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Abstraet+&Unsaturated aldehyde acetals add :CCI, (obtained in accordance with Makosxa procedure) to form 
gemdichlorocyclopropanecarboxaldehyde acetals (1) in high yields when the ratio of reactants is no less than I :4. 
The addition of :CCI, to polyunsaturated aldehyde acetals in the above conditions proceeds regioselectively at double 
bonds enriched by electrons. Compounds 1 are reduced by sodium in liquid ammonia to give cyclopropanecarboxal- 
dehyde acetals (2). Both 1 and 2 are hydrolized by dilute H,PO, to the corresponding aldehydes and are added to 
vinyl ethers in the presence of BF,.Et*O to produce only I : I adducts which are hydrolyzed by a mixture of AcOH- 
AcONa-H,O to give @-formylcyclopropanes which were previously unknown. 

Cyclopropane aldehydes and especially their acetals are 
little known though they are promising intermediates for 
the preparation of many cyclopropanes occuring in nature 
such as chrysantemic acids, hypoghcin, etc. Therefore in 
this work we investigated general routes for the synthesis 
of cyclopropane aldehydes and their acetals with the 
intention to explore the synthetic potential of such com- 
pounds. A variety of efficient synthetic methods for the 
cyclopropanes have been developed,’ however most of 
them gave poor results when applied to the preparation of 
cyclopropanecarboxaldehydes or their acetals. 

A stereospecific path of the cyclopropane synthesis 
through the pyrolysis of A’-pyrazolines formed by the 
addition of diazomethane to olefins gave satisfactory 
result when applied to the preparation of formylcyclo- 
propane acetals from acrolein acetals2 Satisfactory results 
were also obtained with bis-dimethylacetal of fumaral- 
dehyde which reacted with an ether solution of 
diazomethane to form bis-dimethylacetal of 
cyclopropane-l,2-bis-carboxaldehyde.’ 

rise to reaction products (604% yield), which contained 
no more3 than 65% of cyclopropane derivatives.’ 

The well known Simmons and Smith stereospeciflc 
synthesis of cyclopropanes, which involves treatment of 
olefins with methylene iodide and zinc-copper couple to 
acrolein diethylacetal gave only a poor yield of cyclop- 
ropanecarboxaldehyde diethylacetal. (about 12%)s 
a,P -Unsaturated aldehydes polymerized under these 
conditions.6 However :CCI, generated* by the action 
of 50% aqueous NaOH on CHCI,, in the presence of 
triethylbenzylammonium chloride (TEBA) reacted with 
acrolein-diethylacetal.’ We decided to take advantage of 
this simple and accessible Makosza method.’ However 
some acetals (glutaconaldehyde bis-dimethylacetal or 
1,1,3-triethoxyhex-l-en) did not react when treated with 
equimolar (or even with twofold excess) quantities of 
:CCI,, and other acetals (crotonaldehyde diethylacetal or 
vinylacetic aldehyde acetal) gave low yields (21-23%) of 
the expected gemdichlorocyclopropanecarboxaldehyde 
acetals (1).9 These data coincide with the results of BiIlups 

(MeO),CHCH==CHCH(OMe), + CH,N,-(MeO), CH CH(OMe),A (MeOJCH -@-C H(OMe), 

Diethylacetals of /3,/l-dichloroacrolein, vinyl acetic al- 
dehyde and /_?,/3-dimethylacrolein as well as di- 
methylacetal of crotonaldehyde would not react with 
diazomethane under ordinary conditions, and the dieth- 
ylacetal of crotonaldehyde or the bis-dimethylacetal 
of glutaconaldehyde formed mixtures of isomeric 
pyrazolines in small yields (22-27%) by the action of 
diazomethane. The flash pyrolysis of these mixtures gave 

et al,” who added :CCI, to cis-2-pentenal dimethylacetal 
under the Makosza conditions’ and obtained cis - 2,2 - 
dichloro - 3 - ethylcyclopropanecarboxaldehyde di- 
methylacetal with 19.3% yield. 

Intending to raise the yields of the desired 1 compound, 
we investigated the influence of the reactant ratio on the 
yield and found that increasing the CHCI, to a fourfold 
excess raised substantially the yield of 1 (two-three times) 

R-CH==CH-CH(OR), + :CCI, 
(C”C$ SW N.o”.TEB*, 

l R-CH-+HXH(OR), 

lH’R-CH<H--CHO 
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Synthesis of gemdichlorocyclopropanecarboxaldehyde acetals and cyclopropanecafboxaldehyde acetals 19 

and introduced into the reaction those acetals which did 8 (n = I) did not react with :CCI, and 5 (n = 2) with :CC12 
not react under ordinary conditions. Thus we obtained a produced only a single product: bis-diethylacetal of 2,2 - 
number of 1 compounds (Table 1) which were easily dichloro - I - formyl - 3 - (p - formylvinyl) cyclopropane 
hydrolyzed to the corresponding aldehydes (1’) in satis- (9) in a yield of 24%. The addition of :CCI, to 5 (n = 3) 
factory yields (Table I). took place at two double bonds adjacent to the acetal 

Compounds 1 were reduced by sodium in liquid am- groups and resulted in bisdiethylacetal of I ,2 - di - (I - 
monia to form the corresponding acetals, in good yields formyl - 2.2 - dichloro - 3 - cyclopropyl) ethylene (IO) in 
(55-80%).” 85% yield. 

h’*,,,q NH,, 
1 l R-CH-CH-CH(OR’), 

‘CG ?. 
2 

CC+ 
5(n = 2)- 

(EtO), CHCf44HCH=CHCH(OEt), 

ccl, 

LR-cH-cH-CHO 

‘L-4 1 
2 

9 

CC$ 
5(n = 3)- 

These cyclopropanecarboxaldehyde acetals (2) were 
also easily hydrolyzed (heating with a dilute solution of 
H,PO,) to the corresponding aldehydes (2) in satisfactory 
yields (see Table 2). The structures of acetals 1 and 2 were 
confirmed by the elemental analyses and NMR spectra. 

A typical electrophylic reaction with :CCI, was applied 
to determine the order of the addition to double bonds of 
some polyunsaturated acetalsn such 
CI,C=CH(CH=CH). CH(OEt), (3), Me(CH=CH? 
CH(OEth (4) or diacetals of the general formula (ROh- 
CH(CH=CH), CH(OR), (5). Using a fourfold excess of 
CHCI, /3,/3-dichloroacrolein diethylacetal (3, n = 0) did 
not react with :CCI*, however acetals 3 (n = I, 2) reacted 
with :CCI, to form adducts (6 and 7) with one mole of 
:CCI, to the double bond adjacent to the acetal group 

(EtO), CHCy4HCH=CHCf44HCH(OEt)z 

ccl, ccl, 

10 

The structure of compounds 6-10 was confirmed by 
elemental analyses and nmr spectra (Table 3) and in the 
case of 8 by an unambiguous synthesis according the 
following scheme: 

OEt 

l&l Me-CH\TCH- -CH,-CH(OEt), 

ccl, 

I,’ 
-Me--CH--CH~H=CH-CHO 

‘CA, 

cc,. “WX,,, 
J--iCI,C=CH+CH=CH), ,-CH--CH-CH(OEt), 

‘c! 

Cl’ ‘Cl 

- Me--C!JIH<H=CH4H(OEth 

ccl, 

8 

6,n= I; 7,n=2 

The yield of the acetal7 (33%) was substantially higher 
than that of 6 (8.5%). Thus the extension of the unsatu- 
rated chain in 3 decreased the influence of strong elec- 
tronegative Cl atoms which prevent the addition of elec- 
trophylic reagents to the double bond. 

As was anticipated that the addition of :CCI, to 4 (n = 2) 
using an equimolar ratio of reactants, proceeded at the 
double bond adjacent to the Me group and produced 2,2 - 
dichloro - 3 - methylcyclopropane - I - carboxaldehyde 
diethylacetal (8). In the case of 4 (n = 3) a mixture of two 
I : 2-adducts in the ratio 2 : 3 was obtained: 

The data for compounds 610 are given in Table 3. 
The reaction of acetals with vinyl ethers in the presence 

of Lewis acids is of great importance.” We found that 1 
(R = Me) as well as 2 (R = H, Me) added to vinyl ethyl 
ether in the presence of BF,.Et*O and formed only 1: I 
adducts (11): 

l(or 

2) 
CH+-(:HOEI 

,R<H-CH-CH (OEt) CH,CH(OEt), 
BF,.810* 

‘CL 2 11 

R-H, Me; X=H, Cl 

CC$ 
4(n = 2)-MeCH-CHCH=CHCH(OEt), 

‘c/Cl 1 

8 

The yields of the final triethoxy derivatives were good 
(Table 4) for the acetals 2. Acetal 1 (R = Me) formed a 
triethoxy compound in 15% yield when the ratio of 
reactants was 1: 1 and 30% yield when the ratio of 
reactants was increased to 4: I. 

ccl, 
4(n = 3)-MeCH-CHCH-CHCH=CHCH(OEt)z 

‘c/Cl ‘c/Cl 2 I 

MeCyIHCH==CHCH\7CHCH(OEt), 

ccl, ccl, 

The absence of telomers shows that cyclopropane 
acetals behave like acetals of aromatic or a$-unsaturated 
aldehydes.” The reaction between 1 (or 2) and vinyl ether 
is evidence that the carbonium ion (12) which formed 
during the first stage was stabilized by the cyclopropane 
ring to a greater extent than by the -CHJink in the 
carbonium ion (13) which formed at the second stage of 
the reaction. 
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Rx yTH<HOEt 

CX* 
12 

R-CH-CH-CHxH,<H-OEt 

‘c/X ‘OEt 2 
13 

The enhanced ability of cyclopropane ring to stabilize 
carbonium ions of the type 12 was clearly evident in the 
case of 2 (R = (MeO), CHCH,, R’ = Me) which added to 
vinyl methyl ether exclusively on the site of the acetal 
group joined to cyclopropane ring: 

(MeO),CHCH,CHxHCH(OMe), 
CH*-CH”Slr 

* 
\/ BP& rtfl 

CH, 

(MeO),CHCH,CH<HCH(OMe)CH2CH(OMe)2 

‘c/H 2 

14 

We have studied the fragmentation of 1 and 2 under 
electron impact.” The fragmentation of these compounds 
led to the formation of three groups of ions. The first 
group included ions the appearence of which is connected 
with the localization of the charge on the acetal group. 
These ions were observed before in the mass spectra of 
aliphatic acetals. The second group of ions consisted of 
cyclopropenyl ions, their analogs and also degradation 
products of these ions. The ions of the third group were 
formed as a result of cyclopropane ring opening which 
created favorable conditions for the migration of the 
acetal alkoxyl groups to the place of the bond break. In 
the substituted cyclopropanes the opening of the ring 
usually took place on the site of the C-C bond next to the 
substituent and as a result ions with a “normal” propane 
chain were formed. This process was also observed for 1 
and 2. The charge localization on the cyclopropane ring 
may lead to the break of l-2 bond and as a result the 
ethoxyl radical migrates either to C, or to C, atoms 
depending on the place of the charge localization as 
shown on the following scheme: 

~:H+H-?“OC*H) 
s R,CH=bC,H,-=%R,CH=OH 

R, d,H OCH, 

L 
C.--~H_oC H -v=“-T l CzH,O-kH-CHAIC,H,~ 

> ‘ 
m/e 116 

HO-CH-CH-OCH, 

-C& J m,c 88 

HO-CH-CH-OH 

m/e 60 

Alkoxylacetals 11 and 14 were easily hydrolyzed by a 
mixture of AcOH-AcONa-HrO to form p- 
formylvinylcyclopropanes (15) unknown before: 

llLR-CH-CHCH=CHCHO 
\/ 

CX, 

15 

The structures of compounds 11 and 15 were confirmed 
by elemental analyses, NMR spectra and in the case of 15 
by IR and UV spectra (see Table 4). Aldehyde 15 (R = Me, 
X = H) was transformed by the action of HC(OEt), in 
alcohol solution in the presence of NH,NO, into the 
corresponding acetal (16). Ethoxyacetal 11 (R = Me, X = 
H) was also obtained by an independent method: 

OEt 

Acetals 1 revealed some peculiarities in their behavior 
under electron impact. At first the presence of Cl atoms in 
the cyclopropane ring served as a natural isotope mark 
and therefore with its help it was possible to confirm the 
mechanism of the formation of a number of the observed 
ions. The chlorine presence did not have much effect on 
the intensities of peaks of the first group, but supressed 
peaks of the second group and very strongly influenced 
the rearrangement processes which led to the formation 
of the ions belonging to the third group (see the above 
scheme). Thus this direction of fragmentation becomes 
the principal one for many compounds 1. 

EXPFJtlMENTAL 

GLC analyses were performed with LHM-8 MD-S gas 
chromatograph; gas-carrier-N,; glass columns: (I). 1.4 x 0.003 M; 
5% SE-30 on chromaton N-AW-DMCS (0.16-0.20 mm); (2). 2.4 x 
0.003 m, 5% XEX& on chromaton N-AW-DMCS (0.16-0.20 mm). 

/ 
MeCH=CHCHCH,CH(OEt) cc’* 

N.. h NH, 
2- MeCH-CHCHCH,CH(OEt),p 

d ‘c/Cl 

MeCyIHCH(OEt)CH,CH(OEl), 

Et 2 CHI 
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NMR-spectra were taken in CCL with DA-&t-IL (60 MHz) spec- 
trometer (hexamethyldisiloxane, tetramethylsilane, CH,CI,, or 
benzene as internal standards). IR spectra were run in CCL with 
UR-20 spectiophotometer. UV-spectra were measured in alcohol 
with Specord instrument. 

Preparation of 1,2-difonnylcyclopropane. An ether soln of 
CH,N, (0.13 M) was added dropwise to a stirred ether soln of 
bisdimethylacetal of fumaraldehyde (0.06SM) cooled in an ice 
bath. The resulting mixture was stirred for 1.5 hr. and then poured 
into thick-waged vessel cooled in an ice bath. The vessel was 
closed and left at room temp. for 10-15 days. Distillation after 
concentration in uucuo gave the bisdimethylacetai of 3,4 - 
diformyl - A’ - pyrazoline with 80% yield, b.p. 102-104”/2mm; 
noM 1.4505. (Found: C, 49.53; H, 8.37; N, 12.95 CsH,,O. Re- 
auires: C. 49.53: H. 8.31: N. 12.84%). IR suectrum (CCL) 
iSa0 cm-I.(-N=N$. The flash pyrolysis of the Afpyrazoline was 
performed at 450” and 2-3 mm following the known method.’ A 
mixture of pyrolysis products was collected in a trap cooled by 
dry ice and then distilled, bisdimethylacetal of 1,2- 
diformylcyclopropane was obtained with 93% yield, b.p. 75- 
7”/7mm. nn” 1.4320. (Found: C. 56.60: H. 9.49: C.H,.O. Re- 
quires: C, 56.821 H, 9.54%). 

Bisdimethylacetal of 1,2-diformylcyclopropane was stirred and 
heated with excess of 6% H,PO, in a boiling water bath with 
simultaneous distillation of MeOH formed. After the destihation, 
the mixture was stirred 30min; then diluted with CH,Cl, and 
stirred 40 mitt with pulverized CaCO,. After tiltration the mixture 
was dried (MgSO,). Distillation gave 1,2diformycyclopropane in 
@% yield, b.p. 71-73/7 mm, nr,“‘I, 4728. (Found: C, 61.21; H, 6.17, 
C,H,O, Requires: C, 61.50, H, 6.40%). 

Synthesis of l,l-dichlomcycloprvpanccarboxaldehyde acetals 
(1). TEBA (0.5 g) was added to a soln of the appropriate unsatu- 
rated aldehyde acetal(O.04 M) in 0.16 M CHCl,. The mixture was 
warmed until 40” and 24 ml of 50% NaOH aq was added dropwise 
during 10 mitt under vigorous stirring. The mixture was extracted 
three times with ether or CH& The combined extracts were 
washed with water, dried (Na,SO,) and evaporated. Distillation 
gave acetals 1 or 610. Yields and some physical data for the 
compounds are given in Tables 1 and 3. 

l,l-Dichlorocyclopropane aldehydes. A 6% solution of H,PO, 
(4 ml) was added to aceti l(O.044M) during vigorous stirring and 
heating (loo0 in a bath), the heating was continued during 1 hr. 
with distillation of alcohol. After cooling the mixture was stirred 
I5 min with CaCO, then diluted with 100 ml ether. The organic 
layer was separated, dried (Na,SO,), ether was distilled off, and 
the residue was distillated in uacuo. Yields and some characteris- 
tics of aldehydes are given in Table 1. 

Prcpamtion of acetals (2). Compound l(O.025 M) in 20 ml abs 
ether was added dropwise to a soln of 0.1 g-atom of Na in 20 ml 
liquid ammonia at -70 - -75’. After 20 min stirring the mixture 
was worked up with water and extracted with 50 ml stirring the 
mixture was worked up with water and extracted with 50 ml ether, 
the organic layer was separated and after drying (MgSOJ distilled. 
Yields and some data of obtained acetals 2 are given in Table 2. 

Cyclopmpane aldehydes. These compounds were obtained as 
above, their yields and physical data are given in Table 2. 

Synthesis of 1,1,3 triethoxypropylcyclopropanes and -gem - 

dichlomcyclopropanes. (Vinyl ether (0.02 M) was added dropwise 
to a mixture of 1 or 2 (0.02M) and one drop of BF,*Et20 at 4”. The 
ppt for the mixture was stirred 1.5 hr cooled in a water bath and 
0.5 hr at room temp. After neutralization with an alcohol solution 
of NaOEt or MeOH soln of NaOMe the mixture was destilled in 
uacuo. Yields and some physical data for compounds 11,14 and 16 
are given in Table 4. 

Prepamtion of fonnylvinylcyclopmpanes. 1,1,3- 
Triethoxycyclopropane (150.025 M) and 24 ml of a mixture of 
100 ml AcOH, 10 g AcONa and 6.5 ml water were stirred and 
boiled under N1 (100-1100 in bath) during 2 hr, the mixture was 
poured on 100 g of ice, extracted with ether, dried (MgSOJ and 
distilled. Yields and some physical data for compound 15 are given 
in Table 4. 

Diethylacetals of 1 - methyl - 2 - (3 - formylcinyl cyclopmpane 
and 1,l - dichlom - 2 - methyl - 3 - (3 - formyluinyl) - cyclopropane 
(16). Grthofonnic ester (0.018 M) and aldehyde 15 (0.01s M) were 
added in one portion to a hot soln of NH+NO, (0.1 g) in 1 ml 
alcohol and the mixture was boiled 3 hr. After cooling the mixture 
was diluted with ether, washed with NaHCO, aq, dried (MgSO.) 
and distilled. Physical data for 16 are given in Table 4. 
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