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Stereoselective Synthesis of Cyclopropyl Ketones
using Phase-Transfer Catalysis

I. ARTAUD, J. SEYDEN-PENNE, P. VioUuT

Groupe de Recherche n” 12, CNRS, B. P. 28, F-94230 Thiais,
France

The synthesis of epoxynitriles by reaction of phenylchloro-
acetonitrile and benzaldehyde in basic medium is highly
stereoselective when carried out under phase-transfer con-
ditions™? or in hexamethylphosphoric triamide®. We have
shown* that also the stereoselectivity of the formation of
cyclopropane-1,2-dicarboxylic esters from -butyl chloro-
acetate or t-butyl phenylchloroacetate, respectively, and ¢-
butyl acrylate is the same under phase-transfer conditions
and in dimethylformamide. These results were interpreted
by the assumption of a comparable reactivity of the anions
associated with tetraalkylammonium cation or with a sol-
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vated alkali-metal cation in dipolar aprotic solvents. We
have now utilized these observations to extend the above
reaction type to the stereospecific synthesis of cis-2-phenyl-
cyclopropyl ketones (3) and their cyclic analogs (7) from
open-chain 1-alkenyl ketones (1, R'=C¢Hs, R?*=CH,,
CeHs) or 2-cycloalkenones [1, R' -R%?=  (CH,),—], tes-
pectively, and  alkyl  phenylchloroacetates (2,
Z= -COOR3) or phenylchloroacetonitrile (2, Z = --CN).

It was earlier noticed’ that in tetrahydrofuran/HMPT
(1/1) at —80°C methyl phenylchloroacetate (2.
Z=--COOCH;) and phenyichloroacetonitrile (2,
Z=--CN) react stercospecifically with 1-alkenyl ketones
such as benzylidenacetone (1, R'=C,Hs, R*=CH;) or
benzylidenacetophenone (1, R'=R?=C¢Hs) to give cis-2-
phenylcyclopropyl ketones (3).

In order to avoid working at low temperatures and the use
of expensive solvents, we have now investigated the reac-
tion of the above-mentioned ketones 1 and of 2-cyclohexe-
none and 2-cyclopentenone with isopropy! and #-butyl phe-
nylchloroacetates (2, Z=- COOC;H-i, - COOC,H,-1)
under catalytic phase-transfer conditions at room tempera-
ture (methyl esters were not used because of their ease of
hydrolysis under the conditions employed). We found, that
the reactions of the open-chain 1-alkenyl ketones 1 with z-
butyl and isopropyl phenylchloroacetate proceed stereo-
specifically to afford exclusively the cis-2-phenylcyclopro-
pyl ketones 3; the other possible isomers 4, 5, and 6 were
not observed.

The reaction of 2-cyclohexenone [1, R!'—R?=-(CH,); ]
with z-butyl or isopropyl phenylchloroacetate likewise af-
fords exclusively the bicyclic cis-phenyl product 7 (n=3)
whereas with 2-cyclopentenone [1, R’ R*= - (CH,),- ] a
67:33 mixture of products 7 and 8 (n=2) is obtained.
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In all cases, minor amounts of phenylchioroacetic acid
could be isolated from the aqueous-alkaline phase upon
acidification. This fact shows that ester hydrolysis com-
petes with cyclopropane formation even in the case of the -
butyl ester and thereby lowers the yields of the cyclopro-
pane derivatives. In this context it should be mentioned
that rather poor yields of cyclopropane derivatives were
also obtained from the reaction of 2-alkenals with dialkyl
bromomalonates under phase-transfer conditions®.

Of the four a,B-unsaturated ketones 1 investigated, only
benzylidenacetophenone (R' =R?=C¢H;) reacts with phe-
nylchloroacetonitrile (2, Z= - CN) to give a cyclopropyl
ketone (3e) whereas in the other cases the starting ketones 1
are recovered while conversion products of phenylchloro-
acetonitrile are formed.

For comparison, we performed the reactions of ketones 1
with -butyl and isopropyl phenylchloroacetate (2.
Z= COOCH,-t, - COOC;H;~i) in HMPT and tetrahy-
drofuran/HMPT (1/1) at room temperature and in tetra-
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Table 1. Cyclopropyl Ketones (3) and 2-Oxobicyclofm.1.0Jalkanes (7, 8) prepared using Phase-Transfer Catalysis

R’ R? V4 Reaction Product Yield [%] m.p. Molecular
time formula®
[h] Crude Crystallized
product* product

CeHs CH, - COOC,Hy-t 2 3a 60 35 86-87°C C1H2,0;
(hexane/ethanol) (336.4)

CqHs CH, --COOC;H;-i 1.5 3b 60 30 71-18°C C2H,20;
(hexane/ethanol) (322.4)

CeHs CoH: ~COOCHy-t 2 3c 60 40 108°C CyprH350,
(hexane/ether) (398.5)

CoHs CoH: - COOC3H,-i 2 3d 60 40 118-119°C CyH140;
(hexane/ethanol) (384.5)

C.H; CeHs --CN 1 3e 25 10 169-170°C CyuH,NO
(hexane/ethanol) (323.4)

(CH,)s COOC,Hy-t 2 Ta 60 40 86-87°C CixH:»,0,
(hexane/ethanol) (286.4)

(CH,)5— --COOC;Hs-i 2 7b 60 59-60°C C,7H200:
(hexane/ethanol) (272.3)

—CHy - CHy- ~-COOC4Ho-t 2 Te (67%)¢ 65-66°C Ci6H:0;
+ 60 50 (hexane) (258.3)

8¢ (33%)° 82-83°C CieHi:05
(hexane) (258.3)

&

ration for products 7 and 8.

T

Determined by 'H-N.M.R. analysis of crude product mixture for compounds 3 and by weighing the residue obtained from the first evapo-

The microanalyses (except for 3e) were in good accordance with the calculated values: C. £0.26; H, +0.20; O, +0.27. Compound 3e: C,

~0.72; H, —0.07; N, —0.03; O, —0.07. The analyses were carried out by the “Centre de Microanalyse du CNRS”, Gif sur Yvette.

hexane.

The isomers were isolated by column chromatography on silica gel using hexane/ether (80/20) as eluent and were then recrystallized from

Table 2. Reaction of «,B-Unsaturated Ketones (1) with Alkyl Phenylchloroacetates (2, Z=---COOR?) in HMPT and in Tetrahydrofuran/

HMPT
R! R? 4 in HMPT at Room Temperature in Tetrahydrofuran/HMPT (2/1) at —80°C
Reaction Total Ratio of Reaction Total Ratio of
time [h] Yield [%] Products time [h] Yield[%)] Products
CeH, CH, --COOCHy-t 3 50 3a/d4a=35/65 6 15 3a/4a>>98/2
CoHs CH;, - COOC3Hy-i 3 70 3b/4b=50/50
CqH; CeHs COOCHy-t 3 45 3¢/dc = 60/40 6 40 3¢/4c=90/10
CoHs CqHs ~-COOC;Hs-i 3 90 3d/4d =50/50
~(CHy)s— - COOCHy-t 3 90 7a/8a=90/10
-CHy~-CHy - —COOCHy-t 3 >98 7¢/8c=65/35 6 50 7¢/8¢>98/2

hydrofuran/HMPT (2/1) at —80°C. It was found that in
HMPT and in tetrahydrofuran/HMPT the reaction is only
poorly stereoselective and affords the isomers 3 and 4 or 7
and 8, respectively, whereas in tetrahydrofuran/HMPT (2/
1) at —80°C the reaction is highly stercoselective in all
cases, affording isomers 3 or 7 as the main products (Table
2).

In summary, the present phase-transfer catalytic method
provides a convenient means for the synthesis of certain cy-
clopropane derivatives at room temperature. To obtain
comparable results using polar aprotic solvents, the reac-
tions have to be carried out at — 80°C under strictly anhy-
drous conditions.

Cyclopropyl Ketones 3 and 2-Oxobicyclojm.1.0}alkanes 7
(m=n+1=3, 4); General Procedure;

The a,B-unsaturated ketone (1; 5 mmol) and isopropyl or t-butyl
phenyichloroacetate (5 mmol) are dissolved in dichloromethane
(25 ml). Tetrabutylammonium bromide (1.62 g, 5 mmol) is dis-

solved in 50% aqueous sodium hydroxide (10 ml). The two solu-
tions are mixed and the two-phase mixture is stirred at room tem-
perature for 1-2 h (see Table 1). The organic phase is separated,
washed with water, dried with sodium sulfate, and evaporated. The
residue is taken up in ether (50 ml) and crystalline potassium iod-
ide (1 g) is added with stirring. The precipitated salt is filtered off
and washed with ether. The filtrate is dried with sodium sulfate
and evaporated. The residual product is recrystallized from hex-
ane/ethanol or hexane (see Table 1).

1-cis-Benzoyl—Z-trans—cyano-Z-cis,S-cis-diphenyIcyclopropane e):
The procedure is the same as that described above except that 2
normal sodium hydroxide solution (25 ml) is used [in the presence
of 50% aqueous sodium hydroxide, the side reactions proceed fast
and cyclocondensation is not observed].

Reaction of Ketones 1 with Phenylchloroacetic Esters 2 in HMPT
or Tetrahydrofuran/HMPT:

At Room Temperature: Ketone 1 (3 mmol) and alkyl phenylchloro-
acetate 2 (3 mmol) are dissolved in HMPT (50 ml) or tetrahydrofu-
ran/HMPT (1/1). To this solution, sublimated potassium ¢-butox-
ide (337 mg. 3 mmol) is added with stirring. After 3 h, cther (100
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Table 3. L.R.- and 'H-N.M.R.~Spectral Data of Compounds 3, 4, 7,
and 8

Com- LR. (CHCl;) 'H-N.M.R. (CCl, or C,D,/TMS, 60
pound Ve [cm '] MHz) 8 [ppm]

(CCly) 1.00 [s, 9H, C(CH)); 2.21 (s,
3H, CHj;); 3.66 (s, 2H, cyclopropane-H);
7.30 (s, 10H o)
(CCly) 1.33 [s, 9H, C(CHa)a): 240 (s,
3H, CHs); 2.91 (v,4), 3.43 (vy) (AB sys-
tem, 2H, Jap=7 Hz, cyclopropane-H);
7.0 (s, 10H,rom)
(CCly) 0.76 [d of d, 6H, CH(CH,),); 2.16
(s, 3H, CHa); 3.60 (s, 2H, cyclopropane-
H); 7.28 (s, 10H o)
(CCly) 1.20 [d of d, 6H, CH(CH}3),]: 2.43
(s, 3H, CH;); 3.14 (vg), 3.56 (va) (AB
system, 2H, Jag=7 Hz, cyclopropane-
H); 7.15 (s, 10H,00m)
(CCly) 1.00 [s, 9H, C(CHa)s): 3.83 (vp).
4.26 (va) (AB system, 2H, J.y=7 Hz,
cyclopropane-H); 7.12-8.25 (m,
15H,,0m)
(CCly) 1.2 [s, 9H, C(CHs)s; 3.35 (vw),
3.86 (va) (AB system, 2H, J p=7 Hz.
cyclopropane-H); 6.91-8.16 (m,
15H,10m)
(CCly) 0.9 [d of d, 6H, CH(CH:),]: 3.96
(vp), 440 (v4) (AB system, 2H, Jog=7
Hz, cyclopropane-H); 6.96-8.26 (m,
15H, 10m)
(CCly) 1.00 [d of d, 6H, CH(CH;).); 3.67
(va), 3.73 (vg) (AB system. 2H, Jop=7
Hz, cyclopropane-H); 6.6-8.3 (m,
15H.rom)
3e 1690-2255 (CDCy) 3.98 (va), 4.08 (vp), (AB sys-
(re—n) tem, 2H, Jop=7.5 Hz, cyclopropane-
H); 7.28-8.15 (m, 15H,;0m)
(benzene-d,) 1.16 [s, 9H, C(CH,)]; 2.83
(d, 1H, J=8 Hz, cyclopropane-H);
7.26--7.33 (m, 5H,1om)
(pyridine-ds) 1.33 [s, 9H, C(CH:)};
7.26--7.33 (m, SH.0m)
(benzene-d,) 0.88, 098 [d of d, 6H.
CH(CHa),); 3.07 (d, 1H, J=9 Hz, cyclo-
propane-H); 4.92 [quin, 1H, CH(CH;).];
7.03-7.33 (m, 5H,om)
(CDCly) 1.33 [s. 9H, C(CHa)); 1.50-
2.93 (m, 6H); 7.28 (s, SH.rom)
(CDCly) 1.40 [s, 9H, C(CH,))k 1.77-
2.80 (m, 6H); 7.13-7.43 (m, 5H.rom)

3a 17151735

4a 1715-1735

3b 1715-1735

4b 1715-1735

3c 1690-1720

4c 1690-1720

3d 1690-1720

4d 1690-1720

Ta 17001715

8a 1700-1715

Tb 1700-1715

Te 1725

8¢ 1725

ml) is added to the stirred mixture followed by the addition of satu-
rated aqueous sodium chloride (20 ml). The organic layer is sepa-
rated, washed several times with saturated aqueous sodium chlo-
ride, dried, and evaporated. 'H-N.M.R. analysis of the crude pro-
duct shows the presence of two isomeric cyclopropyl ketones and
the starting materials. The isomeric ketones may be separated by
preparative T.L.C. on silica gel using hexane/ether as eluent.

In Tetrahydrofuran/HMPT (2/1) at —80°C: The reaction is car-
ried out as described in Ref. °.

Received: December 27, 1978
(Revised form: June 22, 1979)

' E. D’Incan, J. Seyden-Penne, C. R. Acad. Sci. Ser. C 281, 1031
(1975).

0039-7881/80/0132-0036 $ 03.00

SYNTHESIS

* A. Jonczyk, A. Kwast, M. Makosza, J. Chem. Soc. Chem. Com-

mun. 1977, 902.

‘ G. Kyriakakou, ). Seyden-Penne, Tetrahedron Lett. 1974, 1737.

I. Artaud, J. Seyden-Penne, P. Viout, C. R. Acad. Sci., Ser. C
283, 503 (1976).

' G. Kyriakakou, M. C. Roux-Schmitt, J. Seyden-Penne, Tetrahe-

dron 31, 1883 (1975).
N. L. Shtemenkoc, V. F. Kucherov, L. A. Yanovskaya, /zv. 4kad.
Nauk SSSR. Ser. Khim. 1978, 1444; C. A. 89, 108236 (1978).

© 1980 Georg Thieme Publishers

Downloaded by: University of Arizona Library. Copyrighted material.



