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The proton-coupled carbon-13 nmr spectra of a series of alkenoyl cations in SO2-8bFs solution have been
studied by the Fourier transform method. Comparison of the data with chemical shifts and 13C-H coupling
constants in the acid chloride precursors and with ketene, a suitable model compound, indicate that there is
substantial contribution to the structure of alkenoyl cations from delocalized ‘‘ketene-like” resonance forms.

The preparation and proton nmr spectra of a series of
alkenoyl cations 1 have been reported by Olah and Comi-
sarow.? Since carbon-13 nmr spectral studies® were able to
show more adequately than pmr spectral studies that
there are significant contributions to the structure of aroyl

-cations from delocalized ‘ketene-like” resonance forms,
we decided to examine further the structure of the related
alkenoyl cations by cmr spectroscopy.
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Results and Discussion

Preparation of Alkenoyi Ions and Their Pmr Spec-
tra. The «,8-unsaturated alkenoyl cations in Table II
whose syntheses have not been reported* were prepared by
the same or slightly modified general method (see Experi-
mental Section). Pmr spectral parameters for previously
prepared ions in Table IT have been reported.*

The pmr spectrum of the 3,3-diphenylpropenoy!l cation
in SbF5-802 at —70° consists of signals at § 6.88 (s, 1,
C=CH) and 7.6-8.4 (m, 10, aromatic). On warming the
solution to —40°, another set of absorptions appeared at 6
7.32 (s) and 8.7-9.3 (m), indicating that decomposition of
the ion was occurring. The decomposition product is irre-
versibly formed and as yet has not been identified.

A solution of the 3-(p-anisyl)propenoy! cation (E)6
in SO, at —60° gives a pmr spectrum with signals at § 4.73
(s, 3, OCHjy), 7.08 (d, 1,J = 17.0Hz, H,), 78 (d, 2,J = 8
HZ HA and HA ), 8.34 (d 2 J ~ 8 HZ HB and HB ), and
9.4 (d, 1,J = 17.0 Hz, Hp). The ion decomposes slowly at
this temperature and a satisfactory cmr spectrum could
not beobtained.
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The carbocation formed when fumaroyl chloride was
treated with an excess of ShF5-SQ2 shows a pmr spec-
trum with absorptions at 6 8.55 (d, 1, J = 17.5 £ 0.1 Hz,
Ha), 9.28 (d, 0.5, J = 17.5 £+ 0.1 Hz, Hy or H¢), and 9.33
(d, 0.5, J = 17.5 £ 0.1 Hz, H¢ or Hg). The observed pmr
and subsequently discussed cmr (Table II) spectral pa-
rameters were accounted for by the monocation monodo-
nor-acceptor complex (3), in which SbF5 is complexed to
the carbonyl oxygen in cis and trans configurations.” The
nonequivalence of Hg (Hc) arises from the slow (on the
nmr “time scale”) equilibrium 3a == 3b. The equilibrium
is still slow at —20°, since there is no change in the pmr
spectrum at this temperature.
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Cmr Spectroscopic Studies. The proton-decoupled car-
bon-13 nmr spectra of solutions of alkenoyl cations in SbFs-
S0, and their acid chloride precursors in SOz were ob-
tained by the Fourier transform method on Varian XL-100
and HA-100 (modified) nmr spectrometers. Carbon-hy-
drogen coupling constants were measured on the former
instrument. The results are summarized in Tables I and
II. Assignments were made by the usual methods, which
included “off-resonance” proton decoupling, the applica-

“tions of previously observed substituent effects, as well as

symmetry and relative intensity considerations.

We are changing with this publication to give cmr shifts
in reference to tetramethylsilane, instead of carbon disul-
fide used in our previous work. This more consistent and
convenient reference is gaining general acceptance. [The
conversion factor for CSs is 193.8 (capillary), 192.8 (exter-
nal)].

A. Cmr Spectra of Precursor Alkenoyl Halides. The
cmr spectra of most alkenoyl chloride precursors are as
expected. The 13C carbonyl shifts of the acyl chlorides ap-
pear 4-8 ppm shielded from the corresponding resonances
in carboxylic acids.® A similar order is also observed for
alkenoyl chlorides and their corresponding carboxylic ac-

'ids;% only the difference is smaller (1-4 ppm).

The deshielding (Table I) of the 8 carbon, that occurs
on replacement of a hydrogen in the parent olefin
(R;RoC—=CHR3) with a COC! group, may be rationalized
in terms of a contribution to the structure of alkenoyl
chlorides from the resonance form R3Rg+CCR3=C(C1)O-
All a-carbon shieldings are also deshielded by the COCI
group with respect to the parent olefin,®® but to a lesser
extent than the 8 carbon.
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The effect of the COCl group on a cis methyl carbon
shielding is evident from the 5.7-ppm shift difference in
the two methyl carbon shieldings of 3,3-dimethylprope-
noyl chloride. Similarly, a difference of 2.0 ppm is found
in the two ipso carbon shieldings of 3,3-diphenylpropenoyl
chloride.

Carbon-hydrogen coupling constants in alkenoyl chlo-
rides are alse shown in Table 1. Jeg-y in propenoyl chlo-
ride is given as a single value, although in most vinyl deriv-
atives® Jo,H(cisy and Jegmitransy have been shown to
be slightly different. The effect of the polar COCI substit-
uent on Jegi is seen by the larger values of Jgq-y in pro-
penoyl, butenoyl, and 3,3-dimethylpropenoyl chlorides
than in the appropriate parent olefins.

B. Cmr Spectra of Alkenoyl Cations. Carbon-13 nmr
spectral parameters of alkenoyl cations studies are sum-
marized in Table II. The changes of cmr parameters oc-
curring in acid chlorides upon ionization with SbF5 are
shown in Table III. In the case of propenocyl chloride there
is a deshielding of 39.8 ppm at Cg, which we interpreted
to be a result of a larger contribution of resonance form 4a
to the structure of the alkenoyl cation than that of reso-
nance form 4b to the structure of the alkenoyl chloride
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precursor. Shift differences of this magnitude between al-
kenoyl cation and precursor could hardly arise from just
neighboring-group effects (e.g., solvent and antisotropy
effects), nor could differences in the local diamagnetic
term oq be invoked,10 since the same substituents are at-
tached to Cg in ion and precursor. The Cg shift in the pro-
penoyl cation is the most deshielded (by about 40 ppm)
B-carbon shift observed in vinyl derivatives.®¢

In keeping with the above structural views, it was found
that attachment of a stabilizing alkyl, cycloalkyl, or aryl
group to Cg gave an even larger deshielding at Cs in the
resulting ion. The deshielded para carbon resonance in the
3-phenylpropenoyl cation is additional evidence for delo-
calized ‘“ketene-like” resonance forms. Attachment of a
methyl group at C, has very little effect on 3-carbon shift,
but an electron-withdrawing group such as COCl — SbF5
at Cg results in a much smaller deshielding (compared
with the propenoyl cation) upon icnization of the acid
chloride (T'able III).

On ionization of propenoyl chloride with SbFs, a large
shielding effect of 38.7 ppm at C, is observed. Apart from
vinyl iodide,®® where “heavy atom’ effects operate, this is
the most shielded shift yet observed for C, in a vinyl de-
rivative. As for neutral vinyl compounds, the C, shielding
is more difficult to rationalize than the Cs shielding.
However, the shielded (compared with a normal alkene
carbon) terminal carbon shift (13C ¢ 3.86) in the model
compound, ketene, suggests that the large shielding in the
a-carbon shift which occurs in the alkenoyl chlorides upon
ionization arises from a significant contribution from the
“ketene-like” resonance form 1b in the ionized species.
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Consistent with this viewpoint, ions with a substituent
at Cg, which is capable of stabilizing an adjacent carben-
ium ion center, have the most shielded C, shifts (Table
.

This observation is consistent with the relatively de-
shielded (compared with the carbony! shift of acyl cations)
central carbon shift in ketene. The carbonyl shifts in al-
kenoyl cations are most deshielded in those ions which

Jooy=1759 * 04 Hz
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have the most deshielded Cg shifts and the most shielded
C, shifts, i.e., those ions which have the largest contribu-
tion to their structure from the delocalized ‘‘ketene-like”
resonance form.

To determine the extent of the contribution from “ke-
tene-like” resonance forms we have observed the pmr
spectrum of 3-methyl-2-propenoyl cation over a range of
temperatures. At 80°, where decomposition of the ion
began to occur, there was no change in the position of the
two nonequivalent methyl signals, indicating that at this
temperature rotation about the C,-Cs bond was still slow
on the nmr “time scale.” Therefore, although there is a
substantial contribution from resonance form le, it appears
that forms 1a and 1b are still major contributors.

The value of the C,-H coupling constant in the prope-
noy! cation is 28 Hz larger than the corresponding value in
the acid chloride precursor. This most likely is a result of
the greater electronegativity of the C==0+ group com-
pared with the COCI group. The same trend is also appar-
ent for all the alkenoyl cations in Table IL. Jgsu in these
lons is also larger than in the precursors, but to a lesser
extent.

In the alkenoyl cations in Table II, as the contribution
of the “ketene-like” resonance form increases there is a
corresponding decrease in Jo,-p until in the 3,3-diphenyl-
propenoyl cation, Jc,-g is only slightly larger than the
C-H coupling constant of ketene (175.9 Hz). This trend is
additional evidence for the'structural considerations out-
lined above for alkenoyl cations.

Experimental Section

Propenoyl, isopropenoyl, (E)-2-butenoyl, (E)-2-methyl-2-bute-
noyl, 3,3-dimethylpropenoyl,*? fumaroyl, 3-phenylpropenoyl, and
3-(p-anisyl)propenoyl¥ chlorides were either commercially avail-
able or were prepared from the appropriate carboxylic acid and
thionyl chloride by usual procedures. Attempts to prepare (Z)-2-
butenoyl chloride from the unstable 2-butenoic acid!* and thionyl
chloride gave only E-2-butenoyl chloride. 3,3-Diphenylpropenoyl
chloride was prepared from the reaction of 1,1-diphenylethene
with oxalyl chloride,’® pmr (CCly) § 6.52 (s, 1, C=CH), 6.8-7.7
(m, 10, CgHs). Ketene prepared by the described procedurel® had
a pmr spectrum consistent with the reported data.1?

(E)-3-Cyclopropyl-2-butenoic Acid. A 3.6-g (0.028 mol) por-
tion of ethyl (E)-3-cyclopropyl-2-butenoate!® was heated under
reflux for 1 hr in a solution of 3.6 g of sodium hydroxide in etha-
nol (40 ml) and water (3 ml). The reaction mixture was cooled
and concentrated, and the residue was dissolved in a minimum
amount of water. The agueous solution was washed with ether (2
X 20 ml), acidified with 10% hydrochloric acid, and extracted
with ether (2 X 100 ml). The combined ether extracts were dried
(MgSO4) and concentrated to give the crude acid. Recrystalliza-
tion from petroleum ether (bp 60-80°) afforded 2.7 g (80%) of
(E)-3-cyclopropyl-2-butenoic acid: mp 101-102° (lit.»® mp 99-
100°); nmr (CCly) 6 0.67-0.89 (m, 4, CHy), 1.28-1.80 (m, 1, CH),
2.0(s, 3, CH3), 5.68 (s, 1, C=CH), 12.12 (s, 1, COOH).

Reaction of (E)-3-Cyclopropyl-2-butenoic Acid with Thionyl
Chloride. A 1-g portion of (E)-3-cyclopropyl-2-butenoic acid was
stirred at room temperature with 1 ml of thionyl chloride and 10
ml of carbon tetrachloride. The solvent and excess thionyl chlo-
ride were removed with a rotatory evaporator, using a water bath
at room temperature. The nmr spectrum of the crude product in-
dicated it to be predominantly 3-cyclopropyl-2-butenoy! chloride
and an impurity which could not be separated by fractional dis-
tiliation. This as yet unknown by-product was also present when
the reaction was repeated at different temperatures, or in the ab-
sence of solvent: ir (film) 1755 (C=0) and 1578 ¢cm~!; nmr
(CCly) 8 0.4-1.05 (CHg), 1.6-2.2 (CH), 1.65 (CH3), 1.9 (CHs), 6.02
(C=CH).

3,3-Dicyclopropyl-2-propenoic Acid. A 1.8-g (0.01 mol) por-
tion of ethyl 3,3-dicyclopropyl-2-propenoatel®.20 was heated
under reflux for 1 hr in a solution of 1.5 g of sodium hydroxide in
ethanol (20 m}) and water (1 m!). The product was isolated in the
usual method and recrystallized from petroleum ether to give 1.05
g (82%) of 3,3-dicyclopropyl-2-propenoic acid: mp 136-137°; ir
(Nujol) 3200-2600 (OH), 1695 (C=0), 1590 cm~* (C=C); nmr
(CCly) 6 0.47-1.15 (m, 10, cyclopropyl), 5.4 (s, 1, C=CH), 12.1 (s,
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1, COOH). Anal. Caled for CgH1204: C, 71.01; H, 7.96. Found: C,
70.94; H, 7.96.

Attempts to prepare the acid chloride by the reaction of the
acid with thionyl chloride under a variety of conditions were un-
successful, and gave complex mixtures of unidentified products.

Preparation of Ions. Solutions of alkenoyl cations were pre-
pared by adding the appropriate alkenoy! chloride, either directly
or as a saturated SO, solution at —78°, to an excess of ShFs in
SOz at —78°,

Proton Nuclear Magnetic Resonance Spectra. Pmr spectra
were obtained using Varian Associates Model A56/60A and HA-
100 spectrometers equipped with variable-temperature probes.
External tetramethylsilane (capillary) was used as reference. Pmr
spectra of ions reported previously were found identical with de-
scribed spectra.*

Carbon-13 Nuclear Magnetic Resonance Spectra. A Varian
Associates Model XIL-100 spectrometer equipped with a broad-
band proton decoupler and variable-temperature probe was used.
The instrument operates at 25.2 MHz for 13C, and is interfaced
with a Varian 620-L computer. The combined system was oper-
ated in the pulse-Fourier transform mode, employing a Varian

. Fourier transform accessory. Typically 3000-5000 pulses, each of
width 20-30 usec, needed to be accumulated in order to give a
satisfactory signal-to-noise ratio for all signals of interest. Field-
frequency stabilization was maintained by locking on the 1°F sig-
nal of an external sample of fluorobenzene. Chemical shifts were
measured from the 18C signal of 5% 13C-enriched tetramethylsil-
ane in a 1.75-mm capillary held concentrically inside the stan-
dard 12-mm sample tube.

Some spectra were obtained using a Varian Associated Model
HA-100 nmr spectrometer equipped with a Fourier transform ac-
cessory (V-4357 Pulsing and Control Unit), broad-band proton de-
coupler, and variable-temperature probe. The instrument, lock,
and referencing systems have been described in more detail else-
where. 21
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The reactions of sulfur diimides 1a-d with phenylketene (2a) below —50° gave 1-substituted 3,4-diphenylpyr-
roline-2,5-diones 6a-d and 2-substituted 4,5-diphenyl 5-substituted carbamoyl-1,2-thiazolidin-3-ones 7a-d as
major products. Reduction of 7a by Raney Ni afforded only N,N’-di-tert-butyl-2,3-diphenylbutane diamide
(11a) in 85% yield, while 7h and 7¢ under the identical condition led to the corresponding amides, 11b (70%)
and 1lc (44%), and 1-substituted 3,4-diphenyl-4-carbamoylazetidin-2-ones, 12b (12%) and 12¢ (16%), respectively.
Oxidation of 7a-d by m-chloroperbenzoic acid gave 1,2-thiazolidin-3-one 1-oxides 13a-d in good yields. The
reactions of sulfur diimides 1b and le with phenylchloroketene (2b) yielded similarly 6b and 6c as the major
product, but the reaction of 1d afforded mainly 1,3,4-triphenyl-3,4-dichloropyrrolidine-2,5-dione (16d). The for-

mation mechanism of the above products was discussed.

In previous work! we investigated the reactions of sulfur
diimides with ketenes and found that thé reaction prod-
ucts depend on substituents both on the starting sulfur
diimides and ketenes, that is, (a) in the reaction with di-
phenylketene, diphenylsulfur diimide gave 1:2 and 1:1 cy-
cloadducts at low and at high temperatures, respectively,
and di-tert-butylsulfur diimide afforded two types of 1:1
cycloadducts; (b) in the reaction with alkylketenes, sulfur
diimides afforded no cycloadduct but the unexpected
thiobis(amine) derivatives, regardless of the substituents
oni the sulfur diimides. Further results on substituent ef-
fects in these reactions are reported in this paper.

Results and Discussion

Reaction of Sulfur Diimides with Phenylketene. The
reactions of sulfur diimides la-d with phenylketene (2a)
(Scheme I), generated in situ from phenylacetyl chloride
and triethylamine, unexpectedly gave l-substituted 3,4-
diphenlypyrroline-2,5-diones 6a-d and 2-substituted 4,5-
diphenyl 5-substituted carbamoyl-1,2-thiazolidin-3-ones
7a-d, which arise from 1 mol of 1 and 2 mol of 2a, along
with small amounts of some by-products.

The reaction products were independent of the ratio of
1 to'2a used in the reaction. The structure of 7 was estab-
lished by a combination of spectral and chemical evi-



