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Studies of the Solid-Phase Pauson-Khand Reaction: 
Selective in-situ Enone Reduction to 3-Azabicyclo13.3.0loctauones 
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Abstract: The Smit-Capk DSAC Pauson-Rhand cyclization of a series of N-protected ally1 propargyl 
amines in the absence of oxygen gave rise to formation of the saturated azabiiyclo[3.3.0]octanones in excellent 
yields. Standanl cyclization in air gave mixtum of saturated and unsaturated ketones. 

As part of our ongoing efforts in the preparation of serotonergic agents’ we required an efficient synthesis 

of 3-azabicyclo[3.3.0]octan-7-ones to complement our previously-described tandem radical annulation/ ionic 

cycliition methodology.2 The Pauson-Rhand cyclopentenone annulationf is a very useful synthetic tool for the 

preparation of cyclopentane-containing natural and un-natural produ~ts,~ and Pauson has recently described5 a 

detailed study of the Pauson-Khand cychzation of a series of N-protected allylpropargyl amine complexes, 

incWtiug 2a and 2e (3ckme I), to give enkr 3-aza~~o~3.3.03oct-5-en-?-~s 3 or tie in-situ reduced 3- 

azabicyclo[3.3.0]octan-7-ones 4. SarratosC had previously mported the isolation of saturated cyclopentanones 

from Pauson-Khand cyclizations run at high temperatures, but the typical product from a Pauson-Rhand reaction 

is the unsaturated ketone, and Pauson’s report is the first detailing the isolation of saturated cyclopentanones as 

major products. Pauson explored~ a variety of conditions for promoting cyclization of the hexacarbonyldicobah 

derivatives 2 and found that the best case for the formation of the saturated 3-azabicyclo[3.3.0]octan-7-one 

product was 67% for the formation of acetamide 4a from 2a (Scheme 1) under Smit-Caple7 dry-state adsorption 
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We initially intended to utilize Pauson’s chemistry5 in the formation of a series of N-protected 3- 

azabicyclo[3.3.0]octanan-7-ones which we required for our program. We found the conversion of 2a to 4a to be 

perfectly in accord with Pauson’s report in one run, but this reaction was quite unpredictable, as has been 

observed by others.8 Typically in our hands the cyclization of complex 2a in air gave mixtures of 4a and the 

unsaturated enone 3a in ratios ranging from 955 to 6OM along with other impurities. 

Although DSAC Pauson-Khand reactions are generally performed in the presence of oxygen7 and Pauson 

utilized these conditions in his studies.5 we decided to examine the effects of performing the cyclization under an 

inert atmosphere. Indeed, we were prompted to examine this modification by the msults of Smit and Caple,7 who 

studied the cyclization of allylpropargyl ether complexes under DSAC conditions. They found that the expected 

bicyclic enone products were obtained when cyclizations were performed in the presence of oxygen, but that 

hydrogenolysis of the ether moiety occurred when the cyclizations were performed under an inert atmosphere. 

Our initial experiments examining the cyclization of allylpropargyhunine-hexacarbonyklicobalt complexes 

2 revealed that cyclization in the absence of oxygen gave rise to highly selective formation of the saturated 3- 

azabicyclo[3.3.0]octan-‘l-ones 4, as desired. We therefore set out to establish the generality of this useful 

observation for a series of N-protected allylpropargyl amine complexes 2a-g by comparing the DSAC Pauson- 

Khand cyclization of their hexacarbonyldicobalt complexes under nitrogen or air. 

Table 1 summarizes the preparation of the hexacarbonyldicobalt complexes for use as cyclization 

substrates. Allylpropargylamine lhto was protected to give terminal acetylene derivatives la-e. Substituted 

acetylenes I and lg were pmpamd by alkylation or silylation, respectively, of the lithium acetylide derived from 

BOC-enyne lb. Reaction of aBylpropargylamines la-g with dicobalt octacarbonyl gave the dark red 

hexacarbonyldicobalt complexes 2a-g in 71-91% yield. These cobalt complexes were purified by column 

chromatography on silica gel immediately prior to the cyclization experiments. 

Table 1 

Starting R R’ Conditions for Enyne 1 Complex 2 
Envne formation1 f%yirJB)a (%Y& 

lh AC H CH$0CYE~NEt20 la (65%) 2a (76%) 

lh BOC H (ButOCO)#IW lb (95%) 2b (77%) 

lh Cbz H B~CC=J&Y lc (67%) 2c (75%) 

lh Tosyl H T~CVPY Id (88%) 2d (86%) 

lh Benzoyl H B-Y le (94%) 2e (71%) 

lb BOC CH3 n-BuLiVI’HF/CH~I If (77%) 2f (79%) 

lb BOC TMS n-BuLVTHP/TM!Xl lg (92%) 2g (91%) 

8% yields of la-g represent distilled products except for Id (mp 62-63”(J), which was crystallized 
from n-pentane. bcomplexes 2a-9g were formed by treatment of la-8g with 1 equivalent of Co#C)a 
in diethyl ether at room temperature under argon for 14-18 hours. Yields represent chtomatographed, 
analytically pure products. 



For the DSAC Pauson-Khand cyclixation studies, complexes 29-g were each freshly prepared from 2.00 

mm01 of respective allylpmpargylamine la-g and dissolved in diethyl ether. Silica gel (Muck silica gel 60.10 

g/mm01 of complex) was added and the ether was removed in vocuo. For reactions under nitrogen the rotary 

evaparaotK was purged thoroughly with nitrogen priar to immasion of the rotating flask in a preheated 706C water 

bath. The nitrogen flow was continued throughout the 2.5 h reaction time. For teactions in air, the rotary 

evaporator was opened to the atmosphere before immersing the rotating 5ask in the 70°C bath. After heating for 

2.5 h the silica gel was sprhUed onto a bed of 3 g of fresh silica gel in diethyl ether/hexane. Ehttion with diethyl 

ether/hexane mixtmes served to remove any cobalt-containing residues, and subsequent elution with neat ethyl 

acetate eluted the cyclimd products. Ethyl acetate was su&ient for the clution of all products except in the case of 

2a which tequimd elution with 10/W methanol/ethyl acetate to elute the cyclizd materials. 

Table 2 summarizes the results of the DSAC Pauson-Khand cyclizations of hexacarbonyldicobalt 

com@exes-&g i&ret m&r rhtmgeri aim rkr, -as’*. “?or& com#mx&mmbriik ac&r$icrtc sdustnires’a- 

e, the yields of cyclized material were significantly higher for reactions tmder nitrogen versus the cormsponding 

reactions in air, giving rise to highly selective formation of the saturated ketones 4a-e. Reaction in air of the same 

substrates 2a-e gave in all cases a much higher percentage of enone products 3~. Cyclixation or the N-BOC-2- 

butynylallylamine complex 2f gave ptedominam.ly the unsaturated material 3f in either nitrogen or air, although 

the more efficient cyclixation for this substrate was the reaction in air giving ptedominantly the unsaturated 

product. The formation of significant quantities of saturated material 4f in the reaction under nitrogen is 

notewo&y, sinae Pxuson ctih acK observe tie f5nrzrZiun 02 any s4irutrti Moues frvrn interniir acevienes in his 

studies. The trimethylsilylacetylene derivative 2g was extnmely sluggish in the DSAC cyclizarion nxcdon under 

the conditions employed, as was observed by Pauson under comparah~e reaction conditions.~ Fa reaction of 5 

under ti~n or in air, IZKYS( of the starting complex Zg was recovered unchauged. Besiiyiati saturated ketone 

4b was produced along with the trir&tylsilyl substituted enone 3g ht the tea&m under nitrogen, whereas 

Table 2 

2a AC H 4a/3a (94, 100~0) 

2b BOC H 4b/3b (85, 100:0) 

2c Cbz H 4c/3c (91, 1oo:O). 

2d Tos H 4d/3d (77,964) 

2e Bz H 4e/3e (87, 1oO:O) 

2f BOC CH3 4f/3f (73,38&i) 

4a/3a (86.94~6) 

4b/3b (79,84:16) 

4c/3c (56,75:25) 

4d/3d (<ala, 53:47) 

4e/3e (.53a,o:100) 

4f/3f (80. llb:89) 

BOC TMS 4b/3g (29c, 55:45) 4b,g/3b,g (1 Id, O:lW) 

Bathe products from the cyclixations of complexes 2d and 2e in air were contaminated by a third 
component. b4t as a 2: 1 mixture of C-6 epimers. 
dRecovered 73% of starting ma&al corn 

eEecovemd 60% of starting ma&al complex 2g. 

s 
lex 2g. 

3b in 7% isolated yield and TMS enone 
eThe cyclixation of 2g in air gave desilylated enone 

g in 4% isolated yield 
could be detected. 

No trace of reduced products 4b or 4g 



m&on in air produced none of the reduction products 4b or 4g and only small aamllntl of the emme 3g (4%) 

along with the desilylated emno 3b (7%). 

Our studios of the DSAC Paus+Khand reaction of a series of N-protected allylpropargylamine 

hexacarbonyldicobalt complexes reveal that satumted 3-axabicyclo[3.3.0]octan-7+nes am am formed selectively 

and reproducibly from complexes of terminal acetylenes when the cyclixation is performed under nitrogen. 

Excellent yields of saturated ketones are obtained on a variety of scalesll with usually no detectable amount of 

unsaturated enone, in stark contrast to the ccmesponding cychmdon in air. 
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