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1. INTRODUCTION

The state of the art of characterization of organosulfur functional groups in coal by
spectroscopic methods remains relatively primitive, although a recently reported
XANES/XPS method shows promise. 2 Direct observation of the 33S nucleus by
nuclear magnetic resonance (NMR) is unsatisfactory, due to low natural abundance
and a large quadrupole moment. 3 The possibility of detecting and resolving
organosulfur functional groups using 15N NMR spectroscopy led us to explore the
conversion of sulfides to iminosulfuranes. Iminosulfuranes are prepared by direct
reaction of sulfides with N-haloamides (eq 1)4 or by reaction of a

R2S + BrNHCOCH 3 .... > R2S = NCOCH 3 (1)

R2S + Br 2 + 2 KOR .... > R2S(OR)2 + H2NCOCH 3 .... > R2S=NCOCH 3 (2)

diaryldialkoxysulfurane with an amide (eq 2). 5 Thus, the conversion of organic
sulfides to iminosulfuranes provides a method for attaching of an NMR-detectable
nucleus directly to sulfur. The 15N nucleus exhibits a broad distribution of chemical
shifts, and individual functional groups may exhibit a range of chemical shifts of 50-
100 ppm. 3 Thus, 15N chemical shifts could potentially reveal the distribution of
aromatic and aliphatic structure types in complex materials such as asphaltenes and
preasphaltenes. The objectives of this study were to determine the sensitivity of 15N
chemical shifts to substituents on sulfur and nitrogen, to identify procedures for
formation of iminosulfuranes for a variety of aromatic and alkyl sulfides, and, given
sufficient sensitivity of the 15N shifts to structure, to apply the method to
characterization of sulfur-containing asphaltenes.

2. EXPERIMENTAL

NMR Spectroscopy. A Varian Associates VXR-300 NMR spectrometer operating at
30.4 MHz (I_N) equipped with a conventional liquid probe, or a Doty, Scientific, Inc.
high speed cross-polarization/magic angle probe for solids observation was employed.
Solution 15N NMR spectra of natural abundance samples were acquired in CDCI 3
using CH._NO 2 as an internal standard and 30 mg/ml tris-acetylacetonate chromium
with gated decoupling for NOE suppression. Solid state---CPMAS 15N NMR spectra
were determined using a 5-mm silicon nitride rotor at 10.5 kHz magic angle spinning,
a contact time of 7.7 ms, and a recycle delay of 20 s, with 74 kHz dipolar proton
decoupling.

lminosulfuranes. S,S-dialkyl substituted iminosulfuranes were prepared by reaction of
100% XSN-labelled N-bromoacetamide with dialkyl sulfides according to the method
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of Kise. 4 S,S-diphenyl-substituted sulfuranes were prepared from the appropriate
amines or from'15N-labelled acetamide and a dialkoxydiphenyl sulfurane. 5
Dialkyl sulfides react very rapidly with N-bromoacetamide. However, diphenyl
sulfide and dibenzothiophene were found to react very sluggishly, requiring
iminosulfuranes from diarylsulfides to be prepared by methods similiar to eq. 2.

S,S-diphenvl-15N-acetvliminosulfurane was prepared by reaction of Martin's
sulfurane 5-' (2.0 g, 3 mmole) with l_N-labelled acetamide (1 eq.) in dry CHCI 3.
The reaction is complete within several minutes. Washing with 10% aq. NaOH,
drying over anhydrous MgSO 4, and crystallization from ether/pentane gave the
iminosulfurane, mp 89-91°C, in ca. 70% isolated yield, lH NMR (CDCI3): 7.7 ppm
(m, ortho aromatic protons, 4H), 7.5-7.4 (m, meta and _ aromatic protons, 6H),
2.22"(-_hyl protons, 3H, JHN = 2.2 Hz. 13c--N--MR(CDC13 ppm from TMS) 182.1
(lC, JCN = 4.8 Hz, NCOCH3), 135.6 (2C, JCN - 3.8 Hz, quaternary aromatic),

131.8 (2C, ap_a_La_aromatic carbons), 129.7, 1527.8 (meta and ortho aromatic carbons),
24.8 (lC, Jr N = 15 Hz, methyl carbon). N NMR Spectrum (CDCI3): -227.6 ppm
from CH3NY(D2. Solid State 15N NMR Spectrum: Two resonances of equal intensity,
-228.7 and -230.7 ppm from external CH3NO 2.

3. RESULTS AND DISCUSSION

Table I provides 15N chemical shifts for a variety of iminosulfuranes. The first four
entries are S,S-diphenyl substituted sulfuranes with nitrogen substituents ter_.__!-butyl,
benzyl, phenyl, and acetyl. The last two entries in Table I are of iminosulfuranes
prepared from thiophene or dibenzylsulfide and N-bromoacetamide. The total
chemical shift range is about 100 ppm for the iminosulfuranes. The first four

Table I. 15N Chemical Shifts of Iminosulfuranes

Iminosulfurane 15N Chemical Shift a

Liquid Solid

Ph2S = NC(CH3) 3 -293.5

Ph2S = NCH2Ph -330.4

Ph2S = NPh -284.0

Ph2S = NCOCH 3 -225.6 -228.7,-230.7
I I

(CH2)4S =NCOCH 3 -217.8

(PhCH2)2S = NCOCH 3 -228.9

appm from CH3NO 2. Errors are ca._ 2 ppm.

entries in Table I reveal that the 15N chemical shifts are quite sensitive to the
character of the substituent. The electron-delocalizing acetyl group produces the



lowest upfield shift, while the electron-donating alkyl groups shift the nitrogen
resonance upfield by a_ much as 100 ppm. Unfortunately, the chemical shift of the
iminosulfurane nitrogen is almost invariant to substituent on sulfur. Thus, while the
'-SN nucleus is J-coupled through the sulfur to the quaternary carbon of the aryl
group, electronic substituent effects are not transmitted to the nitrogen. For a
constant N-acetyl group, varying the sulfur substituent from diaryl to dialkyl leads to
a change in 15N shift of about 10 ppm, with a difference between S,S-dibenzyl- and
S,S-diphenyl of only 3 ppm. The variability in measured chemical shifts is typically
about 2-3 ppm, depending on solvent and temperature. Thus, the diaryl and dialkyl
iminosulfuranes are unresolved within the error in chemical shift measurement.

Observation of solid state 15N NMR spectra of 15N-labelled iminosulfuranes
requires the use of rather long contact times in the CPMAS exDeriment, and
occasionally long recycle times. Figure 1 shows the solid state "15N spectrum of
Ph2S=NCOCH 3, obtained after 200 transients. The optimal contact time was 7.5
ms, compared with 1.5 ms for acetamide. A recycle time of at least 20 s was
required to obtain satisfactory spectra. Thus, the unprotonated nitrogen exhibits a
rather long cross-polarization time together with an apparently long proton
relaxation time. The detection of two resonances requires the existence of at least
two distinct molecules in the unit cell of the crystal of Ph2S=NCOCH 3.

Fr_rt _I_[_rn IT_1,1_, 1,,, _ 111II1] l, wl11111!li !11ii1-200 -220 -23o -240 -2 o PPM
PPM

Figure ]. 15N Solid State, CPMAS Spectrum

of Ph2S=NCOCH 3 . Observation of two resonances
requires at least two unique molecules in the
unit cell of the crystaL

4. CONCLUSIONS

The indirect detection of organic sulfur by 15N NMR spectroscopy in the solid state
is feasible by facile reactions providing the iminosulfurane structures.
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Unfortunately, nitrogen chemical shifts appear to be insufficiently sensitive to the
nature of the sulfur substituent to be useful for structural studies. Further work is

underway to determine the 15N chemical shifts of iminosulfuranes formed from
dibenzothiophene, 4,4'-dimethoxydiphenyl sulfide, and a sulfur-containing,
methylated asphaltene to determine the sensitivity of 15N shifts to a broader
variation of aromatic structure. Although double cross-polarization experiments or
rotational echo experiments could make use of iminosulfurane formation for

" detection of carbon in proximity to sulfur, the difficulties in quantitation using these
methods are not encouraging for coal product mixtures. 6
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