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In recent years there have been numerous reports on the application of the niphenylphosphine (TPP) - 

diethyl azodicarboxylate (DEAD) protocol Fawn as the Mitsunobu reaction (MR)‘] in dehydrative bond- 

forming reaction (Eq. 1) over the past few years has been the subject of numerous reports.* 

R-OH 
A-H 

TPP/DEAD 
R-A A = 0-, N-, S-, C- nuclmphiles Eq. 1 

In the presence of a suitable proton donor AH (vi& infra) the alcohol ROH reacts with TPP-DEAD, to 

give reactive intermediate(s) which is(are) displaced by the conjugate base A‘. resulting in RA formation. 

Indeed, a careful scrutiny of the mechanism has indicated that, under certain conditions, cationic intermediates 

(e.g., alkoxyphosphonium salts 5) are present in equilibtium with neutral pentacoordmated species (e.g., 3 

and/or 6, Scheme 1). 

Scheme 1 

PbsP + ROOC-N=N-CQOR - 

+ r; 2% R-A + RlPO 
Fll 

5 

The position of this equilibrium is heavily dependent on a) the steric size of substituent R; b) the nature of 
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the proton donor AH; c) the pKm value, and d) the polarity of the solvent.3 In spite of the fact that C-O and 

C-N bond formations have wide applications, the most appealing C-C formation, under these mild and neutral 

conditions, is poorly documented.* Indeed, several experiments suggest a pKAH threshold (ca. 11) 

above which AH is not deprotonated to a sufficient extent for efficient MR.k*4 The lack of carbon acids with 

an appropriate pKm value may partly explain the paucity of examples of C-C formation under Mitsunobu 

conditions. For example, diethyl malonate has a very low pKm value (13.3). and this has precluded any 

successful application of this protonated nucleophile.5 Furthermore, MRs involving either 1,3-diketones or p- 

ketoesters resulted in the predominant formation of O-alkylated, rather than C-alkylated compounds.* To the 

best of our knowledge, except for the use of HCN derivatives6 and the above mentioned 1,3-dicarbonyl 

compounds, only o-nitroarylacetonitriles,‘” y-nitroalkanols’ and some sulphone? appear to have been 

successfully tested. While exploring structural variants which may extend the range of applicability of MR, we 

found that triethyl methanetricarboxylate (TEMT) 7: a commercially available compound, acts as an expedient 

protonated C-nucleophile. 

In this paper we report that TEMT can be alkylated by a wide array of alcohols under classical Mitsunobu 

conditions (Eq. 2), thus opening up interesting opportunities for preparative organic chemistry. 

ROH 
H-C(COOEt) 3 - R-C(COOEt) 3 

TPP/DEAD 
7 r.t. 

RESULTS AND DISCUSSION 

By virtue of the conjugate base low pKm (7.5)” value and good &2 behaviour, TEMT meets all the 

requirements for an efficient MR proton donor. Furthermore, the embodied C(COOEt)3 group provides a 

handle for further synthetic manipulations, including the preparation of dendrimers,” malonates,‘* two-carbon 

elongated acids, a-alkylated allylic alcohols’3 and nitrogen containing heterocycles.‘4 

Apart from the publication of a review article on the use of TEMT in organic synthesis? we are not 

aware of any reported instance of alkylation under Mitsunobu conditions. Thus, to investigate the scope and 

limitation of this alkylation procedure, we selected a number of alcohols with different &2 reactivity. We found 

that primary, allylic and benzylic alcohols coupled smoothly with TEMT in Et20 (unless stated otherwise) to 

give the respective alkylated compounds. In a typical reaction, a 0.6M solution of DEAD (1.5 equiv.) was 

added dropwise to an ice-cold solution containing the alcohol (1.0 equiv.), TPP (1.5 equiv.) and TEMT (1.2 

equiv.) in Et20 and an exothermic reaction took place (procedure A). The reaction was left to stir at r.t. until 

the alcohol was no longer present, as checked by TLC or GLC. During this time a white solid (TPP-oxide and 

diethyl hydrazinedicarboxylate 4) precipitated from the reaction mixture. Any excess TEMT was easily 

removed by extraction with 5% NazC@ solution, thus facilitating the work-up procedure. Products were 
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recovered (after further purification, if necessary) in fair to good yields. For u-branched primary alcohols and 

secondary benzylic alcohols, the best results were generally obtained when the molar ratios for 

ROH:TEMTTPP:DEAD were 1:1.5:2:2 (procedure B). Close examination of these reactions under various 

conditions including a) changing the solvent to THF or acetonitrile, b) using alternative redox systemsI c) 

higher temperatures (up to reflux), and d) altering the order of reagent addition did not signiticantly improve 

the isolated yields. As can be seen from Table 1, the reaction works equally well with unbranched primary, 

allylic and benzylic alcohols, and takes place in less than 30 min. 

Table 1 
&$&@ :;;; 2:;;; 
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‘hCH*OH (14a) PhCH$Z(COOEth (14b) 

I-MeO-PhCH*OH (Ha) 3-Me0-PhCH2C(COOEt)3 Wb) 
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I-NO*-PhCH20H (18a) 4-NO*-PhCH2C(COOEt)3 (lgb) 

0 
CO \ IY 

C&OH 

(19a) (~cH*c(C~oa 

(1%) 

c% 

G+ 

cn3 

S CH,CHflH c% 
GOa) ' 

CH,CH,C(COO& 
Wb) 

81 

50 

55 

60 

68 

73 

65 

53 

66 

80 

78 

80 

C&OH m =I 
7 

CH,C(COOEc), 62 
(2W c& @lb) 

(22a) 
qLco0 Wh 

Wb) 25 

wd 68 

oeetiurrr 
A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 



13010 G. CRAVO'ITO et al. 
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Mention must be made here that the allylic alcohols (e.g., geraniol 28a, (E,E)-fames01 29a. pillyl 

alcohol 3Oa, cinnamyl alcohol 26a and 2-butyne-1,4-diol27a) which could be susceptible to 8~2’. are smoothly 

converted to the respective esters (arisiig from normal sN2 displacement) without any loss in regiochemistry 

being observed. For purposes of solubility, the reaction of pyridine-2,6-dimethanol 23a16 was carried out in 

THF (conditions A), leading to the isolation not only of the expected 23b (70%) but also of a by-product 

identified as 23c (13%).17 In sharp contrast, the reaction, under the same conditions, of furfuryl alcohol 22a 
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gave pmdominantly 22c (68%) along with only 25% of the expected 22b. The origin of the abnormal 

regioselection in this process deserves some comment. The rationale of this noteworthy result is that the strong 

stabilizing effect of the 2-fury1 substituentls encourages the formation of a rearranged product at the expense of 

the normal product (ipso substitution). Apparently, the reaction is initiated by heterolysis of the C-O bond of 

the pentacoordinated phosphomne 32 to give an intimate ion-pair 33 stabilized by the non-polar solvent EtzO. 

Prior to the collapse of thii ion pair, the nucleophile C(COOEt), ~ynfacially’~ attacks at the C-3 position, 

giving rise to the “abnormal” product 22c through 13-hydrogen shift of the transient 2-methylene-2,3- 

dihydrofuran derivative 34 (Scheme 2). 

Scheme 2 

In contrast to the above mechanism, any nucleophiie attack on the “free” 2-furylmethyl carbenium ion 

from the ion-pair would, in principle, take place at three different positions (i.e., benzylic, C-3 and C-5). 

Several MO calculations have shown considerably less positive charge density at C-3 than at the methylene 

carbon or than C-5.” Thus, the failure to detect the expected “abnormal” compound 35 in the reaction 

mixture*’ supports a “tight” ion-pair mechanism although it might be argued that the “normal” 22b is formed 

via a competing biiolecular pathway.Our investigations also highlighted the limitations of the Mitsunobu 

technology. It is well known that steric hindrance in secondary alcohols has a deleterious effect. In fact, our 

attempt to use application of TEMT as a proton donor (and nucleophile) on straight-chain (heptan-2-01, octan- 

2-01) or cyclic secondary alcohols (menthol, cyclohexanol) was unsuccessful. 

Not surprisingly, reaction of benzylic secondary alcohols [(f)-1-phenyletbanol24q diphenylcarbinol2Sa] 

led to the expected adducts in 78% and 65% isolated yields, respectively (conditions B). Application of these 

conditions to (S)-(-)-ethyl lactate 31a provided the tetraester 31b [a10 = - 19.8 (c = 1.68. EtOH) in 56% yield. 

To establish absolute configuration of 31b, this was converted into the known 2-methylsuccinic acid by acidic 

hydrolysis (6N HCl, 18h reflux) followed by thermal decarboxylation. 
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The absolute (s)-(-)- configuration and 87 % ee of the product were assigned by comparing them with 

the value and the sign of the optical rotation of enantiopute (S)-(-)-Zmethylsuccinic acid.** This finding 

demonstrated that alkylation of TEMT by @-(-)-ethyl lactate occurred with a predominant inversion’ of 

configuration, in accordance with the well documented bimolecular pathway of the Mitsunobu reaction. 

CONCLUSION 

The present work has shown that TEMT 7 can act as an efficient carbon-centered nucleophile under 

Mitsunobu conditions, thereby representing a suitable surrogate for diethyl malonate. Furthermore, TEMT 

offers crucial advantages over the classic malonates in its ability to a) avoid dialkylation, which normally 

plagues the monoalkylation with reactive halides or a,r.udibromoalkanes, and b) withstand the presence of 

several functional groups. This approach seems well suited to access, under neutral and extraordinarily mild 

conditions, a wide variety of functional&d compounds. 

EXPERIMENTAL SECTION 

IR spectra (neat unless stated otherwise) were recorded on a Perkin Elmer 457 spectrophotometer. 

‘H-NMR and 13C-NMR spectra were measured in deuterochloroform with a Bruker AC 200 (200 MHz and 

50.3 MHz, respectively). Mass spectra were obtained with a VG 7070 EQ spectrometer (CI-MS, isobutane). 

Optical rotations were measured at 25 “C using a 10 cm cell on a Perkin Elmer 241 polarimeter. Analytical thin- 

layer chromatography was carried out on Merck Kieselgel 60 F254 (visualization with iodine or cerium(IV)- 

molybdate). Diethyl ether and tetrahydrofuran were distilled under nitrogen from lithium aluminum hydride. 

Melting points were determined on a Biichi 510 apparatus and are uncorrected. Organic solutions were dried 

over sodium sulphate and the products isolated by filtration and evaporation using a rotary evaporator 

operating at 15 torr. The reaction mixtures were all purified by silica gel chromatography; all new compounds 

are thick oils, except for 9b and 25b. Gas-liquid chromatographic analyses were run on a Dani 86.10 

gaschromatograph, equipped with a OVl column (temperature program: 40 “C 1 mm, 5 “C/mm + 120 “C, 

120 “C 40 min) and retention times (Rt) were reported. Elemental combustion analyses were performed on 

Perkin Elmer 240 instrument and all new compounds gave satisfactory analyses (C _+ 0.38%. H f 0.30%). 

All reactions were performed under a nitrogen atmosphere using flame-dried glassware.The alcohols used 

in these preparations were commercially available and were used without further purification, except for benzyl 

alcohol and 2-nitrobenzyl alcohol, respectively purified by distillation and crystallization to remove oxidation 

by-products. 
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l,l,l-Tris(ethoxycarbonyl)nonane (8b) 

MS (CI) 345 (M+H”) (WC. for C18H3206 = 344); ‘H-NMR 4.26 q[6H] (J = 7.1 Hz). 2.11 m[2H], 1.50- 

1.15 m[l5Hl, 1.29 t[9Hl (J = 7.1 Hz). 0.88 bt[3H]. 

l,l,l-Tris(ethoxycarbonyl)beptadecane (9b) 

White, waxy solid m.p. 4040.5 “C (pentane); MS 457 (M+H+) (Calc. for G&O6 = 456); ‘H-NMR 

4.26 qi6Hl (J = 7.1 Hz), 2.10 m[2H], 1.6-1.1 m[28H], 1.28 t[9H] (J = 7.0 Hz); IR (KBr pellet) 1782. 1753, 

1474, 1246, 1126, 1035 cm-‘. 

l,l,l-Tris(ethoxycarbonyl)-3-phenylpropane (lob) 

MS 337 @I+H’) WC. for C~H2406 = 336); ‘H-NMR 7.31-7.20 m[5H], 4.29 q[6H] (J = 7.1 Hz), 2.82 

m[2Hl, 2.42 m[2Hl, 1.32 t[9H] (J = 7.0 Hz). 

l,l,l-TrMethoxycarbonylWbenzyloxypropane (llb) 

MS 367 (M+H’) WC. for C19H2607 = 366); ‘H-NMR 7.35-7.28 m[5H], 4.48 s[2H], 4.23 q[6H] (J = 

7.0 Hz), 3.75 t[2H] (J = 6.9 Hz), 2.52 t[2H] (J = 6.9 Hz), 1.26 t[9H] (J = 7.2 Hz). 

3-Chloro-l,l,l-tris(ethoxycarbonyl)propane (12b) 

MS 295-297 (M+H3 (CalC. for CIZH19C106 = 294); ‘H-NMR 4.21 q[6H] (J = 7.2 Hz), 3.85 t[2H] (J = 

6.0 Hz), 3.68 t[2H] (J = 6.1 Hz), 1.29 t[9H] (J = 7.1 Hz). 

3,3-Diphenyl-l,l,l-tris(ethoxycarbonyl)propane (13b) 

MS 413 (M+H’) (Calc. for C24H2806 = 412); ‘H-NMR 7.33-7.22 m[lOH], 4.49 t[lH] (J = 6.5 Hz), 3.95 

q[6H] (J = 7.1 Hz), 3.05 d[2H] (J = 6.5 Hz), 1.16 t[9H] (J = 7.1 Hz). 

1,&l-Tris(ethoxycarbonyl)-2-phenylethane (14b) 

MS 323 (M+H+) (Calc. for CL7HZ206 = 322); ‘H-NMR 7.35-7.28 m [5H], 4.21 q[6H] (J = 7.1 HZ), 3.54 

s[2H], 1.22 t[9H] (J = 7.2 Hz); IR (KBr pellet) 1715, 1581, 1306, 1088 cm-‘. 

1,1,1-Tris(ethoxycarbonyl)-2-(3-methoxyphenyl)ethane (Mb) 

MS 353 IM+H+) (CalC. for C18H2407 = 352); ‘H-NMR 7.17 t[lH] (J = 8.1 HZ), 6.87 bs[2H], 6.80 

dd[lHl (J, = 8.0 Hz, J2 = 7.0 Hz), 4.22 q[6H] (J = 7.2 Hz), 3.78 s[3H], 3.52 s[2H], 1.23 t[9H] (J = 7.2 Hz). 

l,l,l-Tris(ethoxycarbonyI)-2-(4-methoxyphenyl)ethane (16b) 

MS 353 (M+H’) (CalC. for C18H2407 = 352); ‘H-NMR 7.20 %AB[2H] (Jar, = 8.6 Hz), 6.78 %AB[‘LH] 

(JAB = 8.8 Hz), 4.20 q[6H] (J = 7.1 HZ), 3.77 s[3H], 3.47 $2H], 1.23 t[6H] (J = 7.2 Hz); IR 1744, 1514, 1248, 

1180, 1057,862 cm-‘. 

l,l,l-Tris(ethoxycarbonyl)-2-(2-nitropbenyl)ethane (17b) 

MS 368 (M+H+) (Calc. for CLTHXNOS = 367); ‘H-NMR 7.98 d[lH] (J = 7.8 Hz), 7.53-7.50 m[2H], 

7.46-7.36 m[ lH], 4.22 q[6H] (J = 7.2 Hz), 4.03 s[2H], 1.24 t[9H] (J = 7.1 Hz). 

l,l,l-Tris(ethoxycarbonyl)-2-(4-nitrophenyl)ethane (18b) 

MS 368 (M+H+) (UC. for C,~HXNO,I = 367); ‘H-NMR 8.11 %AB[2H] (JAB = 8.7 Hz), 7.48 %AB[2H] 

(JAB = 8.8 HZ), 4.21 q[6H] (J = 7.2 HZ), 3.60 s[2H], 1.23 t[9H] (J = 7.2 Hz); IR 1740, 1530, 1368, 860 cm-‘. 
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l,1,1-Tris(ethoxycarbonyl)-2-(3,4-methylenedioxyphenyl)ethane (19b) 

MS 367 (M+IT’) (Calc. for ChH& = 366); ‘H-NMR 6.81 m[lH], 6.70 m[2H], 5.91 s[2H], 4.22 q[6H] 

(J = 7.0 Hz), 3.45 s[2H], 1.24 t[9H] (J = 7.0 Hz). 

1,1,1-Tris(ethoxycarbonyl)-2-(4-methyl-5-thiaxolyl)propane (2ob) 

MS 358 (M+H3 WC. for C1d-hNOaS = 357); ‘H-NMR 8.64 s[lH], 4.31 q[6H] (J = 7.1 Hz), 3.04 

m[2H], 2.44 s[3H], 2.38 m[2H], 1.32 t[9H] (J = 7.1 Hz). 

l,l,l-Trts(ethoxycarbonyl)-2-(l-methyl-2-htdolyl)ethane (21b) 

MS 376 (M+H+) (Calc. for CzoH~N06 = 375); ‘H-NMR 7.52 d[lH] (J = 7.45 Hz), 7.39-7.02 m[4H], 

4.25 q[6Hl (J = 7.1 Hz), 3.72 s[2H], 3.71 s[3H], 1.22 t[9H] (J = 7.1 Hz); IR 1744, 1468, 1267, 1220, 1057 

cm-‘; Rt = 60.78 min. 

l,l,l-Tris(ethoxycarbonyl)-2-(2-furyl)ethane (22b) 

MS 313 (M+H+) (Calc. for C15HZ007 = 312); ‘H-NMR 7.29 d[lH] (J = 1.9 Hz), 6.28 dd [lH] (J, = 3.1 

Hz, Jz = 1.9 Hz), 6.16 d[lH] (J = 3.3 Hz), 4.25 q[6H] (J = 7.1 Hz), 3.56 s[2H], 1.26 t[9H] (J = 7.1 Hz); 13C- 

NMR 166.2, 150.0, 141.3, 110.3, 108.4, 62.2,61.8,31.5, 13.8. 

l,l,l-Tris(ethoxycarbonyl)-l-(2-methyl-3-furyl)methane (22c) 

MS 313 (M+H’) (Calc. for C15HZ007 = 312); ‘H-NMR 7.25 d[lH] (J = 2.0 Hz), 6.62 d[lH] (J = 1.9 Hz), 

4.31 q[6H] (J = 7.1 Hz), 2.22 s[3H], 1.31 t[9H] (J = 7.1 Hz); 13C-NMR 166.1, 151.0, 139.2, 112.5. 111.4, 

65.4,62.5, 13.8, 13.2. 

2,6Bis[ l,l,l-tris(ethoxycarbonyl)methyl]pyridine (23b) 

MS 568 (M+H+) WC. for C27H37N012 = 567); ‘H-NMR 7.47 t[ lH] (J = 7.7 Hz), 7.09 d[2H] (J = 7.7 

Hz), 4.22 q[12Hl (J = 7.1 Hz). 3.62 s[4H], 1.21 t[l8H] (J = 7.1 Hz); IR 1740, 1454, 1370, 1304, 1250, 1223, 

1064 cm-‘. 

Methyl ~[(6-(1-(2~,2-tris(eUloxycarbonyl)ethyl)py~dyl)me~yl)]hydr~ne-l~-~car~xyla~ (234 

MS 498 (M+H+) (WC. for C27H37N012 = 497); ‘H-NMR 7.55 t[lH] (J = 7.7 Hz), 7.09 d[lH] (J = 

7.9 Hz), 7.03 d[lHl (J = 7.8 Hz), 4.75 bs[lHl, 4.34-4.14 m[l2H], 3.72 s[2H], 1.28 m[6H], 1.20 t[9H] (J = 

7.1 Hz). 

(f)-l,l,l-Tris(ethoxycarbonyl)-l-phenylpropane (24b) 

MS 337 (M+H’) (CU. for CLSHXO~ = 336); ‘H-NMR 7.45-7.38 m[2H], 7.31-7.21 m [3H], 4.17 m[6H], 

3.86 q[lH] (J = 7.2 Hz), 1.51 d[3H] (J = 7.2 Hz), 1.20 t[9H] (J = 7.0 Hz). 

l,l,l-Tris(ethoxycarbonyl)-2,24fphenylethane (2Sb) 

Colourkss solid, m.p. 58 “C (hexane) (litz3 = 60 “C); MS 399 (M+H+) (Calc. for Cz3Hza06 = 398); ‘H- 

NMR 7X-7.21 mW-Il, 4.49 t[lHl (J = 6.5 Hz), 3.95 q[6H] (J = 7.1 HZ), 3.05 d[2H] (J = 6.5 HZ), 1.16 

t[9H] (J = 7.1 Hz). 
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