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pyridine (0.5 ml) for 2 hr. After work-up, the crude product was 
crystallized from benzene-petroleum ether to give the acetate 16 
(35 mg) in needles: mp 148-149'; ir 1680, 1650 sh cm-l; nmr (100 

3, N-CO-CH3), 5.4 (9, 1, CH-CH3, J = 5.5 Hz), 6.5-7.5 (m, 14, 
ArH); m/e (re1 intensity) 384 (M+, 51), 342 (2), 327 (21, 297 (9), 
280 (3), 210 (92), 209 (94), 202 (31, 194 (8) ,  182 (2), 175 (31, 166 
(loo), 165 (95), 159 (30), 152 (31,132 (4), 118 (8 ) ,  116 (31), 105 (341, 
91 (25),77 (24). 

Anal. Calcd for C25H24N202: mol wt, 384.18376. Found by high 
resolution mass spectrometry: mol wt, 384.18229. 

Attempted Hydrolysis of 13 and 14. Compounds 13 and 14 
were recovered unchanged after refluxing with 5% ethanolic HCl or 
KOH for 2 hr. 

MHz) 6 1.68 (d, 3, CH-CH3, J = 5.5 Hz), 1.74 (9, 3, -CH3), 2.34 ( s ,  

Acknowledgment. The  authors are grateful to  Dr. K. 
Nagarajan, CIBA Research Centre, Bombay, and Dr. Nitya 
Anand, CDRI, Lucknow, for the  60-MHz nmr spectra, to  
Dr. L. J. Durham and Dr. A. Duffield, Stanford University, 
California, and Dr. C. E. Hignite, M.I.T., Cambridge, for 
100-MMz nmr spectra and high resolution mass spectra, t o  
Dr. F. W. Wehrli, Varian AG, Switzerland, for the tempera- 
ture-dependant nmr spectra, and to  CSIR, New Delhi, for a 
Senior Research Fellowship to  A.K.C. 

Registry No.-1, 18963-82-1; 2, 18963-83-2; 3, 52827-39-1; 5, 
52827-40-4; 6, 62827-41-5; 7, 13182-44-0; 8, 52827-42-6; 9, 13182- 

40-6; 10, 52827-43-7; 13, 52827-44-8; 14, 52827-45-9; 15, 52827-46- 
0; 16,52827-47-1; N -  acetylanthranilic acid, 89-52-1. 

References and Notes 
(1) Paper VI: S. C. Pakrashi and A. K. Chakravarty, lndian J. Chem., 11, 

(2) Pool Officer, CSIR, New Delhi. 
(3) S. C. Pakrashi and A. K. Chakravarty, Chem. Commun., 1443 (1969). 
(4) S. C. Pakrashi, J. Bhattacharyya, and A. K. Chakravarty, lndian J. 

(5) S. C. Pakrashi and A. K. Chakravarty, J. Org. Chem., 37,3143 (1972). 
(6) S. C. Pakrashi, J. Bhattacharyya, L. F. Johnson, and H. Budzikiewicz, 

(7) L. S. Rattet. L. Mandell, and J. H. Goldstein. J. Amer. Chem. Soc., 89, 

(8) D. Nasipuri and A. Bhattacharya, lndian J. Chem., 10, 799 (1972), and 

(9) W. J. Irwin, J. Chem. Soc., Perkin Trans. 1, 353 (1972). 
(10) S. C. Pakrashi, S. Chattopadhyay, and A. K. Chakravarty, Abstract of 

the 8th International Symposium on the Chemistry of Natural Products, 
Feb 6-12, New Delhi, 1972, p 49. 

(11) H. G. B a l k  P. Cerutti, and 9. Witkop, J. Amer. Chem. Soc., 88, 3946 
(1966). 

(12) Y. Kondo and 9. Witkop, J. Amer. Chem. Soc., 90, 764 (1968). 
(13) P. Cerutti, Y. Kondo, W. R. Landis, and 9. Witkop, J. Amer. Chem. Soc., 

90, 771 (1968). 
(14) Y. Kondo and 9. Witkop, J. Org. Chem., 33, 206 (1968). 
(15) All melting points were determined in open capillaries and are uncor- 

rected. Unless otherwise stated, the nmr spectra were recorded in a 
60-MHz Varian instrument in CDC13 with TMS as internal standard, and tr 
spectra were taken in Nujol mull in a Perkin-Elmer lnfracord spectropho- 
tometer (Model 137). Silica gel was used throughout for column chro- 
matography and anhydrous NaaS04 as the drying agent. Microanalyses 
were done by Dr. R. D. Macdonald, Micro-Analytical Laboratory, Univer- 
sity of Melbourne, Australia. 

122 (1973). 

Chem., 9, 1220 (1971). 

Tetrahedron, 19, 1011 (1963). 

2253 (1967). 

the references cited therein. 

Electrochemical Reductive Acylation of Benzophenone1 

T. J. Curphey,* L. D. Trivedi, and T. Layloff 

Department of Chemistry, St. Lou is  University, 
St.  Louis, Missouri 631 56 

Received August 14,1974 

Polarographic and cyclic voltammetric studies of benzophenone in acetonitrile were carried out in the presence 
and absence of acetic anhydride, using tetraethylammonium bromide or perchlorate as supporting electrolytes. 
From the variation of pertinent parameters in these studies and from the known electrochemical behavior of ben- 
zophenone, a mechanism is proposed for the reduction of benzophenone in the presence of acetic anhydride. The 
results of controlled potential electrolysis substantiate the proposed mechanism. 

There are many examples in the literature of electroor- 
ganic synthesis, defined as the transformation of one or- 
ganic molecule into another by the action of an electric cur- 
rent.2 In a number of cases involving cathodic processes, a 
radical anion produced by initial electron transfer under- 
goes followup chemical reactions in which one or more pro- 
tons are abstracted from the reaction medium. We have for 
some time been interested in generating reactive species 
electrochemically and in studying their reactions with re- 
agents other than proton donors. Our initial foray into this 
area3 involved the reduction of 1,3-diketones in aprotic sol- 
vents in the presence of acetic anhydride, which led ulti- 
mately to  the formation of 1,2-cyclopropanediol diacetates 
(eq I), the products of intramolecular pinacol reduction. It 

QAc OAc J J L M  2Ac,0 (1) 

was of some interest to  examine the behavior of monoke- 
tones under similar conditions, and this paper reports the 
results of our investigation of benzophenone. 

Electrochemical reduction of aromatic carbonyl com- 
pounds in aqueous and aprotic media has been extensively 
s t ~ d i e d . ~ - l ~  In  particular there have been studies of the  
electrochemical reduction of benzophenone in dimethylfor- 

Ph2C=0 + e- -+ [Ph2C-O!,- 

1 

1 + e- -+ Ph2C-0 

marnidel2-l4J6 and in pyridine.15 These studies have shown 
tha t  in aprotic solvents benzophenone undergoes an initial 
one electron reduction to  form an  anion radical intermedi- 
ate 1. Further reduction results in the formation of dianion 
2. Utilizing the techniques of polarography, cyclic voltam- 
metry (CV), and large-scale controlled potential electroly- 
sis, we have now studied the  electrochemical behavior of 
benzophenone in acetonitrile containing acetic anhydride 
with tetraethylammonium bromide (TB) or perchlorate 
(TP) as the supporting electrolyte. As a result of these 
studies, we propose the following reaction scheme for the 
reduction of benzophenone under these conditions. 

Ac 0 PhjC=O + e- --+ 1 - Ph,C-OAc 
3 

Ph2C-OAc 

COCH, 
5 

3 + e- --- Ph&-OAc 
I 4 
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Table E 
Polarographic Behavior of Benzophenone in  the Presence of Acetic Anhydride in 0.1 M TP-Acetonitrile 

Acetic 
Benzophenone anhydride Wave 7 7-- Wave II---------. 

concn, niM concn, mM V id, PA Slope, mV - E l / % ,  V id, PA Slope, mV i r  3. ZII 

2 .o 0 1 .83  7.78 61 2 .09  6.48 120 14.26 
2 . o  2 .o 1 .81  1 2 . 3  65 2.09 1.48 13 .8  
2 . o  4 . O  1 .79 13 .8  72 13 .8  
2 . o  10 . o  1.77 15 .3  80 1 5 . 3  

-__I 

Table I1 
Cyclic Voltammetry of Benzophenone in 0.1 M TB-Acetonitrile Containing Acetic Anhydride 

Benzo- Acetic 
phenone anhydride -- Wave I _7 --Wave IT--, 

ip,, LIA - E D o ,  v ipC, PA concn, mM concn,mM -Zpc, v -ED*, V ABp, mV iD0,@A 

2 . 0  0 1 .86  1 .79  70 
2 . o  1 .0 1 .85  1.79 60 
2 .0  2 . 0  1 . 8 4  1 .79  50 
2 . o  4 . 0  1.76 
2 . 0  10 .o 1.76 

Results and Discussion 

P01arography.l~ In  acetonitrile with 0.1 M TP as sup- 
porting electrolyte, benzophenone shows two one-electron 
reduction waves, 1 and 11, a t  E112 = -1.83 and -2.09 V. 
Acetic anhydride undergoes no reduction in this potential 
range. In the presence of acetic anhydride wave I grows in 
height (Table I) and wave I1 decreases until a t  a 2:1 ratio of 
anhydride to  ketone the  current due to  wave I1 is immeasu- 
rably small. Further increase in the anhydride concentra- 
tion then leads to relatively smaller increases in the height 
of wave I. Concurrently with its effect on the limiting cur- 
rents, addition of acetic anhydride produces an anodic shift 
in the E112 of wave I. These observations are consistent 
with the proposed mechanism. Wave I corresponds to  the  
reduction of benzophenone to  the radical anion 1. In  the 
absence of acetic anhydride 1 is then further reduced at a 
more cathodic potential t o  dianion 2, giving rise to  wave 11. 
Addition of acetic anhydride diverts a fraction of the radi- 
cal anion to 3, decreasing the height of the second wave. 
The  radical 3 is more reducible than benzophenone and im- 
mediately picks u p  a second electron to  form acylated 
anion 4. Addition of the  second electron in the  presence of 
acetic anhydride causes the  first wave to  increase in height 
and to  shift to more cathodic potentials. At a sufficiently 
large anhydride concentration the net process occurring at 
the first wave will correspond to an overall transfer of two 
electrons, causing the limiting current to double. As indi- 
cated in Table I, the current does very nearly double for a 
5:l ratio of anhydride to  ketone. The mechanism further 
requires tha t  the total current for waves I and I1 remain 
constant, as  is indeed observed (Table I, last column). The 
slopes observed for the two waves (Table I) suggest tha t  
wave I is nearly reversible in the absence of acetic anhy- 
dride (the theoretical slope for a reversible one electron 
process at 25' is 56 mV), but  tha t  wave I1 is irreversible. 
Further evidence bearing on the reversibility of the elec- 
tron transfer steps was obtained by cyclic voltammetry. 

Cyclic Voltammetry at the Hanging Mercury Drop 
Electrode.lS Cyclic voltammetry data  on benzophenone 
are given in Table 11. In the absence of acetic anhydride, 
benzophenone shows two cathodic waves and one anodic 
wave. The two cathodic waves occur at potentials close to  
those observed polarographically and can be ascribed to  
successive reduction to  1 and 2. By scanning the potential 
to  a point midway between waves I and 11, the single anodic 
wave a t  -1.76 V was established as arising from reoxida- 
tion of radical anion 1. The  resulting couple is not perfectly 

13.62 10,65 2.26 6.24 
13.66 8 .55  2.25 3.43 
14.58 5.09 2.19 1 .62  
21.75 
23.17 

reversible, as both AJ3, and iPr/iPn deviate from the theo- 
retical values of 56 mV (for a one electron transfer) and 
unity, respectively. At the scan rate employed, the second 
wave, corresponding to  formation of dianion 2, is chemical- 
ly and electrochemically irreversible. I t  is probable that, 2 
rapidly abstracts one or more protons, either from the soi- 
vent or from adventitious proton donors, to  give nanreoxi- 
dizable products. Information on the  reversibility of the 
two electron transfer steps obtained from cyclic voltamme- 
try data  agree well with the  deductions made from polaro- 
graphic studies. 

When acetic anhydride is added to  a solution in which 
benzophenone is undergoing reduction, trapping of radical 
anion 1 leads to an  increase in the cathodic half of wave I as 
species 3 is generated and further reduced. Removal of 1 
from solution means tha t  less dianion 2 can be formed and 
explains the decrease with increasing anhydride concentra- 
tion of i pc for wave 11. The absence of any anodic waves a t  
high anhydride concentration suggests tha t  4 undergoes a 
further rapid acylation to  produce electroinactive keto- 
acetate 5. Evidence for the  ultimate formation of 5 is given 
below. I t  might be noted tha t  much of the electrochemical 
behavior of benzophenone in acetonitrile in the presence of 
acetic anhydride parallels its behavior in pyridine and di- 
methylformamide containing proton donors.12J6 

Large-Scale Controlled Potential Electrolysis. Fur- 
ther evidence supporting the  proposed mechanism was pro- 
vided by the large-scale electrolysis of benzophenone in the  
presence of acetic anhydride in acetonitrile a t  a potential 
slightly more cathodic than the first cathodic wave. At this 
potential the anion radical of benzophenone should be the  
primary product of the  electrode reaction. The  crude elec- 
trolysate, after removal of solvent and supporting electro- 
lyte, was a dark brown viscous liquid. Gas chromatographic 
(gc) analysis revealed the presence of a single volatile prod- 
uct. While small amounts of this product could be sepa- 
rated by preparative gc, i t  was found more convenient to  
chromatograph the  crude product on silica gel in order to  
obtain larger amounts. In  this way, the electrolysis product 
was obtained as a colorless viscous liquid. A variety of evi- 
dence indicated tha t  this was the postulated ketoacetate 5. 
Infrared spectroscopy revealed the presence of two carbon- 
yl groups absorbing a t  1750 and 1725 em-*, positions typi- 
cal of acetate esters and aliphatic ketones, respectively. 
Nmr also showed two slightly different C-methyl groups a t  
1.95 and 2.02 ppm, positions typical of methyl attached to  
carbonyl carbon. The aromatic hydrogens of 5 appeared as 
a complex multiplet centered near 7.2 ppm. As required by 



Acylation of Benzophenone J.  Org. Chem., Vol. 39, No. 26, 1974 3833 

structure 5, the integrated intensities of aryl and methyl 
hydrogens were very near the  expected ratio of 5:3. Finally, 
elemental analysis of a carefully purified sample agreed 
well with structure 5. T h e  compound corresponding t o  5. 
l,l-diphenyl-l-acetoxy-2-propanone, has been reported as 
a solid, m p  52.5-53.0,19 and as a viscous T h e  proper- 
ties of our material are  identical with those of t h e  Italian 
workers.20 In  particular, t h e  ir and nmr  spectra of our 5 
agree exactly with theirs. Prolonged efforts to cause our 
sample to crystallize were unavailing. T h e  source of conflict 
between the two groups of workers is not  known, but it may 
be related t o  the propensity of this system to undergo rear- 
rangement.21 Indeed, when we at tempted t o  confirm the  
identity of 5 by alkaline hydrolysis t o  l,l-diphenyl-1-hy- 
droxy-2-propanone (6) (eq Z), the  crude product showed its 

alcoholic 
5 Ph,CCOCH, 

I 
6 H  
6 

most prominent band in the  ir at 1670 cm-l, a position typ-  
ical of aryl ketones. This suggests that either 5 or 6 or both 
underwent rearrangement in t h e  course of t h e  hydrolysis 
(eq 3). In  fact, the  transposition of groups represented by  

OH- I 

I I 
Ph,CCOCH, ==== PhCOCPh (3) 

OR 6R 
eq 3 has been reported previously by Elphimoff-Felkin.21b 
In order t o  secure structure 5 ,  t h e  electrolysis product was 
reduced by lithium aluminum hydride t o  1,l-diphenyl-1,2- 
propanediol (7), identical with material preparedz2 by an 
unambiguous route (eq 4). T h e  yield of 5 from the bulk 

LiAlH PhMgBr 
5 Ph,CCHOHCH, E~,O Et02CCHCH3 (4)  

1 I 
OH OH 

7 
electrolysis was 66% of chromatographically pure material. 
T h e  rest of the  crude electrolysis product was a highly col- 
ored material which was not volatile at 230' (gc) and could 
not be eluted from a silica gel column with the  usual sol- 
vent systems. No further a t tempts  were made t o  character- 
ize this material. It is noteworthy, however, that electroly- 
sis of acetic anhydride alone under the  same conditions 
yielded a substantial amount of a similar nonvolatile, high- 
ly colored material. Because of the  formation of this prod- 
uct, reliable coulometric information could not be ob- 
tained. 

Ketoacetate 5 can be regarded as a type of crossed acyl- 
oin or pinacol product. Such substances are  often difficult 
t o  prepare by conventional synthetic techniques, and  our 
electrochemical preparation could, in principle, be general- 
ized t o  prepare other members of this class of compounds. 
Unfortunately, however, exploratory work with acetophe- 
none and benzaldehyde has suggested that the  electro- 
chemical synthesis is probably limited t o  preparation of 
crossed acyloins derived from diary1 ketones only. 

Experimental Section 
Infrared spectra were measured on 10% solutions in carbon tet- 

rachloride using a Beckmann IR-5A spectrometer. Nmr spectra 
were measured on carbon tetrachloride or deuteriochloroform so- 
lutions with a Varian A-60 spectrometer. Column chromatography 
was on Fisher silica gel (923) containing 15% added distilled water. 
An Aerograph A-90 P3 gas chromatograph equipped with an SF-96 
column operated at 230° was used for gc analysis. Thin-layer chro- 
matography was on microscope slides coated with silica gel G, 

using hexane-benzene mixtures for elution and iodine for spot vi- 
sualization. A conventional saturated calomel electrode (sce) was 
employed as the reference electrode for all the electrochemical 
measurements. 

Reagents and Chemicals. All chemicals were Fisher Certified 
reagents and except for acetonitrile were used without further pu- 
rification. Acetonitrile was purified by the method of Forcier and 
Olver.23 Tetraethylammonium bromide (TB) and tetraethylam- 
monium perchlorate (TP) were used as supporting electrolytes. 
The bromide was commercially purchased. TP was prepared and 
purified as follows. TB (1 mol) and sodium perchlorate (1 mol) 
were separately dissolved in 1.5 1. of hot water. The solutions were 
mixed and allowed to cool. The TP which separated was repeated- 
ly recrystallized from hot water until the filtrate gave no precipi- 
tate of silver bromide when tested with portions of silver nitrate 
solution. The resulting TP was dried over phosphorus pentoxide in 
a desiccator. 

Polarography. A Sargent Polarograph Model XXI with Sar- 
gent IR Compensator Model A was used in a three-electrode sys- 
tem in a conventional H-type cell. The working electrode was a 
dropping mercury electrode and a platinum wire served as an aux- 
iliary electrode. The benzophenone concentration was 2.0 mM and 
the acetic anhydride concentration was varied from 0 to 10.0 mM. 
Dry acetonitrile was used as the solvent with TP (0.1M) as sup- 
porting electrolyte. The solutions were deaerated with dry prepuri- 
fied nitrogen for 20-30 min to remove oxygen, and an atmosphere 
of nitrogen was maintained over the solution throughout a particu- 
lar experiment. The limiting or diffusion current id ,  the half-wave 
potential E 112, and the slope of the polarographic wave were all de- 
termined by standard procedures.s 

Cyclic Triangular Wave Voltammetry (CV). The voltametric 
studies were carried out using standard techniques.ls The triangu- 
lar wave generator and the potentiostat were essentially the same 
as the instruments described by Chambers, et al. 24  The data were 
recorded on an X-Y recorder. A hanging mercury drop electrode 
(HDE) of approximately constant area was used as the stationary 
working electrode. The HDE was made by the method described 
by Enke and coworkers.25 The constancy of the electrode area 
through a series of runs was checked by electrolyzing the initial so- 
lution at intervals in the series. As the CV studies were carried out 
to investigate qualitatively the follow-up reactions of the anion 
radical intermediate with acetic anhydride, the exact area of the 
electrode was not critical. A three-electrode system was employed 
with a sce and a platinum wire as the reference and the auxiliary 
electrodes, respectively. A conventional H-type cell with a total ca- 
pacity of about 25 ml was used, the cathodic and anodic compart- 
ments being separated by a glass frit of medium porosity. 

The CV measurements were made under aprotic conditions 
using dry acetonitrile as the solvent and 0.1M TB as the support- 
ing electrolyte. The concentration of benzophenone was held at 2.0 
mM and the anhydride concentration was varied from 0 to  10.0 
mM. All solutions were thoroughly deaerated with dry prepurified 
nitrogen for 20-30 min to remove oxygen, and an atmosphere of ni- 
trogen was maintained in the system. A scan rate of 230 mV/sec 
was used. That the working electrode was not contaminated by the 
products of electrolysis during the experiments with a particular 
series of solutions was shown by reproducing the voltammograms 
of the first solution of the series after the series had been com- 
pleted. 

Large-Scale Controlled Potential Electrolysis. Controlled 
potential electrolyses were carried out in a conventional three-elec- 
trode electrolysis cell constructed from a truncated 500-ml Pyrex 
erlenmeyer flask. A 200-ml Pyrex beaker was used as the anode 
compartment. The cathode and anode compartments as well as the 
cathode compartment and the sce were connected by bridges hav- 
ing fine porosity sintered glass frits. The bridges were filled with 
dry acetonitrile saturated with TB. A mercury pool was the work- 
ing electrode (cathode), an sce the reference electrode, and a cop- 
per rod the auxiliary electrode (anode). The catholyte charge was 
400 ml of 0.2 A4 TB in dry acetonitrile in which were dissolved 9.11 
g of benzophenone and 38 ml of acetic anhydride. The entire sys- 
tem was purged with dry prepurified nitrogen for about 30 min be- 
fore the start of the electrolysis, and the system was kept under a 
nitrogen atmosphere throughout the electrolysis. A high current, 
manually operated potentiostat was used to  control the potential 
of the working electrode at a value slightly more cathodic than the 
E,, of the first benzophenone wave. The potential between work- 
ing electrode and the sce was measured with a VTVM. The current 
was determined by measuring the potential drop across a precision 
resistor, either with a recorder or a potentiometer. Accurate coulo- 
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metric measurements were not possible because the current effi- 
ciency was less than 100%. The electrolysis was continued until the 
current dropped almost to zero. The disappearance of ketone was 
also followed by CV. On completion of the electrolysis, the catho- 
lyte was diluted with a very large excess of distilled water (800- 
1000 ml) and extracted several times with a total of 500 ml of 
ether. The combined ether extract was washed with several por- 
tions of distilled water, saturated sodium bicarbonate solution, 
again with portions of distilled water, and finally with two portions 
of saturated sodium chloride solution. The extract was dried over- 
night over anhydrous magnesium sulfate. After filtration, the ether 
was removed by evaporation under reduced pressure until the 
crude product reached a constant weight. At this point the crude 
product weighed 10.5 g. 

An aliquot of the crude product (1.05 g) was column chromato- 
graphed on 60 g of silica gel using hexane-benzene mixtures for 
elution. The material (0.89 g, 66%) eluting with 3:l hexane-ben- 
zene showed a single spot on thin-layer chromatography and was 
the pure ketoacetate 5: viscous oil; nmr (CC14, internal TMS) 6 
1.95 (s, 31, 2.02 (s, 31, 7.2 ppm (m, 10); ir (10% in CC14) 3030 (m), 
1750 (s), 1725 (s), 1490 (m), 1450 (m), 1430 (sh), 1370 (m), 1350 
(sh), 1235 (s), 1180 (sh), 1160 (m), 1080 (w), 1020 (m), 950 (m), 920 
(w), 890 (m), 695 cm-I (9). An analytical sample was prepared by 
rechromatography over silica gel. Anal. Calcd for ClTHpj03: C, 
76.10; H, 6.01. Found: C, 75.85; H, 6.22. 

LiAIH4 Reduction of Ketoacetate 5. To a suspension of 
LiAlW4 (1.5 mmol) in anhydrous ether (5 ml), a solution of the ke- 
toacetate 5 (300 mg, 1.1 mmol) in anhydrous ether (5 ml) was 
added dropwise with continuous stirring. After stirring for 1 hr a t  
room temperature, excess LiAlH4 was destroyed by dropwise addi- 
tion of ethyl acetate, followed by 100 ml of 10% ammonium chlo- 
ride solution. The mixture was then extracted with ether, the ether 
exlract washed with portions of distilled water and saturated sodi- 
um chloride solution, and the extract dried overnight over anhy- 
drous magnesium sulfate. Removal of the ether by vacuum evapo- 
ration left an oily liquid (220 mg) which solidified on standing. The 
crude solid had a mp of 90-92'. I t  was purified by recrystallization 
from hexane: mp 95-96"; nmr (CDC13, internal TMS) 6 1.05 (d, 3, 
CH$H), 2.00 (d, 1, CHOH), 3.12 (s, 1, COW), 4.75 (m, CH-O),, 7.3 
pprn (m, 10, ArH); ir (10% in CCh) 3550 (m), 3000 (b), 1595 (w), 
1490 (m), 1450 (m), 1387 (m), 1350 (m), 1320 (w), 1260 (m), 1170 
(m), 1130 (w), 1100 (m), 962 (m), 920 (w), 892 (m), 877 (m), 700 (s), 
654 (m), 635 cm-1 (m). 

Synthesis of l,l-Diphenyl-1,2-propanedi01.~~ In a three- 
necked 500-ml flask fitted with a separatory funnel, reflux con- 
denser, and mechanical stirrer was prepared in the conventional 
manner a Grignard reagent from 27 g of magnesium turnings and 
181 g of bromobenzene in 450 ml of ether. The reagent was cooled 
in an ice bath while freshly distilled ethyl lactate (29 ml) was 
added slowly. The excess Grignard reagent was decomposed by the 

addition of 150 ml of ammonium chloride solution (50 g in 150 ml). 
The ether layer was separated and washed with portions of dis- 
tilled water and saturated sodium chloride solution. After drying 
over anhydrous magnesium sulfate, the ether was removed by vac- 
uum evaporation. The crude white solid (mp 88-90°) was recrys- 
tallized several times from hexane to a constant melting point of 
95-96'. The infrared and nmr spectra of this product were identi- 
cal with that of the diol obtained by LiAlH4 reduction of ketoace- 
tate 5. A mixture melting point of the two products was not de- 
pressed. 

Registry No.-& 13294-67-2; 7, 52183-00-3; benzaphenone, 
119-61-9. 
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2,4-Lutidine (1) has been acylated preferentially a t  its 2- or 4-methyl group depending on the condensing agent. 
It is suggested that if the metallic portion of the condensing agent can coordinate with the nitrogen atom of 1, 
then the 2-methyl group of I is acylated; otherwise, the 4-methyl group is acylated. The acylation of 1 at its 2- 
methyl group has also been effected in high yields with three perfluorinated esters using phenyllithium as the 
condensing agent. 

2,4-IAutidine (1) reacts selectively1 with alkyl halides, al- 
dehydes, and ketones at its 2- or 4-methyl group depending 
on the  condensing agent. 

We now report  the selective lateral acylation of the 2- 
and 4-methyl groups of 1. Earlier it was shown that 2-pico- 
line2 and 4-picoline3 can be laterally metalated, t he  former 
by organolithium reagents and the latter by  sodium amide 
in  liquid ammonia. 

Only one acylation of 1 could be found in the literature; 
its benzoylation using phenyllithium as the condensing 
agent4,j gave exclusively 4-methyl-2-phenacylpyridine in 
good yield. These results agree with a later study by 
Teague, et a1.,6 who showed that the reaction of 1 with 
benzaldehyde using phenyllithium gave exclusively l-phe- 
nyl-2-(4-methyl-2-pyridyl)ethanol. 

In the present study, 1 was acylated with ethyl benzoate 


