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The p repa ra t ion  of the bisadducts  of the d ich loro-  and d ib romoca rbenes  to the unsubsti tuted divinyl 
and diisobutenyl e thers  has been desc r ibed ,  in which connection the monoadducts ,  the vinyl e thers  of the 
gem-d iha locyc lopropano ls  we re  not isolated [1]. Despi te  the in te res t  that  is assoc ia ted  with the use of the 
l a t t e r  in organic  syn thes i s ,  only the s i m p l e r  m e m b e r s  of this s e r i e s  a r e  known [2-4]. 

In the p r e s en t  paper  we studied the react ion  of divinyl e ther  (I) with d ich lorocarbene  (DCC) and a 
n u m b e r  of the chemical  and physica l  p r o p e r t i e s  of the fo rmed  adducts.  

The reac t ion  of DCC (generated f rom ethyl t r i ch lo roace ta t e  by t r e a t m e n t  with CH3ONa in e i ther  
pe t ro l eum ether  or  pentane a t  0 ~ with (I), using even a sl ight excess  of the la t te r ,  leads to the exclusive  
fo rmat ion  of the monoadduct,  the gem-d ich lo rocyc lopropy l  vinyl e ther  (II). Bet te r  yields of  (II) a r e  
achieved by using a f ive-  to sixfold excess  of (I) and adding the ethyl t r i ch lo roace ta te  slowly. The rapid 
addition of the l a t t e r  lowers  the yield of (II) with increase  in the t ime  of s t i r r ing .  The yield of (II) is low 
when a twofold excess  of ethyl t r i ch lo roace t a t e  and CH3ONa with r e s p e c t  to (I) is used, in which connection 
it was obse rved  that  the bisadduct  of d i -gem-d ich lo rocyc lop ropy l  e ther  (III) is fo rmed  in ~1% yield. A 
not iceable  amount  of  the bisadduct  (III) is fo rmed  

CH2=CHOCH=CH~ 

Cl C1 c1 C1 Cl Cl 
:ccl, ~ /  :co,. ~ /  ~x /  

(II) (lID (i) 

when (II) is used as a DCC accep tor .  Bisadduct  (III) can be isolated in 25% yield if a threefold excess  of 
(ID is used. 

Compotmd (I) r eac t s  d i f ferent ly  with the DCC that is genera ted  by the alkaline hydro lys i s  of CHC13 
in a two-phase  s y s t e m  in the p r e s e n c e  of ca ta ly t ic  amounts of t r i e thy lbenzy lammonium chloride [5]. In 
this case  both the mono-  and bisadducts  a r e  fo rmed,  in which connection the i r  yields a re  de te rmined  by 
the ra t io  of the s t a r t ing  r eac t an t s  (Table 1). 

The p r e s e n c e  of the vinyl group in (II) makes  it poss ib le  to use it as  the dienophile in the diene con-  
densation.  The react ion of  (II) with hexachlorocyelopentadiene  p roceeds  at  100 ~ while with acrole in  it 
p roceeds  a t  115 ~ and leads ,  r e spec t ive ly ,  to gem-d ich lo rocyc lopropoxy-1 ,4 ,5 ,6 ,7 ,7 -hexach lo rob icyc lo -  
[2.2.1]-5-heptene (IV) and 2 -gem-d ich lo rocyc lop ropoxy-2 ,3 -d ihyd ropyran  (V). 
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TABLE 1. Reaction of (I) with 
Dtchlorocarbene in a Two-Phase  
System 

Mole ratio 
of (I) and 
CHCIs 

Reaction I 
temper~ 
ature, ~ 

Yield,%*' 

(II) (IID 

44 2 
24 0,7 
2i i 
53,6 t7 
23 55 

t : i  2 

1:21" 0 
i : 3 5  

* When based on (I), 
~'The alkali was added in 4 h to a mixture 
of CI), CHCla, and the catalyst. 

The ability of (II) to enter into the diene synthesis is expressed 
more weakly than for the unsubstituted cyclopropyl  vinyl ether  [2]. 
Never the less ,  (II) can be used to synthesize cyclic compounds that 
contain the gem-dich lorocyc lopropoxy group. 

The hydrolysis  of (II) in acid medium at --<50 ~ for 1 h leads 
to a mixture of gem-<tichlorocyclopropanol (VI) and acetaldehyde,  
f rom which (VD was isolated in 87% yield. 

c1 c1 

(II) + Ho-<l 
(vi) 

An increase  in the hydrolysis  t ime of (II) at the same tempera tu re  
leads to a decrease  in the yield of (VD, in which connection the ac -  

cumulation o f a - c h l o r o a c r o l e i n  (VID in the react ion mixture is observed.  When (VI) is healed for 2 h at 60 ~ 
in the p resence  of 10% HC1 solution it is converted completely to (VII). In alkaline medium (in ei ther  a lco-  
hol or  aqueous solution in the presence  of K2CO 3 at 60 ~ the opening of the (VD ring also leads to (VII) 
[identified as the 2,4-dini trophenylhydrazone (DNPH)], probably via the scheme:  

Cl C1 ~ / X| / X - - ~ X /  (VII) 

/~ OH -m| @ -xH 
CI OH CI OH 

(VnD 
X = OH, OAlk 

A s imi la r  scheme was proposed in [6] to explain the cleavage of gem-dich lorocyc lopropyl  ethers  under the 
influence of alkoxy ions. The ease with which the chloride ion in (VD is cleaved can be explained by the 
abili ty of the unshared electron pair  of oxygen to increase  the electron densi ty of the eyclopropane ring, 
and in this way important ly  change the polar izat ion of the ring bonds and the C - C 1  bonds. 

Another possible mechanism of the react ion is the opening of the (VD ring with the formation of 
the intermediate dtchlorocarbinol  (IX). This scheme was proposed for the i somer iza t ion  of gem-d iha lo -  
cyclopropane derivatives [7]. 

o.-' / " . /  ] ,,x, 
L CH 2--CH-OH_j 

The polymerizat ion of (II) trader the influence of BFa-etherate  leads to polymer  (X), which contains 
gem-dtch lorocyc lopropoxy groups that a re  attached d i rec t ly  to the ring. These groups retain the ability 
to undergo ring cleavage under the influence of alcoholic alcoholate solutions. 

--(--CH~--CH--)--n --(--CH~--CH--)--rn 
BF~.O(C2HBh 1 CHaOH, T H F  I 

(~I) o o 
heptane o ~ I Cl CH~ONa I 

(X) ~ (  HC--OCH~ 
I 

'C1 H~C---CC1 {XI) 

This method was used to obtain the modified polymer  (XI), which contains a - c h l o r o a c r o l e i n  acetal  groups 
attached to the ring. 

The s t ruc ture  of compounds (II)-(VI) and polymers  (X) and (XI) was confirmed by the IR and NMR 
spec t ra .  The absorpt ion bands in the 1015-1030, 3010-3030, and 3095-3100 cm -i regions a re  due to the 
p resence  of the cyclopropane r ing in (II)-(VI) and (X) [8, 9]. The double bond is confirmed by the p r e s -  
ence of bands at 1625 and 3120 cm -1 in the spec t rum of (II), at 1600 cm -1 for (IV), at  1660 and 3070 cm -1 
for  (V), and at 1640 and 3080 cm -t for (XI). A strong band, cha rac te r i s t i c  for the OH group in (VD, was 
detected at 3320 cm -1. As was to be expected, s t rong absorption bands a re  observed in the 2800-3000 cm -1 
region in the spec t ra  of po lymers  (X) and (XD, which test i fy to the presence  of a po lymer ic  chain. Char -  
ae te r i s t i c  bands in the 1060-1160 cm -t region belong to the acetal groupings in (XI). 

1737 



Chemical shifts, p )m* 
Compounds 

S(X) 

CI Cl Ha \( 
\/\ O_CHx =C< HA 

HD / H/E HB 

CI C1 

HD / H/E 

Cl Cl cl Cl I" 
H C \/ \/ HD 

\ / \  o / \ /  / / :  - 7 ~ \  
~D H E nE H C 

S(A) 

6,43(c0 1,4i (, 

TABLE 2. P a r a m e t e r s  of NMR Spectra 

S(B) 

4,21(( 

S 0z) 

3,66((1)! 

3,75(cD 

3,74(r 
3,8i (c~ 

s (c', 

ISpin-spim 
.Icoupling con- 

S(D) I S(OH) istantsj,H z 

i,50 (q) 1,73(q] -- 

1,44 ~c0il,68(q) 14,84 ( 

t,70 (c01 t,5~ (q) 
1,7i (q)l t,57(q) 

JAX ~--- t4,0; 
J~x = 6,6; 
JAB = 2 ,6 ;  

JCD = 8,6 

]CD = 8,6; 
]CE~--- 5,2; 

]DE ~" 7,8 

*s = singlet, q = quartet. 
~'Based on the GLC data, a mixture of two diastereomers. 

TABLE 3. Intensity of Lines of 
C =C Bonds in Raman Spectrum 
of Vinyl Ethers  

Compound I oo 
IC~C* 

r~'=c: 
: l~=c 
(xH) 

H~C=CH--0--CH=CH2 (I) 

i)-?-c.-c.. 
CI C1 \ /  

b--O--CII=CH, (II) 
CIIs 

~CH--0--CH=fiH, (XII) 
CII3 

700 t 

46O 

360 

350 

2 
1,3 

*Total I C =C of all of the rotational isomers. 
tWhen based on one vinyl group. 

The values of the chemical  shifts and the s p i n - s p i n  coupling 
constants a re  given in Table 2. 

The NMR spec t rum of polymer  (X) consists  of four broad 
s ignals. Two of the par t ia l ly  overlapping signals upfield, with an 
equal ra t io  of the intensities,  belong to the methylene protons of the 
cyclopropane r ing (6 1.54 ppm) and the polymeric  chain (6 1.92 ppm). 
The two signals of equal intensity belong to the methine protons of 
the t h r e e - m e m b e r e d  ring (6 3.60 ppm) and the polymer ic  chain 
(6 4.12 ppm) [10]. 

We studied the Raman spec t ra  of (II) in compar ison with the 
spec t ra  of the model compounds. F rom the data in Table 3 it follows 
that the intensities of the lines of the C =C bond in the se r ies  of 
isopropyl,  cyclopropyl ,  and gem-dichlorocyclopropyl  vinyl de r iva -  
tives re la te  as 1 �9 1 : 1.3 .- 2. This shows that replacing the H atoms 
of the cyclopropane ring by chlorine atoms leads to some decrease  
in the t r ans fe r  effect of the conjugation of the cyclopropyl group and 
double bond through the ether oxygen atom. 

The Raman spec t rum of (ID contains two polar ized bands in the region of the s t re tching vibrations of 
the C =C bond (1628 and 1643 cm-1). Only one line of the vibrations of the C =C bond (1618 cm -1) remains  
in the Raman spec t rum of the crys ta l l ine  (II). Consequently, the multiplet nature of the discussed bands is 
due to the p resence  of rotational i somers .  This fact gives reason to assume that the decrease  of I~ =C 
in (H) can be the consequence of an increase  in the portion of the out-of-plane ro t amer  when compared 

with cyclopropyl vinyl ether.  

E X P E R I M E N T A L  M E T H O D  

The Raman spec t ra  were recorded  on a DFS-12 spec t romete r ,  using the he l i um-neon  l a se r  line with 
= 6328/~ for excitation, and were  planimetered in order  to determine I ~ . Toluene was used as the ex-  

ternal  s tandard.  The I ~ values were calculated as descr ibed in [11]. The LR spec t ra  were taken on a 
UR-10 instrument,  ei ther  as a mic ro layer  of KBr pellets.  The NMR spec t ra  were obtained on a JNM-4H- 
100 spec t rome te r ,  using CC14 as the solvent and HMDS as the internal s tandard (5-scale).  The proper t ies  
of the synthesized compounds a reg iven  in Table 4. 

gem-Dichlorocyc lopropyl  Vinyl Ether (II). a) To a mixture of 262 g of (D and 49 g of CH3ONa in 150 
ml of pet roleum ether at 0 ~ in a cur ren t  of d ry  ni t rogen,  was added 144 g of CC13COOEt in 3.6 h. The 
mixture was s t i r r ed  at 0 ~ for 1 h and then diluted with water .  The organic l aye r  was separated,  and the 
aqueous layer  was extracted with ether.  The solvents and (I) were distil led f rom the combined organic 
l ayer  and ext rac ts ,  while the res idue was heated with 200 ml of 10% KOH solution on the s team bath for 3h. 
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TABLE 4. P roper t i e s  of Synthesized Compounds 

Bp, ~ (p, 
Corn- Imm of 
pound 

Ng) 

(II) 
(Ill) * 

(IV) 
(v) 
(vi) 

40 (22) 
S3 (3) 

t48 (t) 
65 (l) 
40 (3) 

t,4625 t,2t79 
1,49921 i,4260 
1,55501 
t,4860 t,~68 
1,4825 i,4t46 

Found,% 

.G 

39,2t 
30,50 
28,i0 
45,93 
28,34 

Empirical Calculated,% 

2,54 160,t6 l C6H~ChO 30,3tl 2,67 60,48 
t,40 ]66,60] C,0HselsO 28,301 t,55 66,68 
4,78 ]33,97 C�H16Ch0~ 46,13 / 4,72 34,27 
3,i4 ~55,89 C3H~CI~O 28,66] 3,24 55,0i 

* Mixture of two diastereorners, 

The organic layer  was separated,  washed with water ,  and dried over MgSO 4. Frac t ional  distil lation in 
vacuo gave 34.5 g {30%5 of (II). 

b) In a s imUar  manner ,  s tar t ing with 121 g of (I), 25.9 g of CH3ONa, and 76.8 g of CC13COOEt in 
150 ml of pentane, we isolated 12.0 g (19.5%) of (II). 

e) A mixture of 35 g of (I), 60 g of CHC13, 100 ml of 50% aqueous NaOH solution, and 1.2 g of 
+ 

[PhCH2NEt 3. ]CI- was s t i r r ed  at 0 ~ for 4 h and then diluted with water .  The organic layer  was separa ted ,  
and the aqueous l ayer  was extracted with ether .  After  the usual workup we isolated 34 g of (II) and 2.3 g 
of (III). The resul ts  of the exper iments  using a variable rat io of the reactants  are  given in Table 1. 

Raman Spectrum* (zxu, cm-1): 215 (0), 233 (0), 256 (2), 299 (0), 329 (2), 463 (4), 535 (0.5), 620 
(0.5), 768 (1), 799 (i), 836 (05, 905 (0.5), 927 (0.5 m), 1003 (O), 1024 (0), 1124 (0.5), 1240 (3), 1274 (0.5), 
3122 (55, 1359 (05, 1401 (0.5), 1444 (0.55, 1491 (0), 1536 (0.5), 1628 (4), 1643 (2), 2866 (1), 3016 (i), 
3049 (10), 3098 (1). 

Di-gem-dichlorocyelopropyl Ether (Ill). a) From Divinyl Ether. Analogous to (ID, starting with 39 g 
of (1) and 52.6 g of CH3ONa in 200 ml of petroleum and 89.7 g of CC13COOEt, we isolated 1.5 g (1.3%) of 
(Ill), together with 3.5 g (4.9%) of (If). 

+ 
Analogous to (l'I), starting with 17.5 g of (1), 90 g of CHCI3, 1.8 g of [PhCH2NEt3]C1- , and 150 ml of 

50% NaOH solution, we isolated 32.6 g (55%) of (Ill), together with 8.8 g (23%) of (ll). 

b) From gem-Dichlorocyelopropyl Vinyl Ether. Analogous to (If), starting with 91.8 g of (ll) and 
13.5 g of CH3ONa in 200 ml of petroleum ether and 38 g of CCI3COOEt , we isolated 12.1 g (25.~/0) of (HI). 

2-gem-Dichlorocyclopropoxy-1,4,5,6,7,7-hexachlorobicyclo[2.2.1]-5-heptene (IV). A mixture of 5.46 
g of hexachloroeyctopentadiene and 3.06 g of (II) in a sealed ampul was heated for 9 h at 100 ~ We obtained 
4.7 g (85%) of (IV). 

2 -gem-Dieh lorocyc lopropoxy-2 ,3 -d ihydropyran  (V). A mixture of 4.5 g of (II) and 2.5 g of acrolein 
in a sealed ampul was heated in the p resence  of hydroquinone for 25 h at 115 ~ We obtained 1.6 g (26%) of 
(v). 

gem-Dichlorocyclopropanol  (VI). A mixture of 7.65 g of (II) and 30 ml of 10% HC1 solution was 
s t i r r ed  at 50 ~ for 1 h, af ter  which it was extracted with ether.  The extracts  were dried over MgSO 4. Then 
the solvent was disti l led off and the res idue was f ract ional ly  distil led in vacuo. We isolated 5.5 g (87%) of 
(VI). 

2 ,4-Dini t rophenylhydrazone of ~ -Chlo roac ro le in .  a) A mixture of 4.6 g of (II) and 15 ml of 10% HC1 
solution was s t i r r ed  at 60 ~ for 12 h. After  the usual workup, followed by distil l ing off the solvent,  a par t  of 
the res idue (0.5 g) was t rea ted  with 10 ml of alcohol and a solution of 0.5 g of 2,4-DN:PH in 20 ml of a lco-  
hol containing conc. H2SO 4. The mixture was heated up to the boil, and the obtained c rys ta l s  were f i l tered,  
mp 168 ~ (from ethyl acetate).  The mixed melting point with the authentic 2,4-DNPH of a - c b l o r o a c r o l e i n  
was not depressed .  

b) A mixture of 2.5 g of (VD, 10 ml of CH~OH, and 1.0 g of K2CO 3 was s t i r red  at 65 ~ for 1.5 h, 
f i l tered,  and the MeOH was disti l led off. The res idue was t rea ted  with 0.5 g of 2,4-DNPH in 20 ml of 
alcohol and heated up to the boil. Crys ta l s  with mp 167 ~ were  isolated after  the workup descr ibed  in the 
preceding experiment .  The mixed melting point with an authentic specimen was not depressed .  TLC in 

*The relat ive visual intensities a re  given in parentheses .  
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the system 1 : 3 ethyl ace ta te -hexane ,  Rf 0.46. The Rf of the obtained and authentic specimens coincided. 

Polymerization of (ID. To a s t i r red  solution of 7.65 g of (II) in 30 ml of absolute heptane at 0 ~ in a 
current  of dry nitrogen, was added two drops of BF~ �9 O ( C 2 H 5 )  2. The cooling was removed and the mixture 
was s t i r red  at ~20 ~ in a nitrogen atmosphere for 90 h. The polymer was separated from the heptane, dis- 
solved in ether, and a current  of dry NH 3 was passed through the solution to remove the catalyst. The ob- 
tained precipitate was fil tered, and the polymer was dissolved in ether,  reprecipitated with heptane, and 
dried in vacuo to constant weight. We obtained 4.0 g (52%) of poly(vinyl gem-dichtorocyclopropyl ether) 
(X); tool. wt. 4000 (detd. as described in [12]). Found: C 39.25; H 4.06; C142.72%. C5H6C120. Calculated: 
C 39.21; H 3.92; C146.40%. 

Acetalization of (X). A mixture of 1.1 gof  (X}, 1.0 g of CH~ONa, 50 ml of THF, and 20 ml of MeOH 
was refluxed for 50 h, after which it was filtered and diluted with water. The obtained polymer was r e -  
peatedly reprecipitated from THF solution by pouring into water, and then dried in vacuo to constant 
weight. We obtained 0.6 g (46o]o) of polymer (XI), which is soluble in ether,  dioxane or THF, and insoluble 
in CHC13 or CC14; mol. wt. 3900 (detd. as described in [12]). 

CONCL USION S 

1. A study was made of the reaction of diehlorocarbene with divinyl ether; the conditions for pre- 
paring the mono- and bisadducts were found. 

2. A number of the chemical and physical properties of gem-dichlorocyclopropyl vinyl ether was 
studied. 

3. ge m-Dichlorocyclopropanol undergoes r ing cleavage, with the formation of ~-chloroacrolein,  
in both acid and alkaline media. 
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