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[(Benzene)Mn(CO)3]+ reacts with NaP(O) (OR)2 (R = Me, Et, Ph) to give the phosphonate compound 1. Compound 1 reacts 

with R'Li (R = Me, Ph, wBu, ^Bu) to yield the isomerized compound 2 and the alkylated compound 3. [(Toluene)Mn(CO)3]+ 

reacts with NaP(OXOMe)2 to give the phosphonate complexes 1-A and 1-B. Treatment of 1-A with ^uLi in THF 저ffords 

complexes 3-A and 3-B with the later major. With 1-B。미y the complex 3-C is formed. [(Anisole)Mn(CO)3]+ reacts with 

NaP(OXOMe)2 to give the phosphate complex 1-C, which on treatment with BiLi and then HgO yields compound 3-D. After 

demetellation of compound 3-D, meta-tertbutyl-anisole is obtained in a reasonable yield.

Introduction
Activation of aromatic compounds toward nucleophilic at

tack represents an attractive method for the synthesis of 

polyfunctionalized derivatives. The use of arene chromium 

complex is now fairly well established', but these compounds 

undergo carbon-carbon bond formation only with very reac

tive nucleophiles2, thereby limiting the degree to which deac

tivating substituents (-OR, -NR2, etc.) may be attached to 

the ring.
(Arene) mangananese tricarbonyl cations have been and 

continue to be the topics of extensive investigation. This is 

due in part to the rich chemistry associated with nucleophilic 

attack at the aromatic ring leading to the formation of cyclo

hexadienyl manganese tricarbonyl compounds3.

The reaction of aldehydes and ketones with phosphonium 

salts to produce olefins was developed in 1953 by Wittig and 

Geissler4. Since then the Wittig reaction has been widely us

ed as a convenient high-yi이d synthesis of olefin으，especially 

in the fi이d of natural products5. Recently, much interest has 

been centered on the use of organometallic species in the 

synthesis of organic compounds not readily available other

wise. The use of the Wittig reaction in。电an°m은tallic che

mistry has been used succes응fully in preparing new derivati

ves of (benzene)dicarbonyl chromium6, ferrocene7, and six- 

and seven-membered ring dienyl complexes of Fe(CO)38.

[(Arene)Mn(CO)3]+ has a low electrophilicity and cannot 

react with triphenylphosphine to yield a phosphonium salt. A 

very useful alternative method for the preparation of re

sonance stabilized phosphoranes for use in the Witting reac

tion proceeds from phosphonate esters9. So we tried to rnake 

organometallic phosphonate compounds.

We recently reported on the use of phosphate as a 

nucleophile to the [(C6H6)Mn(CO)3]+ cation - T° our 

knowledge there are no report응 on the use of phosphate as a 

nucleophile to the n-coordinated ring. Our previous com
munication revealed that [exo-(RO)2P(。)-가"6H6】Mn(CO)3 

which on treatment with nBuLi and H2O underwent stereo
specific rearrangement to [endo-(R이2卩(이项"&氏] 

Mn(CO)3. In this report we describe the reaction of 

[exo-(RO)2P(O)-n5-cyclohexadienyl] 

Mn(C0)3 with R'Li (R‘ = Me, nBu, 'Bu, Ph) and related reac

tions.

Results and Discussion

(Exo-phosphonate-i75-cyclohexadienyl) manganese tricar

bonyl compounds were synthesized as previously de

scribed10. The compounds are soluble in organic solvent and 

stable in the air. The formation of the cyclohexadienyl com

pounds can be followed by checking the CO stretching bands 

and the reaction went completely within 30 min.

To do the Horner-Emmons reaction with compound 1， 

compound 1 was treated wi버 nBuLi and aldehyde. After 

work-up, two compounds were obtained, one was butylated 

compound and the other isomerized phosphonate compound

When the above reaction was carried without using alde

hyde, the same reaction products were obtained. After de

protonation by MBuLi, the carbon which has a negative
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Tab盹 1. Product Distribution of Reaction between Com
pound 1 and Organolithiums

Organolithium compound 2 compound 3 Total yi 며 d(%)

MeLi 88 =0 88

PhLi 85 9 94

«BuLi 65 14 79

^BuLi 40 42 82

charge attacks the carbonyl carbon of an aldehyde. To pro

ceed further the reaction, there must be a structural rearran

gement to form a bond between the phosphorus and the car- 

obnyl oxygen. For the (exo-phosphate-cyclohexadienyl)Mn 

(CO)* due to the steric crowdness it would be very difficult 

for the phosphorus and the oxygen of the carbonyl group of 

aldehyde to be on 나le same plane. The aldehyde would be 

regenerated and 나】e carbanion would pick up a proton from 

water molecules to give an endo-isomerized phosphate com

pound. When the deprotonated species quenched with D2O. 

the deuterium was not observed on 나le alkylated compound. 

This meant the alkylation would proceed with a different in

termediate from the deprotonated species. According to the 

experimental observations, after removal of phosphate group 

as lithium dialkylphosphate, alkyl anion would attack the ca

tionic intermediate on 아exo fashion to yield alkylated pro

duct.

To verify the dependence of base on the above reaction, 

several other lithium carbanions are used. The results are 

summarized in Table 1. As the steric hindrance increased, 

the yield of endo-phosphate compound was decreased. On 

the other hand, as the basicity increased, the yield of com

pound 3 increased. It follows the order of the steric crowd

ness. These results also prove that there are two pathways, 

each competitive.

While pursuit용 the mechanism of alkylation, we find an 

unusual product distribution of the reaction between (exo-di- 

alkylphosphgatep5-cyck)hexadieDyl)Mn(CO)3 and ‘BuLi. 

The phosphonate complexes 1-A and 1-B were synthesized 

in 아】e ratio 4/3 (eq 2).

0 0

Il II
P(OMe)2 P(OMe)2

Chromatography of mixtures of 1-A and 1-B on silica gel us* 

ing ether as eluant did effect isomer separation. When 1-A 

was treated with RiLi and then with H2O, two butylated 

complexes 3-A and 3-B in the ratio 1/3 (yield 68%) were iso

lated along with a phosphonate complex, 2-A (yield 23%) (eq 

3).

When 1-B was treated with BiLi and then with H2O, only 

one butylated complex, 3-C (57%) was isolated along with a 

phosphonate complex, 2-B (10%) (eq 4).

+

Mn(C0)3

P(OMe)2

The distribution of products in the above reaction seemed to 

be very peculiar3.

Several years ago Hoffmann suggested11 that activation 

of coordinated olefins to nucleophilic addition is not primarily 

due to overall charge (though this is clearly a contributing 

factor), but rather to activation related to partial displace- 

ment of 아)e metal ligand system towards one terminal in the 

transition state. There would be a change from n to a-bon- 

ding during the addition process. If we adopt Hoffman's sug

gestion, we could envisage intermediates which would have 

localized n and a-bonds in the transition state.

For complex 1-A, there would be two ways which pro- 

duc흔 compo나nd 3-A and 3-B. However, due to steric hin

drance of the methyl group, the compound 3-B would be 

dominant as experimentally observed. For complex 1-B, 

there w이aid be two ways, one produces compound 3-C and 

the other couldn't form the quaternary carbon center due to 

steric congestion as experimentally unobserved.

In view of the marked product distribution which have 

been observed, to the best of our knowledge such product 

distribution has not been described for other arene or cyclo

hexadienyl complexes of transition metals.

While pursuing the application of phosphonate-cyclohexa- 

dienyl compounds, we found facile meta-tert-butylation of 

anisole via (dimethylphosphonate-J?5-cyclohexadienyl) man

ganese tricarbonyl. (6-Dimethylphosphonate-7?5-2-methoxy- 

cyclohexadienyl) manganese tricarbonyl compound 1-C, was 

synthesized. When compound 1-C was treated with ^BuLi 

followed by quenching with water, (exo-t-butyl-7j5-2-me- 

thoxycyclohexadienyl) manganese tricarbonyl, compound 

3-D, was obtained with a yield of 73% (eq 5).

Mn(C0)3 Mn(CO)3 Mn(C0)3

1-C 3-D

Decomplexation of compound 3-D by using gave 

fair yi이d of meta-t-butyl-anisole and cyclohexadiene com

pounds. The 'H NMR spectrum, showing unresolved multi

plicity of the diene proton resonances, indicated the presence 

of two diastereoisomers. However, it was not possible on this 

basis to determine unambiguously which isomer was major. 

The reaction time did not change the distribution of products 

and this meant two competitive reactions were going on at 

나冷 same time. However, when compound 3-D in THF was 

treated with I2 at -78 °C, then allowed to warm to room tem

perature and stirred for 16 hrs, only meta-t-butyl-anisole was 

isolated with a yi이d of 77% (eq 6).
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OMe OMe

(暈〉顷-78、RT， ⑹

Mn(CO)3

3-D

Uncomplexed arenes have been alkylated with alkyl

lithium compounds but under much more forcing condi

tions12. For example, a 15% yield of tert-butylbenzene was 

obtained by heating 1:1 mixture of benzene and ^BuLi in 

decalin at 165° for 20 hr.
When (ethylbenzene) chromium tricarbonyl was treated 

with BiLi flowed by decomplexation of the arenes by oxi

dation, meta- (32%) and para-ethyl-tert-butylbenzene (9%) 

was obtained13. When (benzene) chromium tricarbonyl wa옹 

treated with BiLi f시lowed by reaction with iodine, tert- 
butylbenzene was detected by GLC with a yi이d of 68%14.

The (arene) manganese tricarbonyl cations are much 

more reactive than the corresponding (arene) chromium tri

carbonyl. However, the reaction of (arene) Mn(CO)3* with 

PhLi or MeLi gave only very low yields of (cyclohexadienyl) 

Mn(CO)315 or led to extensive decomposition with no dec

table formation of alkylated manganese compounds16. How

ever, the above results show that the reaction between (phos- 

phonate-r?5-cyclohexadienyl) Mn(CO)3+ and ^uLi would be 

useful to introduce the tert-butyl group.

Future work will be directed at exploring the rang언 of 

substituted anisole and related complexes available using 

phosphate nucleophiles and the types of nucleophiles which 

would react with the phosphonate-substituted complexes.

Experimental Section

All manipulations were carried out under an inert at

mosphere, using Schlenk techniques. Tetrahydrofuran was 

dried with sodium/benzophenone and distilled before use. 

HP(O)(OR)2 (R = Me, Et, and Ph) (Aldrich) were used with

out further purification. All '너(200 MHz), 2H(50.7 MHz), 

and 13C(50 MHz) were obtained on a Bruker wp 200 sp은 

meter.】H, 2H, and 13C spectra were referenced to tetra

methylsilane. Infrared spectra were recorded on Analect In

strument FX-6160 FTIR spectrophotometer. Microanalyses 

were performed by KAIST.

A. Synthesis of [s6(RO)2P(O)项 니&]Mn(CO)3 
(R = Me, Et, Ph), 1. A typical procedure. Sodium dialkyl

phosphite solution was prepared by the addition of dialkyl

phosphite (3.1 mmole) to a suspension of sodium hydride (4.2 

mmole) in THF (30 mZ) under an inert atmosphere at room 

temperature. After the completion of the reaction, the resul

ting sodium dialkylphosphate solution was added to a slurry 

of [(CaH)Mn(CO)3]PF6 (1.4 mmole)inTHF (30 ml) via a gas

tight syringe under nitrogen at room temperature. After 30 

min, water was added to destroy excess sodium dialkyl-phos- 
phate and the neutral compound was extracted with diethyl 

ether. The ether extract was dried over anhydrous MgSO4 

and the solvent was evaporated. The residue was recrystal

lized from hexane to give yellow crystalline solids. The an * 
lytical data for 1 (R = Me and Et)) were published10. 1(R = 

Ph): IR(v(CO)) 2019, 1945 cm"; 'H NM미CDC1J 5 3.08(t), 

3.62(m), 5.02(t), 6.00(t), 7.0-7.2(Ph) ppm. Anal. Found: C, 

56.0; H, 3.58. C21H16MnPO6 Calcd.:C, 56.0; H, 3.40%.

B. Reaction of [exo-(MeO)2p(O)-T)5-C6H6]Mn(CO)3 

with organolithium Compounds. To a solution of 1(R = 

Me) in THF was added about 2 mole excels of organolithium 

compound under an inert atmosphere at room temperature. 

Then water was added to destroy the excess of organoli

thium compound and the neutral compound was extracted 

with diethyl ether. The ether extract was dried over anhy

drous MgSO4 and the solvent was evaporated. The residue 

was chromatographed on silica gel. Elution with hexanes 

gave the alkylated product3, and elution with ethyl ether, 

after elution with chloroform, gave endo-isomerized product, 

compound 2(R = Me). 2(R = Me): IR(v (CO)) 2007, 1928 

cm"1;NMR(CDCW):我.58(d, J = 17.7 Hz)f 2.83(t, J = 10.4 

Hz), 3.84(d, OMe, J = 10.7 Hz), 4.96(q), 5.82(t. J = 5 Hz) 

ppm. M.P. 72.0-72.4°C. 2(R = Et): 13C NMRVDCl) 516.69 

(Me), 47.06(OCH2)( 62.39(ring carbon), 80.25(ring carbon), 

97.95(ring carbon), 220.25(CO) ppm. 3(R，= "Bu):NMR 

(CDCI3)腮.66-L49(m, ”Bu), 2.44(m), 3.21(t, J = 5.9 Hz), 4.76 

(t, J = 5.8 Hz), 5.76(t, J = 5.4 Hz) ppm. M/S, m/e 55.91, 133, 

190, 217, 246, 274. 3压'=汨11):NMR(CDCh)8 0.60(s), 

2.44(t), 3.24(t), 4.90(t), 5.68(t), Anal. Found: C, 56.5; H, 

5.40. C13H15MnO3 Calcd.: C, 56.9; H, 5.51%. 3(R' = Ph): 

IR( (CO)) 2020, 1940 cm”;NMR(d6-acetone) 5 3.66(t, 

J = 6.1 Hz), 3.86(t, J = 6.0 Hz), 5.18(t, J = 5.9 Hz), 5.98(t, 

J = 5.3 Hz) ppm. M.P. 120 °C. Anal. Found: C, 61.4; H, 3.87. 

C15HnMnO3. Calcd: C, 61.2; H, 3.77%.

C. Reaction of compound l(R = Et) with "Bu너 and 
D2O. The same procedure as employed with B was used 

yielding 2(R = Et) and 3(R' = "Bu). 2H{'H} of compound 

2(R = Et)(C6Dm2,43ppm.

D. Preparation of compound 1-A and 1-B. A little ex

cess of NaP(O)(OMe)2 was added to a slurry of [(CgHsCH^ 

Mn(CO)3]PF6 in THF via a gas-tight syringe under nitrogen 

at room temperature. After 30 min, water was added to 

destroy the excess of NaP(O)(OMe)2 and the neutral com

pound was extracted with ethyl ether. After evaporation of 

the solvent, the residue was chromatographed on silica gel. 

Elution with ethylether gave the compound 1-A as the major 

component and with acetone gave the compound 1-B as the 

major. The separation was continued until pure compound 

1-A and 1-B were obtained in the ratio 4/3. 1-A: 'H NMR 

(CDCL)S5.83(t, H(3), J32 5 Hz), 4.93(t, H(4), J4.5 5Hz), 4.75 

(d, H(2), J2>3 = 5 Hz), 3.27(dd, H(6), J5,6 5Hz, J6iP 13 Hz), 3.66 
(d, OMe, j"" 10.6 Hz), 1.71(s, CH3) ppm. IR((CO)): 2011( 

1916 cm"1. Anal. Found: C, 42.1; H, 4.14. C12H14MnO6P 

Calcd.: C, 42.2; H, 4.43%. 1-B: 'H NMR(CDCW： B5*92(d, 

H(3), J34 5Hz), 4.97(t, H(4)), 3.3(m, H(6)), 2.9(m, H(l,5)), 

3.65(d, j(P, OMe) 10.2 Hz), 1.90(s, CHJ.

E. Reaction between compound 1-A and rBuLi. The 

same procedure as employed with D was used yielding com

pound 3-A and 3-B in the ratio of 1/3 (yi이d 68%) and an 

isomerized product 2-A (yield 23%). 3-A: 'H NMRfCDCy 

65.48(t, H(3), J34 5 Hz), 4.8(m, H(4)), 4.65(d, H(2), J2,3 5 Hz), 

3.0(m, H(5)), 2.27(H(6))t 1.74(s, CH3), 0.64(s,「Bu) ppm. 3-B:

NMRICDCy &4.88(d, H(2,4), J4 5 7 Hz), 3.09(t, H(1.5), J5,6 

7Hz), 2.37(t, H(6)), 2.39(s, CH3), 0.55(s, fBu) ppm.

F. Reaction between compound 1-B and zBuLi. The 

same procedure as employed with D was used yielding com

pound 3-C (yield 57%) and 2-B(10%). 3-C: 'H NMR(CDClj 

S5.52(d, H(3), J34 5 Hz), 4.82(t, H(4)), 3.23(t, H(5)), 3.14(d, 

H(l), Ji & 5 Hz), 2.42(t, H(6)), 1.85(s, CH3), 0.54(s, *Bu) ppm. 

IR(p(CO)) 2015, 1934 cm" Anal. Found: C, 57.9; H, 5.96. 

C14H17MnO3 Calcd.; C, 58.1; H, 6.27%.
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G. Preparation of compound 1-C. The same proce

dure as employed with A was used yielding compound 1-C. 

1-C: IR(v(CO)) 2017, 1921 cm", lH NMRfCDCy ^2.90(dd, 

1H), 3.50(m, 2H), 3.65(d, -OMe, J(p, OMe) 10 Hz), 4.06(s, 

-OMe), 4.99(t, 1H), 5.90(d, 1H).

H. Reaction between compound 1-C and zBuLi. The 

same procedure as employed with was used yielding com- 

pound 3-D (73%). 3-D: IR(v(CO)) 2013, 1921 cm-1, !H NMR 

(CDCI3)5 0.58(5, Eu), 2.48(t, 1H), 3.00(d, 1H), 3.20(m, 1H), 

3.47(s, OMe), 4.90(t, 1H), 5.53(d, 1H).

I. Demetallation of compound 3-D. I-a). A little ex
cess of MeaNO was added to compound 3-D(0.85 mmole) in 

benzene (30 mZ). The reaction mixture was refluxed for 4 

hrs. After cooled to room temperature, any solids were fil

tered off. After removal of the solvent, NMR spectrum was 

taken.

I-b). A solution of iodine (7-10 mg-atoms) in THF (10 ml) 

was added rapidly via syringing to the solution of compound 

3-D at -78 °C. The resulting mixture was warmed to room 

temperature and stirred for 16 hrs. After evaporation of the 

solvent, extracted with ethylether. After chromatographed 

on silica gel, the meta-tert-butyl-anisole was obtained in 77%. 

The NMR spectrum of the meta-tert-butyl-anisole was 

如.27(s, 9Bu), 3.70(s. OMe), 6.5-7.1 (Ph).
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Clean Reduction of a, -Unsaturated Carboxylic Acid Derivatives to the 
Saturated Derivatives by Potassium Triphenylborohydride in the Presence of 

Phenol
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a, y9-Unsaturated carboxylic acid derivatives such as esters, amides, and nitriles are readily reduced to the corresponding 

saturated derivatives by potassium triphenylborohydride, KPhaBH, in the presence of phenol, a quenching agent, in ex

cellent yields.

Introduction

Aside from the catalytic hydrogenation,1 there have been 

reported several reducing systems which could be effectively 

used for the reduction of a,^-unsaturated acid derivatives to 
the corresponding saturated ones. Thes은 are Mg/MeOH1, 

Lis-Bu3BH (L-Selectride)/Z-BuOH2, copper(I) hydride com

plex3, DIBAH with MeCu4 and silicone hydrides with Pd° or


