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Intramolecular Keto-carbenoid Addition to Double Bonds : Stereochemistry of the 
Catalytic Reduction of A9(11)- Gibbenes and Related Compounds 

By USHA R. GHATAK,* PRABIR C. CHAKRABORTI, BRINDABAN C. RANU, and BAIJAYANTI SXNYAL (ne'e Moitra) 
(Department of Organic Chemistry, Indian Association fov the Cultivation of Science, Jadavpur, Calcutta-32, India) 

Suwwnavy Decomposition of some 78-unsaturated a- 
diazomethyl ketones using an 'activated CuO catalyst' 
under irradiation with a tungsten lamp results in a 
significant increase in the yields of the corresponding 
intramolecular keto-carbenoid addition products ; the 
substituents effect in controlling the stereoselectivity in 
the catalytic hydrogenation of a few pentacyclic ketones 
and Ag (l*)-gibbene derivatives have been evaluated, 
leading to stereocontrolled syntheses of some C-9 epi- 
meric gibbane synthons and a degradation product of 
gibberellin Al,. 

RECENTLY we reported1 a route via intramolecular carbenoid 
addition, to tetracyclic bridged bicyclo[3,2, lloctanones, 
intermediates in diterpenoid synthesis. We also showed 
that the cyclopropyl ketone (3a) is hydrogenolysed regio- 
and stereo-specifically in the presence of Pd-C (10%) in 
EtOH, giving the 9a-gibbane (6a) as sole product. In  
contrast, reduction of the 9,1 l-styrenoid bond in the 
gibbene (5a) produces a mixture (69: 31) of the C-9 epimeric 
ketones (6a) and (7a). We report here an efficient pro- 
cedure for intramolecular keto-carbenoid addition to  
double bonds and our preliminary studies on stereospecificity 
in the catalytic reduction of other related cyclopropyl 
ketones and Ag(ll)-gibbene derivatives, leading to stereo- 
controlled routes t o  some C-9 epimeric gibbane synthons, 
including a degradation product of gibberellin A13. Our 
studies demonstrate that  although in the reductive cleavage 
of cyclopropyl ketones a high degree of stereospecificity is 
generally maintained, a small change in substitution 
pattern in the Ag(ll)-gibbenes can cause drastic change in 
the stereochemistry of the hydrogenation products. 

In  our improved procedure, solutions of the diazoketones 
(2 mmol) in 150-200 ml of anhydrous cyclohexane- 
tetrahydrofuran (7 : 3) or cyclohexane (if the diazoketone is 
soluble), in the presence of 'activated CuO catalyst?,' were 
heated under reflux and irradiated with two 250 W tungsten 
lamps until the diazoketone band at ca. 2110 cm-l had 
disappeared (3-6 h) . Thus the diazoketones (la), (2a), and 
(2c) produced the known1 pentacyclic ketones (3a), (4a), 
and (4c) in very good yields (50, 72, and 87%, respectively) 
after chromatography on basic or neutral alumina. Simi- 
larly, cyclisation of the diazoketones (1 b-d) , (sa), and 
(8b), preparedl from the carboxylic acids1 afforded the 
corresponding pure cyclopropyl ketones (3b)S m.p. 122", 
(59y0), (3c), m.p. 126-128" (76Y0), (3d), m.p. 134-135" 
(63%), (9a), b.p. 135" (0.4 mmHg) ,  (SO%), and (9b), m.p. 
61" (88%). The 'activated CuO catalyst' was the most 
satisfactory catalyst for intramolecular carbenoid additions 
of the y8-unsaturated diazoketones that we have en- 
countered. Decomposition of the diazoketones without 

irradiation required considerably longer reaction times and 
the yields of the cyclopropyl ketones were reduced by 
15-25%. 
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Acid-catalysed fragmentations1 of the cyclopropyl ketones 
(3b), ( 3 ~ ) ,  and (3d) produced the Ag(ll)-gibbene derivatives 
(5b)4, m.p. 112", (Sc), m.p. 126", and (5d),5 m.p. 118" in 
90-92% yields, which were also obtained in 60, 48, and 
80% yield respectively by direct BF,-Et,O-catalysed 
cyclisationsl of the corresponding diazoketones in CH,CI, or 
1,2-dichloroethane solution. 

a; R = H  
b; R = M e  

High stereoselectivity was observed in the catalytic 
hydrogenolysis of the cyclopropyl ketones (3c), (3d), and 
(3b) in the presence of Pd-C (10%) in ethanol, affording 
the 9a-gibbanes ( 6 ~ ) , ~  m.p. 131-132", (6d), m.p. loo", and 
(6b), m.p. logo, in 94, 88, and 80% yield respectively. The 

-f CuO-Cu (ca. 95 : 5 ) ,  prepared by heating freshly prepared Cu powderS for 16-20 h a t  500-600 "C. 

1 These acids were prepared by Diels-Alder reaction (ref. 1) and will be described elsewhere. 
9 Compounds described here are all racemates ; satisfactory analytical and spectral data were obtained for new compounds. 

We thank Dr. N. R. Sengupta 
for analyses of the catalyst. 
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9P-ketone (7b), m.p. 110-lll", was also isolated from the 
hydrogenolysis of the ketone (3b) (ca. 2%) .  The stereo- 
chemistry of the epimeric ketones (6b) and (71s) were 
assigned from n.m.r. studies. In  conformity with our 
previous finding' the C(6)-methylene protons in the 9a- 
gibbane (6b) [ABq; 100MHz; CDCI,; 2.82, sB 2.70, JAB 

16 Hz] resonate a t  a higher field than in the 9P-epimer 
(7b) [aA 3-01, 8~ 2.79, JAB 16 Hz]. The i.r. spectrum of 
the 9P-ketone (7b) is identical with that of the optically 
active ketone, obtaineds by degradation of gibberellin A,,, 
thereby establishing the stereochemistry at C-9 which was 
previously undefined. 

In parallel to our previous finding1 with (5a), catalytic 
hydrogenation of the 9,ll-double bond [Pd-C (10%) in 
EtOH] in the Ag(ll)-gibbenes ( 5 ~ - e ) ~  produced the corres- 
ponding 9a and 9P-gibbanes (6c) and (7c); (6d) and (7d); 

and (6e) and (7e) [ca. 75: 25; 62.5: 37.5; and 74.6: 254,  
respectively (n.m.r.) ] with the 9a-epimer predominating in 
each case. In  contrast, reduction of the double bond in the 
gibbene (5b), under similar conditions, afforded a mixture 
of (6b) and (7b) [ca. 20: 80 (n.m.r.)]. The complete 
reversal of stereoselectivity10 in this reduction7 leading 
mainly to the 9P-epimer (7b), is interesting, from both 
synthetic and stereochemical viewpoints. The effects of the 
C-6 substituents in the gibbenes in the stereospecificity of the 
hydrogenation of the 9,1 l-double bond have been recorded 
in other cases.ll 

We thank Dr. A. J .  Baker for the n.m.r. spectra and 
interpretations; thanks are due to C.S.I.R., New Delhi, for 
a Junior Fellowship to  P.C.C. 
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7 Mori et al. (ref. 4) observed the formation of mostly the 9a-epimer (6b) in the hydrogenation of (5b) in presence of Raney Ni, the 
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comparison of our sample with that  prepared by them through a stereospecific route. 


