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Abstract

A mild and efficient chemospecific method has been developed for the preparation of
organophosphorus compounds, in good yields, through the reaction of 2-bromoacetamide or
ethyl phenylcarbamate with PPh; in the presence of activated acetylenic esters.
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Introduction

Organophosphorus compounds have emerged as important reagents and intermediates in organic
synthesis.' An important group of this class is phosphorus ylides, which have been used in many
reactions and synthesis of organic compounds.”™® The prominent role of these compounds is to
convert the carbonyl groups to carbon-carbon double bonds.”'® From the large number of
methods available for the synthesis of phosphorus ylides, the most important involve the reaction

11,12

of a phosphonium salt with a base. In recent years a method has been developed for the

preparation of this family by using a novel approach employing vinyl phosphonium salts.">™'®
Although this method is successful for the preparation of phosphorus ylides and 1,4-di-ionic
organophosphorus compounds'’ from one CH-acid or NH, groups'*'? there are few reports on
the chemoselectivity and chemospecific synthesis of these compounds.”® Hence, a convenient
chemospecific synthesis of phosphorus compounds in general, and functionalized phosphorus
ylides in particular, continues to be a challenging task. We have found that 2-bromoacetamide
reacts with triphenylphosphine in the presence of acetylenic esters to produce stable a-amido
phosphorus ylides in a chemospecific manner, with the CH,Br moiety remaining intact. The a-
amido phosphorus ylides have also been prepared by reaction of triphenylphosphine with ethyl

phenylcarbamate as an amido group, in the presence of dialkyl acetylenedicarboxylates.
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Results and Discussion

Both neutral and anionic phosphorus compounds are good nucleophiles®' toward alkyl halides
and a-halocarbonyl compounds. The reaction of some a-halocarbonyl compounds such as a-
bromoketones with phosphines and phosphate can take an alternative course in which
phosphorus attacks halogen, with the formation, respectively, of an enolate or an enol
phosphate.**** Also, the nucleophilic substitution reactions by a phosphorus atom can occur at an
sp>- carbon bearing halogen, and are most valuable for synthesis.”’ When a synthesis is being
undertaken with several sensitive functional groups present in the molecule, or with several
sensitive molecules, milder reagents and reaction conditions may be necessary. As a result, many
alternative methods for effecting syntheses of phosphorus ylides from carbonyl compounds have
been developed. It is worth mentioning that although the reaction of PPh; with compounds
containing halogen groups, such as a-bromoketones,” carbon tetrachloride, and
hexachloroacetone,”® has been reported in the literature, we have not observed products
derived from nucleophilic attack of the PPh; at the CH,Br group in 2-bromoacetamide.
Apparently, under the present reaction conditions the phosphonium ion 3, which is conjugated
with an a,B-unsaturated ester, is formed faster than salt 4, and the compound 5 is formed in a
chemospecific manner (Scheme 1).
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In order to investigate chemospecific reactions of carbamate for the preparation of
phosphorus ylides, the reaction of ethyl phenylcarbamate with acetylenic esters was carried out
in the presence of triphenylphosphine.
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The reaction of ethyl phenylcarbamate 6 with dialkyl acetylenedicarboxylate takes place with
formation of an intermediate, A. As shown in Scheme 2, combination of the ambident anion with
phosphonium ion should provide compounds 7 and 8. We expected 8 to be formed as the major
product due to its high electron density at the oxygen, but 7 was formed as the only product. The
two different reaction pathways are dependent on the strength or weakness of the nucleophile, as
well as its softness or hardness as a base, as defined by the ‘hard and soft acids and bases
(HSAB) principle’.””*® Under the present conditions the compound 7 is formed in a
chemospecific manner.

Compounds Sa-b and 7a-b were characterized on the basis of their 'H- and *C NMR, IR,
and elemental analysis data, which are consistent with the presence of two rotational isomers.
The ylide moiety in these compounds is strongly conjugated with the adjacent carbonyl group,
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and rotation about the partial double bond in the 5-(E), 5-(£) and 7-(E), 7-(Z) geometrical
isomers is slow at room temperature (Scheme 3).
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The 'H NMR spectrum of compound 5a showed four sharp lines due to the methoxy protons,
at 6= 3.13, 3.57, 3.68 and 3.75, along with signals for methine protons at 6= 4.50 and 4.54,
which appear as two doublets of doublets (3JPH 15.0 Hz and 3JHH 8.7 Hz) and (3JpH 13.3 Hz and
3Jun 8.8 Hz) respectively for the Z- and E- geometrical isomers. The aromatic protons appear as a
multiplet at 6= 7.47-7.70 along with fairly broad doublet peak at 6=8.03 for the NH groups. The
BC- NMR spectrum of 5a displayed signals in agreement with the mixture of two rotational
isomers. Although the presence of the *'P nucleus complicates both the 'H- and *C NMR spectra
of 5a, it helps in the assignment of signals by long-range spin-spin couplings with 'H- and "*C
nuclei. The 'H- and >C NMR spectra of compound 5b are similar to those of 5a, with the
obvious differences in the ester groups. The 'H- and C NMR spectra of compounds 7a-7b
displayed signals in agreement with the proposed structures. For example, the 'H NMR spectrum
of compound 7a showed four sharp lines due to the methoxy protons at 6= 2.88, 3.11, 3.77 and
3.86, along with a signal for methine protons at 6= 4.94. The protons of ethyl group appeared as
a triplet at 5= 1.00 (*Jyy 7.1 Hz) and a multiplet at 5= 3.97- 4.01. The aromatic protons appear as
a multiplet at 6= 7.26-7.59 (see Experimental Section).

Conclusions

In conclusion, we have demonstrated that the reaction of triphenylphosphine with acetylenic
esters in the presence of a compound containing several functional groups can be performed in a
chemospecific manner, and the corresponding phosphorus ylides can be synthesized in good
yields under mild conditions.
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Experimental Section

General Procedures. Dialkyl acetylenedicarboxylates and triphenylphosphine were obtained
from Merck Chemical Co. and used without further purification. Compounds 1 and 6 were
prepared according to the literature.”” Melting points were obtained on a Gallenkamp melting
point apparatus and are uncorrected. Elemental analyses for C, H and N were performed at the
University of Tehran using a Heraeus CHN-O-Rapid analyzer. IR spectra were measured on a
Mattson 1000 FT-IR spectrometer. 'H- and *C NMR spectra were recorded on a BRUKER
DRX-500 AVANCE spectrometer at 500 and 125.77 MHz, respectively. Throughout this
section, an asterisk (*) denotes the presence of two rotamers

Dimethyl 2-[(2-br0moacetyl)amin0]-3-(1,1,1-triphenyl-ls-phosphanylidene) succinate (5a).
At ambient temperature, dimethyl acetylenedicarboxylate (0.24 mL, 2 mmol) was added
dropwise to a stirred solution of triphenylphosphine (0.53 g, 2 mmol) and 2-bromoacetamide
(0.27 g, 2 mmol) in a mixture of hexane-ethyl acetate (6 mL, 1:2). After the addition was
complete (approximately 5 minutes) the mixture was stirred for an additional 1 h and was
subsequently filtered. The solid collected in the filter was washed thoroughly with ethyl acetate
to give a white powder. (0.81 g, mp 170- 172 °C, yield 75%); IR (KBr) (Vinax, cm™): 3305 (NH),
1741 and 1666 (C=0). Major isomer, (Z)-5a, (67%), '"H NMR: & 3.13 and 3.68 (6H, 2s, 2x
OCH3), 3.72-3.84 (4H, m, 2x CH,Br)*, 4.50 (1H, dd, *Jpu 15.0 Hz, *Juy 8.7 Hz, P=C—CH), 7.47-
7.70 (30H, m, arom.)*, 8.03 (2H, d, /iy 8.8 Hz, 2NH)*. >C NMR: & 29.09 (CH,Br), 42.86 (d ,
'Joc 129.1 Hz, P=C ), 49.11 and 52.34 (2xOCH3), 52.58 (d, 2Jpc 7.17 Hz, P=C—CH ), 126.35 (d,
'Upe 94.5 Hz, Cipso ), 128.68 (d, *Jpe 12.3 Hz, Cpera)®, 132.16 (d, e 2.4 Hz, Cpura)*, 133.77 (d,
*Joe 10.0 Hz, Coppo)* 164.41 (C=0), 170.31 (d, *Jpc 12.7 Hz, C=0),173.13 (d, *Jpc 5.7 Hz, 2
C=0)*. Minor isomer, (E)-5a (33%), 'H NMR: & 3.57 and 3.75 (6H, 2s, 2 OCH3), 4.54 (1H, dd,
3Joi 13.3 Hz, *Jyy 8.8 Hz, P=C-CH ). °C NMR: § 29.20 (CH,Br), 43.52 (d, 'Jpc 136.9 Hz, P=C
), 50.09 and 52.33 (2x OCH3), 51.84 (d, *Jpc 17.0 Hz, P=C—CH ), 125.90 (d, 'Joe 93.3 Hz, Cipyo),
163.92 (C=0), 170.07(d, *Jpc 16.8 Hz, C=0). Anal. Calcd. For CysH,sBrNOsP (542.37): C,
57.58; H, 4.65; N, 2.58%. Found: C, 57.46; H, 4.55; N, 2.66%.

Diethyl 2-[(2-bromo acetyl)amino]-3-(1,1,1-triphenyl-is-phosphanylidene) succinate (Sb).
Obtained as a white powder from the reaction of diethyl acetylenedicarboxylate (0.24 mL,
2 mmol) with triphenylphosphine (0.53 g, 2 mmol) and 2-bromoacetamide (0.27 g, 2 mmol) in a
mixture of hexane-ethyl acetate (6 mL, 1:2). (0.79 g, mp 162- 164 °C, yield 70%); IR (KBr)
(Viax, cm™'): 3310 (NH), 1743 and 1668 (C=0). Major isomer, (Z)- 5b (64%),"H NMR & 0.45
(3H, t, *Jun 7.0 Hz, CH3), 1.22 (3H, t, *Juy 7.1 Hz, CHs), 3.68-3.86 (4 H, m, 2x CH,Br), * 4.02-
421 (8 H, m, 4x OCH,), * 4.46 (1H, dd, *Jpy 15.0 Hz, *Jyu 8.5 Hz, P=C—CH), 7.46-7.75 (30xH,
m, arom), * 8.06 (2xH, d, *Jun 8.5 Hz, NH)*. °C NMR: & 13.92 and 14.18 (2x CH3), 29.11
(CH,Br), 42.70 (d, 'Jpc 129.1 Hz, P=C), 52.54 (d, *Jpc 18.8 Hz, P=C—CH), 57.65 and 61.17 (2x
OCH,), 126.71 (d, 'Jpc 92.4 Hz, Cjp,), 128.56 (d, *Jpc 12.6 Hz, Cpera), 132.08 (d, *Joc 2.6 Hz,
Cpara)*, 133.87 (d, *Joc 10.0 Hz, Coro)*, 164.42 (C=0), 169.87 (d, °Jpc 12.6 Hz, C=0), 172.57
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(d, *Jec 7.9 Hz, 2x C=0)*. Minor isomer, (E) -5b (36%), '"H NMR: & 1.23 (3x H, t, *Jyyu 7.1
Hz, CH;), 1.25 (3x H, t, *Juu 7.1 Hz, CHs), 4.47 (1H, dd, *Jpy 15.5 Hz, *Juu 6.5 Hz, P=C—CH).
BC NMR: §14.19 and 15.05 (2x CH3), 29.29 (CH,Br), 43.64 (d, 'Jpc 137.1 Hz, P=C), 51.90 (d,
*Jpc 17.6 Hz, P=C—CH), 58.25 and 61.18 (2x OCHy,), 126.06 (d,'J,. 91.8 Hz, C;»,), 128.65 (d,
Joe 13.1 Hz, Cpew), 163.77 (C=0), 169.82 (d, *Jpc 20.0 Hz, C=0). Anal. Calcd. For
Co3H29BrNOsP (570.42): C, 58.96; H, 5.12; N, 2.46. Found: C, 59.06; H, 5.05; N, 2.50%.
Dimethyl 2-|N-ethoxycarbonyl-N-phenylamino]-3-(1,1,1-triphenyl-2>-phosphanylidene)-
succinate (7a). Obtained as a white powder from the reaction of dimethyl
acetylenedicarboxylate (0.24 mL, 2 mmol) with triphenylphosphine (0.53 g, 2 mmol) and ethyl
phenylcarbamate (0.33 g, 2 mmol) in a mixture of hexane-ethyl acetate (6 mL, 1:2). 0.61 g, m.p.
161-164 °C, yield 75%); IR (KBr) (Vmax, cm™): 1741 and 1691 (C=0). (Z)-7a (50%),'H NMR: &
1.00 (6H, t, *Juu 7.1 Hz, CH3)*, 2.88 and 3.77 (6H, 2s, 2x OCH3), 3.97- 4.01 (4 H, m, 2x
OCH,)*, 4.94 (P=C-CH)*, 7.26-7.59 (40H, m, arom)*.P >C NMR: & 14.53 (2x CH3)*, 41.28 (d,
'Jpc 135.1 Hz, 2x P=C )*, 48.76 and 52.04 (2x OCHj3), 60.93 (OCH,), 61.05 (d, *Jpc 16.1 Hz,
P=C-CH), 126.35 (d, 'Jec 94.5 Hz, Cjs,), 126.53, 127.31 and 129.69 (3x CH), 128.58 (d, *Jpc
12.3 Hz, Cprera), 131.94 (d, “Joc 2.5 Hz, Cpura), 133.56 (d, *Jec 9.7 Hz, Corio), 139.21 (C), 154.98
(C=0), 168.50 (d, “Jpc 13.8 Hz, C=0), 173.62 (C=0)*. (E)-7a (50%), "H NMR: & 3.11 and 3.86
(6H, 2s, 2x OCH3). °C NMR: § 49.41 and 52.33 (2x OCH3), 61.02 (OCH,), 61.86 (d, “Jpc 16.4
Hz, P=C-CH), 126.56 (d, 'Jpc 93.1 Hz, Cjpy), 127.32, 127.62 and 131.18 (3x CH), 128.68 (d,
Joc 12.6 Hz, Cpera), 132.04 (d, *Joc 2.5 Hz, Cpara), 133.77 (d ,*Jpc 9.8 Hz, Copio), 139.46 (C),
155.34 (C=0), 170.04 (d, *Jpc 18.9 Hz, C=0). Anal. Calcd. for C33H3,NOGP (565): C, 69.59; H,
5.66; N, 2.46%. Found: C, 69.49; H, 5.62; N, 2.51%.

Diethyl 2-[N-ethoxycarbonyl-N-phenylamino]-3-(1,1,1-triphenyl-,ls-phosphanylidene)-
succinate (7b). A white powder from the reaction of diethyl acetylenedicarboxylate (0.24 mL,
2 mmol) with triphenylphosphine (0.53 g, 2 mmol) and ethyl phenylcarbamate (0.33 g, 2 mmol)
in a mixture of hexane-ethyl acetate (6 mL, 1:2). (0.61 g, m.p. 166- 170 °C, yield 71%); IR (KBr)
(Vimax, cm™): 1751 and 1681 (C=0). Major isomer, (Z)-7b (53%), 'H NMR: & 0.31 (3H, t, *Juu
7.1 Hz, 2x CH3), 0.97 (6H, t, *Juy 7.0 Hz, 2x CH3), 1.33 (3H, t, *Juy 8.3 Hz), 3.34-4.44 (12 H,
m, 6x OCH,), 4.93 (P=C-CH)*, 7.25-7.61 (40H, m, arom)*. >C NMR: & 13.89 and 14.38 (2x
CH3), 14.55 (2 CH3)*, 41.65 (d, 'Jpc 134.7 Hz, P=C), 57.37 and 60.77 (2x OCH,), 60.86
(OCHY)*, 60.98 (d, *Jpc 17.5 Hz, P=C-CH), 126.33 (d, 'Jec 94.7 Hz, Cy ), 126.71, 127.71 and
129.95 (3x CH), 128.48 (d, *Jpc12.2 Hz, Cpera), 131.87 (d, *Joc 2.5 Hz, Cpara), 133.68 (d, “Jpc 9.8
Hz, Corno), 139.29 (C), 155.38 (C=0), 167.95 (d ,Jpc 13.0 Hz, C=0), 172.77 (C= O)*. Minor
isomer, (E)-7b (47%), '"H NMR: & 0.99 (3H, t, *Juy 7.1 Hz, CH3), 1.36 (3H, t, *Juy 7.3 Hz,
CH;). °C NMR: & 14.30 and 14.45 (2 OCH3), 38.98 (d , 'Jpc 133.4 Hz, P=C), 57.91 and 60.87
(2x OCHy), 61.91 (d, *Jec 16.7 Hz , P=C—CH), 126.88 (d , 'Jpc 91.9 Hz, Cyy,), 127.32, 127.50
and 131.37 (3x CH), 128.60 (d, *Jpc 12.3 Hz, Cpera), 131.95 (d, “Joc 2.8 Hz, Cpura), 133.80 (d,
2Jpc 9.8 Hz, Comno), 139.29 (C), 155.15 (C=0), 169.87 (d, *Jpc 18.1 Hz, C=0). Anal. Calcd. For
CssH36NOgP (597.65): C, 70.34; H, 6.07; N, 2.34. Found: C, 70.40; H, 6.07; N, 2.39%.
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