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Rhodium-carbenoid species derived from rhodium acetate- catalyzed decomposition of aryl alkyl (X- diazoke-
tones have been shown to display a chemoselective addition into the aromatic nucleus, instead of insertion into
an aliphatic C-H site. The synthetic utility of this chemoselective reaction is exemplified by the preparation of
substituted fused aromatic systems such as 2-indanones, 2-tetralones and 2-benzosuberones. In addition, a short
and efficient synthesis of (±)- ar- Himachalene, a naturally occurring sesquiterpene is realized.

With the advent of Rh2(OAch as an efficient catalyst
to generate transientelectrophilic Rh-carbenoid spe-
cies from a- diazocarbonyl compounds, intra-
molecular carbenoid insertion into unactivated C'-H
bonds has assumed strategic importance in C-Cbond
forming reactions in organic synthesis 1• The initial
investigations in this area were restricted to confor-
mationally mobile aliphatic systems with the use of
a-diazo- ~-keto esters as carbenoid precursors+", On
the other hand, we have successfully utilized the
structural rigidity inherent in bicyclo[2,2, I]heptane
systems in regioselective carbenoid insertion into
primary and bridge-head C-H. bonds using n-dia-
zoketones as the carbenoid precursors 7, the salient
feature being the cyclopentanone formation. Interest-
ingly enough, this led to the first enantioselective
synthesis of (+)- Albene 1.3, a molecule unamenable
to synthesis for a long time, and (-)-~-santalene 1.4,
a constituent of Indian sandalwood oil (Scheme I).

With a view to exploring further the selectivity
obtainable by Rh-carbenoids derived from u-dia-
zoketones in intramolecular insertion reactions, we
have now chosen a different system such as 1posess-
ing competitive aromatic and aliphatic C-H sites. when coupled with the photo-wolff rearrangement

In this context, our workS on photochemical 1,2- reaction'r!" provided higher homologated arylal-
aryl migrationreaction in substituted n-chloro- . kanoic acids. Another attractive incentive to under-
propiophenones 2 leading to n-arylpropionic acids 3 take this study was the potential of this type of
in practical yields gave us an added advantage in the substrates in the synthesis of many important ter-
realization of the desired substrates (Scheme II). This penoid molecules possessing an aromatic moiety
high yielding reaction not only provided a ready and such as Cadalenes 11, (+)-ar-Himachalene 11, Parvifo-
convenient access to a- arylpropionic acids 3 but linel2, etc.

~H~
HO,.,

RhZ(OAe).
CHzClz r.t. •
e-I_

~
~

1'2

~

1'3
(+)-Albene

',4
(-)-~- Santalene

Schemel

.=0,1,2,3
1



1104 INDIAN J CHEM, SEC. B, DECEMBER 1997

oRdY.
2

32- 84 .,.

~o

N lN2

4

1
Lh»', aq.dioxane
II.SOClz, reflux
lii.CHzNz ,O·C

RhZ(OAc)4 ,
CHzCIZ ,r.t .•
68-93·/.

~RV ~o
N2

6

1
1. h)l , aq. dioxane
II. SOClz , reflux

iII.CHzNz,O·C

Rhz(OAc)4'
CHzClz, ,.t .•

~

Rhz(OAc)4,
.:- I . CHzClz,r.t •

R 1
N2

9

1
1.h)l,aq.dioxane
if. SOClz , reflux
lii.CHzNz,O-C

Rhz(OAc)4.
CHzClz, r.t . •

•• ~COOH
R~

3

~oRN--/
5

~

BF3·0Etz,
R ~_ ~ __C_H2~C_lz~,r_.t_.•••

_~ 88-92·/.
H 0 (based on 6)

80:20
7

-cD BF3·0Etz •
R ~~ ~ _C_H:..zC_I=-z,_'_·t.•.•

_~ 54-94·/.
(baNdon 9)

H 0
55:45

10

13

SchemeD

I.SOCIZ "eflux
ii.CHzNz,O·C •

8

d'
R~

11

We wish to report herein our results from such a
study which besides delineating various reactivity
patterns of Rh-carbenoid insertion reactions led to a
convenient methdology for the synthesis of 2-in-
danones S, 2-tetralones 8 and 2-benzosuberones 11.
Synthesis of 2-indanones. A set of a- diazoketones
4a-e (n=O, structure 1) required in the first phase of

this study were prepared from the corresponding
a-arylpropionic acids 3a-e following the standard
sequence of reactions as outlined in Scheme II. The
authenticity of these ketones was established by their
typical spectral features -- IR: 2110 (COCH=N2,
str.), 1640 (CO CH=N2, str) and IH NMR: 5 5.0
(lH,s, COCHN2).
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The Rh2(OAc)4 - catalysis of these u-diazoke-
tones in CH2Cb at room temperature furnished the
corresponding 1- methyl- 2-indanones Sa-e as the
sole products in nearly quantitative yields (Table I).
The products have been well characterized by their
spectral data.

Thus, the above sequence of reactions led to a
simple and an effective methodology for the synthe-
sis of phenyl substituted 2- indanones'.

Synthesis of2-tetralones. The success we realised in
the one-step synthesis of 2-indanones prompted us to
probe the generality of this intramolecular reaction
leading to larger rings fused to the aromatic nucleus
in the presence of competitive aliphatic C-H sites.
Thus, the two substrates 6a,b (ne l , structure 1) were
examined. It can be seen that these substrates offer a
competitive aliphatic primary and secondary C- H
sites for carbenoid insertion leading either to the
generally preferred cyclopentane annulation or aro-
matic cycloaddition. rz-Diazoketone 6a, a higher
homologue of 4a was prepared by the previously
indicated protocol involving the photo-Wolff rear-
rangemenr''" and other standard transformations
(Scheme II). Exposure of this a- diazoketone 6a to
catalytic amounts of Rh2(OAc)4, furnished a homo-
geneous product, which could be readily identified'?
from its spectral data (Experimental, Table II) as an

80:20 diastereomeric mixture of 3,5-dimethyl-3, 8a-
dihydro-l (2H)- azulenones 7a.

It is significant to note that there has been a selec-
tive Rh- carbenoid addition into the aromatic nucleus
as against the insertion into aliphatic primary C-H
bond. Prompted by this finding, we prepared the
substrate 6b containing a competitive secondary C-H
site known for its higher reactivity'. However, on
Rh2(OAc)4 - catalysis, this substrate gave a homoge-
neous product comparable in all respects to the one
resulting from the n-diazoketone 6a. The IR, NMR
and mass spectral data collectively enabled the char-
acterization of the product as an 80:20 diastereomeric
mixture of 3-ethyl-6-methyl-3, 8a- dihydro-l(2H)-
azulenones 7b. An analysis of the structures of the
Rh-carbenoid addition products namely 7a,b reveals
an interesting feature; the presence of three conju-
gated double bonds in a cyclic system which should
trigger aromatization with the concomitant transfor-
marion of cyclopentanone into cyclohexanone af-
fording 2-tetralones and this was found to be so.
Thus, on BF3- OE6-catalysis, azulenones 7a and 7b
furnished exclusively 4,7- dimethyl-2-tetralone 8a
and 4-ethyl-7-methyl-2-tetralone 8b respectively
(Experimental). These results besides throwing some
light on the reactivity pattern (vide infra) led to a,
convenient method for realizing 4-alkyl-2-tetralones.
Recently, a similar type of carbenoid addition has

Table I - Synthesis of 2-indanones Sa-e

R' RIR~ Rh2(OAe). , R¢~I CH2CI2,r.t, • rl :: I 0R3 ~ N2
68 -93 ./.

R2 R2

40-. 50-.

a-Diazoketones 4 2- Indanones 5

RI R2 R3 R4 IR (em") 13CNMR(a) IH NMR(a) Yield
C=O C=O CH2CO (%)

a CH3 H CH3 H 1750 221.5 3.5O(s) , 93

b CH3 H H H 1750 3.52(s) 89

c CH3 H i.Bu H 1748 218.1 3.44(s) 91

d CH3 H OCH3 H -1745 3,40(s) 88

e H CH3 H CH3 l7;SS 215.6 3.46(s) 68

·Yield of the analytically pure distilled product S.
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Table II - Synthesis of 3,8a-dihydro-l (2H) - azulenones 7a, b and 2-tetralones 8a,b

01"'
:::::....0

I
N2

6a-b

~

4 Rl

'I ~
Sa

~
8 H 0

80:20
7a-b 8a-b

Substrate 6 Azulenones 7 2-Tetralones 8
RI IR (em") 13CNMRB IHNMR (B) IR (ern") I3C NMR(B) IHNMR(B) Yield

C=O C=O Cs-H C=O C=O CI-H (%)
a CH3 1750 217.40 5.00,dd 1720 210.40 3.43,s 88

(261.76) (5.09, dd)

b CH2CH3 1748 217.18 4.96,dd 1718 210.41 3.5s 92

(216.83) (5.02, dd)

*Overall yield of the analytically pure distilled product 8 is based on starting a-diazoketone 6.

been reported by Mckervey et a115, and Taylor et a116;

however, their substrates lacked competitive ali-
phatic C-H sites to observe any selectivity.

Synthesis of 2-benzosuberones The well-known
high reactivity of a tertiary C-H bond ' towards a
carbenoid species prompted us to investigate this
type of reaction in a substrate with a tertiary site. Such
a proposition would also serve the purpose of finding
the limit to which tether length could be increased
without changing the reactivity pattern. Thus, the
study ofRh2(OAc )4,catalysis of n-diazoketones 9a-e
(n = 2, structure 1) was undertaken. Accordingly, the
reaction of a- diazoketone 9a with a catalytic amount
of Rh2(OAc)4 was carried out. The homogeneous
product obtained in nearly quantitative yield was
readily characterized 14from its spectral data (Experi-
mental, Table III) as a 55:45 diastereomeric mixture
of 4,7 -dimethy 1-2,3,4,9a-tetrahydro-l H- benzocy-
clohepten-l-one lOa.

With a view to probing the generality of this
intramolecular Buchner reaction 17,four more phenyl
substituted a- diazoketones 9b-e were subjected to
Rh2(OAc)4 - catalysis. The results are summarized in
Table III. It is apparent that Rh- carbenoid addition
has occurred selectively into the aromatic nucleus
despite the presence of the secondary (eg. ge) and
tertiary (eg. 9a-d) C-H~sl:tes.Besides this, carbenoid
addition into the aromatic nucleus in the chloro-
substituted substrate 9d is significant in that the

earlier workers used chlorobenzene as a solvent in
Buchner reaction and found it inertI8,19. These bicy-
clic homotrienones 10a-e on BF3- OEt2-catalysis,
readily rearranged to afford the corresponding 2-
benzosuberones Ha-e in practical yields except in
the case of the methoxy substituted substrate 10c
which gave a complex mixture of products; however,
the latter was not investigated (Experimental, Table
III). Thus, these results amounts to the development
of a convenient and efficient methodology for the
synthesis of 2- benzosuberones, an important class of
organic intermediates.

Further enhancement of the tether length as in the
a-diazoketone 12 (n = 3, structure 1) led to an inter-
esting result. Instead of furnishing the previously
observed type of products arising from the reaction
of Rh- carbenoid with the aromatic nucleus, this
substrate selectively displayed a preference for inser-
tion into secondary C-H bond leading to a dias-
tereomeric mixture (60:40) of 3-[1-(4-
methylphenyl)ethyl]-cyclopentanone 13 (Scheme
11).

Reaction selectivity of metal-carbenoids de-
rived from a-dia~o-~-keto esters and a- diazo
ketones. The results presented in this paper assume
significance when they are compared with those re-
ported by Taber et a/!,-6 from the reactions of a-diazo-
~-keto esters with Rhz(OAc)4 (Scheme III) directed
towards asymmetric synthersof (+)- a-cuparenone.
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TableIII - Synthesisof 2,3,4,9a,- tetrahydro-IH - benzocyclohepten- I - oneslOa-e and2-benzosuberonesUa-e

~
R1 Rh2(OAc)4 , -GOR~ BF3'OEt2" £OR1
'/" CH2CI2 , r.t 2 r; ~ CH2CI2, r.t. I ~

2 ~ I ~R 9a 54-94·/. ~ 2 b-
R ~ 1 (based on 9) R

~ 9 H
N 0
2 ~:~

9a-e 100-. 110-.

a-Diazoketone BenzocycJoheptenonesl0 Benzosuberonesll
RI R2 IR (ern") IH NMR (~) IHNMR(~) IR (ern") IHNMR~ IHNMR(~) Yield*

C=O C9-H C4-RI C=O CI-H C5-R-I (%)

a CH3 CH3 1718 5.13,dd 1.07,d 1718 3.61,q I.37,d 94

5.34,dd 1.22,d
b H CH3 1718 5.20,dd 1.05,d 1710 3.69,q 1.39,d 92

5.34,dd 1.22,d
c OCH3 CH3 1715 5.38,dd 1.05,d

5.58,dd 1.24,d
d cI CH3 1716 5.32,dd 1.05,d 1716 3.54,q 1.34,d 71

5.47,dd 1.23,d

e H H 1715 5.22,dd 2.37-2.84,m 1710 3.62,s 2.72-3.04, 54
m

*Yield of the analytically pure distilled material 11 is based on the starting n-diazoketonone 9.

The n-diazo-Bcketo esters 3.1 and 3.4 on
• Rh2(OAc)4-catalysis afforded products arising from

the Rh- carbenoid insertion into an aliphatic C-H site
(3° and 2°) to the total exclusion of cycloaddition
with the aromatic nucleus (Buchner reaction). On the
other hand, our substrates, namely u-diazoketones 9a
and 6b on similar catalysis furnished products arising
from Buchner reaction, exclusively (Scheme II, Ta-
ble II and Table III). Such a divergent behaviour may
be attributed to the different electrophilicities of the
Rh- carbenoid involved/", Another operating factor
may be the different preferred conformations of the
starting diazo substrates as well as the transient car-
benoid intermediates/!' 22.

Synthesis of (±)-ar- Himachalene. The facile obten-
tion of the 2-benzosuberone lla, the structural fea-
tures of which resembled that of ar-Himachalene23
15, prompted us to synthesize24-32 the latter (Scheme
IV).

It can be seen that a sequence of two reactions
resulting in gem- dimethylation+' and decarbonyla-

tiorr'" should lead to the target molecule 15. These
transformation infact, led to a facile and convenient
synthesis of 1535, which was found to be identical in
all respects with that of the naturally occurring ses-
qui terpene (+) - 15 except the optical activity. It may
be mentioned that use of optically active o-diazoke-
tone 9a has the potential in the realization of the
naturally occurring+' (+)-ar- Himachalene.

The present methodology offers an efficient entry
into fused bicyclic systems especially those of 2-in-
danones 5, 3,8a-dihydro- 1(2H)-azulenones 7, 2-
tetralones ~, 2,3,4,9a-.tetrahydro-lH- benzo-
cyclohepten - 1 - ones 10 and 2-benzosuberones 11.
It may be added that the starting materials are easily
accessible and they offer single products. The ho-
mologation by one carbon unit, whenever needed can
be done in an efficient and clean manner by photo-
Wolff rearrangement. This rearrangement being
stereospecific 10 can lead to the synthesis of optically
active products, starting from the basic optically ac-
tive c- diazoketones. Additionally, both the
Rh2(OAc)4-catalysis and BF3. OEt2-catalyzed rear-
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rangements can be performed in one pot, that too in
practical yields.

In summary, work presented in the paper high-
lights the preferential selectivity of carbenoids de-
rived from u-diazoketones into aromatic nucleus
versus an aliphatic C-H site. Further examination of
the potential of these selective Rh-carbenoid reac-
tions in the synthesis of natural products is in pro-
gress.

Experimental Section

General. Melting points (m.p.) are uncorrected IR
spectra were recorded on a Perkin-Elmer infracord
mode1137-E and referenced to polystyrene. IHNMR
and l3C NMR spectra were obtained on a 200 MHz

Scheme IV

'.

3·5

Bruker MSL-2oo, and a 75 MHz Bruker MSL-300
spectrometers, respectively using dilute solutions in
CDCh [chemical shifts are reported in ppm (o-scale)
relative to Me4Si or CHCb as internal standard].
NMR assignments were aided by INEPT, DEPT and
COSY experiments. UV absorption spectra were re-
corded on a Carl Zeiss UV-Vis model 44069. Mass
spectra (MS) were recorded on a CEC-mass spec-
trometer model 21- IJOB, using an ionization poten-
tial of 70 eV and a direct inlet system. Elemental
analyses were carried out on CHNSO-Carlo-Erba
analyzer model 1108. Reactions were monitored
either by TLC using neutral alumina plates (visual-
ized with the help of h-vapours) or by capillary GC
with flame ionisation detection (SE-30column, 6 mX
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0.25 mm i.d., 0.25 mm film thickness) programmed
between 60-200°C. Flash chromatography'? was
performed on Eyela flash chromatograph EF-J 0 us-
ing silica gel (60-200 mesh). All solvents were puri-
fied and dried following standard procedures+'.

In the preparation of starting materials and inter-
mediates a general procedure is given in detail and
spectral data are provided for one typical compound
in the series. Benzeneacetic acids 3a-d8, 3e38 and
benzenebutanoic acid39 were synthesized and char-
acterized by following literature procedures. ~-
Ethy 1-4-methy Ibenzenepropanoic acid, y-methyl-
benzenebutanoic acid, 4-methoxy- y-methylhen-
zenebutanoic acid were prepared by following a three
step protocol " comprising a two-carbon homologa-
tion of appropriately substituted carbonyl com-
poundf" us in g tri eth y Iphos p h o no acetate'",
palladium-catalyzed hydrogenation and alkaline hy-
drolysis in 76-84% overall yields. ~,4-Dimethylben-
zenepropanoic acid, y,4-dimethylbenze- nebutanoic
acid and 8,4-dimethylbenzenepentanoic acid were
synthesized by photo-Wolff rearrangement' of c- General procedure. A solution of u- diazoketone (5.0
diazoketones 4a, 6a and 9a respectively, using mmoles) in 10 mL of anhydrous CH2Ch was added
Rayonet photochemical reactor'V at A.=254 nm. under nitrogen atmosphere over a period of 15 min.
These acids were characterized by their spectral and to a stirred suspension ofRh2(OAc)4 (2 mg) in 40 mL
analytical data as exemplified below: of CH2Q2 at room temperature. Evolution of nitro-
8,4-Dimethylbenzenepentanoic acid: IR (neat) : . gen was ?bserv~d. ~fter completion of the reaction
3500-2500, 1710 ern"; IHNMR (CDC!}): 8 1.2 (d, (30-4: rnin), as indicated by TLC and confir~ed by
3H, 1=6.68 Hz), 1.4-1.68 (m, 6H), 2.28 (m, 3H), IR (d.lsapp~arance of ~ands at 2100, 1640 ern ), the
2.4-2.88 (m,1 H), 7.04 (s, 4H); 13CNMR (CDC!}): reaction mixture was filtered through Whatmann fil-
820.66, 22.09, 22.63, 33.82, 37.41, 39.03, 126.53, ter paper No.1 under nitrogen and the filtrate concen-
126.53,128.84,128.84,135.04,143.75,179.82; MS: trat~~ un?er reduced pressure. The product was
rnIz 206(M+20%), 175 (15), 132 (70), 131 (8), purified el~her by flash chromatography (pet. ether-
120( 10), 119(100), 118(8), 105(8), 91(45), 77(20) ether, gradient) or by distllation.
(Found: C, 75.61; H, 8.78. CI3HI802 requires
C,75.67; H, 8.80%).

Synthesis of 2-indanones 5a-e

Preparation of u-diazoketones 4a-e. These ketones
were synthesized from the corresponding ben-
zeneacetic acids 3a-e following the general proce-
dure outlined below, in nearly quantitative yields.

under reduced pressure (l00-120°CIl0- 12mm). The
yields of the acid chlorides were 92-98%. The acid
chloride (25 mmoles) was added at O°C.under nitro-
genatmosphere, to an ethereal solution of dia-
zomethane (75 mmoles). After the solution was
stirred for 2hr at O°C, the cooling bath was removed
and stirring continued for additional 4-6 hr. The
reaction mixture was concentrated and the residue
flash chromatographed (pet. ether - ether, 10: 1) to
yield the rx-diazoketone as a pale- yellow oil in
practically quantitative yield.

Diazo-3-(4-methylphenyl)-2-butanone 4a: IR
(neat): 2110, 1640, 1605 crn': IHNMR (CDC!}): 8
1.42 (d, 3H 1=7Hz), 2.28 (s, 3H), 3.59 (q, IH,1=7
Hz), 5.00 (s, IH), 7.12 (s, 4 H).

;Rh2(OAc)4-catalysis of u-diazoketones 4a-e.
i These on Rh2(OAckcatalysis according to the gen-
eral procedure furnished 1,3-dihydro-2H-inden-2-
ones, i.e. 2- indanones Sa-e in practical yields (Table
I).

1,S-Dimethyl-1, 3-dihydro-2H-inden-2-one, i.e.
1,5- Dimethyl-2- indanone Sa: IR (neat): 1750, 1610
em": IHNMR (CDCh); 8 1.40 (d, 3H, J=7.0Hz),
2.31 (s,3H), 3.15-3. 75(m, 1H),3 .50(s,2H),
7.10(s,3H); 13CNMR (CDCh) : 8 19.49, 25.28,
46.71,51.35,129.29,131.98,132.20,140.33,140.92,
144.39, 221.5 (Found: C, 82.04; H, 7.52. CIIHI20
requires. C, 82.46; H, 7.54%).

General Procedure: Thionyl chloride (70 mmoles) Synthesis of 2-tetralones. The c- diazoketones 6a
was added at O°C to a solution of the acid (50 mmo- an~ .6b were synthesized from the corresponding
les) in 25 mL hexane. The reaction mixture was acids 3-(4- methylphenyl)butanoic acid and 3-(4-

:allowed to warm to room temperature and then re- methylphenyl) pentanoic acid, respectively accord-
i fluxed for 1-2 hr. After removal of excessthionyl ing to the general procedure (vide supra) in nearly
chloride and solvent, the acid chloride was distilled quantitative yields.
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Diazo-4-(4-methylphenyl)pentane-2-one 6a: IR 3H, J = 7.0 Hz), 2.2 (s, 3H), 2.47 (d, 2H, J=7.94 Hz),
(neat): 2110,1645 ern"; IH NMR(CDCl): o1.26(d, . 2.83-3.33 (m, 1H), 3.43 (s, 2H), 6.84 (s, 1H), 7.0(s,
3H, J=7.0 Hz), 2.31(s,3H),2.53(d,2H,J=8.0 Hz), 3.0- IH), 7.02 (s, 1H); I3C NMR (CDC!): 0 20.09,20.8,
3.22 (m, 1H), 5.04 (s, 1H), 7.06 (s, 4H); MS: rn/z 202 32.99,44.36,46.38, 125.73, 127.50, 128.90, 132.52,
(M+, 5%), 174 (M+-N2,25), 161 (50), 159 (68), 149 136.3, 138.03, 210.4 (Found: C,82.38; H, 8.30.
(30), 146 (40), 132 (60), 131 (85), 119 (100), 117 CI2H140 requires C, 82.7; H, 8.09%).
(60), 104 (20), 81 (25),77 (10); UVNis (ethanol): Synthesis of 2-benzosuberones Ita-e. The u- dia-
A(logE) = 255 (13343). zoketones 9a-e were prepared according to the gen-
Rh2(OAc)4 -catalysis of rz-diazoketones 6a-b. eral procedure (vide supra) from the corresponding
These ketones were subjected to Rh2(OAc)4-cataly- benzenebutanoic acids in nearly quantitative yields.
sis according to the general procedure described (vide Diazo-5( 4-methylphenyl)-2-hexanone 9a: IR
supra) to furnish the bicyc1ic homotrienones32 7a, b (neat): 2120, 1640 ern I, I NMR (CDCb): 0 1.18 (d,
in quantitative yields. 3H, J=6.25 Hz), 1.59- 2.30 (m, 4H,), 2.34 (s, 3H),
3,6-Dimethyl-3, 8a-dihydro-l (2H) azulenone (di- 2.34-3.0 (m, IH), 5.04 (s, 1H), 7.07 (s, 4H); MS: rn/z
astereoisomers 80:20) 7a: IR (neat): 1750, 1640, 216 (M +, 2%),188 (M+ -N2-12), 173 (95),145 (38),
1620 ern"; IH NMR: 0 1.12 (d, 3H, J=6.9 Hz, C3- 132 (80), 119 (98), 118 (40), 117 (80), 116(20),
CH3,80%), 1.32 (d, 3H, J=6.7 Hz, C3-CH3, 20%), 115(45),105(45),103(23),91 (100),77(40),55(65);
1.98 (s, 6H, C6-CH3 of both diastereoisomers), 2.51- UVNis (ethanol); A (log E) = 252 (14216).
3.26 (m, 8H, C2-H, C3-H and Csa-H of both diasteroi- Rh2(OAc)4-catalysis of c-diazoketones 9a-e.
somers), 5.01 (dd, IH, Jss«> 4.1 Hz and 17,.g= 9.40 These ketones were subjected to Rh2(OAc)4-cataly-
Hz,Cg-H,80%),5.09(dd,IH,Jg.ga=4.02Hzand17,.g sis according to the general procedure (vide supra)
= 9.65 Hz, Cs-H, 20%), 5.85-6.38 (rn, 6H, C4-H, furnished the bicyclic homotrienonesf 10a-e in
Cs-H and C7-H of both diastereoisomers); I3CNMR nearly quantitative yields (Table III).
(major diasteroisomer): 0 19.35, 24.05, 34.6, 46.52,
49.89, 114.93, 119.87, 127.35, 129.86, 138.01, 4,7-Dimethyl-2,3,4,9a-tetrahydro-l H-benzocy-
138.30, 217.4; (minor diasteroisomer): 0 20.89, c1ohepten-l-one (diastereoisomers 45:55) (lOa):

IR(neat): 1718,1615 cm': IHNMR(CDCl): 0 1.0724.29,33.99,47.17,50.95,118.26,118.53,129.09,
130.22, 138.64, ~40-46,216.76. (d,3H,J=6.9Hz,C4-CHy,45%),1.22(d,3H,J=6.6

Hz, C4-CH3, 55%), 2.03 (s, 6H, C7-CH3, of both
BF3.0Eb-catalysis of 7a,b. These homotrienones diasteroisomers), 1.68-2.75 (m, 12 H, C2-H, C3-H,
BF3.0Et2-catalysis according to the general proce- C4-H and C9a-H, of both diastereoisomers), 5.13 (dd,
dure described below furnished 2- tetralones 8a and IH, 19.9a= 5.71 Hz and Jg,9 = 9.14 Hz, C9-H, 45%),
8b respectively ih practical yields (Table II). 5.34 (dd, IH, 19.9a= 5.71 Hz and Jg,9= 9.33 Hz, C9-H,

55%),5.92-6.4 (rn, 6H, Cs-H, C6-H and Cg-H, of both
diastereoisorners), I3CNMR (75 MHz, CDC!): A
18.14,21.80,23.60,23.70,29.31,30.36,33.63,34.06,
36.12, 37.94, 50.83, 52.06, 114.2, 118.25, 126.6,
127.33, 127.53, 128.18, 128.73, 128.96, 134.77,
137.44, 138.19, 138.33,211.29, 211.61; UVNis (n-
hexane):' A (log E) = 287 ( 2376).

BF3.0Eb-catalysis of lOa-e. These bicyc1ic ho-
I motrienones on BF3.0Et2-catalysis (vide supra) fur-
nished 2- benzosuberones lla-e in very good yields
(Table III).

3,9- Dimethyl - 5,7,8,9-tetrahydro - 6H- benzocy-
cIoheptene-6-one, i.e. 5,8-dimethyl-2-benzo-
suberonella:IR(neat): 1718, 1617cm-l; IHNMR
(CDC!): 0 1.37 (d, 3 H, J = 6.5 Hz), 1.52-2.64 (m,
4H), 2.28 (s, 3H), 2.84- 3.28 (rn, IH), 3.61 (ABq, 2H,

General procedure: To a stirred solution of ho-
motrienone (5 mmoles) in CH2Ch (20 rnL) was
added catalytic amount ofBF3.0Et2 (7.5 mg, 1 mole
%) under nitrogen atmosphere at room temperature.
After completior of the reaction (30-45 min), as
indicated by TLC and confirmed by IR (disappear-
ance of band at 1750 ern"), the reaction mixture was
poured into cold saturated aq. NaHC03 solution and
extracted with OH2Ch (3x50 ml.). The combined
organic layer was dried over Na2S04 and concen-
trated under reduced. pressure. The product was puri-
fied either by flash chromatography )pet. ether-ether,
gradient) or by distillation under reduced pressure.
4,7-Dimethyl-3,4-dihydro-2 (1H) - naphthale-
none, i.e. 4,7- dimethyl-2-tetralone 8a: IR (neat) :
1718, 1625, 1580 ern": IH NMR (CDCb): 0 1.2 (d,
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1= 17.5 Hz), 6.93 (s, 1H), 7.06 (s,2H); 13CNMR
(CDCh): 8 19.41. 20.68, 34.02, 34.12,41.23,49.44,
125.09, 128.09, 130.32, 133.65, 136.05, 139.9,
210.29; MS: rnJz 188 (M+ 46%),173 (15),159 (10),
145(35), 133 (100), 132 (40), 131(20), 117(30),
105(10),91(10),77 (4); UV/vis (ethanol); A (log s )
= 207 (8356), 243 (634), 254 (730) (Found: C,82.78;
H, 8.61. C13HI60 requires C, 82.92; H, 8.57%).

BF3. OEh-eatalysis of 10e . The methoxy substi-
tuted bicyclic homotrienone 10e was subjected to
BF3.0Et2-catalysis in exactly the same manner as the
other analgous homotrienones. However, the GLC of
the reaction product revealed presence of a complex
mixture. The IH NMR spectrum indicated the non-
occurance of the expected rearrangement leading to
11e (absence of aromatic resonances as well as AB-
quartet for CS-CH2 flanked by aromatic ring and
carbonyl group). This result was not further investi-
gated.

Diazo-6-(4-methylphenyl)-2-heptanone 12. The u-
diazoketone 12 was synthesized from the corre-
sponding 8, 4-dimethylbenzenepentanoic acid in ac-
cordance with the general procedure (vide supra) in

89% yield. 2,5,9,9-Tetramethyl-6,7,8,9-tetrahydro-5H- ben-
IR (neat): 2110, 1650 crn', IH NMR (CDCh); 8 zocyclohepten, i.e. (±)-ar-Himaehalene 15,A mix-

1.19 (d, 3H, 1=6.5 Hz). 1.39-1.77 (m, 6H), 2.29 (s, ture of 14 (109 mg. 0.5 mmoles), anhydrous hydra-
3H), 2.44- 2.88 (m,IH), 5.09 (s,IH), 7.04 (s, 4H); zine(65mg,62JlL,2mmoles)andsodiummethoxide
13CNMR (CDCh): 8 20.40, 21.83, 22.84.37.29, (27 mg, 0.5 mmole) was heated with freshly distilled
38.86,40.1, 53.60, 126.28, 1~-'.28, 128.54, 128.54, diethylene glycol (5 mL) at 150°C. After Ihr, excess
134.73, 143.54, 194.37, ~ : rnJz 230 (M+, 1%),202 hydrazine was removed and the bath temperature
(M+-N2,5), 187(35), 159(20), 145(50), 132(20), 119 allowed to rise to 220°C. Refluxing was continued
(100), 117(40), 115 (30), 105(50),92(70),77(25), for an additional hour. The cooled reaction mixture
55(35). was poured over ice, acidified with con. HCI and /
3-[1-(4-Methylphenyl)ethyl]eyclopentanone (di- extracted with ether (3 x 50 mL). The combined
astereoisomers 60:40) 13. The rr-diazoketone 12 on organic layer was washed with aq. sat. NaHC03
Rh2(OAck catalysis gave a diastereoisomeric mix- solution (2 x 10 mL) followed by brine (2 x 10 mL)
ture (60:40) of cyclopentanone 13 in 92% isolated and dried over Na2S04. The crude product obtained
yield. on flash chromatography (petroleum ether) and bulb

IR (neat): 1750 ern", IH NMR (CDCh): 81.28 tobulbdistiIIation(l20-125°C/4mm)yielded(±)-15
as a colouriess oil (82 mg, 81%); IR (neat): 1615,(d, 3H, 1=6.9 Hz, 60%),1.30 (d, 3H,J=6.8 Hz, 40%), I I

1.4-2.4 (rn, 14H, of both diastereoisomers), 2.31 (s, 1580, 1400, 1390, 1380, 1370 cm': ; H NMR
(CDCh) : A 1.33 (d, 3H, 1=6.5 Hz), 1.34 (s, 3H), 1.413H, 40%),2.33 (s, 3H, 60%), 2.4-2.75 (rn, 3H, of both .

diastereoisomers), 7.07 (s, 4H, 60%), 7.11 (s,4H, (s,3H), 1.4B-2.0(m, 6H), 2.27(s, 3H), 2.95-3.46(m,
d C 8236 H 881 C H 0 . C 1H),6.96(s,1H),7.04(s,1H),7.13(s,1H);13CNMR40%) (Foun: , . ; , . . 14 18 reqUires ,

6~) (CDCh): 821.24,21.39,24.22,30.27,34.18.34.89,
83.12; H, 8.9 o. 36.79,39.81,41.49, 125.85, 126.79, 127.89, 135.16,
Synthesis of (±)-ar-Himaehalene 15 141.49,148.01. MS: mlz 202 (M+, 40%),187 (78),

3,5,5,9- Tetramethyl-S, 7,8,9-tetrahydro-6H- i59 (20), 145 (100), 143 (35), 141 (35), 131 (85),
benzoeyclohepten-6- one 14. To a magnetically 129(50), 128(60), 119(40), 115(50), 105(40),91 (20),

stirred solution of 11a (500 mg, 2.65 mmoles) and
CH3I (1.87g, 13.3 mmoles) in anhydrous THF(5 mL)
under nitrogen atmosphere was added t-BuOK (655
mg, 5.83 mmoles) in portions over a period of30 min.
The reaction mixture was stirred at room temperature
(4 hr) and then poured over ice-water slurry and
extracted with ether (3 x 50 mL). The combined
organic layer was washed with aq. sat. NaHC03
solution (2 x 10 mL) followed by brine (2 x 10 mL)
and dried over Na2S04. The crude product obtained
on flash chromatography (pet. ether - ether, 25: I)
afforded the gem-dimethylated ketone 14 as colour-
less solid (442 mg, 78%), m.p. 69° (n-hexane); IR
(nujol): 1716, 1615, 1580, 1390, 1370cm-l; IHNMR
(CDCh): 8 1.31 (d, 3H, 1=6.5 Hz), 1.47 (s, 3H), 1.56
(s, 3H), 2.0-2.45 (rn, 4H), 2.35 (s, 3H), 2.5-3.0 (m,
IH), 7.06 (s, 2H), 7.12 (s, IH); I3CNMR (CDCh): 8
18.74,20.7,25.31,26.02,32.09,35.51,36.41,52.09.
124.31, 125.53, 127.46, 135.54, 137.34, 143.44,
2,16.78;MS: rnJz216(M+35%),201 (12),174(100),
173(60), 161(40), 159 (90), 145 (60), 131 (30),
115(20), 105(10),91(10),77(2) (Found: C,83.50; H,
9.68. CIsH200 requires C, 83.28; H, 9.32%).
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77(8). (Found: C, 89.11; H, 10.78. C'SH22 requires 19
C, 89.04; H, 10.95%).
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