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Abstract: Btmaldehyde, its ortho- and num-substituted derlvarives and acetophenone underwent 
dime&&on mctions on treatment with samarlm(II) iodide in the pmaea~~ of HMPA. 
In- phenylcarbonyl coupling mz~~tions vme similarly canied out. 

Sanurium(II) iodide has been developed as a useful one-electron tmnsfer reducing agent in the past decade.’ 

AcarbarylcompaundisnducedwithSmI2inTHFtogivethecorresponding~~inthepreseaceofaprotic 

cosolvat such as MeOH and t-BuOH.2 Devoid of the pmtic solvent, ammatic aldehydes or aromatic ketones 

couple readily to give pinacols (the hydmdim&ation products) on treatment with 1 equiv of smI2 in THF.3 In 

case less than 1 equiv of SmI2 is used to react with benzaldehyde, seveml pmducts including benzyl alcohol (1 a), 

hydrobenzoin @a), baby& and benzyl benzoate a~ obtah~ed.~ In this 19&r, we report a novel coupling 

reaction of benzaldd@es to give dime&ation products 3 by mediation of SmI2 and hexamethylpho@oram& 

(HMPA). 
The following pmcedum is typical. Samarium metal (0.31 g, 2 mmol) and 1,2diiodoethane (0.38 g, 1.35 

mmd)inanhydrourTHF~OmL)wasstirredatroomtemperahaeunderatgonatmosphereforlhtogivea~ 

blue solution. HMPA (1.4 mL, 8 mmol) was added, after 5 min the msulting deep purple solution was cooled to 

OOCinanicebath,sndbenzaldehyde(1Mmg,1mmol)inTHF(2mL)wasaddeddmp-bydmpovezaperiod 

of2min. Themixturewasstinrd?tOOCforlhandwarmedto~mtemperahuleoveraperiodof0.5-2h. The 

~clp~removad,andthe~tionmixturewasexposedtoairtofumishthe~oxidativestepb~ume 

aromaticity. The mix- was filtered, the filtrate was concentrated under reduced pressure, and the residue was 

cv on a silica gel column (EtOAc / hexane - 20~80) to give an 80% yield of3a (81 mg). 

The use of HMPA was essential to the dime&&n reaction. We repeated the reaction of benzaldehyde with 

SmIz in the absence of HMPA, and obtained a high yield of the pinacol2a along with a minute amount of the 

dimer 3a, which was elusive to previous observations .s A drastic increase of 3a (6096) was achieved by 

addition of 2.8 equiv of HMPA, and the optimum reaction condition was reached with 8 equiv of I-MPA. Other 

additive$ such as N,N,N ‘, N ‘-tetramethylethylenediamine (TMEDA), N-methylpyndidinone (NMP), N,N- 

d-ylformamide @MF) and N,Ndimethyl (DMA) were inferior to HMPA in promoting the 

formation of dimers. As shown in the entries 6-8, these additives caused black gelatinous p&pit&u and 

lowenzd reactivity severely. 

The CM& or mr~l-substituted benzaldehyde listed in Table 1 also underwent dimerization naction by means 

of connecting a m-c&on with the carbonyl U&KMI of the other molecule. No coupling rea&on occurred at 
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either the otThe or mefeposition. The pmnientation pn&mmx in these dimerization mactions was different 

from the mefu-dimcted Friedel-Crafts reactions of aromatic compmmds containing electron-withdrawing groups. 

The experiment with acetophenone (entry 19) also showed a similar dime&&on process, however, p 

fllKlmbanraldehydeandpmathylkKakkb ydc~~~bgive(he~llakohdslh-iandthcpinacol2i. 

TheaMehyde3ahasbeenprspandbyaWitioaofaOrignardreagentPhMgBrbDtaephthalaldehydeboundona 

polymd, while other dimaiaation pnxiucts 3b-g and 3j am herein first described. The present method 

provides a way to the elusive dimera of benzaldehydas and acebopbewne. 

Table 1. Re&ionsofben&dehydnsand acetophenone with samarium(R) iodide undervarinus conditions. 

H 0 

F 

gmT2, THK WPA) 

I ,-x 

Entry -Yloompound Additive Ptoducts (ilated Recmery of starting 

(equiv) yield, %) mat&l (96) 

1 caHsQlr* 
2 WSCHO 
3 CSHSCHO 
4 CSHSCHO~ 
5 WSCHO 
6 WSCHO 
7 cdH5cHo 
8 cdH5cHo 
9 2-ClC&I&HO 

10 2-ClQH.&Ho 

11 2-ClC&CHO 

12 3-C1c!&&Ho 

13 3-nk?C&CHo’ 

14 2-MeOCjH4CHo 

15 3-MeOCijH&HO 

16 z5weo)2w3~0 

17 4-FaH4CHO 

18 4-IUeC4H4CHO 

19 CaH5COMe 

HMPA (2.8) 

HMPA (5.6) 

HMPA (8) 

TMEDA (8) 

NMP (8) 

DMF (8) 

DMA (8) 
HMPA (8) 

HMPA (12) 

HMPA (16) 

HMPA (8) 
HMPA (8) 

HMPA (8) 
HMPA (8) 

HMPA (8) 

HMPA (8) 

HMPA (8) 

HMPA (8) 

2a (97) + 3a (1) 

2a (10) + 3a (60) 

3a (72) 

3a (80) 
2a (23) 

2a (26) + 3a (4) 

2a (20) + 3a (5) 

2a (11) + 3a (5) 

lb (14) + 3b (42) 

lb (15) + 3b (44) 

lb(20)+3b(38) 

lc (18) + 3c (22) 

3d (W 

3e (30) 
lf(27) +3f(18) 

3g (31) 
1 h (85) 

li(10)+2i(72) 

1 j (10)s + 3j (32) 

notdekrmkd 

not determined 

10 

44 

58 

44 

52 

32 

21 

23 

42 

32 

46 

50 

44 

42 

s Acetophenone is reduced to 1 j (80%) in the absence of HMPA, see ref. 2. 
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Scheme 1. 
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TheuJeofHMPAhasbeenfarndtofacilitatethereactionsimrdvingSmI2suchasrerluctionofhalides7, 

deoxygem~&~ of sulfooes’lb~ 8, M-+ neaaion&‘~ 9, k&nE+Mn couplillgs5c~ ‘0, and in other lad&xl 

cyclizatio~~ of carbon-carbon unsaturated systemstt. The pzecise role of HMPA in thew reactions and the 

prerent dim&atiot~ mactions was not well understood, however, HMPA mokules were pmsumably to 

wardin& with samarium ion via their oxygen atoms. 1% 12 A possible mechanism is pmposed in Scheme 1 

withautindi&agthemalnatumofwmariumionintheintennediates. Intheinkamed&eA,HMPAmokcules 

would block the ketyl center from taking up a hym atom or pmceeding to a subsequent pi-1 cuupling 

reaction. Instead,13 the second bWaldehyde~leCulewoUldhaVeeccesStothepmrcarbonofthelBOlEUlCe 

inMmedia&Ctofurnishtbeobaezvedpmducts3. 

4 n=l,R-H 7 R-H 9 
5 n-l,R-Me 8 R-Me 

6 n=3,R=H 
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