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Abstract: Fwcd a-acyf.oxycy~obuYa_nonen, whobe con~omc~Con and o-teneoche.m&tiy have 
been unambiguowly cnZab&hed by X-my anaLgo&, undmgo an untiu& din$acement wtih m&h- 
oxide a~ nucLeopkiRe to phoduce o-me_XhoxycycLobutanon~ . The AUCCM~ od tkin hULtiOn, t&i& 
nuggtiti the intemediacy 06 an oxya.UyL calion, in highly dependent on condohmational? and 
h&.LiC &c~OAh . 

Dichlorocyclobutanones, readily available by dichloroketene cycloadditions to olefins,' 

can underoo ring enlargements,3 ring contractions4 or ring opening5 with nucleophiles. Income 

cases,6 tine displacement, for instance l+&2d has been observed. One can visualize the - 

latter reaction to involve an Sn2' process, a cyclopropanone (e.g., 5) or an oxyallyl cation 

0-k-R 4 5 - _ 
0 Scheme I 

We wish to report some interesting reactions of dichlorocyclobutanones and a-acyloxy-a'- 

chlorocyclobutanones with nucleophiles which proceed by an unusual substitution or by ring 

opening and which tend to point out the importance of structural features such as stereo- 

chemistry, ring flexibility and steric effects in the substrate. 

The steroidal dichlorocyclobutanone 1 reacts readily at room temperature with triethyl- 

ammonium carboxylates 3 to produce regiochemically and stereochemically pure esters 4a-c 

(doublet for CHCl in the 'H-nmr spectrum near 65.5,J=9Hz) (Scheme I). Under the same condi- 

tions the cyclohexene cycloadduct l affords a mixture of isomers B (Cl and OCOR hand) and 5 

(Cl and OCOR c-in), exhibiting two doublets for CHCl (65.2,J=lOHz, s4.5,J=9Hz) (Equation 1 ). 
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Cl a, R=H 

Cl 

$3 

b, R=Me 

0 

& Cr& + H:jR 
5, R=CH2Ph 

(1) 
O-C-R 

7 
8 d 9 !-j 

d_, R=mesityl 

- 
- - e, R=tBu 

Treatment of keto esters 4 at 20" with NaOMe in MeOH-THF led neither to displacement of the 

a-chloroketone nor to attack at the ester carbonyl by methoxide but unexpectedly gave keto ether 

1 in quantitative yield (Scheme I). This displacement of carboxylate by methoxide is unusual 

and becomes even more 

for 3 days. 

It is noteworthy 

ring-opened ketone 10 

substituent R is more 

+ R-$-OMe 

0 11 - 

remarkable since it can be accomplished by simply refluxing 4b in MeOH 

that, unlike with 4_, reaction of 8 and 9 (a-c) with NaOYe in MeOH produced 

and the methyl ester of the appropriate acid 11. However, when the ester 

sterically encumbered (series g and e), only ether 13 is formed (Eq. 2). 

a,b,c d,e 
4 

series series 

0-i-R 

8&9 ii 

The results obtained with 4 are not consistent with an Sn2' process or a cyclopropanone 

6, but do suggest an enolization of 4to 14 (or its anion when MeO- is used) followed by ioni- 

zation to an oxy stabilized allylic cation7 intermediate which is trapped by the nucleophile 

(Eq. 3). 

“‘$pJ _ ,_;* _,y/-J M’oH_ C’;& (3) 

0-i-R O-C-R OMe 

4 0 14 b' 15 - - 2 _ - 

TO understand the factors governing these reactions, a stereochemical assignment to 4, S, 

and 9 becomes imperative. Since the close values of the cd and tirzn H-tl coupling constants 

(J=9IlOHz) preclude a reliable stereochemical assignment and do not disclose any conforma- 

tional features in these compounds, unambiguous assignment of stereochemistry and preferred 

conformation to esters c, 8d and 9d was achieved by X-ray ana1ysis.a 

Figure 1 indicates that ester 5 possesses the titi configuration (Cl and OCOR titi) and 

the preferred conformation 16 _. The bicyclic cyclobutanone chloro esters possess the tin (9d) - 
and RACLVLJ (8d) configurations shown in Figure 2. Based on the X-ray studies it is possible to 

generalize that the compounds possessing the Rha~n configuration show CHCl as a doublet at 

65.2-5.5, while in the tin isomers the doublet is found at 64.5. 

The data are consistent with the operation of Scheme II.ll The L~ti isomer 8 enolizes _ 
readily to an enol or enolate corresponding to 14 which can reprotonate either to 8 or to its - _ 
CA isomer 9 _. Enol 14 is capable of ionization to an oxyallyl cation or to a dipolar oxyallyl 
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Figure 1: Computer-generated 

perspective drawing of 4b - 

based on X-ray data; hydrogen 

atoms and the mesityl group 

have been omitted for clarity.' 

Figure 2: Computer-generated 

perpsective drawings of (a) 9d and 

(b) Sri; hydrogen atoms and th, 

mesityl group have been omitted 

for clarity.' 

(a) 

Figure 2 

specieslo which can be trapped by methanol to produce 13 _* In competition 

is attack of methoxide at the ester carbonyl of Tto produce the cleavage 

sumably via 12) and 11 - _* 

Scheme II: g (titi)+~? 14 (non-steroid)_ 9 (c.in) 

b (b) 

with this process 

products 10 (pre- - 

13 h 15 (non-steroid) 10 f 11 - -- 

In support of this scheme are equilibration studies which indicate that the tin isomer 9 - 

is more stable than the L~nb isomer 8 (e.g., 8c:9c at equilibrium is 3:14). In order to es- -- 

tablish the identity of the kinetic isomer, Iwas reacted with formic acid and triethylamine 

at -78°C. NMR spectroscopy initially showed a doublet at 65.2 (8a) which, upon warming the 

sample to room temperature, converted primarily to a doublet at 64.5 (9a) _* Apparently, 

.than~-CD equilibration 829 is favored over attack at the ester carbonyl, because when 8c - 

was reacted with 0.5 equiv. of methoxide, the products were the cio isomer 9c and cleavage - 
products lo, 11 _* T/za~n-tin isomerization is unfavorable in the rigid steroid system (4) be- _ 

cause of non-bonded C1:acyloxy interactions in 17, but does take place in the flexible cyclo- 

hexane system (8_=%), where conformation 18 for the oin isomer can be established (Cl and - 

acyloxy equatorial to the 4-membered ring). Indeed, X-ray analysis indicate 18 to be the - 

conformation for 9d (see Fig. 2a). - 

When R is bulky (d and e series), attack at the ester function is effectively absent and _ _ 

the equilibrating esters react via the enol 14 and the oxyallyl species 15 l1 As in the - _* 

steroidal case, this produces the methyl ether 13 (this time as the more stable ti isomer). - 
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- 

(cis) 

Further work to elucidate the scope and mechanism of this reaction is in progress. 
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