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Various adducts of the formula (6substituted pyridine), MgBr, have been 
synthesized by treatment of a 4-substituted pyridine with organomagnesium 
bromides. The properties of the adducts have been studied through their NMR 
and IR spectra. 

Introduction 

In an earlier paper [II we described adducts of the formula (4-ROPy), - 
Mg13rz . Subsequently [2], we discussed the vibrzitional spectra of r-picoline, 
(r-picoline), MgBrz , (r-picoline)e MgBr, and (y-picoline)4 MgIz . In the present 
paper the adducts formed by the reaction of organomagnesium bromides and 
4alkyl- and -thioalkyl-pyridines are described. Some previously reported data 
are included for comparison. 

Results and discussion 

Mixing equimoiecular amounts of a 4-substituted pyridine (I+VIII) and-~ 
a Grignard reagent gave white amorphous precipitates of the formula (B-sub- 
stituted pyridine)2 MgBr 2. Although we used three different Grignard reagents;_ 
ethyl-, ally& and phenyl-magnesium bromide, we always obtained the same 
adduct, the structure of which depended-only on the pyridme derivative, as 
shown by the analytical data and by NMR and IRspectroscopy. (The analytical 
data are given in Table 1.) It is noteworthy that the adduct (4-BzPy), MgBr* .., 
could not be prepared. All attempts resulted in impure coloured products with 
aualytical data corresponding to a formula between (4-BzPy); MgB& and. r. 
(4-BiPy)4 MgBrz . 
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TABLE -1 

ANALY’iICALDA+AFOR~HiAti~DUCTS . . ~- .. . . -, ~.- : -. -. 

Add&t - -- 
-_ ‘-~y*.fo.=d.~caled_) (9b) _-. -. : 

: 
: M.& % 

C4MePYWQBrz 6.72 42.86 
(6.563) (43.147) 

C4-EtpJr)i MgBr2 1 6.15 39.99 

<pphpO)~bf&~ 
<6.161) : ::- (40.108) : 
5.04 32.25 

(4.916) (32.316) 
(4lUeSP@2&&3%2 5.80 36.25 

<4EtSPy@&z%Q 
G.595) (36.780) 
5.41 34.11 

(5.255) (34549) 
C4BzSpI>QMf3%Q 429 

<4.143) 
27.61 

(27.239) 
C4PhSlW2Ms%2 4.50 28.60. 

(4.351) (28.607) 

R (I): R = CH3 ; w: R=SCH,; 

3 
(II): R = CH2CH3 ; (VI): R = SCH2CHJ ; 
(m): R = CH2Ph; (VII): R = SCH2Ph; 

2 (IV): R = Ph; (VIII): R = SPh. 

1 

The NMR resonances of the pyridines (I-VIII) and tne corresponding ad- 
ducts,are listed.in Table 2. Although the fiue structure of the spe+um of a 
pyridine derivative doesnot differ from that of its adduct, the positions of the 
peai& 46, especially the resonance pattkns of the ring protons. These appear as 
two, slightly pert&bed doublets; as expected for the approprite AZ B2 system. 

TABLE 2 

COMPARISON OF CHARACTERISTIC NiR RESONANCES FOR SOME 4SUBSTITUTED PYRIDINES 
AND THE CORR-ESPONDING ADDUCTS = 

4MePy~~ 
Adduct. -. ._._ ... 
4-EiPr 
Adduct .- 
4-Phpy, _. _. _. . . 
hdduct 

1.61 d 2.36 d -CH3: 7.68s -’ 
1.39 d 2.6.8 d ,. -7.60s 
1.58 d 2.83 d 
Z.34d 2.68d 

+xX2--c 1.38 Q -c!H3: 3.83 t 
9.33 t 7.32 q 

1.41 d 
1.20d. 

2.43 d --PIx too broad to assign 

4_&feSPy_.:-‘- _. -.: _. 1;67d ‘. 
2.27 d 
2.86 d 

Adduct :-:. .. ; ” 
---CH3: 7.56s 

4-EtsPy __ ; 
.1.48d 2_73d. 7.48 s 
X.68 d . . 2.35 d 

Adduct’ ,... _ 1 .::_ ) .,_‘ X:47 d 
--kH2-: 6.99 q’ &IQ: 8.70 t 

2.72 d 6.94 q 3.63 t. 
4BzSPy _._:: .I-.,-.. : : :, 1.63 d 
A’ddu& (i) i.55 d 

2.91 d : -_CH;--: 5.74 s. -HI: 2.66 m 
2.66 d. 5.68 s 2.64 m. 

-: 4PhSPY 1.71 d 3.06 d -Ph:2.49m _.‘- 
-Add&t .-. :. 1.51 d 2.93 d 2.44 m 

_. 
a T&e &a are hi &ah&s, singlet, d. doublet, t; triplet, q. quadruplet, m. multi&t. 5 J2.3 and .Ts,~ 
bav.th& valuci of 5.3 Hz for all pysidines and &ducts. 
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The doublet of the H2 -es resonance shows, for a pyridine deriiative i&&it+ 
to its adduct, a mean deshielding of 21 Hz, and the H3-H5 .resonance one. of 
14 Hz. For the protons of .$he R groups ths deshielding is very smzdl. -The unex- 
petted shifts of (~-BzSP~)~M~B& may. be due to the extremely low S&lub$ty : 
of thii adduct in acetonitrile. 

1. 
IR spectra 

Various systems of numbering are in use for describing the fundamental. 
modes of monosubstituted benzenes.and pyridines; the lettering proptied by 
Spinner [3] and already used by Cook [4] has also been applied to describe the 
various modes of vibration. 

The characteristic bands for the 1650-600 cm-’ region are given in Table 3. 
Table 4 gives the bands in the low frequency region (600-200 cm-’ ). The shifts 
and intensity variations of the four characteristic ring vibrations (vs,, vgb , vlga, 
v,,,,) are in good agreement with the results obtained for the 4-alkoxypyedines 
[I]. The &if% of about 20 cm-’ for the vsa band, indicates that strong com- 
plexes have been formed- [4] ; the strength of the formation + comparable for 
the 4-RO-pyridines, 4-RS-pyridines and the 4-R-pyridines. 

The v12 unsymmetric and the totally symmetric v1 ring breathing modes 
are siedated in the region of 1000 cm-’ . The band in the 980 cm-’ region appears 
as very strong in the Raman spectrum, and is assigned to the vl. mode [2,51. 
Wong [6] stated that the intensity of the v 12 mode is affected by the substituents 
on the 4-position of the pyridine ring. From the data of Table 3;we can conclude 
that this band appears as very weak in the region 1070~1020 cm-’ . 

The v12 vibration shifts considerably and becomes more intense on complex 
formation. The strong back-donation of the d-electrons of the Cd1 and Z&I” com- 
zlexes to the ring system causes an increased v12 frequency compared with that 
in the original pyridine derivative. _ 

The frequency of v 12 of the hydrochlorides decreases, since tie back-bond- 
ing is possible [S] . MgTr is a hard acid and has no d-electrons and thus the shift 
of the v12 band is expected to decrease. 

The vr band increases on complex formation 131 so the strong band arising 
in the 1020 cm-’ region for the complexes can be kegarded a%cotiposed of the 
v12 and Y, vibrations. The vll and v4 modes hardly shift on complex formation. 
In the region of the v, mode a band of medium intensity has been observed for 
the 4-RS-pyridines and possibly involves some v(C-S) mode. ; 

The splitting of the bands appearing in the 700 crny’ region can be due to 
the geometry of the complex. The two low-frequency ring modes &e situated 
in the 500 cm” range and are in agreement with the literature data found at 
higher frequency for the complexes [S] . The data observed for the 500 CII? 
r&on are given in Table 4. v(Mg-N) can be.untibigously +si&ed to the-strong 
and medium-strong bands appearing at 290 and 240 cm-l . The poSition of %hese 
bands suggests a strong complex, since the metal-nitrogen stretching h+uency 
giv& a measure of the coordination strength for the complexes of pyridine ... 
derivatives [7]. 

The Mg-Br. frequencies &ould not be assigned, and probaely ‘oc+r :&mid 
.- 

and below 200 cm-‘. ; .-:. 
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~~ACTERI~~~~IE~FREQUENCIES<IN~-~~~F-~OME~-SUB~TITU~DP~ID~SANDT~~- 
COBXESPONI3INGADDUCTS~TRELOW~BEQUENCY,ReGION :-:.- -. 

&& .. :. ._. -6~4s*;485vs~401~,385~;~~~~ ‘_ -. : _. ... -:_ . . 

Adduct 540 s. 494 vs. 362 w. 300 (sh), 28.5 vs. 243 mw ’ ... -’ : 
4EtPy . 663 8.490 ms : 
AddUd 557 ms, 432 W. 407 ?llW. 282 S. 240 (sh) 

4PhiY 656 m, 487 mw. 363 VW, 260 VW 
Adduct 556 s, 486 s. 381 m. 366 m. 294 m. 287 ms. 269 s 

4MeSPy 493s.276vk 
_ 

Adduct 491 vs. 444 w. 361 -mpir._ 286 s. 229 m 

4EiSPy 494&3OOwY 
.’ Adduct 490 vs. 472 w. 346 mw;318 m. 269 s, 224 m 

4BZ9PY 493 s. 475 m, 370 ww; 352 ww. 298 vw. 242 VW 
Adduct 489 vs. 473.m. 3.56 w. 330 my. 300 m, 285 m. 275 (sh), 224 ms 

4PhSPY 515 5.453 8.439 VW. 280 vvw 
Adduct 613 s. 487 vs. 450 m. 303 ms. 286 ww. 272 ms. 243 vw. 219 ms 

. 

Conclusion 

The shifts in the NMR and IR spectra and the IR intensity variations of’ 
some characteristic fundamentals of the aromatic ring and the position of the 
magnesium-nitrogen stretching frequency indicate strong bonding in the com- 
plex. Some shifts in the IR are not in agreement with the Uerature data ob- 
tained for other complexes, but they can be explained by the absence of back- 
donation in magnesium complexes_ 

Experimental 

Synthesis of the pyridines 
The compounds 4-MeSPy (V) [9] and 4-EtSPy (VI) [lo] were made from 

4-thiopyridone and methyl and ethyl iodide iespectively. 4-PhSPy (VIII) was 
synthesized by reaction of N-pyridyl4~pyridinium chloride hydrochloride with 
thiophenol [ll] . Saturation with H2 S of a solution of N-pyridyl+pyridinium 
chloride hydrochloride in pyridine, and subsequent reaction with benzyl chlor- 
ide gave 4-BzSPy (VII) [12]. 

N-Pyridyl-4-pyridinium chloride hydrochloride, 4-thiopyriclone and pyri- 
dines (I), (II), (III) and (IV) were all purchased from Aldrich Europe Co, Pyri- 
dines (I), (II) and (III) were distilled over &II2 while pyridine (IV) was re- 
crystallized from diethyl ether before use. 

Synthesis of the adducts 
The adducts were prepared as previously described [l] _ However, we 

should emphasize that use of an excess of the pyridine derivative led to adducts 
of the formula (4RPy),+MgBr, 121. The arialyses and measurements of spectr$ 
were carried out as previously described [1] . 
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