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13C and 19F NMR study of cx,13-difluorostyryl derivatives of transition 
metal carbonylates. A method of signal assignment based on the 

carbon--fluorine spin-spin coupling constants 
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The f3C and 19F NMR spectra of Z- and E-isomers ofl~-X-substituted cq[3-difluorostyrenes 
(X = F, CI, CpFe(CO) 2, Re(CO)s, Re2(CO)gNa) were studied. Direct and long-range 
(across I--5 bonds) spin-spin coupling constants and the (13C--12C) isotope shifts in the 
I~ NMR spectra were determined. The study of the 13C satellites in the tgF NMR spectra 
of substituted difluorostyrenes permitted assignment of the t3C NMR signals of the vinylic 
carbon atoms. Similarly, the signals in 19F NMR spectra were assigned based on coupling 
constants of fluorine with ipso-earbon. These assignments were found to be in good 
agreement with the data available from the literature (X = F, CI). The developed approach 
was applied to the elucidation of the structure of Z-PhCF=CCIFe(CO)~Cp. 

Key words: o-difluorostyryl complexes of transition metals, 13C and 19F NMR spectro- 
scopy, spin-spin coupling constants of carbon with fluorine, 13C satellites, signal assignment. 

Previously j -3  we have studied reactions of fluoro- 
alkenes with anions of transition metal carbonyls. The 
interpretation of the 13C and 19F NMR spectra of 
Z- and E-I~-X-substituted r (X = 
F (1), CI (2), CpFe(CO) 2 (3), Re(CO) 5 (4), Re2(CO)gNa 
(5)) required reliable and justified assignment of signals 
to particular (et or 13) fluorine or carbon atoms at the 
double bond. Another problem was to prove the struc- 
tures of fluoro-derivatives, containing only one fluorine 
atom, for example, Z-PhCF=CCIFe(CO)2C p (6). At 
present, the commonest and the most direct method for 
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solving these problems is heteronuclear correlation spec- 
troscopy. 4 Since conventional N M R  spectrometers are 
not usually adapted for the conduction of correlation 
experiments at two nuclei, in the present work, we made 
a detour based on analysis of 13C satellites in the 
19F NMR spectra. 

The structures of carbonylate derivatives 3--5 were 
determined by mass spectrometry and IH (see Refs. 1, 
3), 13C, and 19F NMR spectroscopy. The initial sub- 
slrates 1, Z-2, and E-2 were also characterized by 
t3C and lgF NMR spectra; the 19F NMR spectra of 
trifluorostyrene 5 and Z- and E-chlorodifluorostyrenes 6 
and the 13C NMR spectrum of  trifluorostyrene 7 were 
consistent with the published data. The 13C NMR spec- 
tra of Z- and E-isomers 2 are reported for the first time. 

The few data concerning the spectra of o-vinylic 
derivatives of carbonylates available from the litera- 
ture 8-11 suggest that the low-field signal in the 19F NMR 
spectra of the Z- and E-isomers of 3 and 4 and complex 
5 belongs to the fluorine atom that occupies the geminal 
position in relation to the transition metal (Table I). 
However, the fluorine chemical shifts, calculated for 3 
and 4 by the additive scheme for the influence of 
substituents, 12 substantially deviate from the experimen- 
tal values; this deviation can be as large as l0 ppm or 
higher. In addition, the original published data (the 
spectra of trifluorovinyl complexes of iron and rhenium 
carbonylates) I! do not appear quite reliable, in particu- 
lar, because the signal assignment was not sufficiently 
substantiated. Calculation of the chemical shift of fluo- 
rine in Z-PhCF=CCIFe(CO)2CP (6) by the method of 
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Table 1. Parameters of the 19F NMR spectra of 13-X-substituted a,13-difluorostyrenes 
F, .Fc(X2) 

a/~===~ ( I - -5)  and Z-PhCF=CCIFe(CO)2C p (6) ~ 
Ph Fb(X~) 

Compound /5 3JF,F/iIz 
F a F b Fr trans cis 

PhCF=CF2 b (I)  -175.27 -114.92 -100.60 109.5 
Z- PhCF=CFCI (2"-2) -145.95 -118.21 -- 126.8 
E-PhCF::CFCI (E-I)  -129.15 -- -102.85 -- 
Z-PhCF=CFFe(CO)2C p (Z-3) -145.77 -87.43 -- 118.5 
E- PhCF=-CFFe(CO)2CP (E-3) -98.97 -- -71.12 -- 
Z-PhCF=CFRe(CO)s (Z-4) -139.54 -99.55 -- 114.8 
E- PhCF~CFRe(CO)5 (E-4) -102.2 -81.8 -- -- 
Z-PhCF=CFRe2(CO)oNa ( 5 /  -140.94 -88.16 -- 114.2 
Z - P h C F = C C I F e ( C O ) 2 C p  (6) -79.62 -- -- -- 

32.6 

10.8 

~0 c 

10 

a C6F6 as the internal standard; chemical 
b 2jF e Fb = 74.7 Hz, 

No splitting was observed with a line half-width of 2--3 Hz. 
d In THF-d 8 as the solvent. 

shifts were referred to CFCI3, 25 ~ (CD])ICO. 

Table 2. 13C NMR chemical  shifts (~) in [3-X-substituted ctJ3-difluorostyrenes 

Z-PhCF=CCIFe(CO)2CP (6) a 

F ~ . ~  F~tX2) 

Ph F#X~) 

(1--5)  and 

Compound C a CII Cipso C a Cm Cp CCO CC5H5 

PhCF=CF 2 (I) 129.77 154.82 127.82 125.34 129.72 130.06 -- -- 
Z- PhCF=CFCI (Z-I) 146.30 139.29 128.53 126.05 129.75 130.80 -- -- 
E-PhCF=CFCI (E-2) 143.63 137.82 128.20 127.94 129.56 131.15 -- -- 
Z-PhCF=CFFe(CO)~Cp (Z-3) 161.28 173.78 I32.63 124.42 128.82 127.11 214.75 86.65 
E-PhCF=CFFe(CO)2C p (E-3) 152.95 162.09 134.48 130.52 128.82 128.90 214.55 87.99 
Z-PhCF=CFRe(CO)5 (Z-4) b 161.94 162.31 132.03 125.2l 128.75 127.73 183.20 (ax); 181.77 (eq) --  
Z-PhCF=CFRe2(CO)gNa (5) t' 159.60 176.37 134.35 124.69 128.03 125.07 201.24; 199.9; -- 

197.14; 192.24; 189.4 
Z-PhCF=CCIFe(CO)2CP (6) e 163.00 125.16 134.34 128.88 128.47 128.5l 216 87,5 

(CD3)2CO as the solvent and the internal standard (8 29.80), 25 *C. 
b THF.d8 as the solvent and the internal standard (8 67.40, low-field signal). 
c In CD2CI 2 (CD2CI 2 as the standard, 8 53.8), 8:162.15 (Ca); 124.32 (Co); 214.39 (CO); 86.60 (C5H5). 

inc rements  does  not  make  it possible to decide between 
different posi t ions of  the subst i tuents  at the double 
bond.  The ass ignment  of  signals based on the 19F N M R  
c h e m i c a l  sh i f t s  o f  c a r b o n y l a t e  de r iva t ives  
3 - -5  is especially p rob lemat i c  in E- isomers  in which the 
difference be tween  the  chemica l  shifts of  the  a -  and 
13-fluoriue a toms  is s o m e w h a t  grea te r  than  20 ppm (see 
Table 1). Never theless ,  the  Z- and  E-conf igurat ions  of  
c o m p o u n d s  3 - -5  can  be identif ied qui te  reliably using 
the  rule for  t he  s p i n - s p i n  c o u p l i n g  c o n s t a n t s  
3dF, Fe/s << ]JF,Ftra,t,, f rom which  no, except ions  have been 
observed so far. 13 It is of  interest  that  the tgF N M R  
spect rum of c o m p o u n d  E-3 consists  of  two singlets, and 
the line width at the  ha l f -he igh t  is -2  Hz; in o ther  
words, the 3JF. F cou~l i~g cons tan t  was fouud to be close 
10 zcro. 

The sign:H~ of  the carboll  a toms  at the double boud 
in the 13C tJl-l} N M R  spectra of compounds  !---5 

(Tables 2, 3) can be easily de tec ted  based on  tile large 
magni tude  13-16 of  the tJc.  F sp in -sp in  coupl ing  cons tan t  
(> 200 Hz);  however,  it is m u c h  more  diff icult  to 
a t t r ibute  these  signals to e i the r  a -  or 13-carbon atoms.  
The  effect of  13-substituents on  the  13C chemica l  shifts of  
the carbon a toms  at the  double  bond  in 1- -6  is not 
addit ive;  therefore ,  it provides little i n fo rma t ion  for the 
ass ignment  of  signals. The  r ep l acemen t  o f  the  13-halogen 
a tom by a t rans i t ion  meta l  results in a downfie ld  shift  of  
the  signals of  bo th  ca rbon  a toms;  in c o m p o u n d  Z-4,  the 
chemical  shifts of  these a toms  are a lmost  ident ical  (see 
Table  2). 

We measured  tile Jr cons tan ts  not  only  in the  
laC N M R  spectra but also in the 19F N M R  spectra  
while studyiug the z3C satell i tes (Fig. I); the  result ing 
JC',F values were roughly equal  (differed by < 1 t tz) .  Tile 
signals of  tile fluorine atoms,  chemica l ly  bound  to 13C 
atoms,  are somewhat  shifted upfield; the values of the 
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T a b l e  3. 13C--I')F spin-,spin coupling constants (J/Hz) in (3-X-substituted o~,p-difluorostyrenes 

Z-PhCF=CCIFe(CO)2C p (6) a 

F, .F,(X 2) 

Ph Fb(X I ) 
(1--5) and 

Carbon I Z-2 b E-2 b Z-3 E-3 Z-4 c 5 c 6, 

atom F a F b F c F a F b F a F c F a F b Fa F c F a F b F a F b F a 

Short-range constants (IJC,F, 2JC,F, -IJCip#o,F) 

C~ 226.0 45.5 19.6 235.6 43.5 244.9 t8.8 203.5 39.3 248.6 15.3 205.4 36.4 
(235.4) (42.6)(245.5) (18.8) 

C~ 50.2 281.8 288.6 60.2 291.1 41.9 297.2 90.0 325.1 6.1 322.6 102.5 291.8 
(59.8) (292.8) (41.8) (299.5) 

Cip~ o 22.2 6.6 ( d )  23.0 7.0 23.1 -0 e 29.4 3,8 26.8 3.9 29.5 3,3 
(23.7) (6.7) (23.1) 

Long-range constants (3-SJc.F) 

Co 6.8, 5.9. 3.9 7.8, 6.4 5.2, 3.7 10.2, 7.4 2.8 (t) 
C,, 2.0 (d) 1.8 (d) -0" 2.5 (d) ~0" 
Cp 1.9 (t) 1.9 (d) 1.7 (d) 2.2 (d) 2.2 (d) 
Coo -- -- - 5.5 (t) 7.0 (d) 

199.9 40.9 221.1 a 

99.9 295.1 88.0 

30.3 2.5 33.8 

I0.4, 7.6 II.2, 7.7 4.4 (d) 
2.7 (d) 3.0 (d) ~0" 
2.4 (d) 2.3 (d) <2 

4.8 (t, eq), 9.5 (d), 6.8 (t), 5.8 (d) a 
6.6, 2.4 (dd, ax) 4.5 (d) 

" (CDI)2CO as the solvent, 25 ~ 
The long-range JC.F constants were measured for a CDC[ 3 solution. The short-range ./C.F constants for the CDCI 3 solution are 

given in parentheses. 
c THF.ds as the solvent. 
'; CD2CI 2 as the solvent. 
�9 No splitting was observed with a line half-width of -I  Hz. 

Table 4. Isotope chemical shifts (AS) a 12C--t3C in the 19F NMR spectra of 13-X-substituted cc,13-difluorostyrenes 
F a .Fc(X 2) 

~ = ~  (I---4) and Z-PhCF=CCIFe(CO)2Cp (6) ~ 
Ph Fb(Xl) 

Carbon I Z-2 E-2 Z-3 E-3 Z-4 c 6, 

atom F~ F b F c F a F b F a Fe F~ Fb Fa Fc F~ F b F= 

~ C ~  
/ 0.083 

F 

~ C ~ - ~  0.047 
F 

Y 
~ F  0.0037 

0.094 0.093 0.085 0.102 0.084 0.105 0.080 0.076 0.098 0.084 0.082 0.076 0.097 

0.038 0.039 0.036 0.041 0.034 0.043 0.021 0.048 -- -- 0.015 0.039 0.005 

0 . 0 0 2  - -  - -  - -  < 0 . 0 0 5  - -  < 0 . 0 0 5  - -  0 . 0 0 4  - -  ~ 0 . 0 0 1  

a Upfield chemical shifts were taken to be positive. 
t, (CDI)2CO as the solvent, 25 *C. 
C THF-d8 as the solvent. 

(12C--13C) isotope shifts t3 for co fapounds  1--4  and  6 
are listed ill Tab le  4. The  effect of  isotope subst i tut ion 
(12C-- tJC)  is efficie,ltly t ransferred by the n -bond ,  and 
Ihe isotope shift  of  f luorine in the vicinal posi t iou to the 
13C atom is approx imate ly  hal f  that  observed in the case 
~f  direct coupl ing  (see Table 4). Note  that  the signals of 
the = C F C I  groups in the 19F N M R  spectra of Z- and 

E-chlorodi f luoros tyrenes  unde rgo  upfield isotope shifts 
(35CI--37C1) 17,15 (At3 = 0.005,  Fig. 2). 

The  ass ignment  of  the s ignals  co r r e spond ing  to the  
aromat ic  ri,tg ill the 13C N M R spect ra  of  d i f luorostyrenes  
I - - 5  is qui te  obviot,s. The  on ly  a s sumpt ion  needed  for 
this purpose is that the sp in - sp in  cot, pliug with f luor ine 
is more p ronounced  in the orrho-position thau  in the 
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Fig. !. Fragment of the 19F NMR spectrum of Z-PhCF=CFCI 
(Z-2) corresponding to the =CFPh group. The satellites are 
denoted by: (I) IJ c F, (2) 2Jcfi, F, and (i) "~-jCi,F. The asterisk 
marks the side satel~t'tes due to rotation. 

-102.833 -102,863 

. . . . . . . . . . . .  ' . . ~ . . . - ~  . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . .  :-__.~....~ 

-102.78 -102.82 -102.86 -102.90 fi 

Fig. 2. Fragment of the 19F NMR spectrum of E-PhCF=CFCI 
(E-2) corresponding to the =CFCI group. 

meta- and para-positions (see Table 3). In fact, rela- 
tively large (> 5 Hz) nJ c v values (n > 4) were observed 

1 a s 14 I~ on y in speci I case . , The signal of the ipso-carbon 
atom (identified in the spectrum based on its low inten- 
sity or using the APT procedure), is split into a doublet 
of doublets in which the larger JC,F value varies in the 
20--30 Hz range, while the smaller one is not greater 
than 7 Hz. In the case of the Z- and E-isomers of 2, 
only the smaller constant depends on the geometric 
configuration (see Table 3). 

In the spectra of fluorinated derivatives of various 
Classes, 2JC, F are normally greater than "Jc.t: I n  >_ 3) 

(with the same fluorine atom), t4,1s It can be assumed 
that in our case, too, the larger Jci-so F refers to coupling 
across two bonds. Hence, the sig~a'l in the tgF NMR 
spectrum, whose t3C satellites exhibit a splitting equal 
to this constant, would belong to the a-fluorine atom 
(adjacent to the aromatic ring). Then the tJr F value 
observed for the t3C satellites can be used to find the 
t3C NMR signal corresponding to the carbon atom 
bound directly to this fluorine atom. Thus, a fairly strict 
assignment of signals becomes possible. 

The validity of the initial assumption that for the 
ipso-carbon atom, 2Jc, r is larger than ~JC,F, can be 
verified most easily using the spectra of fluorostyrenes 
containing fluorine atom(s) in only one position at the 
double bond. We recorded the 13C NMR spectrum for 
et-(fluorobenzylidene)malonodinitrile ~ (7), in which 
the 2J c. F value is equal to 21 Hz. According to 

~PT~ 2 publishe~l data, 0 the 2Jci" o F values for o-fiuorostyrene 
derivatives 8 amount to ]ff'--" 31 Hz. Conversely, in the 
case of fluorostyrenes 9 and 10, sJc~p,o, F does not ex- 
ceed 21,2z 9 Hz. 

p•,:=•CN F,~,=== Me 
CN , / ~  H(Me) 

7' R = Me, MeO 

R 
8 

H2OH, R '---CO 

H F 

10 

For all the compounds studied here (1--5),** the 
larger Eel o F value corresponds to the 13C satellites at 
the h igh :~ ld  signal in the 19F NMR spectrum. For 
tdfluorostyrene s and Z-chlorodifluorostyrene, 6 reliable 
assignment of the 19F NMR signals can be found in the 
literature. According to these data, the higher-field sig- 
nal belongs to the c~-fluorine atom. In the case of 
trifluorostyrene, unambiguous assignment of signals of 
the =CF2 and =CFPh groups in the 13C NMR spec- 
trum, and, hence, in the 19F NMR spectrum can be 
performed based only on IJc, F, and this confirms the 
published data. 

Thus, coupling of the ipso-carbon with the nearest 
fluorine atom is actually characterized by the larger of 
the two JC,F constants; this feature can serve as the basis 
for the assignment of signals. 

* The synthesis of 7 was described previously, v} 
"* For E-3, wc were not ab]e to detecl the t3C satellites 
r Io the ipso-constanl, because one of the compo- 
nents coincided with /he main signal (~2C). 
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The approach to the interpretation of spectra pro- 
posed here makes it possible to discuss the behavior of 
2Jc F in difluorostyrenes 1--5 (see below). It was found 
that 2J c F and especially, 23' c F values are sensitive to 

r  . �9 ~ ,  ~ . 

the geometric arrangement of electronegahve subst~tu- 
ents at the double bond: for tram-isomers, they are 
larger than for cis-isomers (see Table 3). Examples of 
similar geometric dependences of 2dc, F have been re- 
ported for some fluoroalkenes. 14 The position of 
CpFe(CO)2 in the Z- and E-isomers of 3 has a much 
stronger effect on the magnitude of 2dc~ F than the 
position of chlorine in the 2"- and E-i~omers of 2 
(2Jc[t, F = 90 Hz for Z-3, 2Jc~,F = 6 Hz for E-3). 

P h c  J F,, X 
/ \ (2de. F = 18"-3 Hz) '~C=:~ 

F F Ph F 
(2Jc, F = 40• Hz) 

X = F, CI, CpFe(CO) 2, Re(CO) 5 

/ X (ZJc. F > 50 az) '~C===:< (2Jc. F < 50 Hz) 
X F F F 

X = CpFe(CO) 2, Re(CO)5 X = CpFe(CO) 2 

The results of this study can be used to elucidate the 
arrangement of substituents in monofluorostyrenes. Thus 
compound 6, which is formally the product of replace- 
ment of the fluorine atom in styrene E-2 under the 
action of iron carbonylate, CpFe(CO)2-, can be identi- 
fied as Z-PhCF=CCIFe(CO)2Cp. l In fact, the fluorine 
atom in compound 6 occupies a geminal position in 
relation to the aromatic ring, because splitting of the 
signal corresponding to the ipso-carbon atom is typical 
of 2J c. F (see Table 3). The tram-geometry of the 
double'P'gond in 6 is indicated by the relatively large 
2Jc F value, which is fairly close to that observed for 
Z-~,'whereas the corresponding constant in E-3 is smaller 
by an order of magnitude (see Table 3, Scheme 1). 

Experimental 

IH, 13C, and 19F NMR were recorded on Varian VXR-300 
and Varian VXR-400 spectrometers at 25 *C. The Z- and 
E-isomers of a,13-difluorostyrene derivatives of CpFe(CO)2 (3) 
and Re(CO)5 (4) were synthesized as described previously 1,:3 
from the corresponding carbonylates and a,13,13-trifluorostyrene 
(I) and Z- and E-13-chloro-~z,13-difluorostyrene (2). 
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