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Abstract: A series of p-fluoro-m'- and -p'-substituted 1,2-diphenylethanes (bibenzyls), 1,2-diphenylethylenes 
(stilbenes), and 1,2-diphenylcyclopropanes have been synthesized and their 19F nmr spectra determined in dilute 
benzene solution. A quantitative measure of the ability of the cyclopropyl ring to transmit conjugation in the 
ground electronic state has been made from a plot of the 19F nmr shielding parameters vs. Taft's u0 constant. 
The results of the present study show that the cyclopropyl ring is ~27% as effective as the vinyl moiety (relative 
to dimethylene) in its ability to transmit conjugation. 

I t has long been recognized that three-membered rings 
are remarkably different in both their chemical reac­

tivity and their physical properties when compared to 
other cyclic systems. The formation or cleavage of a 
three-membered ring is achieved under considerably 
milder conditions than for the higher homologs. The 
analogy between a three-membered ring and a double 
bond produced many investigations of the physical and 
spectral properties of these systems, particularly the 
cyclopropyl system. The analogy was first recognized 
by Walsh,3 who concluded from molecular orbital cal­
culations and ultraviolet spectroscopy that the cyclo­
propane ring possessed properties of unsaturation. 
These conclusions were extended to oxirane, thiirane, 
and aziridine. Since the original work of Walsh, nu­
merous physical methods have been employed in at­
tempting to confirm the analogy between a three-mem­
bered ring and a double bond. Many of these studies 
have utilized ultraviolet spectroscopy,4-11 for which it is 
not possible to decide if the spectral changes attributed 
to the three-membered ring arise from interactions in 
the ground state or an excited state (or both). The 
problem has been further complicated by the apparent 
lack of distinction between "transmission of conjuga­
tion" and "extension of conjugation." 

The transmission of conjugation by the cyclopropyl 
group in the ground electronic state has been examined 
by several physical methods. These include infrared12 
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and Raman spectroscopy,13 boiling points,14 dipole 
moments,15 heats of combustion,16 molar refractivity,17 

and Hammett p values.18 Hammett p values, deter­
mined by different investigators,18a,b are in disagree­
ment over the ability of the cyclopropane ring to trans­
mit conjugation. 

In connection with our studies of the electronic prop­
erties of three-membered rings by 19F nuclear magnetic 
resonance,1 we have sought definitive answers to the 
following questions: can the cyclopropyl group trans­
mit conjugation and, if so, can a quantitative measure­
ment of the transmission be obtained relative to an un­
saturated system? The data reported herein on the 19F 
nmr shielding parameters for a series of p-fiuoro-m'-
and -p'-substituted 1,2-diphenylethanes (bibenzyls), 
1,2-diphenylethylenes (stilbenes), and 1,2-diphenylcyclo­
propanes provide such information. The results are 
timely in light of recent studies involving the ground 
state of cyclopropane such as hydrogen bonding to the 
cyclopropyl ring,19 bent bonds,20 cyclopropyl radicals,21 

protonated cyclopropanes,22 stabilization of tricyclo-
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Table I. Fluorine Nmr Shielding Parameters (Parts per million)" in Benzene Relative to l,l,2,2-Tetrachloro-3,3,4,4-tetrafluoro-
cyclobutane (TCTFCB)*. d 

Compd 

1 
2 
3 

/V-OCHa 

JTCTFCB 

1.38 
3.96 
4.13 

f 
JTCTFCB 

0.71 
3.87 
3.94 

/>m-Cl 

JTCTFCB 

- 0 . 0 2 
3.55 
3.47 

p-ci 

JTCTFCB 

0.17 
3.57 
3.57 

nm-CVs 

JTCTFCB 

- 0 . 3 6 
3.42 
3.37 

JTCTFCB 

- 0 . 7 6 
3.22 
3.08« 

/V-NOs 

JTCTFCB 

- 1 . 3 5 
3.14 
2.95 

" The 19F nmr spectra were determined on a Varian A-56/60A. 6 The shielding parameters may be referred to fluorobenzene by adding 

0.8 ppm to the above shifts, i.e., /C«HJF — /TCTFCB = 0.8 ppm. CX = p-cyano. d All the data were corrected for 

the least-squares plots in Figure 1. 
r 
. /TC 

Oin 
TCTFCB 

propylaluminum dimer,23 and cyclopropyl participa­
tion in decarbonylation24 and solvolysis reactions.25 

Discussion 

The 1,2-diaryl systems were selected for this study 
since they appear to minimize many of the undesirable 
structural features and reactivity problems that have led 
to less definitive or questionable results in other systems. 
In this respect, only the trans- 1,2-diaryl systems were 
examined since proton nuclear magnetic resonance 
studies have shown that the aromatic rings in m-stil-
benes are not coplanar and are, therefore, poor models 
for comparative studies of transmission of electronic 
effects between the two rings.26 The synthesis of the 
stilbenes (1) bibenzyls (2), and 1,2-diarylcyclopropanes 
(3) are described in detail in the Experimental Section. 

H 

D^r •x 

a,X = p-0CH3 
b,X=H 
c,X = p-Cl 
d, X = m-Cl 
e,X = m-N02 

f, X = p-N02 

g, X = p-CN 
h, X = TH-CF3 

The detector, i.e., p-F, as well as the substituent are 
far removed from the transmitting entity, i.e., -CH2-
CH2-, CH=CH, and cyclopropyl moiety, to exclude any 
steric interaction among them. Furthermore, the dis­
tance between the substituent and detector is sufficiently 
large that the effects observed at the fluorine atom will 
arise from an inductive or resonance effect rather than 
a field effect. The p-F atom enjoys several advantages 
over the carboxyl function as a detector in this type of 
Hammett study. The high reactivity of heterocyclic 
three-membered rings toward acidic reagents would ex­
clude any comparative study with the cyclopropyl sys-

(22) C. C. Lee, W. K. Y. Chwang, and K. M. Wan, J. Am. Chem. 
Soc. 90, 3778 (1968). 

(23) D. A. Saunders and J. P. Oliver, ibid., 90, 5910 (1968). 
(24) B. Halton, M. A. Battiste, R. Rehberg, C. Deyrup, and M. E. 

Brennan, ibid., 89, 5964 (1967). 
(25) L. B. Jones and S. S. Eng, Tetrahedron Lett., 1431 (1968). 
(26) L. M. Jackman, "Applications of Nuclear Magnetic Resonance 

Spectroscopy in Organic Chemistry," Pergamon Press, Inc., New York, 
N. Y., 1959. 

tem. Solubility problems associated with the carboxylic 
acid group and hydrogen bonding are avoided. The 
/>fluorophenyl label permits solvent effect studies, par­
ticularly in nonpolar solvents, and gives spectra that are 
uncomplicated by coupling to like nuclei. Further­
more, the fluorine atom is extremely sensitive to intra­
molecular perturbations produced by distant ring sub­
stituent.27'28 

The shielding parameters for the bibenzyls, stilbenes, 
and 1,2-diarylcyclopropanes were determined in dilute 
benzene solution. The concentration (~0.35 M) has 
been shown to approximate infinite dilution.29 The 
shielding parameters are recorded in Table I. In the 
bibenzyls, for which the substituent produces the small­
est effect on the p-F, the magnitude of 

/V-OCHa /* 

JTCTFCB Jl 

P-V(Ot 
= 0.82 ppm 

TCTFCB 

demonstrates that the effect of the substituent on the 
fluorine resonance is sufficiently large to make a quan­
titative determination of the transmission through the 
dimethylene moiety. As expected, the value of 

'J-NOi /V-OCHa /V-N 

JTCTFCB JTCT TCTFCB 

is greatest for the stilbenes. For a quantitative mea­
sure of transmission, the shielding parameters recorded 
in Table I were plotted against Taft's a ° constants. The 
plot is shown in Figure 1. With the possible exception 
of the P-OCU3, these substituents are the "well-be­
haved" meta substituents and + R para substituents 
which give better correlations than do substituents in 
general.28'30 The <r° values for these substituents are 
very close to Hammett's a values. The slopes and 
correlation coefficients from the least-squares treatment 
of the data are summarized in Table II. The results 

Table II. Correlation Coefficients and Slopes from Shielding 
Parameters and Taft's a ° Constant 

Compd Slope (ppm/o- °) 
Correlation 

coeff 

- 2 . 2 0 
- 0 . 8 4 
- 1 . 2 1 

- 0 . 9 9 
- 0 . 9 9 
- 0 . 9 9 

(27) R. W. Taft, E. Price, I. R. Fox, I. C. Lewis, K. K. Anderson, 
and G. T. Davis, / . Am. Chem. Soc, 85, 709, 3146 (1963). 

(28) R. G. Pews, Y. Tsuno, and R. W. Taft, ibid., 89, 2391 (1967). 
(29) I. R. Fox, Ph.D. Thesis, The Pennsylvania State University, 

State College, Pa., 1961. 
(30) J. E. Leffler and E. Grunwald, "Rates and Equilibria of Organic 

Reactions," John Wiley & Sons, Inc., New York, N. Y., p 214. 
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show the cyclopropane ring to be intermediate between 
the dimethylene linkage and the double bond in its abil­
ity to transmit conjugation. If the bibenzyl and stil-
bene systems are considered as the two extremes of 
transmission, i.e., 0 and 100%, respectively, then the 
cyclopropyl group is ~ 2 7 % as effective as the double 
bond in transmitting the electronic effect of the substi-
tuent to thep-F atom. From Figure 1, the p-OCH3 and 
P-NO2 stilbene derivatives are the only substituents to 
show any deviation from linearity. In both cases, the 
substituent is in direct conjugation with the p-F atom 
and the valence bond structures 4 and 5 will make a 
large contribution to the ground electronic state of the 
molecule. Support for this conclusion follows from the 
known effect of solvent on the shielding parameters of 
/>-fiuoronitrobenzenes and other para substituents which 
are in direct conjugation with the p-F atom. The stil-
benes 4 and 5 were excluded from the least-squares cal­
culation. 

H 

F - ^ V = C - C ===/~V= OCH3 

H 

A question that may be raised from the present study 
is whether there is a real transmissive effect of the cyclo­
propyl group or can the results be attributed to a "mod­
ified substituent effect." The structures of the bibenzyls 
and 1,2-diarylcyclopropanes are achieved by substitu­
tion of a /3-hydrogen by a phenyl group and the results 
might be attributed to a modification of the substituent 
effect of the ethyl and cyclopropyl group respectively. 
However, the u° (para) values, which are shown in Ta­
ble III, clearly indicate that this cannot be the case since 

Table III. 
Groups 

Taft's o-° Constants for the Ethyl and Cyclopropyl 

Substituent " • R O ' (para) 

C-C3H6-
C2H5-

-0.08 
-0.05 

-0.13 
-0.13 

-0.21 
-0.18 

the values for the cyclopropyl and ethyl groups are 
nearly identical.1 The comparison is made between the 
cr0 values rather than <rp or a+ for the cyclopropyl group 
since the literature teaches that the resonance stabiliza­
tion by the cyclopropyl group is strongly dependent 
upon the electronic demand of the system.131 For ex­
ample, the (T+ (para) values for the cyclopropyl and iso-
propyl are —0.462 and —0.280, respectively, whereas 
the a+ (meta) are —0.060 and —0.054, respectively. 
The slope in Table II for the 1,2-diarylcyclopropanes is 
considerably larger than that of the bibenzyl system, 
and thus demonstrates transmission through the cyclo­
propyl ring. The results of the present study are in 
agreement with two nmr studies that were reported dur­
ing the course of this investigation. Marr and Stothers31 

found evidence for cyclopropyl conjugation from the 

(31) D. H. Marr and J. B. Stothers, Can. J. Chem., 45, 225 (1967), 

^ - C H 2 - C H 2 -

0.4 

SIGMAId-) 

Figure 1. Plot of Hammett's o-° value vs. 18F nmr shielding para­
meters of the bibenzyls, stilbenes, and 1,2-diarylcyclopropanes. 

13C nuclear magnetic resonance (carbonyl carbon) spec­
tra of a number of aliphatic and alicyclic ketones having 
a three-membered ring a to the carbonyl group. When 
compared with the corresponding saturated and a,/3-un-
saturated compounds, the chemical shifts of the car­
bonyl carbon for the cyclopropyl systems were found to 
be intermediate between those of the saturated and 
a,/3-unstaurated systems. Wittstruck and Trachten-
berg32 arrived at the same conclusion from a proton nmr 
study of a series of meta- and para-substituted dihy-
drocinnamic acids, /rans-cinnamic acids, and trans-2-
arylcyclopropanecarboxylic acids. The results from 
these studies did not permit a quantitative measure of 
the transmissive ability of the cyclopropane ring. 

Fundamental to the ability of the cyclopropane to 
transmit conjugation is the nature of the bonding in 
cyclopropane and the mechanism of transmission. The 
calculations of Coulson and Moffitt33 have predicted 
that bonds connecting the carbons in cyclopropane were 
more like those of ethylene than ethane. The present 
results are not in disagreement since the per cent trans­
mission involves the entire cyclopropane ring and not 
just a single bond of the cyclic system. The mode of 
transmission through the cyclopropane ring has been 
attributed to the overlap of a w system with the "bent 
bonds" of the cyclopropane ring. Since there is no 
steric interaction between the aromatic rings in the 1,2-
diarylcyclopropanes both aryl rings can obtain maxi­
mum overlap with the three-membered ring. Thus, 
the results of the present study support this mechanism 
of transmission of electronic effects by the cyclopropane 
ring. 

Experimental Section 
fra«i-4-Fluorostilbene. Diethyl 4-fluorobenzyl phosphonate was 

prepared by the Michaelis-Arbuzov reaction involving 4-fluoro­
benzyl bromide (5 g, 0.0264 mol) and triethyl phosphite (4.65 g, 
0.028 mol). The crude phosphonate and benzaldehyde (2.5 g) 
were allowed to react in dimethylformamide (50 ml) containing 
sodium methoxide (10% excess) as described by Seus and Wilson.34 

(32) T. A. Wittstruck and E. N. Trachtenberg, J. Am. Chem. Soc, 89, 
3810(1967). 

(33) C. A. Coulson and W. E. Moffitt, Phil. Mag., 40, 1 (1949). 
(34) E. J, Seus and C. V. Wilson, /. Org. Chem., 26, 5243 (1961). 
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In this manner, after recrystallization from ethanol, there was 
obtained 4.2 g (80%) of /rara-4-fluorostilbene, mp 124-125°. The 
nmr spectrum in benzene-A showed a multiplet centered at S 7.05. 
The infrared spectrum showed a strong band at 970-980 cm - 1 

indicative of the /ra«.s-olefin. 
Anal. Calcd for C1 4HnF: C, 84.82; H, 5.59; F, 9.58. Found: 

C, 84.94; H, 6.03; F, 9.70. 
rra/M-4-Fluoro-4'-methoxystilbene. This compound was pre­

pared in 70% yield from diethyl 4-fluorobenzyl phosphonate and 
4-methoxybenzaldehyde as described above for trans-4-fiuoro-
stilbene. Recrystallization of the crude material from ethanol gave 
product, mp 147-149°. The nmr spectrum in benzene-rf6 showed 
a singlet at S 3.36 and a multiplet centered at 5 7.05. The infrared 
spectrum showed a strong band at ~~970 cm - 1 indicative of the 
trans-olefin. 

Anal. Calcd for C n H n F O : C, 78.84; H, 5.74; F, 8.32. 
Found: C, 79.12; H, 6.31; F, 8.40. 

fra«^-4-Fluoro-3'-chlorostilbene. This compound was prepared 
in 77% yield from 3-chlorobenzaldehyde and diethyl 4-fluorobenzyl 
phosphonate as described for the rraw.s-4-fluorostilbene. Recrystal­
lization of the crude material from ethanol gave product, mp 43-45°. 
The nmr spectrum in deuteriochloroform showed a multiplet cen­
tered at 5 ~7.22. The infrared spectrum showed a strong band at 
970 cm - 1 indicative of the trans-olefin. 

Anal. Calcd for Ci4H10FCl: C, 72.28; H, 4.31; Cl, 15.24; F, 
8.17. Found: C, 72.10; H, 3.38; Cl, 15.35; F, 8.12. 

/ra/w-4-Fluoro-4'-nltrostllbene. This compound was prepared by 
the procedure described by Pfeiffer and Seigiewskaga for the non-
fluorinated material.85 4-Nitrophenylacetic acid (24 g, 0.13 mol), 
4-fluorobenzaldehyde (13.8 g, 0.12 mol), and piperidine (6 ml) 
were mixed and heated at 150-160° for 4 hr. The reaction product 
was poured onto water and extracted with benzene. The benzene 
extract was washed with dilute sodium bicarbonate solution and 
water. The benzene extract was dried, concentrated, and chroma-
tographed on neutral alumina (Brockmann Activity 1). Elution 
with hexane-benzene (50:50) and recrystallization from methanol-
benzene gave 14.6 g (50%) mp 135-137°. The nmr spectrum in 
acetonitrile-rf3 showed three multiplets centered at S 7.26, 7.80, 
and 8.31 in the ratio of 2 :2 :1 . The infrared spectrum showed a 
strong band at 975 cm - 1 indicative of the trans-olefm. 

Anal. Calcd for C14H10FNO2: C, 69.16; H, 4.14; F, 7.81. 
Found: C, 69.19; H, 4.32; F, 8.00. 

?ra«i-4-Fluoro-4'-chlorostilbene. Diethyl 4-fluorobenzyl phos­
phonate (50 g, 0.203 mol) was dissolved in 200 ml of dimethyl-
formamide along with sodium methoxide (12.06 g, 10% excess). 
The solution was cooled with an ice bath and p-chlorobenzal-
dehyde (28.6 g, 0.203 mol) dissolved in dimethylformamide (50 ml) 
was added. The reaction was then worked up according to the 
procedure described by Seus and Wilson.34 The crude product was 
crystallized from benzene to give 29.0 g(62%)of fra«i-4-fluoro-4'-
chlorostilbene, mp 142°. The infrared spectrum showed a strong 
band at 970-98 cm - 1 indicative of fra/w-olefin. The nmr spectrum 
in deuteriochloroform showed a multiplet (aromatic hydrogens) 
at 5 ~7.25 and at 6.95 (ethylenic). 

Anal. Calcd for C4H1 0ClF: C, 72.3; H, 4.3; Cl, 15.27; F, 
8.17. Found: C, 72.7; H, 4.4; Cl, 15.30; F, 8.20. 

rra«s-4-Fluoro-3'-nitrostilbene. This compound was prepared 
from diethyl 4-fluorobenzyl phosphonate (50 g, 0.203 mol) and 
m-nitrobenzaldehyde (30.7 g, 0.203 mol) as described by Seus and 
Wilson.31 The crude product (47 g) was purified by column chro­
matography over neutral alumina. The crystalline yellow material 
had mp 82°. The nmr spectrum in deuteriochloroform showed 
a multiplet at 5 ~7 .6 (aromatic hydrogens) and at 7.13 (ethylenic). 

Anal. Calcd for Ci4H10FNO2: C, 69.13; H, 4.12; F, 7.82; 
N, 5.76. Found: C, 69.0; H, 4.13; F, 7.80; N, 5.66. 

rra«i-4-Fluoro-3'-trifluoromethylstilbene. Diethyl 3-trifluoro-
methylbenzyl phosphonate was prepared from m-trifluoromethyl-
benzyl chloride (38.9 g) and triethyl phosphite (33.2 g) by the 
Michaelis-Arbuzov method. The stilbene was then obtained by 
reacting 50 g (0.169 mol) of the phosphonate ester and 20.94 g 
(0.169 mol) of p-fiuorobenzaldehyde as described above. The 
crude product was purified by fractionation using a Vigreux column 
and the cut boiling between 105 and 130° (0.2 mm) was collected. 
This was further distilled and fractionated carefully to give the 
compound, bp 130-135° (0.2 mm). The nmr spectrum in deuterio­
chloroform showed a complex multiplet between S 6.9 and 7.8. 

Anal. Calcd for Ci5Hi0F4: C, 67.66; H, 3.76; F, 28.6. Found: 
C, 68.0; H, 3.64; F, 29.0. 

(35) P. Pfeiffer and S. Seigiewskaga, Chem. Ber., 44, 1107 (1911). 

4-Fluorobibenzyl. 4-Fluorophenyl benzyl ketone was prepared 
from the Friedel-Crafts reaction of fluorobenzene and phenyl-
acetyl chloride. The crude ketone, mp 43-45°, was reduced with 
hydrazine and potassium hydroxide in triethylene glycol as described 
by Huang-Minion.36 After purification by sublimation, a low 
yield of 4-fluorobibenzyl was obtained, mp 58-60°. The reduction 
of rratf.r-4-fluorostilbene with diimide, generated from p-toluene-
sulfonylhydrazine as described by Dewey and van Tamelen,37 

was found to be an alternative and more convenient procedure. 
In this manner, a 70% yield was obtained. The nmr spectrum in 
carbon tetrachloride showed a singlet at 5 7.05 (aromatic). 

Anal. Calcd for Ci4Hi3F: C, 84.02; H, 6.54; F, 9.48. Found: 
C, 83.72; H, 6.68; F, 9.00. 

4-Fluoro-4'-nitrobibenzyl. rra«i-4-Fluoro-4-nitrostilbene (5 g, 
0.02 mol) and p-toluenesulfonylhydrazine (10 g, 0.053 mol) were 
heated under reflux in 2-ethoxyethanol (50 ml) for 1 hr. The reaction 
mixture was poured onto water and extracted with ether, and the 
ether layer was washed with dilute sodium carbonate solution and 
water and dried over magnesium sulfate. After evaporation of the 
ether, the residue was recrystallized from methanol to give 2.52 g 
(50%) of product, mp 103-105°. The nmr spectrum in deuterio­
chloroform showed a singlet at <5 2.97 (methylene), a multiplet 
centered at 7.18 (aromatic), and a doublet centered at 8.10(aromatic 
protons ortho to the nitro group). 

Anal. Calcd for C14H12FNO2: C, 68.59; H, 4.89; F. 7.75. 
Found: C, 69.0; H, 4.80; F, 7.55. 

4-Fluoro-3 '-chlorobibenzyl. /rani-4-Fluoro-3 '-chlorostilbene was 
reduced with diimide as described for the 4-fluoro-4'-nitrobibenzyl. 
Purification by distillation through a 10-in. Vigreux column gave a 
70% yield of product, bp 114-118° (0.04 mm). The nmr spectrum 
in deuteriochloroform showed a singlet at 6 2.84 (methylene) and a 
multiplet centered at 7.02 (aromatic). 

Anal. Calcd for Ci4Hi2FCl: C, 71.67; H, 5.12; F, 8.10; Cl, 
15.12. Found: C, 71.60; H, 5.21; F, 7.80; Cl, 14.40. 

4-Fluoro-4'-methoxybibenzyl. 4-Fluorophenyl 4'-methoxybenzyl 
ketone was prepared from the Friedel-Crafts reaction of fluoro­
benzene and 4-methoxyphenylacetyl chloride. The crude ketone, 
mp 110-112°, was reduced with hydrazine and potassium hydroxide 
in triethylene glycol as described by Huang-Minion.36 The mate­
rial, after purification by sublimation, had mp 66-67°. The nmr 
spectrum in carbon tetrachloride showed a singlet at S 3.73 (meth-
oxyl) and 2.80 (methylene), and a multiplet centered at 6.97 (aro­
matic). 

Anal. Calcd for C15Hi5OF: C, 78.28; H, 6.52; F, 8.26. 
Found: C, 78.61; H, 6.71; F, 7.90. 

4-Fluoro-4'-chlorobibenzyl. rra«j-4-Fluoro-4'-chlorostilbene (6 
g, 0.026 mol) was dissolved in 2-ethoxyethanol (150 ml) and p-
toluenesulfonylhydrazine (12 g, 0.077 mol) was added. The mix­
ture was refluxed for 6.5 hr. The reaction was then worked up by 
Dewey and van Tamelen's37 procedure. The crude material was 
crystallized from methanol to give pure compound (mp 84-85°). 
The nmr spectrum in deuteriochloroform showed multiplets at 
<5 6.8, 7.4 (aromatic), and 2.85 (methylene). 

Anal. Calcd for CnH12ClF: C, 71.64; H, 5.12; Cl, 15.14; 
F, 8.10. Found: C, 71.10; H, 5.11; Cl, 14.50; F, 8.10. 

4-Fluoro-3'-nitrobibenzyl. Reduction of 4-fluoro-3'-nitrostilbene 
(4 g, 0.017 mol) was carried out with p-toluenesulfonylhydrazine 
(7.7 g, 0.05 mol) as outlined above except that the solution was 
refluxed for 16 hr and then it was stirred at room temperature for an 
additional period of 7.4 hr. The work-up gave a brown liquid 
which could not be purified easily. Several attempts were made to 
chromatograph the liquid and also to distil when it darkened con­
siderably. After standing in the refrigerator for a few weeks it 
separated into a solid and a brown liquid. The analysis of the 
liquid, obtained by filtration, was not acceptable. The 1H nmr 
showed a singlet at 5 2.93 in deuteriochloroform and the 19F shield­
ing parameter was in good agreement with that predicted from sub-
stituent effects in other bibenzyls (see Figure 1). 

4-FIuoro-3'-trifluoromethylbibenzyl. 4-Fluoro-3'-trifluoromethyl-
stilbene (6.0 g, 0.023 mol) was reduced with 10.6 g (0.068 mol) of 
/Moluenesulfonyl hydrazine. The crude liquid on fractional 
distillation gave a clear product, bp 98-100° (0.1 mm). The nmr 
spectrum in deuteriochloroform showed multiplets at S 6.8, 7.6 
(aromatic), and 2.92 (methylene). 

Anal. Calcd for C15Hi2F4: C, 67.17; H, 4.48; F, 28.36. 
Found: C, 66.80; H, 4.41; F, 28.30. 

(36) Huang-Minion, / . Am. Chem. Soc, 68, 2488 (1946). 
(37) R. S. Dewey and E. E. van Tamelen, ibid., 83, 3725 (1961). 
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;ra«.s-l-(4-Fluorophenyl)-2-(phenyl)cyclopropane. 4-Fluoroben-
zalacetophenone (68 g, 0.33 mol), prepared from 4-fluoroacetophe-
none and benzaldehyde as previously descirbed for the synthesis of 
chalcones,38 and 40 ml of hydrazine (95 %) were dissolved in absolute 
ethanol (200 ml) and the solution was refluxed for 1 hr. After 
removal of solvent and excess hydrazine (in vacuo) the crude py-
razoline was decomposed by heating at about 200° in the presence 
of a catalytic amount of powdered potassium hydroxide.39 The 
crude pyrolysis product was taken up in ether, washed succes­
sively with water, dilute solution of hydrochloric acid, and finally 
with water, and dried over magnesium sulfate. The solvent was 
removed in vacuo and the residue distilled through a Nester-Faust 
spinning band distillation column. After separation of the lower 
boiling cis isomer, bp 80° (0.2 mm), there was obtained pure trans 
product, bp 90° (0.2 mm). Further evidence for the separation of 
the cis and trans isomers was obtained from a comparison of the 
nmr spectra (CCl4) of the mixture and pure isomers. The nmr 
spectrum of the trans isomer consisted of a triplet at 5 2.00 (benzylic 
protons), a multiplet centered at ~1.22 (methylene), and a multiplet 
at ~7.00 (aromatic protons). The nmr spectrum of the cis isomer 
consisted of a triplet at S 2.33 (benzylic protons), a multiplet cen­
tered at ~1.25 (methylene), and a multiplet at ~6.90 (aromatic 
protons). 

Anal. Calcd for Q5H13F: C, 84.92; H, 6.13; F, 8.95. Found 
(trans): C, 85.19; H, 6.29; F, 8.90. 

rra/?.s-l-(4-Fluorophenyl)-2-(4-methoxyphenyl)cyclopropane. The 
chalcone, prepared from 4-fluoroacetophenone and 4-methoxy-
benzaldehyde, was converted to the cyclopropane via the A2-
pyrazoline as described above. Purification was achieved by dis­
tillation. After separation of the lower boiling cis isomer, bp 114— 
115° (0.3 mm), there was obtained pure trans product, bp 126-128° 
(0.3 mm). The nmr of the trans isomer consisted of a triplet at 
5 ~1.97 (benzylic protons), a multiplet centered at ~1.19 (methyl­
ene), and a multiplet at ~6.85 (aromatic protons). 

Anal. Calcd for Ci6Hi5FO; C, 79.29; H, 6.24; F, 7 84. 
Found (trans): C, 79.59; H, 6.48; F, 8.10. 

/ra«.s-l-(4-F!uorophenyl)-2-(3-chlorophenyl)cyclopropane. The 
chalcone, prepared from 4-fluoroacetophenone and 3-chlorobenzal-
dehyde, was converted to the cyclopropane via the A2-pyrazoline. 
Purification was achieved by distillation. After separation of the 
low boiling cis isomer, bp 78° (0.08-0.10 mm), there was obtained 
pure trans isomer, bp 88-90° (0.08-0.10 mm). The nmr of the 
trans isomer consisted of a multiplet at S 2.04 (benzylic protons), 
triplet at ~1.30 (methylene), and a multiplet at ~7.01 (aromatic 
protons). 

Anal. Calcd for C,4Hi„FC10: C, 73.05; H, 4.87; F, 7.70; 
Cl, 14.38. found (trans): C, 73.6; H, 4.86; F, 7.60; Cl, 14.4. 

;ra«,y-l-(4-Fluorophenyl)-2-(4-nitrophenyl)cycIopropane. The 
chalcone, prepared from 4-fluorobenzaldehyde and 4-aminoaceto-
phenone, was converted to the cyclopropane via the A2-pyrazoline. 
The crude 4-(4-fluorophenyl)-2-(4-aminophenyl)cyclopropane (4.8 
g, 0.02 mol) mixture of cis and trans isomers was oxidized with m-
chloroperbenzoic acid (25 g, 80%) in refluxing chloroform (2 hr). 
The oxidation product was purified by chromatography on silica 

(38) "Organic Syntheses," Coll. Vol. I, H. Gilman, Ed., 2nd ed, 
John Wiley & Sons, New York, N. Y., p 78. 

(39) C. G. Overberger and J. P. Anselme, J. Am. Chem. Soc, 86, 658 
(1964). 

gel. Elution with hexane-benzene (50:50) followed by three 
recrystallizations from ether-methanol gave 1.5 g of the trans isomer, 
mp 99-102°. The nmr spectrum in deuteriochloroform consisted 
of multiplets centered at S 1.52 (methylene), 2.23 (benzylic), 7.10 
(aromatic), and 8.09 (aromatic). 

Anal. Calcd for Q 6 H I 2 F N O 2 : C, 70.06; H, 4.67; N, 5.44; 
F, 7.38. Found: C, 69.6; H, 4.68; N, 5.50; F, 7.30. 

/ra«j-l-(4-Fluorophenyl)-2-(4 '-chlorophenyl)cyclopropane. p-
Fluoroacetophenone (27.6 g, 0.2 mol) and p-chlorobenzaldehyde 
(28.12 g, 0.2 mol) were allowed to react to give 4-fiuoro-4'-chloro-
benzalacetophenone according to the procedure described for the 
synthesis of chalcones.88 The crude chalcone (40 g, 0.154 mol) 
was dissolved in ethanol along with 20 ml of hydrazine (95 %). The 
solution was refluxed for 2.5 hr. After removal of solvent and the 
excess hydrazine (in vacuo) the crude pyrazoline (ca. 20 g) was de­
composed by heating at ~200° in the presence of a catalytic amount 
of powdered potassium hydroxide.39 The crude pyrolysis product 
was taken up in ether and was washed successively with water, 
dilute hydrochloric acid, and water. After drying and filtration 
the solvent was removed under vacuum. The residue was then 
first distilled through a short-path distillation apparatus and further 
fractionated using a Nester-Faust spinning band column. The 
lower boiling cis isomer and the mixture of cis and trans isomers 
were collected first. The higher boiling compound was pure trans 
isomer as shown by the nmr. The nmr spectrum in deuteriochloro­
form showed multiplets at S 6.7, 7.3 (aromatic), 1.34 (methylene), 
and 2.06 (benzylic). 

Anal. Calcd for Ci5Hi2ClF: C, 73.03; H, 4.87; Cl, 14.4; F, 
7.71. Found: C, 73.20; H, 4.94; Cl, 14.3; F, 7.80. 

/ra«s-l-(4-Fluorophenyi)-2-(3'-trifluoromethyl)cyclopropane. 4-
Fluoro-3'-trifluoromethylbenzalacetophenone was prepared from 
m-trifluoromethylacetophenone (28.2 g, 0.15 mol) and p-fiuoro-
benzaldehyde (18.6 g, 0.15 mol). The chalcone was purified by 
column chromatography over neutral alumina using «-hexane as 
the eluent. Chalcone (22.2 g) was dissolved in 50 ml of ethanol and 
10 ml of hydrazine (96%) was added. The solution was then 
refluxed for 68 hr. The crude residue obtained on work-up was 
pyrolyzed and 8.2 g of mixture was obtained. This was frac­
tionated into five cuts using a Nester-Faust spinning band column. 
The final cut was the pure trans isomer, bp 103° (0.1 mm). The 
spectrum in deuteriochloroform showed multiplets at S 1.41 (methyl­
ene) and 2.14 (benzylic). 

Anal. Calcd for Ci6Hi2F4: C, 68.57; H, 4.29; F, 27.14. 
Found: C, 68.60; H, 4.36; F, 27.50. 

/ra«.s-l-(4-Fluorophenyl)-2-(4-cyanophenyl)cyclopropane. 4-
Fluoro-4'-cyanobenzalacetophenone and 4-cyanobenzaldehyde 
were converted to the cyclopropane via the A2-pyrazoline. Puri­
fication was achieved by distillation. After separation of the 
lower boiling cis isomer, there was obtained pure trans isomer, bp 
140-141° (0.3 mm). The nmr spectrum in deuteriochloroform of 
the trans isomer consisted of a multiplet at S 2.15 (benzylic protons), 
a triplet at 1.45 (methylene), and a multiplet at ~7.15. 

Anal. Calcd for Ci6Hi2FN: C, 80.99; H, 5.10; F, 8.10; N, 
5.90. Found: C, 80.84; H, 5.11; F, 8.20; N, 5.82. 
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