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HE pronounced stability of molecular
nitrogen and its ready elimination from

the diazy-compounds have rendered these as
a source of numerous reactive intermediates
in organic synthesis'-®. Diazimethyl ket>nes®
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.,
diaz>onium or oxv-carbonium ion intermediates
(A) (eq. 1), or by the loss of nitrogen resulting
in an oxo-carbene Or oxo-carbenoid spacies
(B) (eq. 2).

H+ | -

_—= RCOCH,~N = N—-

| (4)
RCOCH = sz .

\\hv or metal-cataly.st (A)

Intcamolecular 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 is of great synthetic value for
complex carbocyclic systems®. Although a
relatively less explored reaction, the regio-
selective intramolecular insertion of a metal-
catalysed oxo-carbenoid into a carbon-
hydrogen bond is also of - great value® in the
synthesis of complex -carbocyclic systems as
clearly evident from our own works™—1* on
the synthesis of the key intermediates for
- : .
RCOCH,X + N, --- (eq. 1)

— RCOCH : + N,.-- (eq. 2)
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atisine, veatchine and gibberellins-A;s and the
related systems. Similar intramslecular C-H
insertion reaction of «-diazoamides have also
been applied in the synthesis of nuclear ana-
logues of the penicillin-cephalosporin  anti-
bistics® and other highly rigid polycyclic
compounds®s14:15,

An important aspect of diazocarbonyl
chemistry, that was observed more than
thirty years ago by Cook and Schoental’® but
remained unexplored, is the acid-catalysed
intramolecular carbon-carbon bond forming
process through an aromatic carbon nucles-
phile. An analogous cyclisation reaction
Jeading to a tricyclic steroid intermediate was
also reported by Newman®,

In the early nineteen-seventies, a new cyclz-
p:ntanone annulaticn reaction of goeat syn-
thetic potential was annsunced by several
g-oups fo1 the introductisn of a bicycls (3-2-1)
octanune® ¢ o1 a bicycl> (2-2-1) hepatanire™
moiety int> a variety of systems by the acid-
catalysed intramoslecular electrophilic cycli-
sation of y,d-unsaturated «-diazomethyl ketsnes.
This method was first applied!® t> construct
the complex skeleton of the sesquiterpene,
a-patchoulane in a single step transformation
of 1 t3 a d>uble bsnd isomers 2 and 3.

COZE'BF Et, 0
CH CHQCl

COCHNZ

Me  Me

COyEt -
CHZ

Me
CO,Et
CH3

Chakrabority et al® and an Australian
group® also independently reported the facile
acid-catalysed cyclisations of the 7, §-unsatu-
rated tricyclic diazomethyl ketones (4 and %)
to the respsctive tets acychc ketones (5 and 7),
key intermediates £a1 plant-growth hsrmones
gibberellins and related cympounds, incsip:-
rating the bicycls(3-2-1)octanone  moiety,
This reacti>n was further extended to a large
number of substrates leading to tetracyclic
systems incorporating substituents in the

aromatic ring®>* as well as in the alicyclic
rings?.

A simple and convenient synthesis

of the B-homo-tetracyclic diterpene skeleton
9% and dl-gibberone (11)*, a degradation
product of gibberellic acid, were also achieved
by acid catalysed cyclisations of the respective
diazymethyl ketones 8 and 10.

In an elegant total synthesis of gibberellins,
Mander and his co-workers® have prepared
the key tetracyclic intermediate 13 by cycli-
sation of the diazomethyl ketone (12).

MeQ @ \ml R
COCHN
(CH 2n 2 (cnz)n.\\
4, nz2; R=H or Me 5 0
6, n:l; R=H 2
8 n=3; R=H . 9

@ y. BF3Et0
e
. e ClCHZCHZ ct @. i Me

80% o
. OCHNZ 9%
COMe Con

12

The intramolecular cyclisation was also
extended® for the synthesis of some impdr-
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-
ketone (16) leads to the tetracyclic intermediate
1734, 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 %, S-unsatu-
rated diazomethyl ketones produced essentially
a single annulated product arising from the
clectronic  stabilisation of the intermediate
cations. The absence of such a stabilisation
fact>r may lead to regivisomeric 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 in the carbon-
carbon bond f.rmation has been observed
in sime relatively simple substituted mons-
cyclic 9, o-unsaturated diazomethyl ketores in

this labor‘at»)ry““.
cocrwz \«‘R
BFyEl0-CHCly
120 Te0-82%

14, RzHor Me
COCHN2
H
= _//O
@. TFA-CHCl3
Me O 810°/
MeO
16
Me COCHNZ -0 e
H2$OL E1,0
- !H
Ve Me I

Me Me
8 3 (3 2)

B

P Me
COCHN, Me !
AcQ \IH
Me
[+7.X3 22
The elegant studies of Mander?® have
elaborated the aryl participations in proto-

nated diazomethyl carbonyl alkylation as a
viable method for bridged- and spiro-ring
annulations.  Spircannulation reactions have
been extended by Bhattacharyya and Sen®
for the synthesis of a spirocyclobutarone and
a few spirocyclopentanones. Rirg annu-
lation by aryl participation has been success-
fully utilised by Dutta® and Mukherjee® and
their co-workers in these laboratsries, for
preparation of the spirc- and the bridged-
ketones 24%, 26% and a number of related
compounds® as key intermediates towards
sester- and sesquiterpene total synthesis. An
efficient synthesis® of the key tricyclic ketone
28 for C,y-gibberellins has been achieved by
diazo-ketone alkylation Toute,

COCHN,
R
Me
23, R=H or Me 24
g
‘M
Me e
MeQ - :
e >
Me Me 0~
Me Me
25 26
——
OMe
MeOC  “coM
2 e MeOC “COMe
27 28

These reactisns probably praceed®?:3* yig
initial protsratiyn (¢f. eq. (1) (Bronstead-
acid catalysin) or complexing  (Lewis-acid
catalysis) of the diazscarb:nyl fun_ctio.nality’
followed by displacement of nitrogen from
the resultant diazynium spscies by z-bond or
aryl participation.

In 1974 we introduced’® a highly efficient
new synthesis of angularly fused cyclsbuta-
nones by the acid-catalysed intramolecular
C-alkylation of f3, y-ursaturated a-diazymethyl
ketones. The readily available styrenoid
cyclobutarores such 30 from the respective
diazymethyl ket-res (29), have been further
transformed t> the corresponding bridged-
cyclopentanones (32) by a remarkable sterec-
specific rearrangement® of the stere sselectively
hydrogepated cyclobutanones (31) and finally
to the bridged-acylamines (34), through the
respsctive dicarboxylic acids (33) as presented
in. Scheme 1. This sequence represents a
highly efficient formal stereospecific total
synthesis!®4%  of dl-atisine, dl-veatchire and
gibberellin-A,;. '

The B, y-ursaturated a-diazomethyl Ketones
(35) incorporating a tetrahydrofluorene moiety,
also produced the respective styrenoid cyclo-
butanones (36)* which were transformed
through a similar sequence of reactions®d
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to the potential hydrofluorene intermediates
39 towards C,-gibberellins (Scheme 2),

Schemel .

1
R Qo
R
HC10, ~CHCI g0 @
@ HBF,-CgHg Pd-C HZ,E toH

- ’
L5352 5 ———r
00-99% ‘ 80-90%
Me COCHN, M /./

2 a: Rl=Alzn o
b A':H; RE: Qme
¢: R'zOMe; R%H
COzH Me-

EldeF 2 steps
e, 2Cla %
90-95%

\
R? FEAN
4 > (+)-Alisine

e “C“ e ()= Vealchine
Fdl ;! > (x)- Gibberellin -Ag

Mo

Ssheme 2

O © TFA- nc(OL

e ————
. HBFL CHC13 0‘@
CUCHN 4 _,

3: RaH
b: RzQMe

Pellicciari and co-workers** have utilised our
cyclobutarone annulation rtoute for the
preparation of two  4,4-dimethyl-D-nor-
sterenids. Hudlicky and Kutchan® have also
applied this method on the diazomethyl ketone
(40) to the respective cyclobutarone (42)
and finally to filifolone (43).

Follywing our preliminary communication,
of the aforementioned cyclobutanone annu-
lation, Smith developed* the acid-catalysed
alkylation method to a few relatively flexible
B, y-unsaturated a-diazomethyl ketones, for
examples 44 and 46 leading to the correspording
cyclopentenones 45 and 47 as sole products.
This group has just reported their extensive

“studies on the related Cyclopentenope annu-
lation reaction®” and its extension®® i m a series

of papers.
After considerable experimentation, we have

-now discovered® that it is not the structure

0
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of the substrate al:ne which controls the
nature of the products in the acid-catalysed
reactions of the B, y-unsaturated diazo-ketones
such as 29a, b and 35a, b but that the choice
of the acic 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, aq.
HCIO, (70%), aq. HBF, (48%), CF,COOH
or H,S0, (98%) gave the respective unsatu-
rated cyclobutanones (304, b) and (364, b) in
good to excellent yields. In contrast, when
the diazoketones (294) and (354,6) were
subjected to cyclisations®®® with aq. HBF,
(48%) or BF, - Et,0 in strongly polar solvent
nitromethane, the respective rearranged bridged
hydroxy-ketones (484) and (49a,b) were the
predominating 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 (48b) was obtained in 799 yield
by reaction of (29b) with H,SO, in CH,NO,.
The hydroxy-cyclopentanones (48a, b) under-
went facile rearrangement>® with p-TsOH
or iodine in hoiling benzene to affsrd the

‘Tespective rearranged cyclopentenones (50a, ).

In contrast, the hydrofluorene analogues
(49a,b) under similar conditions did not
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produce the rearranged cyclopentenones
(Sla, b). These compounds however, have
been obtained in excellent yields®' by direct
cyclisations of the diazy-ket:res (354, b) with
p-TsOH in boiling benzene. The mechanistic
pathways for the formaticn of different
products from the diazomethyl ket nes (294, b)
and (354, b) have bccn ratisnalised as depicted
in Scheme 3.

Scheme 3
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The alkylation-rearrangement reaction has
also been extended®™ to the bicyclic diazy-
ketone (52) leading to the bridged-ketone
(53) and the rearranged cyclopentenonce (54)
in excellent yields. This mixture undergocs
facile acid-catalysed rearrangement to 4.
The lower homologous diazomethyl ketone
(55)*2 undergoes cyclisation-rearrangement to
afford the angularly fused cyclopentenone
(56) along with other minor products. This
sequence appears extremely attractive for the
synthesis of complex polycyclopentanoid sesqui-
and sesterterpenes. A similar alkylation-
rearrangement of a diazomethyl ketonc 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-rearrangement reactions of unsatu-
rated diazomethyl ketones have great poten-
tiality in organic synthesis both as general
methods and as strategies designed to reach

complex natural products bearing- difficulty
accessible carbocylic systems with multiple

centres of chlrallty
e
450G e
“ 1.HBF, - CHNO,
2.H,50, ~CgHg C
% e + Other products.
ve cocHy, 03 A

Me COC HNy 944% :
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[ am indebted t> my colleagues, whose
names are listed in the references, for partici-
paticn in the above studies performed by our
group. Tt is mostly their hard wcrks, clear
understanding and experimental skills that
have proven decisive both in the fcrmulation
of the projects and their executions in the
laboratary to a successful conclusion,
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