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SUMMARY Syntheses of gem-difluorocyclopropyl ketones (3a-d) and their 

reactions with nucleophiles are described. Ring opening reactions of 3a,c and 

d with a methanolate and a thiolate anion took entirely different courses of 

bond scission of the cyclopropane ring. 

Following our recent reports, studies on synthetic reactions utilizing 

difluorocyclopropane derivatives, 2,3) we wish to report the reactions of gem- 

difluorocyclopropyl ketones, having a hydrogen substituent at the Cl position 

adjacent to carbonyl group, with amethanolate and a thiolate anion which 

resulted in an exclusively different course of bond scission of the cyclo- 

propane ring. 

The starting materials (3a-d) were synthesized by the addition of difluoro- 

carbene generated by pyrolysis of sodium chlorodifluoroacetate 4) to the ally1 

acetates (1) followed by the alkaline hydrolysis and Jones oxidation (Table I). 

Reactions of the ally1 acetates (la and lb), which are of E form, with difluoro- 

carbene gave the cyclopropanes (Za and 2b) as a mixture of two racemic diaste- 

reoisomers, separable by silica gel column chromatography. Both diastereo- 

isomers were converted to the gem-difluorocyclopropyl ketones (3a and 3b) as an 

identical single isomer by the subsequent hydrolysis and oxidation. It is well 

known that addition of difluorocarbene (singlet ground-state) to carbon-carbon 

double bond proceeds in a stereospecific cis manner; 5) these results may 

indicate that the stereochemical relationship between phenyl and acetyl or 

methoxycarbonyl group of 3a, 3b and 3d is trans, as in the case of the starting 

ally1 acetates. 

(1) -OH $_dJ$R3 zCFz * cgy?~3 @--#+ Gyp3 
OAc 
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Table I Synthesis of gem-Difluorocyclopropane (13) 

Ally1 Acetate (1) Yield (%) gem-Difluorocyclopropane (3) 

R1 R2 R3 l-+2 2+3 bp 'C/mmHg 

la Ph H CH3 70 81 3a <10-113/E 

lb Ph CH3 CH3 64 73 3b 92-9317 

lc H H n-C4H9 47 73 3c 70-73/20 

Id Ph H H 77 53 3d (R3=0CHq)* 70-75/6 

* The resulting carboxylic acid was treated with diazomethane to give 3d. 

Reactions of 3a,c and d with methanolic potassium hydroxide was found to 

afford the corresponding y-keto esters or the succinic acid derivative via 

Cl-C2 bond cleavage of the cyclopropanes. Thus, treatment of 3a with 6 equiv. 

of potassium hydroxide in methanol and tetrahydrofuran (THF) 501 12 hr under 

reflux followed by acidic work-up gave the y-keto ester (Sa) '185% yield, mp 

68-69" (lit.6) 69.5-70'); IR 1740, 1725 cm-l]. Similarly, 3c (KOH in methanol 

and THF, reflux, 48 hr) and 3d (sodium methoxide in methanol, reflux, 19 hr 

followed by acidic work-up and reesterification with diazomethane) afforded SC 

and 5d in 33% and 13% yields, respectively, with recovery of the starting 

cyclopropanes (3d was recovered in 64%). The keto esters (5a and SC) and 

dimethyl 2-phenylsuccinate (5d) thus obtained were readily hydrolyzed by 

methanolic potassium hydroxide to the corresponding acids. Though it is not 

clear whether the initial step of this reaction is substitution of the fluorine 

atom with the methoxyl group via successive elimination of the fluoride anion 

to yield the cyclopropene derivative and addition of the methanolate anion or 

ring opening by nucleophilic attack of themethanolate anion on C2 of the cyclo- 

propanes, the above findings may indicate that the intermediary orthoester (4) 

should be formed. 7) 

In contrast to the above-mentioned ring cleavage of the difluorocyclo- 

propanes with methoxide, reactions of the difluorocyclopropancs with the thio- 

late anion gave Cl-C3 bond cleavage products, exclusively, but no thiol ester, 
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thioorthoester or y-keto ester derived from Cl-C2 bond cleavage was Idetected. 

Treatment of 3a with 2.5 equiv. of benzenethiol in the presence of 2.5 equiv. 

potassium hydroxide in methanol and THF at room temperature for 3 hr afforded 

4,5-diphenylthio-5-phenylpentan-2-one (9a-1) [69% yield, MS m/e 376 (M+)]. 

Longer reaction time (6 hr) resulted in the formation of the corresponding 

B,y-unsaturated ketone (lOa-1, 80% yield), which was also obtained by treating 

of 9a-lwith potassium hydroxide in methanol and THF. Similar ring opening 

products were obtained by the reaction of 3a,b and c with benzenethiol or 

toluene-3,4-dithiol as shown in Table II. 

Furthermore, reaction of 3b with o-aminobenzenethiol in the presence of 

potassium hydroxide in methanol and THF was found to give llb [73% yield, mp 

186-187"; MS m/e 295 (M+); IR 1600, 1580, 1545 cm 
-1 ; NMR 6 1.92 (s, 3H), 2.26 

Is, 3H), 5.00 (s, lH), 13.83 (bs, lH)]which was formed through Cl-C3 bond 

cleavage of the cyclopropane ring by nucleophilic attack of the thiolste anion 

on C 
3' 

3b + KoH * a;oCH, 11 b CH@-l 
H CH3 

These reactions may proceed in the initial ring opening by nucleophilic attack 

of the thiolate anion on C3 to afford the intermediary B-fluoro enone (8) 

followed by addition of the second thiolate anion or the amino group at the 

$-carbon of 8 and elimination of the fluoride anion. 

In conclusion, ring cleavage of gem-difluorocyclopropyl ketones having a 

hydrogen substituent at the Cl adjacent to carbonyl group with a methanolate 

anion occurred between the carbon atom with the acyl group and the carbon atom 

with the fluorine substituent to afford the corresponding y-keto esters or the 

succinic ester derivative. On the other hand, when a thiolate anion was used 

as a nucleophile, ring cleavage occurred between the Cl and the C3 opposite to 

the difluoromethylene group. The detailed mechanism of these present reactions 

and the application to synthetic reaction are now being investigated. 
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Table II Reaction of Difluorocyclopropane (3) with Thiol 

Thiol Time Product (Yield %j UC+ cm 
-1 

6 ppm 

3a PhSH 3 hr 9a-1 169) 1665 4.96 (s, Ha) 

3a PhSH 6 hr lOa-1* (80) I',;",; 
3.81 (s, Ha) 
3.26 (s, Ha) 

3a 0 :: 3 hr lOa- (76) 1715 3.48 (s, Ha) 

3b PhSH 4 hr lob-l* (72) f 1720-1700 1.15 (d, Ha), 3.48 (q, Hb) 
1715 1.47 (d, Ha), 4.30 (q, Hb) 

3b 0 SH SH 3 hr lob-2 (90) 1720-1700 1.32 (d, Ha), 3.65 (q, Hb) 

3c PhSH 6 hr lOc-1* (27) I 1720 3.50 (s, Ha), 6.63 (s, Hb) 
1720 3.27 (s, Ha), 6.63 (s, Hb) 

3c i: 6 hr 9c-2 (59) 1665 3.52 (5, Ha), 6.24 (s, Hb) 

x Stereoisomeric mixtures, separable by silica gel column chromatography. 

9a-i lOa- 

lob-2 IOC-1 9c-2 
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