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Abstract: ‘f’he~.thiophosphinoy{csrbenePhCCH2P(S)Ph2(5) has beenpreparedby irradiationof the

correspondingdiazocompound. The relativerates for insertioninto the OH bondof methanoland for

additionto the doublebnndof 2-methyl-2-buteneindicateenhancednucleophilicpropertiesof the cm-

bene,comparableto thosenf PhCCH2CH3.The unusualeffectof incremednuclenphilicityby an elec-

tron-withdrawingsubstituentprobably results from hyperconjugativeelectron donation by the C-P

bond, aa recently documentedfor the same group in a csrbocation. @ 1997Elsevier Science Ltd.

The effects of heteroatoms that are directly bonded (et) to a carbene center (HCX and YCX)

have comprised a central part of the history of the subject. ‘ Such atoms and groups can interact

electronically with the carbene center directly. A ~ heteroatom that is separated from the carberte

center by a saturated carbon atom can interact only indirectly by a mechanism such as hyperconjuga-

tion. Such effects have been examined sparingly. There is an analogy with electronic effects on

carbonations, in which the a effect as in CH30-CH2+ involves direct conjugation but the ~ effect

as in Me$iCH2-CH2+ must invoke hyperconjugation.2 ~ Heteroatoms that are integral parts of func-

tional groups such as the oxygens in ketones or esters are considered to contribute to the a effect

of the functionality and are not considered in this context, e.g., HCC02Et.

Creary and Wang carried out one of the few studies on the ~ effect of heteroatoms on car-

benes, using the trimethylsilyl group as the ~ functionality.3 The bicyclic carbene 1 primarily

underwent 1,2-trimetbylsilyl and 1,2-hydride shift to produce 2 and 3. The unsubstituted norbomyl

carbene gave nortricyclane exclusively by 1,3 insertion. Thus the ~-trimethylsilyl group bas a higher

migratory aptitude than normal hydrogens but in addition enhances the migratory aptitude of the

gemirtal hydrogen. Shimizu and Gordon4examined the effect of ~-silyl groups on the carbene sing-

let-triplet splitting. Replacing a methyl group (as in HCCH3) with CH2SiH3(HCCH2SiH3)stabilizes
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1 2 3

the singlet state by 4.4-5.4 kcal mol-‘, depending on the level of theory, sufficient to invert the sing-

let-triplet order and favor the singlet state. Substitution of CH2SiH3 also increases the rt orbital

population by about 0.1 electron. This ~ effect is almost as large as the cxeffects of Cl or F but is

much smaller than the rx effects of OH or NH2.

Experimental studies of the ~ effect of silicon on carbenes have been hampered by synthetic

difficulties. Efforts by us and others to examine simple systems such as PhCCH2SiMe3 have been

thwarted by inability to convert the ketone Ph(CO)CH2SiMe3 to the corresponding tosylhydrazone

without loss of trimethylsilyl. Consequently, we have sought an alternative ~ group in which to

examine these effects. Recently we discovered that thiophosphinoyl (phosphine sulfides), as in

Ph2P(=S)-, is a very strong ~-effect group for stabilizing carbonations.5 We found that the trans to

cis ratio for solvolysis of ~-diphenylthiophosphinoyl mesylates in six-membered rings was 3.2x 106

at 25°C in 97~0 trifluoroethanol (trans can hyperconjugate, whereas cis cannot). At the MP2 level,

we found that H2P(S)-CH2-?HCH3 was 10.5 kcal mol-’ more stable when the P-C bond was parallel

to the empty orbital than when perpendicular. These observations suggested that a ~-thiophosphin-

oyl group on a carbene may exhibit interesting properties and moreover may be more amenable to

synthesis than &silyl groups. We report herein the preparation and characterization of the first

carbene carrying a &thiophosphinoyl group.

RESULTS AND DISCUSSION

The ~-thiophosphinoyl carbene was prepared by the sequence described in Scheme I. Con-

version of acetoph.non. to its anion with lithium diisopropylamide (LDA, iPr2NLi) and reaction of

the anion with chlorodiphenylphosphine gave diphenyl(benzoylmethyl)phosphine. Immediate sulfura-

tion produced the analogous phosphine sulfide, which was converted to the tosylhydrazone by action

of tosylhydrazine. Reaction of the hydrazone with methoxide yielded the diazo compound (4) as

a deep red liquid. As models to assess the effect of the thiophosphinoyl group, two other diazo

substrates (6 and 7) were prepared, in which the ~ groups respectively are hydrogen and methyl.
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Scheme I
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The method of Doering and Hendersonb was used to examine carbene reactivity. Simple al-

kenes such as 2-methyl-2-butene are efficient trapping agents for many electrophilic carbenes, but

are not always reactive toward nucleophilic carbenes .7 On the other hand, methanol is known to

be very reactive with both electrophilic and nucleophilic carbenes.8 The rate ratio for ilWWtiOll (~ln~)

into the OH bond of methanol to addition (kadd)to the double bond therefore provides a me~ure

of the philicity of the carbene. According to the method of Doering and Henderson,b the rate ratio

of rates may be obtained from the ratio of molar concentrations of products (Pinsand Padd),adjusted

for the initial molar concentrations (Iin~and Iadd)!as in eq 1. For example, Tomioka and co-workers

kin, pin, I~d
—.— —
kadd ‘add 1ins

(1)
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recently applied this method to aryl carbenes carrying a-hydroxy, phosphonato, carboxy, carbometh-

OXy,or carboxylato groups.9 For the carboxylate carbene ArC(C02–) they found kln~/ka&jto be

>100, whereas for carboxy (ArCC02H) and carbomethoxy (ArCC02Me) (Ar = p-nitrophenyl) the

ratio was 0.3-0.5. The carboxylate anion, they reasoned, participates as a neighboring group with

the carbene and reduces its electrophilicity and hence its reactivity with the alkene.

The three diazo compounds, 4,6, and 7, were subjected to irradiation without sensitizer to pro-

duce their respective carbenes (5, PhCCH3, and PhCCH2CH3) in a binary mixture of methanol (for

kin,) and 2-methyl-2-butene (for kadd)in various ratios. Scheme II indicates the expected reactions

that took place, and Table 1 contains the measured product ratios. The thiophosphinoyl diazo com-

pound was not soluble in the 1/10 solution.

Scheme H

hv
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Tahle 1. Insertion/Addition Selectivities (kln~/kadd)for PhCCH2R

819
CH30H

2-methyl-2-butene

R = PSPh2 R = CH3 R=H

1/1 >100 >100 33/1

1/3.5 >100 >100 8/1

1/10 insoluble 25/1 3/1

According to these results, the three carbenes PhCCH2R follow the nucleophilicity order for

the group R of PSPh2 - CH3 > H. Without data at I/IO, we cannot distinguish between PSPh2 and

CH3. The high preference for insertion over addition clearly indicates that the CH2p(S)ph2 group
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is in the same category as CH2CH3 and C02-, in distinction to C02H and C02Me. AS a general

rule, electron-withdrawing groups such as C02R enhance the electrophilicity of a carbene and elec-

tron-donating groups such as OCH3enhancethe nucleophilicity.10 Electrophiliccarbenes tend to

have low-lying LUMOS. Adjacent electron donors raise the carbene LUMO and lower its HOMO,

enhancing nucleophilic characteristics. The &thiophosphinoyl group is electron withdrawing by any

measure (for example, om = 0.29, rTI= 0.15)’ and normally wouldbe expectedto enhanceel@ro-

philicity. The results in Table 1, however, indicate that its effect in the ~ position is to enhance

nucleophilicity. Hyperconjugation through electron donation from the (3C-P bond can simulate the

more familiar effects of a donors and compensate for inductive withdrawal.

These results parallel those for ~-thiophosphinoy l-substituted carbonations, for which ~ C-P

hyperconjugation was proved calculationally and supported experimentally.5 The reactivity of thio-

phosphinoyl, in which the effects of hyperconjugation outweigh those of induction, parallel the a

reactivity of alkoxy or amino, in which the effects of simple conjugation outweigh those of

induction. In this fashion a ~ electron-withdrawing group can provide electron donation and

enhance carbene nucleophilicity in 5. The results with the carbene phCCH2p(S)ph2 must be regar-

ded as preliminary. A referee has pointed out the possibility that there may be steric retardation of

the reaction of the carbene with 2-methyl-2-butene. Further experiments are planned on the reac-

tions of the carbene with alkenes in the absence of alcohol in order to refine its placement on the

electrophile/nucleophile continuum.

EXPERIMENTAL SECTION

~iphenyl(benzoylnlethyl)phosphi)~eSuZjide. To a solution of LDA (0.023 mol). prepared from

4 g of iPr2NH and 9.2 mL of 2.5 M BuLi in 30 mL of THF, 2.4 g (0.02 mol) of acetophenone in

10 mL of THF was added under N2 at -78”C. After about 30 min. 3.6 mL (0.02 mol) of chlorodi-

phenylphosphine was added, and the solution was allowed to warm to room temperature. Then 4

mL of H20 was added to quench the reaction. Immediately after quenching, 1.6 g (0.05 mol) of

sulfur powder was added. The deep red solution was stirred at room temperature for 2 h. Saturated

aqueous NH4CI soh.rtion(10 mL) and brine (10 mL) then were added, and the layers were separated.

The aqueous layer was extracted with THF (2 x 10 mL). The combined organic layers were washed

with brine (10 mL) and dried (MgS04). After removal of the solvent under rotarY evaporation a

red oil was obtained. Chromatography (silica gel, 1/3 acetone/petroleum ether) gave 3.2 g (48%)

of a yellow solid: iH NMR (CDC13)~ 4,3 (d, ./ = 15 Hz, 2H), 7.45 (m, 9H), 7.85 (m, 6H); ‘3C
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NMR (CDC]3) 644.6, 45.3, 128.4, 128.4, 128.6, 129.3, 131.4, 131.6, 131.7, 131.7, 133.5, 192.5;

31PNMR (CDC13)555.20.

Synthesis oj’Diphenyl(benzoylmethyl)phosphine Suljide p-Toluenesulfonvlhydrazone. TO a

round-bottomed flask charged with 0.55 g (0.003 mol) of p-tohrenesulfony lhydrazine and 10 mL of

MeOH, was slowly added a solution of I g (0.003 mol) of the corresponding ketone in 10 mL of

CHC13. The mixture was stirred at room temperature until the product fully crystallized. The crys-

tals were filtered and recrystallized from MeOH/CHC13to give 1.0 g (68%) of colorless crystals:

IH NMR (CDC]3) ~ 2,5.5(s, 3H), 4.20 (d, 2H), 6.98 (m, 4H). 7.10 (m, IH)>7.3° (m, 4H), 740 ‘m’

4H), 7.55 (m, 4H), 8.0 (d, 2H); 13C NMR (CDC13) ~ z] ,7, 35.3, 36.0, 126.5, 127.8, 128.4>128.5.

31P NMR (CDC13) 3 53.13’128.6, 129.3, 131.0, 131.1, 132.1, 135.5, 136.3, 143.8, 149.8, 149.9;

Anal. Calcd for C27H25N202PS2: C, 64.27; H, 4.99; N, 5.55. Found: C, 64.21; H, 5.00; N, 5.57.

Synthesis of I-Propiophenone p-Toluenesuljonylhydrazone. 12 In a 100 mL, round-bottomed

flask, 13.42 g (0.1 mol) of propiophenone was added to a heated solution containing 18.63 g (0.1

mol) of p-toluenesulfony lhydrazine in 23.4 mL of acetic acid. The mixture was heated to the boil-

ing point or until product crystallization began, and then was cooled to room temperature. The crys-

talline product was filtered and washed with cold acetic acid (2 x 50 mL), cold aqueous acetic acid

(50 mL), and cold H20 (3 x 50 mL). Recrystallization from acetic acid gave 26 g (86%) of cubic

crystals: IH NMR (CDC13)61.10 (t, 3H), 2.41 (s, 3H), 2.57 (q, 2H), 7.35 (m. 5H). 7.64 (old,2H),

7.90 (d, 2H).

Synthesis of Acetophenone p-Toluenesulfonylhydrazone. 12 The procedure was the same as that

for the propiophenone hydrazone. The reaction yielded 14.4 g (50%) of a white powder: ‘H NMR

(CDC13)52.15 (s, 3H), 2.42 (s, 3H), 7.35 (m, 5H), 7.65 (old,2H), 7.91 (d, 2H).

l-Phenyldiazopropane (7). 12 In a dry flask, I.50 g (5 mmol) of 1-propiophenone p-toluenesul-

fonylhydrazone and 270 mg (5 mmol) of NaOMe were mixed in 15 mL of fresh pyridine. The mix-

ture was protected under N2 and heated with stirring for I h in a water bath held at 60-65”C. The

initial precipitate dissolved and a granular precipitate began to form, while the supernatant solution

turned wine red. At the end of the heating period, the mixture was poured into ice-water (75 mL)

and extracted with pentane (2 x 30 mL). The combined pentane extracts were washed with cold

H20 (4 x 45 mL) and once with saturated aqueous NaC1. The organic solution then was dried

(Na2S04) at 5°C, fi]tered, and evaporated to dryness under vacuum at room temperature to give 0.31

g (43%) of a red oil: IH NMR (CDC13)~ 1.25 (t, 3H), 2.53 (q, 2H), 6.94 (d, 2H), 703 (t, IH), 7’33

(t, 2H).

/-Phe/~Yl-2-(diphenylthiophosphinoyl)diazoethane (4). The procedure was almost the same as
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that for I-phenyldiazopropane, except the oil bath was heated to 95-1OO”Cand the reaction time was

10 min. The reaction yielded 0.21 g (20%) of a wine red liquid: 31P NMR (CDC13) ~ 57.7.

l-Phenyldiazoethane (6). 12 The procedure was almost the same as that for 1-phenyldiazopro-

pane, except the temperature of the water bath was 75-80°C and the reaction time was 40 min. The
IH NMR (CDC13)62.16 (S, 3H), 6.92 (d! 2H)~reaction yielded 0.43 g (39%) of a wine red liquid:

7.04 (t, IH), 7.33 (t, 2H).

Kinetic Method. In a typical run, a solution of the diazo compound (ea. 100 mg) was placed

in a Pyrex tube along with reaction partners (methanol and 2-methyl-2-butane). The solution was

degassed by three freeze-thaw cycles. Then the solution was irradiated with a high-pressure, 400 W

Hg lamp at room temperature until all the diazo compound was destroyed (the color of the mixture

changed from wine red to slightly yellow).

Product Studies. The irradiation mixtures were analyzed by GCMS. Some individual compo-

nents (8 (R = CH3, H) and 9 (R = CH3, H)) were isolated by preparative gas chromatography (2.8~0

Apiezon L, I/LI in. x 20 ft). 8 (R = CH3) was identified by ‘H NMR 80.9 (t, 3H), 1.7 (m, IH), 1.8

(m, IH), 3.2 (s, 3H), 4.0 (t, IH), 7.3 (m, 5H); l~c NMR ~ 10,2, 30.9, 59.6, 85.5, 127.4, 128.3,

131.0, 142.2; MS peak at 150 (M+). 8 (R = H) was identified by ‘H NMR b 1.4 (d, 3H), 3.2 (s,

3H), 4.3 (q, IH), 7.3 (m, 5H); 13c NMR b 23.9, 56.4, 79.6, 126.2, 127.4, 128.4, 143.6; and MS

peak at 136 (M+). 9 (R = CH3, H) were identified by MS (M+ = 188, 174). 9 (R = p(S)ph2) was

identified by GCMS (M+ = 352).
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