[ The problem of devising simple and general synthetic methods
for functionalized bridged-ring and polycyclic systems remains a major
challenge in synthetic organic chemistry, despite extensive studies

in this area.

The acid-catalysed intramolecular C-alkylation and

alkylation-rearrangements through unsaturated diazomethyl ketones
provide a new and a versatile approach to the synthesis of complex
carbocyclic systems related to a number of bio-active natural products.

Dr. Ghatak describes in the following comprehensive review,

the

background and the development of this new and simple methodology
for the stereocontrolled synthesis of a variety of complex carbocyclic

systems.—Ed. }
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HE pronounced stability of molecular
T nitrogen and its ready elimination from
the diazy-compounds have rendeced these as
a source of numerous reactive intermediates
in organic synthesis'-®. Diazomethyl ketones®
represent a class of such compounds which
may lead to a wide variety of products arising
either through the reaction of nucleophiles with
the protonated diazocarbonyl function, e.g.,
diazonium or oxo-carbonium i>n Intermediates
(A) (eq. 1), or by the 1yss of mitrogen resulting
‘n an oxo-carbene or oxo-carbenoid species

(B) (eq. 2).

-3 RCOCH,-~N = N——

(A)

\\/w or metal-catalyst (A)
— e e s . RCOCI’{ o Na $ru (etl- 2)
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Intramolecular carbon-carbon bond forma-
tion of a metal-catalysed oxo-carbenoid with
an appropriately situated olefinic bond or an
aromatic double bond has been thoroughly
investigated and 15 of great synthetic value for
complex carbocyclic systems®. Although a
relatively less explored reaction, the regio-
s¢lective intramolecular Insertion of a metal-
catalysed oxo-carbenoid into a carbon-
hydrogen bond 1s also of great value® in the
synthesis of complex carbocyclic systems as
cleaitly evident from our own works!™ 12 gn
the synthesis of the key intcrmediates for
X~
RCOCH, X 4+ N, ... (eq. 1)

(B)
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atisine. veatchine and gibberellins-Ays and the
related systems. Similar intramolecular C-H
insertivn reactisn of e-diazoamides have also
been applied 1n the synthesis of nuclear ana-
locues of the pencillin-cephalosporin anti-
bioties'™ and other highly rigid polycycelic

compounds®15,
An important aspect of diazocarbonyl
chemistty, that was observed more than

thirty yeais ago by Cook and Schoental'® but
remained unexplored, is the acid-catalysed
intramolecular carbon-carbon bond forming
process thoough an aromatic carbon nucles-
phile. An analogius cyclisation reaction
leading t2> a tricyclic steroid intermediate was
also reported by Newman??,

In the early nineteen-seventies, a new cyclc-

sntanone annulaticn reaction of g.eat syn-
thetic potential was anniunced by several
g-oup’ £ir the introductizn of a bicycls (3-2-1)
octanyne™2® o1 a bicycl> (2:2:1) hepatansre??
moiety int> a variety of systems by the acid-
catalysed intramblecular electrophilic cycli-
sati>n of »,0-unsaturated a-diazomethyl ket sres.
This methad was first applied™ t> constouct
the complex sketeton of the sesquiterpere,
a-patchoulane in a single step transformation
of 1 t> a dyuble bond isomers 2 and 3.

1
M- € Me

Me
CO4Et Me
02 ek, ke, 0 CHy COg=¢
Me  Tich,ChC + M3
COCHN;
: 4 3

Chakrabortty ef al®*® and an Australian
gryup'? also independently reported the facile
acid-catalysed cyclisations of the 7, d-unsatu-
rated tricyclic diazomethyl ketones (4 and 6)
to the respactive tetracyclic ketones (5 and 7),
key intermediate; for plant-growth hsrmones
gibberellins and related compounds, inciip:-
rating the bicycl>(3:2:1)octanone  moiety.
This reaction was further extended to a large
number of substrates leading to tetracyclic
systems incorporating substituents in the
aromatic Timg??-# as well as in the alicyclic
rings®*®. A simple and convenient synthesis

of the B-homo-tetracyclic diterpene skelet.n
2% and d/-gibberone (11)¥, a degradation
p-oduct of gibberellic acjd, were also achieved
by acid catalysed cyclisations of the respective
diaz>methyl Ketones 8 and 10.

In an elegant total synthesis of gibberellins,
Mander and his co-workers® have prepared
the key tetracyclic intermediate 13 by eycli-
satton of the diaz>methyl ketone (12),
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The intramolecular cyclisation was also
extended®™ for the synthesis of some impor-
tant intermediates 15 for B-seco-gibberellins

through the diazomethyl Ketones (14). Similar
reaction has also been used by Mander® for
the synthesis of norhelminthosporin analogues.

The acid catalysed cyclisation of the diazo-

katoyne (16) leads t> the tetracyclic intermediate

179, incorporating the basic bicyclo(2-2-2)-
octanone skeletal structure of atisane diterpe-
noids,

In each of the above examples, acid-cata-
lysed cyclisation reaction of the yp, 3-unsatu-
rated diazomethyl ketones produced essentially
a single annulated product ansing from the
electronic stabilisation of the intermediate
cations. The absence of such a stabilisation
fact>r may lead to regisisomeric products as
evidenced®® in the cyclisation of 18 to 19
and 20 in a 3 :2 ratio, The steric environ-
ment also seems to be important as it reflects
in the regiospecific cyclisation of 21 to 22,
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Similar lack of regizselectivity ir the carbon-
carbon bond f.rmation has been observed
in syme relatively simple substituted mono-
cyclic p,d-unsaturated diazomethyl ketores in
this labcratory?s,

kel :
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The elegant studies of Mander3? have
elaborated the aryl participations m proto-
pated diazomethyl carbonyl alkylation as a
viable method for bridged- and spico-rirg
annulations.  Spircapnulation reactions have
been extended by Bhattacharyya and Sen®
for the synthesis of a spirocyclobutar>ne and
a few spirocyclopentanones, Ring annu-
lation by aryl participation has been success-
fully utilised by Dutta® and Mukherice®? ard
their co-workcis in these Jaboratorics, for
preparation of the spiro- and the bridged-
ketones 24%, 26% and a number of related
comporunrds® as key intermediates towards
scster- and sesquiterpene total synthesis,  An
eflicient synthesis®® of the key tricyclic Ketone
28 for C,,-gibberellins has been achieved by
diazn-Ketane alkylation route,

COCHN,
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tfe
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These reactions probably proceed®®1»3 vig
imitial protsration (¢f. eq. (1) (Bronstead-
acid catalysn) or complexing (Lewis-acid
catalysis) of the diazycarb:pyl functioraltty
followed by displacement of nitrogen from
the resultant diazonwum spscies by an-bond or
aryl participation.

In 1974 we introduced® a highly efficient
new synthesis of angularly fused cyclsbuta-
nores by the acid-catalysed intramolecular
C-alkylation of f, y-unsaturated a-diazymethyl
ketones, The readily available styrenoid
cyclobutarores such 30 from the respective
diazymethyl ket-res (29), have been further
transformed t> the corresparding brideed-
cyclopentanones (32) by a remarkable steree-
spzeilic rearrapgement?! of the stereaselectively
hydrogenated cyclobutarones (31) and finally
to the bridged-acylamines (34), through the
respactive dicarboxylic acids (33) as presented
e, Scheme 1, This sequence  tepresents 2
highly cfficient formal  stereospetific  total
synthestt®1 of  Jl-atisipe, dl~veatchire and
gibbercllin-A ;.

The S, p-ursaturated e-dinzomethyl Retones
(335) incorporating a teteahydrofludrepe moiety,
also produced the respective styrenoid cyclo-
butanones (36)* which were  transformed
through a similar scquence of reactiopydd
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to the potentral hydrofluorene intermediates -
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Pellicciari and co-workers? have utilised our
cyclobutaryne annulation ryoute for the
p-eparation of two 4, 4-dimethyl-D-por-
sterenids. Hudlicky and Kutchan4® have also
applied this method on the diazomethyl ketone
(40) to the respective cyclobutarone (42)
and finally t> filfolone (43).

Foll>wing our preliminary communijcation
of the aforementioned cyclobutanone anpu-
lation, Smith developed?® the acid-catalysed
alkylation method to a few relatively flexible
B, y-unsaturated a-diazomethyl ketones, for
exarrples 44 and 46 leading to the cotrespording
cycl:pentenones 45 and 47 as sole products,
This group has just reported their extensive
studies on the related c¢yclopentenore annu-
lation reaction*” and its extension?® in a séries
of papers.

After considerable experimentation, we¢ have
now discovered®? that it is not the structure

&5, A:N oy aiyl

of the substrate aline which controls the
nature of the products ir the acid-catalysed
reactions of the B, y-unsaturated diazo-ketones
such as 29a,b and 354, b but that the choice
of the aci¢ catalyst and s>lvent is also critical.
For example, the reactions of the diazo-ketones
(294, b) and (354, b) in weakly polar solvents,
such as benzene, CHCl, or CH,Cl, in the
presence of strong protic acids namely, ag.
HCI0, (70%), aq. HBF, (48%), CF,COOH
or H,50, (98%) gave the respective unsatu-
rated cyclbbutanones (30a,d) and (364, b) in
good to excellent yields. In contrast, when
the diazoketnes (292) and (35a,6) were
subjected to cyclisations*®®® with aq. HBF,
(487;) or BF, - Et,O in strongly polar solvent
nitromethane, the respective rearranged bridged
hydroxy-ketones (48@) and (49,b) were the
predominatirg products (ca 90%) (Scheme 3),
Specifically, the methoxy-diazomethyl ketone
(29b) showed a sharp difference in the nature
of the products with respect to the de-methoxy
anal~gue (29a), giving rise to the cyclobutanone
(30b), as the major product even with HBF,
in CH,NO,. However, the hydroxy-cyclo-
pentanone (485) was obtained in 799 yield
by reaction of (29b) with H,SO, in CH,NO,.
The hydroxy-cyclopentanones (48a, ) under-
went facile rearrangement®®% with p-TsOH
or iodine in boiling benzene to afford the
respective rearranged cyclapentenones (50a, b).
In contrast, the hydrofluorene analogues
(49a,b) under similar conditions did not
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produce the rearranged cyclopentenones
(51a, b). These compounds however, have
been obtained in excellent yields®! by direct
cyclisations of the diazy-ket-res (33a,b5) with
p-TsOH in boiling benzere. The mechanistic
pathways for the formaticn of difierent
products from the diazymethyl ket nes (2%a, b)
and (354, b) have been ratisnalised as depicted
in Scheme 3.

"'"ai n:Z
&8: nz1

a R=H
b R-OMe

The alKylation-rearrangement reaction has
also been extended™ to the bicyclic diazo-
ketone (52) leading to the bridged-ketone
(33) and the rearranged cyclopentenone (54)
in excellent yields, This mixture undergoes
facile acid-catalysed rearrangement to 54,
The lower homologous diazcmethyl ketone
(55)°% undergoes cyclisation-rearrangement to
afford the angularly fused cyclopentenone
(36) along with other min»nr products. This
sequence appears extremely attractive for the
synthesis of complex palycyclopentanoid sesqui-
and scsterterpenes. A similat  alkylation-
rearrangement of a diazomethyl kectone has
been exploited previously’® for the synthesis
of an Intermediate towards aspidosperma
alkaloids.

It is clear from the present account that
acid<catalysed intramolecular C-alkylation and
alkylation-réarrangement reactions of unsatu.
rated diazomethyl Ketones have great poten.
tiality in organic synthesis both as general
methods and as strategies designed to reach

—
Ty’

complex natural products bearing difficulty
accessible carbocylic systems with multiple
centres of chirality.

R o

COCHN, az.*x 3
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I am indebted to my colleagues, whose
rames are listed in the references, for partici-
paticn I the above studies performed by our
group. It is mostly their hard wcorks, clear
understanding and experimental skills that
have proven decisive both in the fcrmulation
of the projects and their executions in the
laboratory to a successful conclusion.
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