.33.3.87
(24, cpx m), 1.77-2.77 (cpx m). (Found: C, 656.28; H, 4.74; S, 11.39%
m/e D44, C30H240682 requires C, 55.17;3HA.445 S,11.76%; Mt 544)

1.2~ {Propane~1,3-dithio) »63%7,12,12ad—tetrahydr0n9.lludihy TORYn

6 0x 0= le-pheny Labil-napiathaceno [1, 12 be) furan-10Q«carboxylate (18)

Anhydrous benzene (50 ml), containad in a 250 mnl

round-bottomed flask, was de~oxygenated by the passage of a
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stream of dry, oxygen~fise n: en at refluy temperature for

nd lithium bistrimethylsil

of

itr
30 minutes. The thiocacetal (145 27mg}

jai]
-

amide (S.Smg;‘L equivalent) were added and the solution was
irradiated under reflux as previously described in an atmosphere
of mitrogen. After 40 minutes, t.l.c. and the ultra-violet
spectrum showed the complete consumption of starting material and
the formation of a blue fluorescent product. The cooled solution
was waghed with saturated aqueous potasgsium dihydrogen phosphate
solution and then with water. The organic layevr was seperated
and dried over sodium sulphate. The solvent was removed to
afford a colourless semi-crystalline solid (22mg), m.p. 220«223?
Ymax. 3400, 1680 and 1638 cmnf/&lnax. (CHGB) 265 and 345 nm

(& 24,840 and 12,900). All attempts to recrystallise the

product for further characterisation led to decomposition.
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