V7.3

TETRAHEDRON
Pergamon Tetrahedron 55 (1999) 5547-5554
A Facile Svnthesis of Diastereoisomeric 1.4-Diignic Oreananhasnharne
J ERCEALIES WA AFIMASLLE VUFISUILILE IV AyTFTASIIVAIIG Wl L SUVPHMUIPIIVE WD

Issa Yavari* , Mohammad Reza Islami and Hamid Reza Bijanzadeh

Department of Chemistry, University of Tarbiat Modarres, P. O. Box 14155-4838, Tehran, Iran
Received 11 September 1998; revised 22 February 1999; accepted 4 March 1999

Abstract: The addition of dialkyl acetylcnedicarboxylates to strong CH-acids in the presence of
triphenylphosphine leading to highly functionalized 1,4-diionic organophosphorus compounds is
reported. These betaines possess two vicinal stereogenic centers and exist as a mixture of two
diastereoisomers. Interconversion between the two diastereoisomeric forms of these 1,4-diionic
compounds via C-H proton exchange reactions of the (Ph);P*-CH moieties, preclude their scparation. The

necignmants tha Aia ~ farmo af tha. o hncad an tha hizh fial4 01 13r< and
dDDlElullClllb Ul e lWU ulamum_uauxucm. 0TS Ul LlleC DYDLLIIIB aic UadsGul UL LS lugu-uclu i, o oang

3'p NMR data. © 1999 Elsevier Science Ltd. All rights reserved.

INTRODUCTION
In recent years there has been increasing interest in the synthesis of organophosphorus compounds, i.e.

thoce hearing a carbon atom bound directlv to a nhosnho
0se b a carpon atom bound airectly toap ho

Lix S d wllxlb
recognition of the value of such compounds for a variety of industrial and chemical synthetic uses. As a resuit, a
large number of methods have appeared describing novel synthesis of organophosphorus compounds. A number

of reactions have been observed which involve 1,4-diionic phosphorus compounds as elusive transient species

re= -1 Y 11 2000 VAP USRI U Fy, gt FURy F I ioni <7 atad sl L o_a S .. L _ C ) Py | Y
[2,0]. 1n aii OI 1ne réacrions i wimcn s dii SE fem is postuiateq, ine o taine cannot be isolated bui

to occur as an intermediate on the pathway to an observed product.
We have recently described [7] the synthesis of stable 1,4-diionic phosphorus compounds 1 from the reaction

of triphenyiphosphine and ethyl propiolate in presence of strong CH

Of Srong CH-acids. With the purpose o p cpar'ﬁ(‘)“l o
betaines having two vicinal stereogenic centers, such as 2, we performed the reaction of Meldrum’s acid (3a) or

we
1,3-dimethylbarbituric acid (3b) with triphenylphosphine and dialkyl acetylenedicarboxylates 4. Thus, reaction
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RESULTS AND DISCUSSION

This three component reaction produces the hitherto unknown butanedioates 2a-e in 90-98% yields. All the
d cr e soli lly supported by elemental analyses and IR, high-
field '"H NMR, “C NMR and *'P NMR spectroscopy and mass spectrometry data. The mass spectra of these
1:1:1 adducts displayed fairly weak molecular ion peaks. Any initial fragmentation involved the loss of ester
moieties and scission of the ring.

A cyclic six-membered ring structure for compound 2 is unlikely because it requires several chemical shift
coincidences in the 'H and C NMR spectra. If compound 2 had a cyclic structure, then we were to expect a

doublet at about & 160 for the C-O-P moiety in the *C NMR spectra. Structure 2 was further confirmed by the

“I'D NMR spectroscopic data (5 24-25) which is in agreement with the presence of a (Ph);P"-C grouping [8,9].
On the basis of the chemistry of trivalent phosphorus nucleophiles [1-5] it is reasonable to assume that

compound 3 results from the initial addition of triphenylphosphine to the ac

no
Y
protonation of the 1:1 adduct by CH-acid 3. Then, the positively charged ion is attacked by the enolate anion of
the CH-acid to generate ylide 6. Compound 6 apparently isomerizes, under the reaction conditions, to produce

the 1,4-diionic compound 2.



I Yavari et al. / Tetrahedron 55 (1999) 5547-5554 5549

{ CO,R

-

0 ]
+
(Ph);,P“ICmCHCC)zR —(\z — (Ph)zP ‘.3 CH z l__..z
| COR b wor B |
L 0 ? o -
5 6

- 3

ave considerably higher acidities (pK, 7.3-7.7) than

Meldrum’s acid (3a) and 1,3-dimethylbarbituric acid (3b)
acyclic analogues such as dimethylmalonate (pK. 159) or even the diketone analogue 5,5-
dimethylcyclohexane-1,3-dione (pK, 11.2) [10]. Thus, the second acidic C-H of 3a or 3b can undergo proton-

he anomalously high acidity of

wo diastereoisomers. All
perhaps because of the presence of alabile (Ph);P'-C/ proton in these isomers. The 'H NMR spectroscopic
signal for this proton disappears on addition of a small drop of D,O to the CDCl; solution of 2.

Tha AN RALT. 1LI ATRAD tra of compoun do Ya_ o Alanlaa sienals for vicinal methine protons at §4.79
11K DUV VAL Il INIVIIMS SPC a UL COLLIPOULIUD 4a= apmycu Slgliddy 10Ul VI HCUIHIT pl UL g%, .17
5.90, which appear as two sets of double doublets for the major (M) and minor (m) diastereoisomers. The
.. - 3 . - .
vicinal proton-proton coupling constant ("Juu) as a function of torsion angle can be obtained from the Karplus
acuation 141 sically . varies hetween 1 5 and § Hz and /... hetween Q and 14 Hz Obgervation of 2 L
Cljuauion fi4j. L_ypu.aau » Jgauche VAIITS UCLWTLI 1.5 aiiG J 114 alill Janti DULWULTH 7 aliu 19 1z, vudlivaiion O1 vHH

9.8-12.0 Hz for the vicinal protons in major and minor diastereoisomers of compounds 2a-e (see Table 1)
indicates an anti arrangement for these protons. The assignments of the (25, 35)-2 and (2R, 35)-2
of 2a-¢ are b
phosphorus coupling depends on configuration, as expected, fransoid couplings being larger than cisoid ones.
The Karplus relation can be derived from the data for organophosphorus compounds with tetra- and penta-

Hz for the C(CQ), group (see Tahh\]\ is in
14 10 AR BV

J O B 1% aaus A5 iia

agreement with the (2R, 3R)-2 for the major diastereoisomer. On the other hand, measuerement of *Jcp of 18-
2 fo

20 Hz for the ester C=0 group, is in accord with the (2R, 35)-2 for the minor diastereoisomer.

o check whether the above conclusions regarding the nature of diastereoisomers of 2a-e are reasonable, we
. 1 . 3l aTa oA . 2 AN § RS SIS TR R MNP N rr N
furned 10 ' NMK specrmscopy. I'wO F Signals ar€e Observed at about 24 ppm \uownnem Il'O / l'l3l‘U4)

for compounds 2a and 2e. These shifts are similar to those observed for alkyl-triphenylphosphonium iodide

*'P chemical shift for a cyclic six-membered ring structure having a P-O bond is expected to be 80-
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In conclusion, we have found that the reaction of strong CH-acids, such as Meldrum’s acid or 1,3-

dimethylbarbituric acid, with dialkyl acetylenedicarbo n the

pres f try hmvlnhnqnhmp leads to a
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facile synthesis of higly functionalized 1,4-diionic organophosphorus compounds 2a-¢ in excellent yields.

EXPERIMENTAL SECTION

Dialkyl acetylenedicarboxylates, Meldrum’s acid and 1,3-dimethylbarbituric acid were obtained from Fluka
(Buchs, Switzerland) and were used without further purification. Melting points were measured on an
Electrothermal 9100 apparatus and are uncorrected. Elemental analyses for C, H, and N were performed using
a Heraeus CHN-O-Rapid analyzer. IR spectra were measured on a Shimadzu IR-460 spectrometer. 'H , *C
and *'P NMR spectra were measured with a BRUKER DRX-500 AVANCE spectrometer at 500 , 125.77 and
202.46 MHz , respectively . Mass spectra were recorded on a Finnigan-Matt 8430 mass spectrometer operating
at an ionization potential of 70 eV .
Preparation of dimethyl 2-(2,2-dimethyl-4,6-dioxo-1,3-dioxane-5-yl-5-yid)-3-triphenylphosphoniobutane-
1,4-dioate (2a). General procedure

To a magneticallv stirred solution of trinhenvivhosnhine (0.26
ey’ ~ st & Attt et of ) wfniniid of AV e

.

mmoi) in acetone (5 mi) was added, dropwise, a mixture of dimethyi acetyienedicarboxyiate {0.12 mi, 1 mmoi)

in acetone (2 ml) over 2 min. After 20 min stirring at room temperature, the product was filtered and

recrystallized from ethanol. Colourless crystals, 0.61 g, m.p. 180-184 °C decomp., yield 98%. IR (KBr) (Viux,

m’): 1731 and 1738 (C—O) MS, m/: (‘70) 548 (M', 1), 334 (18), 303 (10), 262 (10), 183 (100). Anal. Caicd.
for CioHaOsP (548.53): C, 65.69; 33%. Found: C, 65.8;H,5.4%. 'H, *C and *'P NMR data for the
major isomer: 'H NMR (500 MHz, CDCl; ): 5§ 1.60 (6 H, s, 2 CH:), 3.23,3.27 (6 H, 2 5, 2 OMe), 4.79 (1 H,

s Ty *xr 11 371 -

dd, 3Jm 10.7 Hz and 3Jm44nzL 70 (1 H, dd, "/ 10.

0
3C NMR (125.77 MHz, CDCl): § 26.02 [C(CHs),], 44.

21 (d, “Jpc 4.6 Hz, P-CH-CH), 44.62 (d, "Jec 39.6
Hz, P-CH), 52.89, 53.23 (2 OMe), 71.49 [d, *Jpc 14.6 Hz, C(CO),], 101.90 (CMe,), 121.47 (d, "Joc 88.2 Hz,

and 7P NMR data for the minor isomer; 'H NMR (500 MHz, CDCl; ): § 1.27

H, 25,2 OMe), 4.90 (1 H, dd, 3 12.0 Hz and *Jpy 3.90 Hz), 5.84 (1 H, dd, *Jiq 12.0 Hz and %Jpy 1
7.6-8.0 (15H, m, arom), “C NMR (125.77 MHz, cncng): 8 26.12 [C(CHs),), 42.72 (P-CH-CH), 43.38 (d,

Joe 508 Hz, P-CH)

=F>

»»»»»

N 1L £
-para), 100.63
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(0=C-C-C=0), 168.43 (C=0, ester), 174.17 (d, *Jec 18.2 Hz, C=0, ester). *'P NMR (202.46 MHz, CDCl;): §
24.15 [(Ph),P"C].

Diethyl 2-(2,2-dimethyl-4,6-dioxo-1,3-dioxane-5-yl-5-yid)-3-triphenylphosphoniobutane-1,4-dioate (2b)
Colourless crystals,0.55 g, m.p 163-166 °C decomp., yield 95%. IR (KBr) (Veax, cm™): 1729 and 1735 (C=0).
MS, miz, (%) 576 (M, 2), 503 (16), 348 (2), 401 (3) 262 (30), 183 (100). Anal. Calcd. for C3,HzO5P
(576.60): C, 66.66, H, 5.77%. Found: C, 65.2; H, 5.8%. 'H and C NMR data for the major isomer: '"H NMR
(500 MHz, CDCl; ): § 0.87 (3H, t, *Jius 7.3 Hz, CHs), 0.99 (3 H, t, *Jims 7.3 Hz, CHs), 1.65 (6 H, 2's, 2 CHy),
3.6, 3.78 (4 H, m, 2 OCHy), 4.78 (1 H, dd, *Jim 10.7 Hz and *Jpyy 3.5 Hz), 5.65 (1 H, dd, *Jis; 10.7 Hz and *Jon
114 Hz), 7.3- 8.1 (15 H, m, arom); “C NMR (125.77 MHz, CDCL): & 13.85, 14.13 (2 CHs), 26.17
[C(CH3),), 44.72 (d, “Joc 39.4 Hz, P-CH), 44.76 (d, “Joc 4.9 Hz, P-CH-CH), 61.95, 63.13 (2 OCH,), 71.69
[d, *Jec 13.0 Hz, C(CO),), 101.92 (CMey), 122.16 (d, 'Jec 88.4 Hz, Cpso), 129.77 (d, *Joc 13.0 Hz, Cpea),
134.13 (d, “Joc 2.3 Hz, Cpan), 134.59 (d, %Joc 9.8 Hz, C o) 166.50 (0=C-C-C=0), 167.55, 173.99 (2 C=0,
ester). 'H and 3C NMR data for the minor isomer: 'H NMR (500 MHz, CDCls ): & 0.88(3H,t, *Jim 7.3 Hz,
CHs), 1.18 (3 H, t, /i 6.9 Hz, CH;), 135 (6 H, s, 2 CH3), 4.05, 4.19 (4 H, m, 2 OCH_), 4.85 (1 H, dd, /i

o and?l £ 0L\ £ Q%
. O

and 3 E LT e armam) B3O awan
iz anda Jpu 0.7 néj, b

1
1 , M, arom), o NIV

,._.
N

(125.77 MHz, CDCL): § 13.67, 14.53 (2 CHs), 26.11 [C(CH,),], 42.48 (P-CH-CH), 43.06 (d, “Joc 49.6 Hz,
P-CH), 61.53, 62.47 (2 OCHy), 71.82 [d, /ec 2.2 Hz, C(CO),], 101.19 (CMe,), 118.51 (d, "Jpc 86.5 Hz,
77 \ 1
Lipso)s 1

167.64 (C=0, ester), 173.60 (d, *Jpc 18.2 Hz, C=0, ester).
Di-t-butyl 2-(2,2-dimethyl-4,6-dioxo-1, dwxane-5-yl-5-yid)-3-tripheny{phasphoniobutane-l,4-dioate (2¢)

124 72 { Y 1AA §A4 I(L("r‘_/‘—n\
L3573 \(Lparg) 100. 7 (U LTUTUTUY,

Y 1706 and 1797 (0=0)
]. 117 LT & \\_; UI-

(80N NI, COTYL -
YUV VI, veeeny ). O

65
114 Hz), 474 (1 H, dd, *Juu 11.4 Hz and *Jpu 3.5 Hz), 7.5 -8.1 (1

Hz, Cip), 12948 (d, Jpc 12.8
(o=‘3c—c-‘3c=0), 166.34, 173.45 (2 C=0, ester). ‘H and ”CNMRdatafo the minor isomer: 'H NMR (500
C H, dd
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MHz, CDCL): & 1.05
). 1.05

AViKad.,

Hz), 5.74 (1 H, dd, *hm 12.3 Hz and %y 16.71 Hz), 7.5-8.1 (i5 H, m, arom); “C NMR (125.77 MHz,

CDCL) & 27.47 [2 C(CHs)s), 28.36 [C(CHa)], 42.59 (d, Lpc 48.2 Hz, P-CH), 43.04 (P-CH-CH), 72.52 [d,
Jec 2.2 Hz, C(CO)), 80.90, 83.71 (2 CMes), 100.72 (CMey), 119.08 (d, 'Jpc 86.4 Hz, Cp,), 129.68 (d, *Joc
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12.8 Hz, Cpers), 134.37 (d, “Jpc 2.5 Hz, Crara), 134.79 (d, “Jpc 10.2 Hz, Comno), 165.88 (C=0, ester), 166.16
(0=C-C-C=0), 172.72 (d, *Jec 19.1 Hz, C=0, ester).

- [ I LI 7 =~

Preparation of dimethyi 2-(1,3-dimethylbarbituric acid-5-yl-5-yid)-3-triphenyiphosphoniobuta-1,4-dioate
(2d). General procedure
To a magnetically stirred solution of triphenylphosphine (0.26 g, 1 mmol) and 1,3-dimethylbarbituric acid

L, T, R TEa T R

dimethyl acetylenedicarboxylate (0.12
mi, 1 mmol) in acetone (2 ml) over 2 min. After 20 min stirring at room temperature, the product was filtered

and recrystallized from ethanol. Colourless crystals, 0.55 g, m.p. 153-158 °C decomp., yield 95%. IR (KBr)

ey .,__._.‘l\. 17 TLLED e d 1’1 £ LMY 2ae S AT A T\ I LEAY ANT /MAQY MLMm rAALY a0
(Vmax, CIT J 1575, 1007 Al 1/10(L=U). MS, m/z \ 0). JOU (M, 1}, 333 (DV), 3UL (£3), LOL(3L), 1B
nd 5

54 (100). Anal. Calcd. forCseHzoN,PO, (560.51): C, 64.28; H, 5.21;N,5
4.9%. 'H and "C NMR data for the major isomer: 'H NMR (500 MHz, CDCl;

NOITY 12A/46LT o N N N0 o1 41 37 1N TEY, - A3T £ o7 TIo 593(1H 11 37 A AT
ULI13), 2.2V 11, S, £ INVISj, J.VUL (1 11, 4G, “vgy V.7 11Z anda IPH.) /I nZj, 3.Y3 {1 n, aq, Jm{ 10.7 Hz and Jp"

s

108 Hz), 7.5-8.0 (15 H, m, arom); "C NMR (125.77 MHz, CDCl): § 27.33 (2 NCHs), 43.59 (d, Jpc40.2
Hz, P CH), 4382 (d, 2hc 4,5 Hz, P-CH CH), 5275, 53.01 (2 OMe), 82.63 [d, *Jpc 12.0 Hz, C(CO).],
pc 88.0 Hz, Cp), 129

10.1 Hz, Como), 153.82 (C=O0, urea) 162.86 (0=C-C-C=0), 167.47, 174.22 (2 C=0, ester). 'H and *C NMR
data for the minor isomer: '"H NMR (500 MHz, CDCl; ): & 2.95(6 H, s, 2 NMe), 3.15, 3.61 (6H,s,2

FaYes & gAY 1N 717 Ly AA 3’ 11 Ur-no\»l ~ 2 N £ 08 Y 1.1 17 _ -1
UlLrizj, 3.1V (1 1, G0, "Jyuy i1.5 nZ ana Jeu 6.3 nzj, 2.5>(1r,ad, Jgu li.3 iG “vpy 1U./ 1Z),

(15 H, m, arom); *C NMR (125.77 MHz, CDCl;): § 27.64 (2 NCH;), 41.67 (P-CH CH), 42.54 (d, ‘Jpc 49.
Hz, P-CH), 52.76, 53.16 (2 OMe), 83.39 [d, *Jic2.2 Hz, C(CO),], 118.15 (d, 'Joc 86.7 Hz, Cin,), 129.77 (
3y 170 W Y 11481 4 27 N1 W, N\ 1724 &
JPC 13V IZ, Umeta), 1394.55 \4, Jpc 1V.1 1X1Z, Uortho)y, 1540

(0=C-C-C=0), 167.68 (C=0), 173.87 (d, Jpc 17.4 Hz, C=0, ester).

1nncn,13r Hz C...) 13430 (d 1A A1 a1 2y

7 1M N — 45 'R e T al \
UAQ, JpC 13.U NZ, Uperg), 134.9U(Q, Jpc 1.0 F1Z Uparg), 134.41 (Q, U

2

-¢

4 If\"'l_\ 7(

o N
5-8.0
8

Colourless crystals, .59 g, m.p. 151-156°C decbm“, yield 90%. IR (KBr) (Vamay, cm’™'); 1582, 1659 and 1713
(C=0). MS, m/z (%): 588 (M', 2), 347 (15), 303 (28), 275 (45), 262 (95), 183 (100). Anal. Calcd.
forCs,Ha;N,PO; (588.56): C, 65.30; H, 5.65, N, 4.76%. Found: C, 65.2; H, 5.40; N, 4.7%. 'H, C and *'P
NMR data for the major isomer: 'H NMR (500 MHz CDCls ): § 0.72 (3 H, t, *Ju: 7.3Hz, CH;), 0.82 (3 H, t
3Jun 6.9 Hz, CHs), 2.92 (6 H, s, 2 NMe), 3.66, 3.74 (4 H, m, 2 OCH,), 4.97 (1 H, dd, >/ 10.4 Hz and *Jpy 5.3

). 2
, dd, */i1 10.4 Hz and %/py 10.7 Hz), 7.5-8.0 (15 H, m, arom); *C NMR (125.77 MHz, CDCls):

0(

c40.7 Hz, P-CH), 4445 (d, *Jpc 4.5Hz, P-CH CH
61.72, 62.47 (2 OCH,), 82.62 [d, *Jec 12.0 Hz, C(CO),], 121.68 (d, ‘Jpc 88.2 Hz, Cpno), 129.64 (d, *Jpc 13.0
Hz, Chew), 134.06 (d, “Joc 1.6 Hz, Cpun), 134.47 (d, “Joc 9.4 Hz, Comno), 153.86 (C=0, urea), 162.75
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(0=C-C-C=0), 167.02, 173.94 (2 C=0, ester). *'P NMR (202.46 MHz, CDCl;): & 24.84 [(Ph);P"-C]. 'H, "*C
and’'P NMR data for the minor isomer: 'H NMR (500 MHz,CDCl; ): § 0.82 (3 H, t, /i 6.9 Hz, CH;), 1.07

Bl ek IV

(3 H, t, >/ 7.2 Hz, CH3), 3.24 (6 H, s, 2 NMe), 3.45, 4.03 (4 H, m, 2 OCH,), 5.03 (1 H, dd, */i5; 11.4 Hz and
3Jou 6.3 Hz), 5.89 (1 H, dd, >/ 11.4 Hz and *Jou 15.4 Hz), 7.5 - 8.0 (15 H, m, arom); *C NMR (125.77 MHz,
CDCL): & 13.54, 14.35 (2 CH;), 27.50 (2 NCH3), 41.78 (P-CH-CH), 42.28 (d, 'Joc 49.0 Hz, P-CH), 6126,
62.32 (2 OCH,), 83.35 [d, *Jec 2.1 Hz,, C(CO),], 118.43 (d, 'Joc 86.4 Hz, C,n0), 129.47 (d, *Jpc 13.1 Hz,
Crera), 134.40 (d, “Jpc 8.0 Hz, Commo), 134.43 (Cpara), 152.91 (C=0, urea), 163.00 (0=C-C-C=0), 167.03
(C=0, ester), 173.15( d, *Jec 18.0 Hz, C=0, ester). *'P NMR (202.46 MHz, CDCly): & 24.79 [(Ph):P"-C]

Boww

o o«

10.

12.

13.

15.

i6.
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