This article was downloaded by: [University of Western Ontario]

On: 02 February 2015, At: 17:57

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related
Elements

Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/gpss20

s pelsnarii s,
- il'lnr. i
TRt

i

j = Synthesis of stable carbamate phosphorus ylides by a
four-component reaction, and dynamic 'h nmr study of
the energy barriers for the rotation around the carbon-

nitrogen single bond and the carbon-carbon double
— —~ —— - = bond

o — e —

Eideh Mofarrah®
% Shahid Bakeri High Education Center of Miandoab, Urmia University, Urmia, Iran

b Department of Chemistry, the University of Sistan and Baluchestan, P. O. Box 98135-674,
Zahedan, Iran
Accepted author version posted online: 31 Dec 2014.

Ghasem Marandi®, Malek Taher Maghsoodloub, Hamideh Saravani®, Maryam Shokouhian® &
CrossMark

Click for updates

To cite this article: Ghasem Marandi, Malek Taher Maghsoodlou, Hamideh Saravani, Maryam Shokouhian & Eideh Mofarrah

(2014): Synthesis of stable carbamate phosphorus ylides by a four-component reaction, and dynamic Yh nmr study of the
energy barriers for the rotation around the carbon-nitrogen single bond and the carbon-carbon double bond, Phosphorus,
Sulfur, and Silicon and the Related Elements, DOI: 10.1080/10426507.2014.986267

To link to this article: http://dx.doi.org/10.1080/10426507.2014.986267

Disclaimer: This is a version of an unedited manuscript that has been accepted for publication. As a service
to authors and researchers we are providing this version of the accepted manuscript (AM). Copyediting,
typesetting, and review of the resulting proof will be undertaken on this manuscript before final publication of
the Version of Record (VoR). During production and pre-press, errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal relate to this version also.

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained

in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any



http://crossmark.crossref.org/dialog/?doi=10.1080/10426507.2014.986267&domain=pdf&date_stamp=2014-12-31
http://www.tandfonline.com/loi/gpss20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/10426507.2014.986267
http://dx.doi.org/10.1080/10426507.2014.986267

Downloaded by [University of Western Ontario] at 17:57 02 February 2015

form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Western Ontario] at 17:57 02 February 2015

ACCEPTED MANUSCRIPT

SYNTHESIS OF STABLE CARBAMATE PHOSPHORUS YLIDES BY A FOUR-
COMPONENT REACTION, AND DYNAMIC 'H NMR STUDY OF THE ENERGY
BARRIERS FOR THE ROTATION AROUND THE CARBON-NITROGEN SINGLE

BOND AND THE CARBON-CARBON DOUBLE BOND
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Abstract A stable phosphorus ylide is obtained in high yield by a four component reaction
between triphenylphosphine and dimethyl acetylendicarboxylate in the presence of the
intermediate product formed from phenyl isocyanate and substituted phenols in dichloromethane
at room temperature. This stable phosphorus ylide exists in solution as a mixture of two
geometrical isomers resulting from restricted rotation around the carbon-carbon partial double
bond due to conjugation of the ylide moiety with the adjacent carbonyl group. Dynamic effects
are observed in 'H NMR spectra that are attributed to restricted rotation around the carbon-
carbon double bond and the carbon-nitrogen single bond. These effects are used to calculate the

free activation energy (AG*) and other activation parameters such as AH', AS* and E,,.
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INTRODUCTION

The design of new synthetic routes and their development for widely used organic
compounds from readily available reagents are the major tasks for an organic chemist." Some
reagents such as phosphorus ylides are important in synthetic organic chemistry, especially in the
synthesis of naturally occurring products, compounds with biological and pharmacological
activities.? Phosphorus ylides are most often prepared by treatment of a phosphonium salts with a
base. The phosphonium salts are usually made from the corresponding phosphine and an alkyl
halide.>® In addition, they are also obtained by Michael addition of phosphorus nucleophiles to
activated olefins.*™* Herein, we describe an efficient synthetic route for the synthesis of stable
phosphorus ylides using triphenylphosphine (4), dimethyl acetylenedicarboxylate (5) and
carbamates (3) in a four-component reaction. The synthesized phosphorus ylide exhibits dynamic
'HNMR effects that afford good information regarding the interchangeable process of rotational

isomers that provide important kinetic data."*™*’

RESULTS AND DISCUSSION
Firstly, the work reports the reaction in which phenols (1) and phenyl isocyanate (2) lead to
carbamates (3) that they can be utilized as NH source in the presence of triphenylphosphine (4)

and dimethyl acetylenedicarboxylate 5 for the synthesis of dimethyl 2-[N-(4-
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methylphenyl)phenylcarbamate-N-yl]-3-(triphenylphosphoranylidene)butanedioates  (6)  in

excellent yield. No other product could be detected by NMR spectroscopy. (Scheme 1)

<Scheme 1>

The structures of compounds 6a-e were deduced from elemental analyses, IR, *H, *'P, **C
NMR and mass spectroscopy. The mass spectra displayed molecular ion peaks at appropriate m/z
values. Any initial fragmentations involve partial or complete loss of the side chains and scission
of the aromatic rings. The *H, *C and *'P NMR spectra of the ylides 6a-e are consistent with the
presence of two isomers. The ylide moiety of these compounds is strongly conjugated with the
adjacent carbonyl group and rotation around the partial double bond of the (£)-6 and (2)-6
geometrical isomers (Scheme 2) is slow on the NMR time scale at ambient temperature. Selected
'H, 3C and *'P NMR chemical shifts and coupling constants in the major and minor geometrical
isomers of compound 6a-e are shown in the experimental section. It must be mentioned that in

compounds (6a-e) the E- and Z- geometrical isomers exist as major and minor isomers.

<Scheme 2>

The *H NMR spectrum of 6a exhibited sharp singlet lines arising from methyl (5 = 2.28)
and methoxycarbonyl groups (6 = 2.92 and 3.84) and a doublet from a methine proton (6 = 5.04,
®Jon = 20.0 Hz), respectively. All aromatic protons of 6a resonated at & = 7.03-7.73 for the major

diasteroisomer.
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The **C NMR spectrum of 6a showed signals at & = 153.86 and 168.62, >Jpc = 13.1 Hz and
8 = 173.24, %Jpc = 15.9 Hz for carbamate and methoxy carbonyl groups, respectively. In addition,
the observation of two signals in the *'P NMR spectrum at 3 = 24.06 and 24.78 indicates the
existence of major and minor isomers. Other partial spectroscopic information is reported in the
experimental section for the minor diasteroisomer.

Although the mechanism of this reaction has not been experimentally established, a

5-11, 18-23

proposed mechanism for this reaction is shown on the base of the literature in Scheme 3.

<Scheme 3>

Dynamic effects are observed in the *H NMR spectrum of 6a at ambient temperature
which has been attributed to the restricted rotational process around the partial carbon-carbon

double bond, the carbon-carbon and the carbon-nitrogen single bonds***3

(see Schemes 4 and 5).

Two sharp doublets (& = 5.04 and 5.06) are observed for the CH protons of the major and
minor isomers of 6a in the *H NMR spectrum in CDCls as solvent at ambient temperature which
appeared as a broad doublet at near to 55°C (328 K). An increasing of the temperature results in
coalescence of the CH resonances. Recently, the free activation energy calculation using the
expression k = nA/V2 the first order rate constant (k) for carbon-carbon double bond rotation has
been reported by Shaabani et al.?* Some spectroscopic data from this article have been extracted

and collected in Table 1. From the coalescence temperature of the proton resonances of the CH

group and by use of the equation for the rate constant, the first-order rate constant & was
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calculated for the bond rotation in 6a to 24.53 s™* at 59°C. For this process, the activation and

kinetic parameters involving k. and AG*, AH*, AS* and E, are summarized in Table 1.%%7

<Scheme 4>
<Table 1>
<Table 2>
<Table 3>

<Scheme 5>

<Table 4>

By further investigations and zooming in to *H NMR spectra of 6a another dynamic *H
NMR effect was observed which is attributed to the restricted rotational process around the
carbon-nitrogen single bond.

When the temperature was decreased below ambient temperature, the *H NMR spectrum of
the major 6a-isomer in CDClI; at +5°C showed a resonance arising from the methoxy protons
which is broadened in comparison to a corresponding doublet measured at ambient temperature.
When the temperature was further increased, the methoxy protons coalesce near 23°C (296 K)
and appear as a sharp symmetrical resonance at 25°C, which is related to a restricted rotation
around the carbon-nitrogen single bond in the major isomer of 6a (see Scheme 2). It must be
mentioned that the methoxy protons of the minor 6a-isomer show coalescence near 20°C (293

K) and appear as a sharp symmetrical resonance at 25°C. These values are collected in Table 2.
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The effect of temperature on the rate constant was investigated on the basis of
measurement of different chemical shifts in a series of other separate experiments. The results
were too small so that the changes in first-order rate constant and Gibbs free energy barrier are
negligible in comparison with the results obtained at 23°C (296 K).®

The *H NMR spectrum of 6a in acetone at 0°C showed a resonance arising from the
methoxycarbonyl protons that is appreciably broadened in comparison with a corresponding
peak measured at ambient temperature (& = 3.82), whereas the other signals remain unchanged.
The methoxycarbonyl protons coalescence near —3°C and appear as fairly symmetrical resonance
at —10°C, which is relevant to the restricted rotational around the carbon-carbon single bond (see
Scheme 4 and Table 2).

More investigations are made for the restricted rotation around the nitrogen-carbon single
bonds and results are summarized in Tables 3 and 4. An illustrative progress has been shown in

Scheme 5.

CONCLUSION

In conclusion, the novel four-component reaction between triphenylphosphine and
dimethyl acetylenedicarboxylate in the presence of substituted phenols and phenyl isocyanate
provides a simple, one-pot, and efficient route for the synthesis of stable, phosphorus ylides with
probable pharmacological properties. The present procedure carries the advantage which allows

us to calculate free activation energies AG*.

EXPERIMENTAL
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Melting points and IR spectra (KBr pellets, v/cm™) of all compounds were measured on an
Electrothermal 9100 apparatus and a JASCO FT-IR spectrometer, respectively. The *H, *C, and
'p NMR spectra for compounds 6b-e were obtained with a Bruker DRX-400 Avance instrument
using CDClI;3 and acetone-dgs as solvents, TMS as internal standard at 400.1, 100.6, 161.9 MHz
except for compound 6a, the spectra of which were obtained on a DRX-500 Avance instrument
using CDClI; as solvent and TMS as internal standard at 500.1, 125.8, 202.4 MHz. VT NMR
spectra for compound 6a were performed at —17, —-10, -5, 0, +5, +10, +15, +20, +25, +30, +50
and +60°C. Elemental analyses for C, H, and N were performed using a Heraeus CHN-O-Rapid
analyzer. Mass spectra were recorded on an Agilent Technologies 5973 mass spectrometer
operating at an ionization potential of 70 eV. Dimethyl acetylenedicarboxylate, phenols, phenyl
isocyanate and triphenylphosphine were purchased from Fluka and were used without further

purification.

General procedure for the preparation of ylide (6a)

Magnetic stirring of a solution of p-cresol (0.108 g, 1 mmol) and phenyl isocyanate (0.119
g, 1 mmol) under solvent-free condition for 6 h led to the formation of carbamate 3. To this
solution, a magnetically stirred solution of triphenylphosphine (0.26 g, 1 mmol) in 10 mL of
CH.Cl,, dimethyl acetylenedicarboxylate (0.14 g, 1 mmol) was added drop-wise over a period of
10 min at room temperature. After approximately 24 h of stirring at room temperature, the

product was filtered off and washed with cold diethyl ether (3x5 mL).
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Dimethyl 2-[N-(4-methylphenyl)phenylcarbamate-N-yl]-3-(triphenylphosphoran-
ylidene)butanedioate (6a). Yield: 0.57 g (90%); Orange powder; m.p. 154-157°C; IR: 1745,
1708, 1649 (C=0); MS m/z: 632.5 [M*+1, 5], 631.5 [M*, 15], 600.4 [7], 559.4 [3], 405.3 [100],
277.4 [23]; Anal. Calcd. for C3gH34sNOgP (631.65): C, 72.26; H, 5.43; N, 2.22; Found: C, 72.40;
H, 5.54; N, 2.30%. Major isomer (Z)-6a (58%): 'H NMR (500.1 MHz, CDCls): & 2.29 (3H, s,
ArCHs), 2.93 and 3.84 (6H, 2s, 2 OCHs), 5.04 (1H, d, 3Jpy = 20.0 Hz, P=C-CH), 7.03-7.73 (24H,
m, PhsP, NPh and OAr); *C NMR (125.8 MHz, CDCls): & 20.83 (s, ArCHs), 40.56 (d, Jpc =
134.8 Hz, P=C), 52.32 and 52.61 (2s, 2 OCH3), 62.51 (d, %Jpc = 14.0 Hz, P=C-CH), 126.36 (d,
Lpc = 91.5 Hz, Cipso), 128.83 (d, *Jpc = 12.1 Hz, Crners), 132.25 (d, “Joc = 2.0 Hz, Cpara), 133.80
(d, %Joc = 9.1 Hz, Comno), 118.67, 121.17, 127.17, 127.82, 129.41, 131.16, 134.23 (75, Carom),
149.39 (s, C, OAYT), 153.86 (S, COcarbamar), 168.62 (d, *Jpc =13.1 Hz, C=0), 173.24 (d, 2Jpc = 15.9
Hz, P-C=C); *P NMR (202.4 MHz, CDCls): & 24.78 [s, (PhsP*-C)]. Minor isomer (E)-6a
(42%): *H NMR (500.1 MHz, CDCL): 3 1.62 (3H, s, ArCHs), 3.14 and 3.92 (6H, 2s, 2 OCHb),
5.06 (1H, d, *Jpy = 17.6 Hz, P=C-CH), 7.03-7.73 (24H, m, PhsP, NPh and OAr); *C NMR
(125.8 MHz, CDCly): 3 15.34 (s, ArCHs), 41.90 (d, “pc = 129.7 Hz, P=C), 48.95 and 49.55 (2s,
2 OCHs), 65.90 (d, 2Jpc = 12.4 Hz, P=C-CH), 126.97 (d, “Jpc = 108.7 Hz, Cips), 128.72 (d, *Jpc
= 10.1 Hz, Crews), 132.13 (d, “Joc = 3.0 Hz, Cpara), 133.60 (d, “Joc = 10.1 Hz, Conno), 118.67,
121.66, 126.30, 128.52, 129.39, 129.92, 134.23 (7s, Caom), 148.90 (s, C, ArO), 153.30 (s,
COcarbamat), 170.03 (d, *Jpc = 12.9 Hz, C=0), 173.42 (d, %Jpc =16.0 Hz, P-C=C); *'P NMR (202.4
MHz, CDCly): & 24.06 [s, (PhsP*-C)].

Dimethyl 2-[N-(2-methylphenyl)-N-phenylcarbamate-N-yl]-3-(triphenylphosphor-

anylidene)butanedioate (6b). Yield: 0.60 g (95%); Orange powder; m.p. 157-159°C; IR:
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1746, 1714, 1648 (C=0); MS m/z: 632.5 [M*+1, 3], 631.5 [M*, 11], 600.4 [3], 559.4 [4], 405.3
[100], 277.4 [55]; Anal. Calcd. for C3gH3sNOgP (631.65): C, 72.26; H, 5.43; N, 2.22; Found: C,
72.33; H, 5.48; N, 2.18%. — Major isomer (Z)-6b (75%): 'H NMR (400.2 MHz, acetone-dg): &
2.10 (3H, s, ArCHz), 2.91 and 3.91 (6H, 2s, 2 OCHs), 5.01 (1H, d, /ey = 19.6 Hz, P=C-CH),
6.90-7.75 (24H, m, PhsP, NPh and OAr); **C NMR (100.6 MHz, acetone-dg): & 22.11 (s,
ArCHs), 41.29 (d, “Jpc = 136.8 Hz, P=C), 52.38 and 52.63 (2s, 2 OCH3), 62.29 (P=C-CH, 2Jpc =
17.0 Hz), 125.71 (d, *Jec = 90.8 Hz, Cipso), 128.95 (d, *Jpc = 12.8 Hz, Cinera), 132.29 (d, “Jpc = 2.3
Hz, Cpara), 133.81 (d, 2Joc = 10.0 Hz, Conno), 118.70, 122.14, 127.15, 127.33, 128.60, 132.00,
134.51 (75, Carom), 145.69 (s, C, OAr), 152.30 (S, COcarbamar), 170.13 (d, *Joc =12.8 Hz, C=0),
173.02 (d, 2Jpc = 14.1 Hz, P-C=C); *'P NMR (162.0 MHz, acetone-dg): & 24.11 [ s, (PhsP*-C)], -
Minor isomer (E)-6b (25%): *H NMR (400.2 MHz, acetone-dg): & 2.00 (3H, s, ArCHs), 3.15 and
3.82 (6H, 2s, 2 OCHs3), 5.11 (1H, d, *Jpy = 19.4 Hz, P=C-CH), 6.90-7.75 (24H, m, PhsP, NPh
and OAr); *C NMR (100.6 MHz, acetone-ds): & 21.78 (s, ArCHs), 43.27 (d, YJpc = 134.5 Hz,
P=C), 48.62 and 49.46 (2s, 2 OCHs), 63.27 (P=C-CH, *Jpc = 17.1 Hz), 125.52 (d, *Jpc = 91.0 Hz,
Cipso), 128.84 (d, *Jpc = 12.1 Hz, Creta), 132.18 (d, “Joc = 2.1 Hz, Cpara), 133.58 (d, “Jpc = 10.1
Hz, Corno), 118.36, 122.43, 127.06, 127.70, 128.48, 132.00, 134.47 (7s, Carom), 145.83 (s, C,
OAYr), 153.04 (S, COcarbamat), 168.44 (d, 3Jpc = 12.6 Hz, C=0), 171.68 (d, %Jpc = 13.8 Hz, P-C=C);
3P NMR (162.0 MHz, acetone-ds): 8 24.71 [s, (PhsP*-C)].

Dimethyl  2-[N-(4-formylphenyl)-N-phenylcarbamate-N-yl]-3-(triphenylphosphor-
anylidene)butanedioate (6c). Yield: 0.61 g (95%); Orange powder; m.p. 127-129°C; IR:
1745, 1712, 1644 (C=0); MS m/z: 646.5 [M*+1, 4], 645.5 [M*, 13], 614.3 [77], 587.6 [11],

467.5 [100]; Anal. Calcd. for C3gH3,NO;P (645.64): C, 70.69; H, 5.00; N, 2.17; Found: C, 70.47;
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H, 5.13; N, 2.22%. — Major isomer (Z)-6¢ (62%): 'H NMR (400.2 MHz, CDCl5): & 2.93 and
3.83 (6H, 2s, 2 OCHs3), 5.01 (1H, d, *Jpy = 20.1 Hz, P=C-CH), 7.12-7.81 (24H, m, PhsP, NPh
and OAr), 9.94 (1H, s, ArCHO); *C NMR (100.6 MHz, CDCls): 8 41.07 (d, *Jpc = 135.8 Hz,
P=C), 52.43 and 52.71 (2s, 2 OCHs), 61.97 (d, %Jpc = 16.0 Hz, P=C-CH), 121.87 (S, Carom),
126.23 (d, “Jec = 92.6 Hz, Cixo), 128.87 (d, *Joc = 12.1 Hz, Crers), 132.35 (d, “Joc = 1.9 Hz,
Cpara), 133.60 (d, %Jpc = 10.0 Hz, Corno), 126.92, 127.91, 129.95, 131.07, 133.02 (75, Carom),
138.27 (s, OAr), 152.63 (S, COcarbamar), 168.61 (d, *Jpc = 13.3 Hz, C=0), 172.87 (d, “Jpc = 14.1
Hz, P-C=C), 191.12 (s, ArCHO); *P NMR (162.0 MHz, CDCls): & 24.87 [s, (PhsP*-C)]. -
Minor isomer (E)-6¢ (38%): *"H NMR (400.2 MHz, CDCls): & 3.13 and 3.93 (6H, 2s, 2 OCHj),
5.02 (1H, d, %Jpy = 19.5 Hz, P=C-CH), 7.12-7.81 (24H, m, PhsP, NPh and OAr), 9.94 (1H, s,
ArCHO); *C NMR (100.6 MHz, CDCls): 3 39.86 (d, Jpc = 136.1 Hz, P=C), 49.55 and 48.98
(2s, 2 OCHs), 62.79 (d, 2Jpc = 17.1 Hz, P=C-CH), 122.19 (S, Carom), 126.69 (d, “Jpc = 91.3 Hz,
Cipso), 128.72 (d, *Joc = 12.3 Hz, Cryeta), 132.11 (d, “Joc = 2.0 Hz, Cpara), 133.78 (d, 2Jpc = 9.7 Hz,
Cortho), 127.09, 128.49, 129.42, 131.17, 133.44 (7, Carom), 138.57 (s, OAr), 151.84 (S, COcarbamat),
169.88 (d, ®Jpc =13.1 Hz, C=0), 173.25 (d, %Jpc =14.5 Hz, P-C=C), 191.12 (s, ArCHO);*'P NMR
(162.0 MHz, CDCls): & 24.13 [s, (PhsP*-C)].

Dimethyl 2-[N-(2-Nitrophenyl)-N-phenylcarbamate-N-yl]-3-(triphenylphosphor-
anylidene)butanedioate (6d). Yield: 0.62 g (93%); Orange powder; m.p. 128-129°C; IR:
1746, 1714, 1645 (C=0), 1358 (NOy); MS m/z: 663.5 [M*+1, 2], 662.5 [M*, 5], 631.5 [2], 407.4
[18], 405.3 [100], 335.3 [14], 277.4 [28]; Anal. Calcd. for Ca;H31N,OgP (662.62): C, 67.07; H,
4.72; N, 4.23; Found: C, 67.16; H, 4.80; N, 4.15%. — Major isomer (E)-6d (76%): '"H NMR

(400.2 MHz, CDCly): & 3.13 and 3.81 (6H, 2s, 2 OCHs), 4.98 (1H, d, *Jey = 20.0 Hz, P=C-CH),
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7.10-8.10 (23H, m, PhsP, NPh and OAr); *C NMR (100.6 MHz, CDCls): & 39.66 (d, “Jec =
190.2 Hz, P=C), 52.38 and 52.61 (2s, 2 OCHj), 62.32 (d, %Jpc = 17.1 Hz, P=C-CH), 126.71 (d,
e = 88.5 Hz, Cipso), 128.91 (d, *Jec = 13.1 Hz, Creta), 132.28 (d, “Joc = 3.0 Hz, Cyara), 133.8 (d,
2Jpc = 10.1 Hz, Comno), 123.25, 126.60,127.54, 127.87, 130.00, 131.16 and 138.16 (7, Carom),
145.01 (s, OAr), 152.30 (S, COcarbamar), 170.01 (d, >Joc =18.1 Hz, C=0), 173.01 (d, “Jpc = 14.1
Hz, C=0); *'P NMR (162.0 MHz, CDCLy): 8 25.45 [s, (PhsP*-C)]. — Minor isomer (2)-6d (24%):
'H NMR (400.2 MHz, CDCls): § 2.87, 3.89 (6H, 2s, 2 OCHs), 5.01 (1H, d, ®Jpy = 16.0 Hz, P=C-
CH), 7.1-8.1 (23H, m, PhsP, NPh and OAr); **C NMR (100.6 MHz, CDCls): & 40.98 (d, *Jpc =
199.2 Hz, P=C), 48.83 and 49.48 (2s, 2 OCHj), 63.32 (d, %Jpc = 17.1 Hz, P=C-CH), 126.65 (d,
e = 90.5 Hz, Cipso), 128.84 (d, *Jpc = 12.1 Hz, Cners), 132.17 (d, “Joc = 3.0 Hz, Cpara), 133.58
(d, 2Jpc = 10.1 Hz, Cornno), 123.25, 126.60, 127.54, 127.87, 129.95, 138.49 and 142.19 (75, Carom),
145.05 (s, OAr), 152.00 (S, COcarbamar), 168.61 (d, 2Joc =13.1 Hz, C=0), 173.01 (d, *Jpc = 14.1
Hz, C=0); 3P NMR (162.0 MHz, CDCls): & 25.18 [s, (PhsP*-C)].

Dimethyl 2-[N-(2,6-dimethylphenyl)-N-phenylcarbamate-N-yl]-3-(triphenyl-
phosphoranylidene)butanedioate (6e). Yield: 0.56 g (87%); Orange powder; m.p.: 184-
187°C; IR: 1745, 1713, 1608 (C=0); MS m/z: 646.7 [M*+1, 3], 645.6 [M", 5], 614.7 [8], 539.2
[14], 375.2 [100], 354.4 [19], 265.3 [13]; Anal. Calcd. for CaH3sNOGP (645.68): C, 72.55; H,
5.62; N, 2.17; Found: C, 72.47; H, 5.64; N, 2.08%. — Major isomer (E)-6e (69%): 'H NMR
(400.2 MHz, CDCly): 3 2.10 (6H, 2s, ArMey), 3.18 and 3.83 (6H, 2s, 2 OCHs), 5.02 (1H, d, *Jp4
= 25.6 Hz, P=C-CH), 6.80-7.90 (23H, m, PhsP, NPh and OAr); **C NMR (100.6 MHz, CDCly):
5 16. 39 (s, ArMey), 39.34 (d, *Jpc = 206.3 Hz, P=C), 49.54 and 52.29 (2s, 2 OCHj3), 61.50 (d,

2Joc = 17.1 Hz, P=C-CH), 126.34 (d, “Jpc = 92.6 Hz, Cipso), 128.87 (d, *Joc = 12.1 Hz, Crnets),

'ACCEPTED MANUSCRIPT



Downloaded by [University of Western Ontario] at 17:57 02 February 2015

ACCEPTED MANUSCRIPT

132.33 (d, “Jrc = 3.0 Hz, Cpara), 133.78 (d, “Jpc = 10.1 Hz, Conmno), 118.62, 125.14, 127.46,
128.14, 128.56, 131.39 and 139.05 (75, Carom), 148.74 (s, OAr), 152.84 (S, COcarbamar), 170.17 (d,
®Joc = 18.1 Hz, C=0), 173.30 (d, %Jpc = 14.1 Hz, C=0); *'P NMR (162.0 MHz, CDCls): & 24.78
[s, (PhsP*-C)]. — Minor isomer (2)-6e (31%): *H NMR (400.2 MHz, CDCls): 3 2.14 (6H, 2s,
ArMes), 2.90 and 3.89 (6H, 2s, 2 OCHs3), 5.00 (1H, d, *Jpy = 20.1 Hz, P=C-CH), 6.8-7.9 (23H,
m, PhsP, NPh and OAr); *C NMR (100.6 MHz, CDCls): & 16. 39 (s, ArMe,), 40.65 (d, *Jpc =
215.3 Hz, P=C), 48.92 and 49.53 (2s, 2 OCHs), 62.43 (d, %Jpc = 17.1 Hz, P=C-CH), 126.89 (d,
Lpc = 92.6 Hz, Cipso), 128.76 (d, *Jpc = 12.1 Hz, Crners), 132.20 (d, “Joc = 2.0 Hz, Cpara), 133.62
(d, 2pc = 10.1 Hz, Corno), 121.75, 125.14, 126.85, 127.58, 128.54, 130.33, 139.36 (7, Carom),
148.74 (s, OAr), 152.50 (S, COcarbamar), 168.67 (d, *Jpc = 13.1 Hz, C=0), 173.25 (d, “Jpc = 15.1

Hz, C=0); **P NMR (162.0 MHz, CDCls): 5 24.27 [s, (PhsP*-C)].
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Table 1. Selected *H NMR chemical shifts 8/ppm of 6a and 4a (500 MHz) along with activation parameters in CDCl; for the

restricted rotational process around the carbon-carbon double bond.

Compound

6a

4a

4a

4a

Temp./°C

20

60
20

60
25
H

13C

31P

31P

d/ppm AvIHz
5.0198 11.052
5.0419

5.06
6.7608 19.155
6.7991

6.78

4.83, 4.85 5.0

Ko/s™

24.53

42.53

177.6

TJ/K

332

330

312

Major rotamer

AG* AH*
kJmol™ kJmol™
72.76%1

59.241
70.79+1
65.5[a]

ASY
kJmol 1K™

-0.0407

3.19 and 3.7 (6H, 25, 2 OCH;), 4.83 (1H, d, 3Jup 16.1 Hz, P-C-CH), 7.47-7.85 (19H, m, 3 CsHs and CoH)

37.35 (d, LJep 126.3 Hz, P=C), 49.78 and 53.56 (25, 2 OMe), 55.76 (d, 2 Joc 17.3 Hz P-C-CH), 123.37 (s, 2 CH, (
Lec 92.0 Hz, Cips), 120.21 (d, 3o 12.3 Hz, Cineta), 132.44 (d, “Jpc 1 Hz, Cpar), 13275 (5, 2C, CaHa), 133.89
134.09 (d, 2Jec 10.0 Hz, Cortno), 167.97 (2 C=0, phthalimide), 169.81 (d, 3Jec 14.0 Hz, C=0 ester), 171.7 (d, 3J

ester).
23.84 (s, PhsP=C).

ester).
24.00 (s, PhsP=C).

Major rotamer
3.66 and 3.73 (6H, 2s, 2 OCHs). 4.85 (1H, d, °Jiyp 17.5 Hz, P-C-CH), 7.47—7.85 (19H, m, 3 C¢Hs and CgHa).

39 51 (d, “Jep 131.0 Hz, P=C), 51 18 and 53.28 (2s, 2 OMe), 55 13 (d, “Jec 17.3 Hz, P-C-CH), 123.36 (s, 2CH,
Lpc 92.3 HZ Cipso); 129.11 (d, 3Jpc 12.3 Hz, Cinera), 132.45 (d, “Jpc 1.0 HZ Cpara), 132.65 (s, 2C, CeH4), 133. 99
134.07 (d, %Jec 6.5 Hz, Conno), 167.96 (2 C=0, phthalimide), 169.64 (d, *Jpc 13.7 Hz, C=0 ester), 171.8 (d, °J
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[a] Selected spectroscopic data and free activation energy for 4a from ref. [24] are presented here.

Table 2. Selected *H NMR chemical shifts 8/ppm of 6a (500 MHz) along with activation parameters in CDCl; for the

restricted rotational process around the carbon-carbon single bond in mode A and B (see Scheme 4).

Compound Temp. S/ppm Av/Hz ke/s™ TJ/K AGH AH? AS?F
°C kJmol™ kJmol™ kJmol K™
6a-(major) 20 3.0947 60.712 134.81 296 62.48+1
3.2161
50 3.14 48.12 -0.044
20 6.6595 65.067 144 .47 297 60.44+1
6.7896
50 6.79
6a-(minor) 20 3.8881 23.606 52.19 293 61.83+1
3.9351
50 3.92 33.188 —-0.0985
20 2.8904 25.956 57.63 295 62.27+1
2.9423
50 6.79
17
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Table 3. Selected *H NMR chemical shifts 8/ppm of 6a (500 MHz, Me,Si) along with activation
parameters AG*/kJmol™ in CDCl; for the restricted rotational process around the carbon-

nitrogen single bonds in mode C and D (see Scheme 5).

Compound Temp/°C Slppm  AviHz  kJdst  TJK  AGHkImol™

CO,CH;3
6a-(major) 15 3.81,3.84 15.00 3332 270 58.00+2
35 3.84
6a-(minor) 15 3.82,3.85 15.00 3332 254 54.43%2
35 3.85
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Table 4. Selected *H NMR chemical shifts 8/ppm of 6a (500 MHz, Me,Si) along with activation
parameters in CDClI; for the restricted rotational process around the carbon-nitrogen single bonds

in mode E and F (see Scheme 5).

Compound  Temp./°C 8/ppm AviHz  kJds?  TdK  AGHkImol™
CO,CH3

6a-(major) -15 2.84,2.85 5.00 11.10 294 64.11+2
60 3.86

6a-(minor) -15 3.16, 3.18 10.00 21.81 296 62.88x2
60 3.18
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Scheme 1: Synthesis of carbamate containing phosphorus ylides.
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Scheme 2: £ and Z geometrical isomers of phosphorus ylides as major and minor isomers.
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Scheme 3: A proposed mechanism for the synthesis of phosphorus ylides.
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Scheme 4: Conformational interchanges around the C-C single bonds in the major and minor

compounds.
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Scheme 5: Conformational interchanges around the C-N single bond in the major and the minor

diastereoisomers.
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