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Abstract—The inductive effect model was used to adequately describe and predict-Hhecdupling
constants in théH NMR spectra of phosphorylated alkenes. A procedure was developed for determination of
the steric structure of phosphorylated alkenes from HeNMR spectra of one of the isomers.

The correlation between the structure and physical Our previous attempts to elucidate such relation-
properties of molecules in the ground state is welkhips for a restricted series of similar compounds,
studied and in many cases is successfully describgthosphorylated ethylenes, appeared to be quite suc-
in the framework of correlation analysis. Numerouscessful [14-16]: We obtained single-parameter corre-
correlations were found between tlweconstants of lations between the-f4 coupling constants in thé&H
various organic or heteroorganic groups and th&MR spectra and the group electronegativities of sub-
physicochemical characteristics of molecules, mainlgtituents at the C=C bond. At the same time, previous-
those related to electron density distribution in molely used approaches [147] had serious limitations
cules. These correlations are a convenient tool fodue to problems with determination of group electro-
evaluating the electronic effects of substituents andegativities, especially in complex polyfunctional
their relation to structural parameters furnished byheteroorganic compounds. This fact largely hampered
physicochemical methods {3]. the use of this approach in analysis of thé NMR

spectra and structure of molecules.

As such physicochemical methods, the most fre- . . .
' At the same time, these problems are fairly readily
quently used are NMR 4], NQR [3, 5], IR [3, overcome within the framework of our new system for

gl_e8c]t’ri sg}dm%?ﬁé%?e(gti&ﬁ' esrggﬁgfﬁtcapg as[ﬁ’]r’erigﬂt)af%gtimating the group electronegativities of any sub-
ituents at any reaction centers HB]. In terms of

S ameroie i cores W, 2 S s aporoach. the roup eleconehatity, which
widely used to describe the reactivity and physical

cgi;ﬁgztsnaoﬁlsghgcvoesdph&gjtg’thségzoné or?;gn?;hegllo roperties of organic and heteroorganic molecules, can
e readily calculated theoretically by Eq. (1) [11,

adequate description of not only structureactivity 8, 19]:
correlation of organic and heteroorganic compound% ' ' S(AyR? Ir?)
but also of various physical properties. I

Agr Z(R,Z /riz) r- D

We think that it is especially promising to use our '

electrostatic additive model of inductive effect and the Herey,, is the group electronegativity of a substit-
closely related group electronegativity concept fomuent,y; is the electronegativity of the ith atom in the
constructing linear correlations between the paramsubstituent,R; is the covalent radius of this atom,
eters of the electronic effect of groups and experimeris its distance from the reaction centgy,is the elec-
tally determined physicochemical characteristics ofronegativity of the reaction center, antl; is the
molecules [16-13]. This allows us not only to reveal difference between the electronegativities of the ith
the regular trends in this effect but also to estimate thatom of the substituent and the reaction center. In this
structural features of new molecules belonging to th@aper, we take as reaction center the ethylene carbon
reaction series in question. atom (. 2.25) bearing the substituent in question.
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Table 1. Group electronegativities of substituenyg,  substituent electronegativity odp for the gem, cis,

calculated by Eq. (1) and trans positions, respectively:

Substituent Tar Substituent Tar 2O0py = ay + apyg + gy + agl )
Cl,P(0O) 2.98(|H 2.10 Here xg, X and y, are the electronegativities of
Me,P(O) 2.50(|Me 2.10 substltuents in thgem cis, andtrans positions rela-
Et,P(O) 2.48|Et 2.10 tive to the proton; these quantities are calculated by
Bu,P(O) 2.48||t-Bu 2.10  Eqg. (1). We obtained good and excellent correlations
i-Pr,P(O) 2.46||neoPt 2.10 adequately describing thé,, values in all the three
(CICH,CH,),P(O)  [2.48|C;Hq5 2.10 possible types of phosphorylethylenes. For gem
Ph,P(O) 2.64{|CH,CI 2.40 located protons in phosphorylethylenieson the basis
(Me,N),P(0) 2.29||CH,Br 240 of fairly extensive dataset, we obtained Eqg. (3):
(EL,N),P(O) 2.27|[CH,Ph 2.20

(O,\ N_j P(0) |2.30| CHCICH,CI 2.43 2o = (54.284+3.018) + (33.520.738)4

Y2 ~ (1.326+£0.436), — (3.615+0.540);

OH 2.65|CH=CH 2.23 R 0.9869,n 75, §, 1.492, ©)
MeO 2.60(|Cg~CMey 2.20
EtO 2.55(|(CH,),CH=CH, 216 R,P(O) X RPO) _ H RPO) Y
BuO 2.52||Ph 2.66 a/C:C\ ,C=C_ ,C=C{ ¢
i-Pro 2.45(4-FCH, 2.71 H Y X Y X H
t-BuO 2.43||4-NO,CgH, 2.79 | I Il
PhO 2.60(|CN 4.37
Cl 3.09 Me;N 2.32 A high correlation coefficient was obtained for
Br 2.97||Ac 244 Eq. (4) describing the constaiil,p in vinyl deriva-
NO, 4.47|NHPh 2.44  tives of typell ; in this case the set of objects was also
HO 2.96|OC(0)Ph 2.70
EtS 253 OC(O)GH,NO,-4 1273 33, 4 = (37.118:2.487) - (10.279:0.545)
PrS 2.51|NHC(O)Me 2.53
i-Prs 2.49|NHC(O)CH,CI 2.59 + (11.554:0.768). — (9.410+0.458);, 4)
2-Furyl 2.37 NHC(O)CC% 2.64 R 0.9904, n 40, SO 1.106.
2-Thienyl 2.37|NHC(O)Ph 2.53
MeNH 2.39|N(Me)C(O)Ph 2.54 For trans-phosphorylethylenddl , the correlation
Piperidino 2.14|N(Me)C(O)GH,NO,4/2.57  \as practically excellent [Eq. (5)], though the set of
N(Me)C(O)CHCL | 2.58] N(Me)C(O)CHCI 259 compounds was somewhat narrower:
NHC(O)NHC(O): 2.65(NHC(O)NHC(O)Ph  [2.60
CH,CI 3Jpre = (75.827+5.768) — (3.616+0.504),
NHC(O)CHCL 2.68| NHC(O)NHC(O)CCY |2.69 ~ (10.526t0.782),, + (60.667+1.771);; 5)

R 0.9953,n 25, § 1.464.

Within the framework of this approach, we proc-
essed a large dataset on thg, values in phosphorus-
containing alkenes; however, our attempts to constru
single-parameter dependences similarly to [14, 15F
using they,, values calculated by Eq. (1) and listed  Our results show that the greatest influenceJgg
in Table 1, in all cases led to poor correlatiori® ( is exerted by the phosphoryl substituent, which is
~0.75-0.80). Therefore, we modified the approachclearly seen from the coefficients in Egs. {@).
suggested in [14, 15] and made a jUStIerd in ourThus in Eq. (3) the coefficierd; describing the effect
opinion, assumption that the substituents in differenon 2Jo.a of the phosphoryl substituent, geminal rela-
positions relative to the vinyl protons should affecttive to H, is the largest in the absolute value (33.52).
Jpy to a different extent. In terms of correlation anal-Similarly, in Egs. (4) and (5) the largest in the abso-
ysis, this should result in unequal coefficieris a,, lute value are the coefficients, anda; related to the
andag in Eq. (2), characterizing the influence of thephosphoryl group: 11.544 and 60.667, respectively.

Here H, H°, and Hf are the protons in thgem
gs, and trans positions relative to the phosphoryl
roup.
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Table 2. Experimental and calculated [by Eqg. (3)] valueszd,ﬁHa (Hz) in the series of phosphorylated ethylenes of type

Zpre Zpre
R X Y R X Y
exptl. | calcd. exptl. | calcd.
Morpholino| H EtO 13.0| 13.1 |[EtO Me (CH,),CH=CH, 17.0| 20.1
EtO H C/His 21.0| 20.8 ||[EtO Me Ph 15.0| 15.1
EtO H CH,=CH 20.0 | 19.6 ||[EtO Me Me 18.0| 20.2
EtO H 2-Furyl 18.0| 18.8 ||CI Me Ph 345| 34.2
EtO H 2-Thienyl 18.0| 18.8 |[Et Me i-Prs 29.6 | 30.0
EtO H CgH4F-4 16.0| 16.3 ||CI Me PhS 30.3| 30.6
EtO H Ph 17.4| 17.4 ||CI Me Prs 35.0| 34.6
EtO H Cl 11.7| 11.8 ||CI Me Cl 259 28.6
Ph H Ph 22.3| 23.1 |CI Me PhCH, 37.7| 351
MeO H CgHsNO»-4 | 16.2| 16.6 ||CI Me Me 38.2| 35.2
Cl H Ph 34.0| 34.4 |CI Me Et 37.8| 35.2
Et H Ph 23.4| 23.8 ||CI Me t-Bu 37.3| 35.2
Bu H EtO 18.3| 17.8 |CI Me (CH3)3CCH, 38.8| 35.2
Et H Ph 23.4| 17.7 |CI Me CICH,CHCI 32.8| 34.8
i-Pr H Ph 17.1| 17.1 ||CI CHCICH,CI Me 31.0| 34.0
PhO H Ph 23.8| 21.9 ||[MeO OC(O)Ph Me 12.0| 12.6
MeO H Me 21.0| 20.8 |[MeO OC(0O)GH4NO,-4  [Me 12.0| 12.8
EtO H Me 21.0| 20.2 |[MeO OAc Me 12.0| 12.8
HO H Me 21.4| 24.2 |i-PrO NHMe Me 14.0| 16.4
BuO H Me 20.4| 20.2 |i-PrO Me NHMe 12.0| 12.1
MeO H CN 15.4| 15.8 ||i-PrO Me NHC(O)Me 14.0| 16.9
HO H CN 15.4| 13.8 ||i-PrO NHC(O)Me Me 10.0| 10.6
t-BuO H CH,Br 17.2| 17.7 |[i-PrO NHC(O)CH,CI Me 10.0| 10.3
EtO Cl H 11.7| 10.9 ||i-PrO Me NHC(O)CH,CI 14.0| 16.8
Ph Ph H 22.3| 18.2 |i-PrO NHC(O)CHCJ, Me 10.0| 9.5
HO Me H 21.4| 24.2 |i-Pr Me NHC(O)CHCJ, 14.0| 10.7
t-BuO Me H 20.4| 16.8 ||i-Pr NHC(O)CCk Me 10.0| 94
Cl Me H 39.4| 39.3 |i-Pr NHC(O)Ph Me 10.0| 9.5
MeO CN H 15.4| 14.3 |[i-Pr NHC(O)Me Me 10.0| 9.6
Me Cl H 12.6 | 12.2 ||i-Pr N(Me)C(O)Ph Me 10.0| 9.5
Bu Br H 12.2| 12.0 ||i-Pr N(Me)C(O)GH,- |Me 10.0| 94
Bu MeO H 54| 5.2 NO,-4

Bu EtO H 47| 4.7 |i-Pr N(Me)C(O)CHCI |Me 10.0| 9.6
Bu EtS H 16.3| 17.0 |(i-Pr N(Me)C(O)CHCL |Me 10.0| 94
%N—CHZ i-Pr NHC(O)NHC(O)- |Me 100 94

EtO Me 18.0| 20.1 CH,CI CH,CI
i-Pr NHC(O)NHC(O)Ph|Me 10.0| 9.3
i-Pr Me NHC(O)NHC(O)Ph 12.0 | 10.4
i-Pr NHC(O)NHC(O)- |Me 10.0| 9.0
CClg Me 10.0| 9.0

It is interesting that in all cases the coefficientsunambiguously, and additional studies are required to
related to the phosphoryl substituent have positiveinderstand it.
sign {py increases with increasing electronegativity
of the organophosphorus substituent). The increase in Using regression equations {8%), we calculated
the electronegativity of all the other (non-phosphorusand compared with the experiment the theoretical
substituents decreasds,; (the corresponding coeffi- values ofJpy for all the substituents in our dataset and
cients are negative). This trend is difficult to explainall types of phosphorylated ethylenes (TablesAR
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Table 3. Experimental and calculated [by Eq. (4)] valuesTable 4. Experimental and calculated [by Eq. (5)] values
of 2JPHb (Hz) in the series of phosphorylated ethylenes ofof 2JPHc (Hz) in the series of phosphorylated ethylenes of

type Il type Il
2pip pie
R X Y R X Y

exptl. |calcd. exptl. |calcd.
EtO H Hept 22.0 | 22.0 EtO Ph OH 41.0 | 411
EtO H CH,=CH 22.0 | 23.6 EtO Ac OH 40.0 | 40.0
EtO H 2-Furyl 220 | 221 Me,yN Cl OH 10.0 | 10.2
EtO H 2-Thienyl 220 | 221 ELN Cl OH 18.0 | 18.1
EtO H CeH,F-4 21.0 | 18.6 ELN Br OH 22.0 | 19.9
EtO H Ph 22.6 | 22.7 Morpholino Br OH 20.0 | 21.7
EtO H Cl 13.6 | 14.7 Bu Br Br 22.0 | 20.5
Ph H Ph 195 | 193 HO Br Me 36.0 | 394
Cl H Ph 28.3 | 28.8 CH,CH.CI NHPh NO, 10.0 | 10.9
Cl H Me 29.3 [ 304 EtO Ph H 41.0 | 40.9
Et H Ph 176 | 16.8 Et OAc H 240 | 254
Cl H CH.CI 288 | 274 EtO Br H 35.7 | 34.6
Bu H OEt 105 | 11.0 EtO H Cl 40.3 | 40.7
Bu H SEt 176 | 17.6 Ph H Ph 40.3 | 39.9
ELN H Ph 18.2 | 16.5 HO H Me 51.6 | 52.8
PhO H Ph 195 | 20.1 t-BuO H Me 52.3 | 52.2
MeO H Me 214 | 221 Cl H Me 74.8 | 74.7
EtO H Me 214 | 21.7 MeO H CN 43.7 | 42.8
t-BuO H CH,Br 20.2 | 20.7 Me H Cl 29.3 | 31.6
Bu H Me,yN 141 | 14.6 Bu H Br 30.1 | 29.7
EtO Ph H 22.6 | 19.5 Bu H MeO 285 | 27.6
EtO Cl H 13.6 | 15.5 Bu H EtO 28,5 | 28.0
Et OC(O)Me| H 144 ( 154 Bu H EtS 36.0 | 355
EtO Br H 156 | 16.6 Bu H Me,N 32.7 | 32.0
Morpholino | Br EtO 6.0 | 57 Bu H ELN 32.1 | 32.0
EtO Ph OH 12.0 | 10.7
EtO Cl OH 5.3 6.6
EtO Br OH 6.1 | 7.7 hand, for determining the configuration of unsaturated
EtO Ac OH 6.7 | 57 organophosphorus compounds from the experimental
i-PrO Cl OH 50| 5.9 constantslp,. Thus, our model of inductive effect and
BuO Cl OH 48 | 6.3 the method for calculating the group electronegativity,
Me,N Cl OH 50| 41 based on this model, can be used for describing and
ELN Cl OH 45| 3.8 predicting not only the reactivity of various organic
ELN Br OH 55| 5.0 and heteroorganic compounds [10, 13, 20], but also
Morpholino | Br OH 50| 4.2 such characteristics as parameters of the NMR
Bu Br Br 8.0 7.9 spectra.
Me CH=CH, | Me 215 | 21.9
Et CH=CMe,| Me 21.0 | 21.6 The experimental values df listed in Tables 2
Et CH=CH, | Me 22.0 | 21.6 4 were taken from [1416] and works cited therein.

A good agreement of the calculatdg, values with
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