
3. The tertiary cyclopropylethynyl-substltuted a lcc~hols have been dehydrated at 220-250 ~ in hempa medium 
to the corresponding enynes uncontaminated by isomerization products of the three-membered ring. Dihalo- 
methylenstionof these enynes proceeds at the double bond to form the corresponding dicyclopropylacetylenes. 

4. We studied complete and partial reduction of the l-cyclopropyl-2-(1-methyl-2, 2-dihalocyclopropyl)- 
acetylenes. By dehydrobromination of l-cyclopropyl-2-(1-methyl-2-bromocyclopropyl)acetylene with potassium 
tert-butylate in DMSO we synthes ized 1-cyclopropyl- 2- (3-methylcyclopropen-3-yl)acetylene. 
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R E A C T I O N S  O F  1 - F L U O R O - 1 - B R O M O - 2 - A R Y L C Y C L O P R O P A N E S  

IN S O L V O L Y S I S  C O N D I T I O N S  IN T H E  P R E S E N C E  O F  

E L E C T R O P H I L I C  A N D  N U C L E O P H I L I C  A G E N T S  

V . S .  A k s e n o v  a n d  G .  A .  T e r e n t ' e v a  UDC 542.91:547.512'121 

The reac t ions  of compounds of the cyclopropane s e r i e s  in conditions of nucleophilic substi tution, as a 
ru le ,  lead to the format ion  of al lyl lc  der iva t ives  a n d a r e  acce l e r a t ed  by e lec t rophi l ic  o r  nucleophilic agents .  
Lewis bases  a re  used  as the e lee t rophi l ic  agents [1, 2] and organic  and inorganic ba se s ,  as the nucleophilic 
agents  [3]. The reac t ion  ra t e  in the p resence  of e lec t rophi l ic  agents  depends on the nature  of t heg roup  being 
c leaved and of the subst i tuent  on the cyclopropane r ing [4] and on the re la t ive  posit ion of the subst i tuent  on the 
t h r e e - m e m b e r e d  r ing and the group being c leaved [5, 6]. In the p re sence  ofnueleophi l ic  agents ,  e i ther  r ing 
opening of the cyclopropane r ing [1, 3, 7, 8] or  reac t ions  with re tent ion of the r ing [9, 10] can occur ,  depending 
on the nature  of the r ing subst i tuent .  The behavior  of u n s y m m e t r i c a l  gem-d iha locyc lopropanes  In conditions 
of solvolys is  has not ye t  been studied.  

The a im of the p r e s en t  study is to es tab l i sh  the s t ruc tu re  of the reac t ion  products  f rom 1 - f l u o r o - l - b r o m o -  
2 -a ry lcyc lopropanes  (D wi thmethanol  in the p resence  of e lec t rophi l ie  and nueleophilic agents ,  to study the in- 
fluence of subst i tuents  on the a rom a t i c  r ing on the reac t ion  r a t e ,  and to compare  the reac t iv i ty  of the syn and 
anti i s o m e r s .  

The I a re  obtained as mix tu re s  of both i somer s  [11] f rom the r eac t i ono f  the cor responding  subst i tuted 
s ty renes  with f luo robromocarbene .  Solvolysis  in the p re sence  ofe lee t rophi l i c  agents  was conductedby hea t -  

Institute of Pe t ro leum Chemis t ry ,  Siber ian Branch of the Academy of Sciences of the USSR, T o m s k .  
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TABLE 2. Rate Constants and Ratio of Methanolysis  P r o d -  
ucts of  a n t i - l - F l u o r o - l - b r o m o - 2 - a r y l q y c l o p r o p a n e s  in 
the P r e s e n c e  of AgNO 3 (50 �9 0.1~ AgNO 3 c o n c n . =  1.8 M) 

ArhXanti.i [ k.to,, sec~l ~ml lg ~rel o+ it6] ( I I )  : ( I I I )  

I +++'+ +~ ++_o,++ ++ Cell5 0,89-+0#8 0 0 ~5 
p-BrC6H~ 0,38• 0,43 -0,37 +0A50 2,0 
m-BrCsHi 0,1i• 0,12 -0,92 +0,405 i,5 

ing equ imolar  amounts  of i somer i c  I andAgNO 3 inexcess  methanol  at  50~ for  15 h. Investigation of the r e l a -  
tive act ivi ty of the syn and anti  i s o m e r s  of I showed that in the conditions studied,  only the anti i somer  r eac t s ;  
the syn i somer  r ema i ns  p rac t ica l ly  unchanged. Control  expe r imen t s  es tab l i shed  that the s ta r t ing  compounds 
a r e  not i somer i zed  in the reac t ion  condit ions.  

The methanolys  is product~ f rom an t i - I  a r e  the i somer s  2 - f [ u o r o - 3 - m e t h o x y - 3 - a r y l - l - p r o p e n e  (ID and 2- 
f l u o r o - 3 - m e t h o x y - l - a r y l - l - p r o p e n e  (liD. G a s -  liquid ch roma tog raph i cana ly s i s  of the r e a c t i o n m i x t u r e s  showed 
a predominance  of II ove r  III for  al l  invest igated I, with the ra t io  of the solvolys is products  depending on the nature  
of the subst i tuent  on the a r o m a t i c  r ing.  The absence of i somer i za t iono f  the solvolys is  products  in the reac t ion  

�9 conditions was es tab l i shed  by control  expe r imen t s .  On studying the t he rma l  s tabi l i ty  of the single i somer s  IIa 
and IIIa (140~ 7 h), p a r t i a l i s o m e r i z a t i o n  of IIa to IHawas obse rved .  Solvolysis  conducted i nmore  s eve re  con- 
ditions (140~ leads p r i m a r i l y  to the fo rmat ion  of the m o r e  thermodynamica l ly  stable III, which was used for  
obtaining p r e p a r a t i v e  amounts  of IHa. The s t ruc tu re  of Hand III was es tab l i shed  by NMR spec t ra  of Ha, IIb, 
IIIa,  and II[b (Table 1). 

The a g r e e m e n t  between the s p i n - - s p i n  coupling constants  for  f luoro-subs t i tu ted  alkenes [12] conf i rms  
the s t ruc tu re  for  II and III. The high values of J1-F  for IIIa and IIIb indicate a t rans  configurat ion.  

The fo rmat ion  of II  and III  in the methanoiys i s  of ant:~-I in the preset~ce ofAgNO3 canbe  r e p r e s e n t e d  by scheme:  

Ar 
\ 

A g +  + + J ~ [ArCH--CF=CH~-* ArCH=CF--CH.2] 

F ~ B r  Ctt3oit I 

Ar Ar F 

\ C  C / [anff-(I)]. \GH--CF=CH~. + ----- / / \ 
HaCO H CH~0CHs 

(ii) (m) 
Ar =CoH5 (a), p-BrC~H4 (b), m-BrCoHa (c), p-CHoC6H~ (d), m-CHaCsH4 (e~ 

Cleavage of the bromine  ion is accompan iedby  s imultaneous opening of the thermodynamica l ly  unstable 
cyclopropyl  cation to give an ai lyl ic  cat ion.  According to W o o d w a r d - - H o f f m a n n r u l e s ,  this ring opening occurs  
without r o t a m e r i s m  [13]. According to [14], during d i s ro t a to ry  opening of a eyclopropane r ing,  subst i taents  
located in a position anti to the group_being c leaved ro ta te  to the outside,  whereas  those located in a syn posit ion 
rota te  to the ins ide. Ster ie  hindrance between the a ry l  group and the hydrogen a tom preven ts  r ing opening of syn , I .  In 
the case of the anti  i somer s ,  there  is a weaker  interact ion between the two hydrogen a toms .  Considerable  
exper imenta l  data conf i rm a higher  solvolys is  ra te  for  the anti i s o m e r s  in compar i son  to the syn i somers  in the 
p resence  of e lec t rophi l ic  agents [1, 2, 5, 6]. 

TABLE 3. P a r a m e t e r s  of the NMR Spectra  of the React ion Products  
f rom 1 - F l u o r o - l - b r o m o - 2 -  phenylcyclopropane withMethanol  in the 
P re s ence  of t-C4HsOK 

C o r n  - 

pound 

Chemical shifts 

,~, ppm 

Ht I Hz [ Ha I OMe 

I 18,75 7,78 7,00 (V D 8,90' 
(IV) 

(V) 15,i J4,6 4,6 (VII) 6,9 

aFrom C~F6 in a w*aker field. 

O M e  

6,75 

6,9 

P h  

2,95 

3,0 

ppm T ? ? 

9~ "~ 5,5 7,4 10,i 

30,5 
- -  0,5 0,5 i 

Spin-spin coupling const. Hz 

I 

V,5 
i4 
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TABLE 4. Degree of Conversion ofl-Fluoro-l- 
bromo-2-arylcyclopropanes During Methanolys is 

in the Presence of t-C4HgOK 

Reaction 

tia-lle s 
min 

I0 
20 
30 
60 
90 

t20 

Conversio%~o . 

syn 

35 
60 

80 

9Z 

(In) 

anti 

4O 

56 

(Id) 

~yn anti 

J 
2t 
29 

(If) 

syn  anti 

t0Q 

i2 
15 

t00 

The a r y l a l l ~ i c  cation formed can r eac t  withmethanol  both at the a-  and the T-carbon atom, giving 1I and 
III, respec t ive ly .  The distribution of the positive charge betweenthe terminal  atoms of the allylic sys tem 
depends on the nature of the substi tutents.  Since a predominance of I Iove r  III is observed,  it canbe proposed 
that the positive charge in the arylal lyl ic  cation is concentrated mainly on the benzyltc C atom. Disproport ion-  
ation in charge distribution increases  on introducing an e lec t ron-donor  substi tuenton the aromat ic  ring and 
decreases  on introducing an e l ec t ron -accep te r  substituent, which leads to a change in the II : III ratio,  depending 
on substituent nature (Table 2). The s t ruc ture  and rat io of solvolysis products of anti-Ia agree with data in [15]. 

For  finding the corre la t ive  dependence between the s t ruc ture  of I and their  react ivi ty in the react ionwith  
methanol in the presence  of AgNes, the relat ive rate constants were calculated.  Statistical analysis  of the 
values for kre l  and various substituent constants (g, g+, g0, all) showed that log k r e l c o r r e l a t e s  best  of al lwith 
the Brown g+ constants in accordance  with the equation 

lg kre 1 = (--2,0 ___ 0,1) c r +  - -  0.06 i :  0.03, 
(r = 0.995, so = 0,06) 

The correIa t ion  of log kre 1 with g, g0, and gH was significantly poorer  (r=0.  986, 0. 982, 0. 968, respect ively) .  

As can be seen f rom Table 2, the introduction of e lec t ron-donor  substituents in the a romat ic  ring acce l -  
e ra tes  solvolysis ,  whereas  e l ec t ron-accep te r  substituents slow the react ion.  The high values for the rate 
constants with r e s p e c t t o  absolute magnitude Ipl=2.0 indicates a t rans i tory  state,  close to an ionic state.  The 
corre la t ion  of log kre l  with cr + constants also indicates a t rans i tory  state in which the active center  is positively 
charged and in d i rec t  polar conjugation with e lec t ron-donor  substituents of the a romat ic  ring. The appearance 
of a positive charge on the benzyl C atom (and on the conjugated T-C atom) suppor ta  simultaneous occurrence  
of bromine ion cleavage and cyclopropane r ing opening in the solvolysis of anti-[ .  

To investigate the behavior of i somer ic  I in solvolysis  conditions in the presence  of nucleophilie agents, 
the react ion was conducted in tenfold excess  methanol at 50~ with fivefold excess  K2CO3, NaOH, CH3ONa, and 
t-C4HBOK (KTB). An accelera t ion of the reac t ionwas  observed with inereas ingbasic i ty  of the medium generated 
with methoxy anions.  In the presence  of K2CO3, no react ion products were observed and in the presence of NaOH, 
only t race  amounts ,  but addition of CH3ONa caused a significant increase in the react ion ra te .  The highest r e a c -  
tion rate was observed onadding KTB. G a s -  liquid chromatographic  analysis of the react ion mixtures  showed 
identical react ion products;  therefore ,  fur ther  investigation was conducted in the presence  of KTB. 

Onheating mixtures  of I i somers  inmethanol  at 50~ with fivefold excess KTB, the s tar t ing syn isomers  
r eac t  fas te r  than the anti i somers ,  in cont ras t  to the solvolysis  behavior in the presence  of AgNO 3. The rat io 
o fsyn- Ia  : anti-[a ra te  constant  i s2 .  The main react ion product i s  1 ,1 -d imethoxy-2-a ry lcye lopropane  (VI). 
Since the [ investigated contain a r y l f r a g m e n t s  whichdo notpar t ic ipate  in the reaction,  s t ructure  elucidation for 
the react ion products was conducted using the react ion products of Ia as an example.  A compar i sonofGLC 
analysis  for the react ion mixtures  of all I investigated showedanalogous react ion products .  Pa rame te r s  ofthe 
NMR spectra  of V[ are  presented in Table 3. 

G a s -  liquid chromatographic  data indicate that along with the main product VL compounds IVa, Va and 
V[Ia are  formed in amounts of 10%, based on Via. Compounds IVa andVa couldnot be isolated due to their  
instability. The s t ruc ture  for IVa andVa was established on the basis of 19F NMR spectra  of the fract ion con- 
taining the s tar t ing syn-  and anti-Ia in addition to the react ion products .  The s imilar i ty  of the spectra  for IVa 
and anti-In and for Va andsyn- Ia  and the closeness  in the J H - F  values for e a c h p a i r  suggest the s t ructure  of 
an t i - l - f l uo ro - l -me thoxy-2 -pheny leyc lop ropane  for  IVa and of syn - l - f luo ro - l -me thoxy-2 -pheny lcyc lopropane  
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for  Ca .  Pro ton  magnet ic  resonance  spec t r a  of the f rac t ion  containing 70% VIIa sugges t  that  this compound is 
2 ,3 -d imethoxy-3-pheny l -1  -p ropene .  

The ra t e  of so lvolys is  depends essen t ia l ly  on the nature  of subst i tuents  in I. A compar i son  of the degree  
of convers  ion of I during methanolys i s  at  50~ in the p resence  off ivefold excess  KTB is p resen ted  inTable  4. 

The data p resen ted  indicate an acce le ra t ing  influence by the e l e c t r o n - a c e e p t o r  subst i tuents  and an inhibi t -  
!ng influence by e l ec t ron -donorsubs t i t uen t s  onthe a roma t i c  r ing,  in con t r a s t  to so lvolys is  inthe p re sence  of 
AgNO 3. The convers ion  of I in methanol  in the p re sence  o fba se s  eanbe  r e p r e s e n t e d  by the scheme  below. The 
reac t ion  apparent ly  occurs  via two sequential  p r o c e s s e s ,  the f i r s t  of which cons is t s  in e l imina t innof  HX (X = 
halogen) under  the influence of a base  with the fo rmat ion  of the cor responding  eyc lopropenes .  The higher  r e a c -  
t ivity of the syn i s o m e r s  is probably  assoc ia tedwi th  a p r e f e r r e d  t rans  dehydrohalogenation.  The el iminat ion 
of HX in the p re sence  of s t rong bases  is used in the synthes is  of cyc lopropenes  s ince a ry l  subst i tuents  on the 
t h r e e - m e m b e r e d  r ing promote  dehydrohalogenation [17, 18]. The introduction of e l e c t r o n - a e c e p t o r  subst i tuents  
on the a roma t i c  r ing,  leading to act ivat ion of the benzylic  proton,  should acce l e r a t e  the reac t ion ,  which is borne 
out exper imen ta l ly .  

"Ar | tAr\ ~ At H' 
\ .B- \ / \ /  - ~ /  % / 1  cinch 

F/ 'Br L J 'H'/'" F OCHa 
(I) 

Ar Ar , 

F/ OCH  L olcH J 
ArCH,~w~CH 2 Ar 

cH,oH \ 
I ' G I l l  

(Iv + v) 
Ar H z 

\ / 
(IHaOH a/x------7\ 

H \ /  H ~ / \  
HaC0 0CHa 

(w) 
I-P 

/ 
c=c 

OCH3 I I \H2 OCHs OCH~ 
(VII) 

Ar: C6I-Is (a), p-BrC~H~ (b), m-BrC6H4 (c), P-CI-IaCsH4 (d), 2, 4, 6-(C[-Is).~ C~H, (e), CsFs (f) 

Inthe second stage of the reac t ion ,  addition of methanol  t o t  he cyelopropene double bond occu r s .  The 
IV-V mix ture  fo rmed  is again a t tacked by the base ,  with subsequent  r eac t ion  wi thmethanol  tog ive  VI.  The 
format ion  of a product  f rom the opening of the t h r e e - m e m b e r e d  ring is not unexpected since substi tution of the 
B r  by a methoxy group in the a ry lcyc lopropanes  is conducive to he t e ro ly s i s  of the C - F  b o n d .  

In o rde r  to choose between twoposs ib le  routes  of VI fo rmat ion ,  i . e . ,  by substi tution of X a t o m s  by 
methoxy groups or by/~-e l iminat ion  of HX with subsequent  addition of methanol  to the cyclopropene,  r eac t ion  
of Ia with KTB In CD3OD was c a r r i e d  out. A sharp  dec r ea se  in the intensity of the signal  for  the benzylin p r o -  
ton in compar i son  to the methylenic  protons of the cyelopropane r ing in the PMR spec t rum of VI conf i rm the 
e l i m i n a t i o n -  addition nature  of the p r o c e s s .  

A study of the effect  of e lec t rophi l ic  and nucleophilic agents  on the so lvolys is  of Ihas  shown that  the nature  
of the additive exe r t s  a decis ive  inftuenee bothon the d i rec t ion of the reac t ion  and on the reac t iv i ty  of the Initiat 
syn andant i  i s o m e r s .  Inthe p re sence  of AgNO 3, c leavage of the t h r e e - m e m b e r e d r i n g  occurs  and is acce l e r a t ed  
by e l ec t ron-donor  subst i tuents .  Only the anti i somer  is r eac t ive  in these  condit ions.  The addition of bases ,  
however ,  leads to convers ion  with re tent ion of the eyclopropane s t ruc tu re  and acce l e r a t i onby  e l e c t r o n - a c c e p t o r  
subst i tuents .  In these  conditions, the syn i s o m e r  is m o r e  r eac t i ve .  

E X P E R I M E N T A L  

The IR spec t ra  were  r e c o r d e d  on a UR-20 ins t rument  f rom thin l a y e r s .  The PMR spec t ra  were  taken 
on a Tes l a  BS-487C spee t ropho tomete r  a t  solution concentra t ion (CCl 4) 5-10%, using HM-DS as  the internal  s tan-  
dard.  The lSF NMR were  r eco rded  on a Var ianA 56/60 A ins t rument  with CsF 6 as the in t e rna l s t anda rd  at  f r e -  
quency 56.4 MHz, Gas --  liquid chromatographic  ana lyses  were  conducted on an LKhM-8MD appara tus  on columns 
fi l led with liquid phases  (15% based  on ChromatonN-AW) Apiezon L and Silicone XE-60.  

2 - F l u o r o - 3 - m e t h o x y - 3 - p h e n y l - l - p r o p e n e  (IIa). A mix tu re  of 6.45 g (0.03 mole) of i somer i c  1 - f l uo ro -1 -  
b romo-2 -pheny lcyc lop ropanes  and 5.1 g (0.02 mole) of AgNO 3 in l5  ml  of me thano lwas  heated at  50~ with s t i r -  
r ing for  15 h, a f t e r  which the reac t ion  mix tu re  was cooled, diluted with water ,  ex t rac ted  with e ther ,  and dried 
withMgSO 4. Af ter  solvent  r emova l ,  it was f rac t ionated  in vaeuo.  Yie ldof  IIa,  2.1 g(75%, calculated on anti  
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i somer) ,  bp 71-72~ (14 ram); nD 2~ 1.5032.  Found: C 72.18; H 6.49%. C10HllFO. Calculated: C 72.29, H 
6.63; F 11.44%. I:R spec t rum (v, cm-1): 875, 990 (=CH2), 1050-1100 ( C - - O - - C ) ,  ( C - - F ) ,  1680 (C=C) ,  2840 
(OCH3). NMR data are  given in Table  1. 

2 - F l u o r o - 3 - m e t h o x y - l - p h e n y l - l - p r o p e n e  (IIIa). I somer ic  1 - f l uo ro - l -b romo- l -pheny lcyc lop ropane  
(4 .3g ,  0 .02 mole) in methanol  was heated in a s t ee lampul  equipped with a valve for 10 h at 140~ After  
cooling, wate r  was addedand the reac t ion  mix ture  was ex t rac ted  with e the r .  CompoundIIIa was isolated by 
vacuum dist i l lat ion at bp 120-121~ (14 mm) .  Yie ldof  IIIa 2.3 g (70%); nD 2~ 1.5320.  Found: C 72.37; H 6.52%. 
CIoHIIFO. Calculated:C 72.29; H 6.63; F 11.44%. IR spec t rum (v, cm-l) :  1725 (C ~-C), 1100 (C--F) ,  2830 
(OCHs). 

2-Fluoro-3-methoxy-3-(p-bromophenyl)prop-l-ene (lib) and 2-Fluoro-3-methoxy-l-(p-bromophenyl)- 
prop-l-ene (IIIb)_ These compounds were obtained by the method described for IIa. Yield of llb 20%, bp 102- 
i04~ (14 ram). IR spectrum (v, cm -i): 1680 (C = C), 1080-1150 (C -- O -- C), (C -- F), 2830 (OCH3). Compound 
IIIb was not isolated. The NMR data (Table i)are given for the fraction containing, according to GLC, 50% 
~Ib, 25% star t ing syn-Ib,  and 25% IIb. 

Method of Kinetic Measurement s .  The rmos ta t t ed  i somer ic  1 - f l u o r o - l - b r o m o - 2 - a r y l c y c t o p r o p a n e  (0.001 
mole) ,  internal  s tandard (0.0001 mole),  AgNes (0.01 mole) ,  and methanol  (5 ml) were  added rapidly to a t h r ee -  
necked flask equipped with a s t i r r e r  anda reflux condenser  and placed ins the rmos ta t  (50 • 0.1~ At prede-  
t e rmined  t ime intervals ,  samples  were  taken, cooledrapid ly  in an icebath,  and diluted wi thwater ,  andslowly 
chromatcgraphed .  

1,...!-D imethoxy- 2-phenylcyclopropane (Via). A mix ture  of 0.02 mole of i somer ic  1 - f l u o r o - l - b r o m o -  2- 
phenylcyelopropanes  and 0.01 mole  o f t -C  H9OK in 10 mlof  methanol  was heated at 50~ under  s t i r r ing  for  10 h, 
diluted with water ,  and ex t rac ted  with e the r .  The e ther  ex t rac t  was washed to neutral ,  dr ied,  and vacuum dis-  
t i l led.  Yield of Via 1 .2  g (67%), bp 83-84~ (12 mm); nD2~ Found: C 74.29; H 7.95%. CliHi402. Cal- 
culated: C 74.16;H 7.86%. NMRdata are  given inTable  3. 

CONCLUSIONS 

I. The reaction of l-f[uoro-l-bromo-2-arylcyclopropanes withmethanol occurs predominately with 
retention of the three-membered ring inthe presence of bases and exclusively via ring cleavage in the presence 
of AgNes. 

2. syn-l-Fluoro-l-bromo-2-arylcyclopropanes do not react in the presence of AgNO 3 at 50~ but are 
more reactive thanthe ant[ isomers inthe presence of bases. 

3. Electron-donor substituents onthe aromatic ring of l-fluoro-l-bromo-2-arylcyelopropanes acceler- 
ate the reaction in the presence ofeleetrophilin agents and inhibit the reaction on addition of a base. 

4. Logarithms of the relative rate constants for the reaction ofl-fluoro-l-bromo-2-arylcyclopropanes 
with methanol in the presence of AgNO~ correlate with Brown's if* constants. 

5. The reaction of l-fluoro-l-bromo-2-arylcyclopropanes with alcohol in the presence of bases occurs 
via sequential elimination and addition. 
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