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I. I S T R O D U C T I O N  

Reductions effected by metals are of considerable significance. The present 
review is concerned with reductions brought about by the use of magnesium, but 
specifically with the unipositive form of this substance. Examination of the 
literature reveals that such reductions fall into two main categories: ( a )  those by 
means of unipositive magnesium anodically generated, and ( b )  reductions with 
magnesium-magnesium halide mixtures. In  addition to a discussion of these 
topics, the effects on massive magnesium of a variety of organic radical-ions 
generated by unipositive magnesium are described. 

11. REDUCTIOh-S W I T H  U N I P O S I T I V E  MAGXESIUM AXODICALLY G E N E R L T E I )  

A .  Inorganic reductions in aqueous solution 
There have been a number of reports in the early literature to the effect that 

a significant quantity of hydrogen is evolved from the anode when aqueous 
sodium chloride solutions are electrolyzed betxeen magnesium electrodes (13, 
16). Such behavior is indeed unusual, since the primary electrochemical process 
a t  an anode is one of oxidation, and hydrogen can be produced from water only 
by a process of reduction. The suggestion was made, but not proved, that uni- 
positive magnesium was formed as an unstable intermediate, oxidation of this 
species to  the common dipositive state by water being responsible for evolutioii 
of hydrogen (61). The initial mean valence number, V 7 ,  for magnesium entering 
solution was calculated from the loss in weight of the anode and the amount of 
current passed through the cell, as measured by means of a copper coulometer. 

417 
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t)y the equation 

17.  - weight of copper deposited in coulometer X 24.32 
2 -  31.77 X \\*eight of magnesium lost from anode 

Values of V ,  in the neighborhood of 1.3 were found and were stated to be inde- 
pendent of current density, temperature, concentration, and composition of the 
electrolyte (3). It mas also noted that permanganate and dichromate ions were 
reduced at a magnesium anode in neutral solution. 

What appears to be conclusive evidence for the existence of unipositive mag- 
nesium has been provided in some recent work ( 5 3 ) .  In  electrolyses of aqueous 
sodium sulfate solutions carried out between magnesium electrodes in a divided 
cell, the anodic evolution of hydrogen was found to correspond satisfactorily 
to that expected from Oxidation by water of magnesium from the measured 
mean valence state (ca. 1.4) to the familiar dipositive state. In  the presence of a 
strong oxidizing agent such as chlorate ion, another reduction product in addi- 
tion to  hydrogen is formed in the anolyte, and the quantity of anodic hydrogen 
is found to  be decreased. The anodic oxidation of magnesium to the unipositive 
state was further demonstrated by reduction of permanganate ion to  manganese 
dioxide and silver ion to elementary silver under conditions which did not permit 
the oxidizing agent to come directly in contact with the anode. It should be em- 
phasized that in the absence of electrical current the magnesium is not attacked 
by any of the electrolytic solutions employed. 

B. A n o d i c  reductions of organic substances i n  pyridine solution 
I n  the anodic oxidation of magnesium in aqueous solutions (and of other very 

active metals in water, acetic acid, and liquid ammonia (14, 15, 50, 54)) evi- 
dence for the existence of lower oxidation states is obtained only when the elec- 
trolyte contains an oxidizing agent Iyhich is reduced by the species of metal of 
lower valence, or when the solvent itself undergoes reduction. Recently, the an- 
odic behavior of magnesium in pyridine as solvent has been investigated. This 
solvent has the advantage over those cited above in that it is reduced only with 
great difficulty but is nevertheless a fair electrolytic medium. Therefore the be- 
havior of dissolved oxidants can be studied without the interference of com- 
plicating solvent effects. 

In the anodic oxidation of magnesium in sodium iodide-pyridine medium the 
metal enters solution with an initial mean valence number of two ( 5 5 ) .  Hom- 
ever, the presence in solution of any one of a number of potential organic oxi- 
dants (for example, benzophenone, 4,l’-dimethylbenzophenone, 2’-methoxy- 
2 , 4, G-trimethylbenzophenone, benzil, nitrobenzene, azoxybenzene, azobenzene, 
bromobenzene, benzonitrile, benzaldehyde, and ethyl benzoate) caused the mag- 
nesium to dissolve with an initial mean valence number significantly less than 
two (51, 55, 56, 57, 62). Only with nitrobenzene and azoxybenzene was the mag- 
nesium attacked nonelectrolytically by the original solutions employed. 

When the initial mean valence number was less than two, a reduction prod- 
uct(s) of the organic additive wab isolated from the anolyte. Furthermore, in 
the majority of the cases studied, the quantity of reduction product isolated on 
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TABLE 1 
“ A n o d i c  reduction” of organic  cornpounds by  un iposz t i ce  m a g n e s i u m  i n  p y r i d i n e  

(Sodium iodide electrolyte) 

Organic Additive 1 Vi 1 Reduction Product 1 Yield 1 Reference 

Benzophenone . . . . . . . . . . . . . .  1.67-1.83 I Benzopinacol 
4,4’-Dimethylbenzophenone 

Benzil. . . . . . . . . . . . . . .  1 1.48 1 Benzoin 
Azoxybenzene.. . . . . . . . . . . . .  1 1.05 trans-Azobenzene 
2’-Xethoxy-2,4,6-trimethylbenzo- 1 
trans-rizobenzene . . . . . . . . . .  ~ 1.57 j Hydrazobenzene 
Benzaldehydet.. . . . . . . . . . . . .  ~ 1.00 ~ 

Bromobemenet. . . . . . . . . .  ’ 1.68 

. . . .  1.54 1 1,1,2,2-Tetra-p-tolyl-l, 2-  
ethanediol 

phenone . . . . . . . . . . . . . .  1.90 1 2,2‘-Dimesitoylbiphenyl* 

Benzonitrilet . . . . . . .  ~ 1.72 
Ethyl  benzoatet.. . . . . . . .  1.90 1 
Nitrobenzenet.. . . . . . . . . . . . . . .  i 0 . 2 7 t  

* I n  addition to this compound a relatirely large amount of unidentified pollmeric material 1\88 isolated 
t No attempt %as made to isolate reduction products 
1 This extremely low V t  is due in part to nonelectroll tic corrosion by products formed during electrolysis 

hydrolysis of the anolyte corresponded essentially quantitatively to that ex- 
pected from oxidation by the organic additive of the metal froin its initial mean 
valence state to its common +2 state. Pertinent data are given in table 1. 

In  view of the low V ,  values found in the presence of the organic additives, 
and in analogy with the behavior in aqueous solution cited earlier, there appears 
to be little doubt that the reducing agent formed electrochemically is unipositive 
magnesium. Since the latter is a one-electron reductant it would appear that the 
first step in the reduction of any of the additives consists in the transfer of an 
electron from the $1 magnesium to the organic molecule. Thus in the specific 
case of benzophenone the electron transfer would lead to the formation of the 
familiar ketyl radical-ion I .  Two ketyl radical-ions formed in this manner dimer- 
ize to yield the pinacolate ion 11. The latter on hydrolysib gives the pinacol 
111. It should not be inferred from the equations shown below that the magne- 
sium ions exist in the free (or solvated) state. They may very lvell be coordinated 
with pinacolate ions and thus drive the dimerization equilibrium to thc right. 

C, I&, C C6 H5 
I 
0 8 
I1 

0 €I 
I11 

Similar mechanisms may be visualized for other “anodic reductions.” 
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Incidental to the studies of “anodic reductions” the nature of the products 
formed at  the magnesium cathode was also determined. I n  two cases, namely 
with benzophenone and 4 , 4’-dimethylbenzophenone, products different from 
those found in the anolyte were isolated from the catholyte. I n  both instances 
the corresponding benzhydrols were obtained in good yield after hydrolysis of 
the catholyte mixture. Cathodic reduction of benzil, trans-azobenzene, and 
azoxybenzene yielded the same products as those found in the anolyte (table 1). 

111. PROPOSED M E C H A S I S M S  F O R  THE A S O D I C  O X I D A T I O S  O F  MAGNESIUM 

It has been suggested (63) that in aqueous medium magnesium is oxidized 
anodically to  a mixture of unipositive and dipositive states. Ordinarily the +1 
magnesium rapidly transfers its remaining valence electron to  the anode and 
goes into solution in the dipositive state. However, if some material (e.g., the 
solvent itself or some other oxidizing agent) is present which reacts with the 
unipositive magnesium, then the latter is oxidized to its familiar +2 state and 
‘(anodic reduction” products are obtained,-for example, hydrogen gas from 
reduction of the solvent in electrolyses in aqueous solution. 

All the data so far accumulated on the anodic oxidation of magnesium can 
be equally well interpreted in terms of an alternative hypothesis: namely, that  
the metal is converted initially solely to the unipositive state. This primary 
electrochemical step is followed by the secondary processes cited above. The ob- 
served V ,  value is then the result of the relative rates a t  which the two possible 
secondary competing reactions occur. This implies that the value of V ,  obtained 
with a specific oxidant present in solution can be altered by a change in conditions 
which affects its relative oxidizing power, and theoretically a V ,  of 1 should be 
attainable even under conditions where no nonelectrolytic corrosion occurs. 

Although no unambiguous case in support of the second mechanism for mag- 
nesium can be cited at  the present time, only this mechanism appears to  be valid 
for the anodic oxidation of copper in aqueous medium. Thus, a t  25°C. the V ,  
of copper in aqueous potassium chlorate is 1.58; however, with a fixed concen- 
tration of electrolyte, constant current density, and essentially constant voltage, 
but with increase in temperature of the anolyte, there is a progressive decrease 
in V,, until a t  70°C. a value of 1.00 is obtained (58). In  this temperature range 
nonelectrolytic corrosion is negligible. Since the nature of the primary anodic 
process depends primarily on the applied potential and not on the temperature 
of the anolyte, the decrease in 17, observed with increase in temperature appears 
to be attributable only to  an increased rate in oxidation of copper(1) by chlorate 
ion, and the fact that  a V ,  value of 1 is attained supports the hypothesis that the 
copper is oxidized electrochemically solely to  the fl state over the whole tem- 
perature range. It should be pointed out that when a V ,  value of 1 was found, 
chlorate ion was reduced to  chloride in quantity corresponding to oxidation of the 
copper(1) to  the + 2  state. 

IV. C O R R O S I O S  O F  MASSIVE MAGXESIUM BY O R G B S I C  RADICAL-IONS 

GENERATED BY USIPOSITIVE MAGNESIUM (48) 
It is to be noted in table 1 that an abnormally low V ,  value is found for mag- 

nesium when the sodium iodide-pyridine solutions contain nitrobenzene as 
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organic additive. This fact obviously requires additional comment, since a T.', 
value no lower than 1 would be anticipated as a result of a strictly electrochem- 
ical process. The explanation for this anomalous behavior lies in the fact that 
following electrolysis the anolyte, in coiitraht to the behavior of a control mix- 
ture, attacked massive magnesium readily. Evidently some reduction product(s) 
of nitrobenzene, unlike nitrobenzene itself, is able to react with the massive mag- 
nesium anode i n  an oxidatioii-reduction process and bring some of it into solu- 
tion. 

Even in those cases where the IrZ values lie between 1 and 2 it is entirely con- 
ceivable that the products originally produced by interaction of + 1 magnesium 
and organic additive are capable of corroding massive magnesium, and that the 
V ,  values in reality may be a measure of both electrochemical and nonelectro- 
chemical effects. It should be stressed again that of the additives listed in table 
1 only njtrobenzene and azoxybenzene attack magnesium in the absence of 
current. 

The effects on massive magnesium of the products originally formed by the 
interaction of unipositive magnesium and a variety of organic additives in pyri- 
dine have been investigated. With every additive thus far studied evidence has 
been accumulated which shows that reactive products capable of attacking 
massive magnesium are formed. There is also strong evidence that in every case 
the nonelectrolytic corrosion proceeds by way of a chain reartion, with an or- 
ganic radical-ion and unipositive magnesium functioning a s  chain carriers. The 
additives examined include benzophenone, 4,4'-diniethylbenzophenone, benzil, 
trans-azobenzene, and azoxybenzene. 

Particularly informative examples are found in the corrosion experiments 
with the reactive intermediates formed from benzophenone and 4,4'-dimethyl- 
benzophenone. In normal electrolyses m-ith either of these ketones as additive 
and a magnesium anode, the corresponding pinacol is the only reduction product 
isolated from the anolyte after hydrolysis. However, if, after electrolysis, the 
anolyte solution is allowed to remain for some time in contact with the anode 
or with a fresh piece of magnesium, the metal is corroded and the corresponding 
benzhydrol, as well as the pinacol, is isolated following hydrolysis. Furthermore, 
the quantity of magnesium going into solution as a result of nonelectrolytic 
corrosion exceeds to  a considerable extent that expected from attack on magne- 
sium by the ketyl radical-ion (formed by interaction of the original ketone and 
unipositive magnesium anodically generated), in accordance with the equation 
shown for 4,4'-dimethylbenzophenone: 

Ng:  + 2p-CHaCsHd6CeHqCH3-p + 

(massive) 
0s 

03 
1- 

The amount of ketyl radical-ion (IV) formed can be calculated from the V ;  



422 RATXCH, MCEWTEN, h N D  ICLEISBERG 

value and coulometric data. It should be pointed out that the ketyl radical- 
ion originally produced undoubtedly exists in equilibrium with its dimer, but the 
latter serves as a reservoir for the reactive monomer. 

What appears to be a valid mechanism for attack of massive magnesium by 
the ketyl radical-ion is the following chain of reactions: 

(a) N g :  + p-CHlCsH4~CsH,CH3-p  + 
massive 

00 

Q 
Of course, V on hydrolysis affords the corresponding benzhydrol. It is only by 
the above sequence of reactions that the quantity of massive magnesium brought 
into solution after electrolysis can be explained. Although the attack of the ketyl 
radical-ion (IT) on the massive metal is depicted to  show the formation of uni- 
positive magnesium, the question can be raised as t o  whether the latter is actually 
formed in the free state. It is entirely conceivable that as the ketyl radical-ion 
abstracts an electron from one niagne+ium atom on the surface of the metal, a 
molecule of ketone accepts an electron from the metal a t  another point on the 
surface to form a nen’ ketyl radical-ion. In  any event, unless these two processes 
are synchronous, the active form of the metal is still essentially unipositive mag- 
nesium. 

In  electrolyses with benzophenone or 4,4’-dimethylbenzophenone a h  additive, 
there is evidence that the magnesium anode is not  attacked nonelectrochemi- 
cally. Thus, if the anolyte is hydrolyzed immediately after electrolysis, none of 
the corresponding benzhydrol is ever obtained. Since it has been shown that the 
ketyl radical-ion formed during electrolysis iq capable of corroding massive mag- 
nesium, it is evident that the anodic process protects the metal from attack by 
the reactive ketyl species. 

In contrast to the behavior deicribed above for bciizopherione and 4,4‘- 
dimethylbenzophenone, in 11 hich only the pinacol is formed in simple “anodic 
reduction” and a mixture of pinacol and benzhydrol is formed in corrosion fol- 
lon-ing electrolysis, a single product i y  obtained in each case under both (+-cum- 
stances with benzil, trans-azobenzene, or azoxybenzene as additive. Thus the 
“anodic reduction” of benzil gives, after hydrolysis, benzoin as the qole product. 
The latter is also obtained as the only product when the anolyte following elec- 
trolysis is permitted to stand in contact with massive magnesium, -4s with the 
ketones cited above a i  additive>, and also in the cases of the other additives 
noted, the quantity of magnesium consumed a i  a result of nonelectrolytic at- 
tack exceeded to a conqiderable degree that expected merely from reaction of the 
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metal n i th  active intermediate produced electrochemically. There appears to 
be little doubt that reaction between unipositive magnesium anodically gener- 
ated and benzil occurs in the following fashion: 

J Ig*+ + C ~ H ~ C - C C ~ H L  + lIgt’ + CsHs&--cC6Hj 
I1 1 1  I ‘ I  
0 0  0s 0 

T’I 
Species ’i’I can eventually yield benzoin by one of three possible routes: (a) it 
may disproportionate in pyridine solution to form benxil and the conjugate base 
(VII) of benzoin; 

CsHgC=CC6I& 
I 1  0s 06 
VI1 

( b )  it  may react further with a second Xlg*+ ion to give VII; or (c) it may dis- 
proportionate to form benzoin and benzil only after accepting a proton during 
hydrolysis. There is no question that T’I possesses an appreciable half-life in 
pyridine solution, in view of the fact that  the solution following electrolysis is 
capable of attacking massive magnesium. KO other substance conceivably pres- 
ent in the anolyte could possibly react with massive magnesium under the ex- 
perimental conditions. It is known from control experiment5 that benzoin itself 
is unreactive toward the massive metal, and attack by T‘II would lead, after 
hydrolysis, to the isolation of a reduction product of benzoin such as hydroben- 
zoin or desoxybenzoin. 

terpreted in terms of the chain mechanism: 
In  the light of the above discussion, nonelectrolytic corrosion can best be in 

(a) AIg: + C ~ H L & - - C C ~ H ~  + l I g * ’  + c:6H5C=CC6H5 
I 1  
0Q 03 

T’I VI I 

I I /  
0s 0 

(b) AIg*’ + C6HbC-CC6Hb -+ JIgT- + \’I 
11 II 
0 0  

The “anodic reduction” of trans-azobenzene and of azoxybenzene yields, 
after hydrolysis of the anolyte, hydrazobenzene and trans-azobeiizene, respec- 
tively. On the basis of products isolated and the extent of nonelectrolytic reac- 
tion with magnesium metal after electrolysis, the reactive intermediates formed 
during electrolysis are thought to have the structures VI11 and IX, respectively. 

0s 
4 * I  

C6HjS-lC6H6 C ~ H E , S - X C ~ H ~  
T’III IX 

The effect on massive magnesium of products formed by cathodic reduction 
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has also been examined in a limited number of cases. After electrolyses with ben- 
zil or azoxybenzene present in the pyridine solution, the catholyte (as well as 
the anolyte) contained a substance hich attacked magnesium metal extensively. 
However, during the course of electrolysis the magnesium cathode suffered no 
loss in weight. It would appear that during electrolysis the metal cathode is 
protected against corrosion by the ready availability of electrons at  the surface. 
It has been pointed out previously that the ketyl radical-ion formed in the anolyte 
when benzophenone or 4 , 4’-dimethylbenzophenone TI as additive did not cor- 
rode the magnesium anode during electrolysis, since no benzhydrol was ob- 
tained. Inasmuch as corrosion follon ing electrolysis yielded no characterizable 
products in the anolyte other than those obtained merely on electrolysis with 
either benzil or azoxybenzene in the solution, it is not possible to state whether 
nonelectrolytic attack of the magnesium anode occurs during electrolysis in the 
presence of these additives. 

V. REDUCTIOSS WITH M 4 G h  LSIU’LI-M4GSESIUhI IODIDE M I X T U R E S  

S o  discussion of reductions by means of unipositive magnesium would be 
complete without consideration of the use of magnesium-magnesium halide mix- 
tures. When magnesium and bromine, or more importantly iodine, are brought 
together in an appropriate organic solvent in a ratio essentially corresponding to  
1 g.-atom of metal to  one of halogen, the resulting mixture contains a potent re- 
ducing agent for organic subitances. The same reducing power is exhibited by a 
mixture of metal and magnesium( 11) halide. Reductions carried out with these 
mixtures cannot be effected by the metal alone. Therefore, the reasonable sug- 
gestion (40) has been made that the effective reducing agent is magne$ium(I) 
halide, formed in accordance with the following equilibrium : 

l l g  + NgXs e 23IgX’ 

The literature contains inany examples of the reduction by the magnesium- 
magnesium iodide mixture of a variety of organic compounds: eg . ,  ketones, 
aldehydes, and derivative<, carboxylic acids, eiterb, acid halides, and acyl 
peroxides; nitrobenzene and ionie of its reduction products. I n  the following 
sections the reduction of a limited number of representative examples of each 
of these classes of compounds is described. In addition, a number of interesting 
miscellaneous examples are given. Finally, table 2 presents a rather complete 
summary of the individual reductions effected. 

-4, Reducttori of ketones and aldehydes 

Pinacols are obtained by reduction of most aromatic ketones with the binary 
mixture magnesium + magnesium iodide, followed by hydrolysis of the reaction 
mixture. The reduction is ordinarily carried out in ether, benzene, or an ether- 

1 The binaiy mixtuic n~agnesium-magilesluI11 chlorlde 15 ineftectual ab a reducing agent 
for organic compounds, as are mixtures of zinc-zmc hallde, cadmium-cadmium halide, 
arid aluminum-aluniinuin halide Hon ever, t ha  mixture ber~llium-beryllium iodide has 
been qhonn to po.ses rediicing po\ner ( $ 0 ~  
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benzene mixture, frequently at elevated temperatures. I t  is proposed (40) that 
the active reducing agent, magnesium(1) iodide, react5 with a ketone to give an 
iodomagnesium ketyl; dimerization of the latter, followed by hydrolysis, yields 
the pinacol. 

(a) ,irCXr + i1g1 Lir2LArl 
/ I  
0 OMg1 

(b) 2hrCXr Ar2 COJIgI 

O X g I  ,SrzCO1fgl 
I 7 I 

(c) . Ir?COIlgI =Irz COH + 2H20 -+ I + MgI? + JIg(OH)2 I 

Airz C o ~ g 1  ArZ COH 

It is of interest t o  note that ether-benzene .;elutions of various aromatic ketones 
and magnesium-magnesium(I1) iodide mixtures are highly colored, ranging from 
a deep red for benzophenone to  an indigo blue for 4,4'-diphenylbenzophenone. 
S o t  only are these intense colors characteristic of ketyl radical-ions, but the 
solutions a130 possess other ketyl-like properties, wch as extreme sensitivity to 
air and moisture. 

Very few cases of the reduction of aromatic aldehydes by the binary mixture 
are on record. The reduction of benzaldehyde (43) is complex in that benzoin 
and benzyl alcohol are found on hydrolysis of the reaction mixture. Evidently 
the intermediate iodomagnesium hydrobenzoinate (X) formed in a nianner 
analogous to that described above, for the pinacolate reacts further m-ith benzal- 
dehyde to produce iodomagnesium benzoinate (XI) and iodomagnesium benzy- 
late (XI I ) :  

H 

H 
s 

1 

H 
XI 

The beiizoinate XI can be reduced further by the binary mixture to yield, after 
hydrolysis, tetraphenylerythritol (XIII)  

H C'sH5 ('fiHj II 

C: H5 C-('-C--CC6H5 
I I 

I I 

OH oIi o r i  011 
XI11 

* illthough the bond be tmen  magnesium and osygen in this proposed intermediate is 
shown to be covalent, i t  is entirely likely that  i t  possesses ronsiderable ionic character. 
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TABLE 2 
Reduc t ions  b y  ?,Leans of the binai ,y  nzirlure n:aynesir~iii-i?iagnesiuni iodide 

Substance Reduced Product (5) M~lt ing  Point Yield 
-~ . ~ ~~~~ 

A .  K e t o n e s  a n d  aldehydes 
Benzophenone 
4-J le th~  lbenzophenone 

4,4'-Dirnethylbenzophenone 
4-C hlorobenzop henone 

&Phenylbenzophenone 

4,4'-  Dip hen> lbenzop henone 

9-Fluorenone . . . . . . 
Xanthone . .  . . . .  
Anthrone . . . . . . . . . . . 
4,4'-Bis(di1nethylan~ino)benzo- 

phenone.. . . . . . . . . . . . . . . . 

4-Bromobenzophenone 

3-Bromobenzophenone . , . . . . . 

2-Bromobenzophenone.. . . 

2-Chlorobeneophenone(b). . . . . 

4,4'-Dibromobenzophenone. . . . . 

3,3'-Dibromobenzophenone. . . . 

3,4'-Dibromobenzophenone 

Z-Brorno-4'-phenylhen~ophen- 

4-Methyl-4'-phenylbenzophenonc 
one (a) , . , . . . . . . , . , . , . . . . . . . . . . 

3-Methylbenzophenone 

2-Methylbenzophenone 

Z-Methyl-4'-phenylbenzophenone 

4-Methoxybemophenone 

4-hlethoxy-4'-methylbenzophe- 
none . . . . . . . . . . . . . . . . . . . . . . . 

Bi.naopinxco1 
1,Z-Diphenyl- 1,2-di-p- tolyl- l12-ethane- 

1 ,1 ,~ .2-Tct ra -p~to l r l - l ,  2-ethanediol 
1,2-Dipheny1-lI P-di-p-chlorophenyl- 

I,Z-Diphenyl-l, 2-di-p-liiplienylyl-1,2- 

1,1,2,2-Tetra-p-biphenylyl-l, 2-ethane- 

[9,  S'-BiHuorene)-S, 9'-diol 
Santhonepinacol 
r\ntlironepinacol 

diol 

1,2-ethanediol 

ethanediol 

diol 

1,1,2,2-Tetra-p-dimethylaminophenyl- 

1,2-Diphenyl-l,2-di-p-broniophenyl-l, 

l ,2-Diphenyl-l1 2-di-m-bromophenyl- 

l,Z-Diphenyl-1,2-di-o-broinoghen~l- 

I,Z-Diphenyl-l, 2-di-u-chlorophenyl- 

1,2-ethanediol 

2-ethanediol 

I ,  2-ethanediol 

I ,  I-ethanediol 

1,Z-et hanediol 

1,1,2,2-Tetra-p-bromophenyl-1,2- 

1,1,2,2-Tetra-m-bromophenyl-1,2- 

1,2-Di-m-bromophenyl-l, Z-di-p-bromo- 

1,2-Di-p-chlorophenyl-1, Z-di-p-bronio- 

l12-Di-p-broniophenyl-I, 2-di-p-bi- 

1,2-Di-m-broinophenyl-iI Z-di-p-bi- 

ethanediol 

ethanediol 

phenyl-1 , 2-ethanediol 

phenyl-l,2-ethanediol 

phenylyl-1, 2-ethanediol 

phenylyl-l,2-ethanediol 

I ,  2-Di-p-tolyl-l,2-di-p-bipheny1yl-lI 2. 

L,2-Diphenyl-1,2-di-m-tolyl-1,2- 

1,2-Di-m-tolyl-l, 2-di-p-biphenylyl-I, 2- 

1,2-Diphenyl-l, 2-di-o-tolyl-l,2- 

1,2-Di-o-tolyl-l ,2-di-p-biphenylyl-112- 

,Z-Diphenyl-1, P-di-p-aniayl-l,Z-ethane- 

ethanediol 

ethanediol 

ethanediol 

ethanediol 

ethanediol 

diol 

,Z-Di-p-anisyl-l, 2-di-p-tolyl-1,2- 
ethanediol 

4-hlethoxy-4'-phenylbenzophe- 
none . . . . . . . . . . , . , . . . . . . 1,2-Di-p-anisyl-l, Z-di-p-biphenylyl- 

1,Z-ethanediol 

1.2-ethanediol 
4-Chloro-4'-methylbenzophenone. 1,2-Di-p-chlorophenyl-l,2-di-p-tolyl- 

___- 

"C. 

192-194 
li3-1i5 

153-184 
172-178 

198-199 

200-203 

190-152 
185-1 87 
184-185 

196-197 

1i8 

147 

160-1 65 

181 
164 
1ig-ieo 

152-156 

160-163 

169 

158-159 

175 

180-182 
175-176 
151-152 
147-118 
174-175 

167 
I56 
182-183 

li3-174 

175-176 

172-17.1 

175-li6 

per cent 

99.6  
95 

9 1  
94 

97 

95 

99 
92 
83 ( 4 0 )  

53 (40) 

91 (44) 

85 

Trace('; 

Small 
Small 

94 

40 

35 

60 

90 

64 

93 
ea. 100 

82 
ca. 100 

96 

22 
ca. 100 

35 

45 

4 

22 

89 
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TABLE 2-Continued 
, 

Substance Reduced Product ( 8 )  Melting Point Yield ~ References 
_ _ _ ~ _ _ _  __. 

"C 

4-Ciiloro-4'-phenylhenzopti~none. l,?-l)i-p-chlorophenyl-1,4-di-p-bi- 

4-Ethoxybenzophenone . . . . I  l ,?-Diphenyl-l ,?-di-p-ett i~xyphenyi 

.I-Ethory-4'-irietliylbensophenone 1 , 2 - D i - p - t o l y 1 - t . ? - d i - p - e t ~ ~ o ~ ~ ~ p h e n y ~ ~  

phenylyl-1, 2-ethanediol 

1 1.2-ethanediol 

1 1,2-ethanediol 
3-4Iethoxy-4'-r~licnylbenzo1~lie- 1 1,2-Di-p-biplionylyi-1,?-di-m-inetlioxy- 

phenyl-l,2-ethanediol 

i phenyl-1,Z-ethnnediol 

none . .  

3-Chloro-4'-plienylhenzoplienone 1,2-Di-p-l~iphenyiyl-l,?-di-m-chloro- 

4-n-Propoxyhenzophenone . . , 1,2-DiphenyI-l, 2-.li-p-n-proi)oxypilenyl 

4-n.Butoxybenzoi,lienone . . . 1 l ,?-Diphenyl-l ,  2-di-p-n-butos~~plicn).I- 

4-ti-A~nyloxybenzoplienone ~ l,?-Diphenyl-1, 2-di-p-71-amylony- 

~ - I s o a m s l o x ~ h e n r o r ~ h e n o n e  . . . 1 ,?-Diphenyl-l,?-di-p-isoamyloxs- 

1,2-ethanediol 

1 1,2-ethanediol 

phenyl-1 ,2-ethanediol 

190-191 

141-112 

16R-lfi9 

. .  
~ phenyl-l,2-ethanediol 

?,?'-Dii;iethylbenzoplienane. . . I  2,?'-Dimethylbenzhydrol 
1 l,?-DiphenyI-l,?-di-p-eth~lphenyl-l,2- 
I et~ianediol 

4-Cthylbenzophenone. . 

4-Isopropylhenzophenoue . . . 1,Z-Diphenyl-1 ,?-di-p-isoprop~~lplicnyl. 
i 1,?-ethanediol 

4-~Iethyl-4'-ethylbcnzophenonc.. I 1,2-Di-p-tolyl-l ,?-di-p-etl iylp~enyl-l ,  ? 
I ethanediol 

1-Naphthyl n-tolyl ketone 1 1,?-Di-p-tolyl-l.~-di-l-i1aphth~~-l,Z~ 
ethanediol 

?-hIetliouybenzopherione . . . 1,2-DiphenyI-l, 2-di-o-anisy1-1,?- 
~ ethanediol 

3-hletiioryhcnzophcnone 1 1,2-Diphenyl-1 ,?-di-m-nnisyl-1, 2 -  
~ ethanediol 

1-Naphthyl phenyl ketone . , 1,?-Diphenyl-l,Z-di-l-naphthyl-l,?- 
' ethanediol 

2-Naphthyl phenyl ketone. . 1,?-Diphenyl-1,?-di-?-naphtb~~l-l ,?-  
ethanediol 

2,2'-I)ibenzoylbiplienyl . ~ 9,10-Dihydro-9,lO-diphenyl-9,10- 

2,2'-Di-p-toluylhiphen~l ~ 9,lO-Dihydro-9,1O-di-p-tolyl-9,10- 

? ,?'-Di-p-anisoylbipbenyl 9,10-Dihydro-9, lO-di-p-anisyl-9,lO- 

1,8-Dihenzoylnaphthalene ~ cis-1, ?-Diphenyl-1, ?-acenaphthenediol 
8-Benzopinacolone . . . 1 Tetraphenylethylene 
a,@-Epoxy-8-p-hiphenylyl- ' 

~ phenanthrenediol 

phenanthrenediol 

phenant hrenediol 

propiophenone(') . . . . . 

n , @ - ~ p o x y -  8-piienyipropio- 

B e n d  . . , Benzoin 
' p-Toluoin 

.\nisoin 
p-Told 
Anisil . . 

4,4'-Dichlorobenzil . . 4,4'-Dichlorobenroin 
a-Naphthil . . . 1 a-Xaphthoin 
4,4'-Diphenylbenzil 4,4'-Diphenylhenzoin 
4-Phenylben~i i (~)  . . . . . 4-Phenylbenzoin 
hlesitil . . . . . .  . , ?,?'. 4,4 ' ,  6 ,  G'-Hexamethyl-a, a'-stil- 

2',4',6'-Trimethylchalcone . . . . . . I  1,4-Di1nesitoyl-2,3-diphenylbutane(') 

1,2-Diphenyl-l, 2-di-p-biphenylyl-I, 2- 1 ethnnediol 

phenou~('' . . . . I  Benzopinacol 

1 henediol 

172-173 

174-175 

146-147 

14.5-147 

119-141 

l?i-1?8 

11 3-1 19,s  
162-163 

161-162 

155-158 

150 

188-169 

139-1 41 

?20 

1 7 5  

202 
lis-180 
213 

168-190 

17:. 5 - 1 2  
?21 

198 

192-104 
135-136 
85-89 
113 
65-87 
138-139 
168-170 
148-151 
144-145 

95 

2:  

22 

4 .j 

*- 

62 

5 4  

42 

52 

20 
46 

91 

56 
32 
50 

13 

95 
9? 

40 

53 
95 
90 
62 
91 
91 
88 

Good 
60 



TABLE 2--Continued 

Substance Reduced Productis) ISfelting Point Yield References I - 

2,2',4,4',6,6'-Hexamethylchal- 

a-Mesityl-2,4, 6-triniethylacryl- 
cone . . . , , , . . . , . . , , . . , . . 

ophenone . . . . . . . . . . . . . . . . . . . . 

a-i\Iesityl-2,3,5, B-tetramethyl- 
acrylophenone , . . . . . . . . . . . . . . 

2,2',4,4',6,6'-Hexamethylhenzo- 
phenone . . . . . , . . . . . . . . . . . . . . . . 

4'-Bromo-2,4,6-trimethylbenzo- 
phenone., . . . . . . . . . . . . . . . . . . . . 

4'-Chloro-2,4, 6-trimethylbenzo- 
phenone. . . . . . . . . . . . . . . . . . . 

4'-Bromo-2,4,6-triethylbenzophe 
none.. . . . . . . . . . . . . . . . . . . . . . . . 

4'-Bromo-2,4,6- triisopropylben- 
zophenone . . . . . . . . . . . , . . . 

2'-Bromo-2, 4,6-trimethylbenzo- 
phenone.. . . . . . . . . . . . . , . . . 

4'-Bromo-2,3,5, B-tetramethyl- 
benzophenone . . . . . , . . , , . . . . . 

2,4,6-Trimethylbenzophenone(') 

2'-Methoxy-2,4, B-trimethylben- 
z opbenone") , . . . , . . . , . . , . , . . 

2,4,6-Trimethylbenzophenone 
and 2'-methoxy-2, 4,d-tri- 
rnethylbenzophenone(') . . . . . 

2,3,5,6-Tetramethylbenzophe- 
none and Zr-methoxy-2,4,B-tri- 
methylbenzophenone(') . . . . . . 

2,4,6-Trimethylbenzophenone 
and 2'-methoxy-2,3,6, 6- 
tetramethylbenzophenone(') 

2,3,5,6-Tetramethylbenzophe- 
none and 2'-methoxy-2,3,5,6- 
tetrarnethylbenzophenone(') . 

2'-Methoxy-2,3,5,6-tetra- 
methylbemophenone(') 

Z,Z'-Diduroylbiphenyl(') 

2,2'-Dimesitoylbiphenyl(') 

1,3- Dibenzoyl-2-phenylcyclo- 

1,2,3-Indantrione . . . . 

Benzaldehyde.. . . .  

pentane(f) . . .  . .  

"C. 

I-Naphthaldehgde 

1,4-Dirnesitoyl-2, 3-dirne~itylbutane(~) 

1,2,5,6-Tetramesityl-l, 5-hexadiene-l,6- 
diol 

I,B-Diduryl-Z, 5-dimesityl-l,5-hexadiene 
-1,G-diol 

2,2', 4,4',6,6'-Hexsmethylbenshydrol 

4,4'-Dimesitoylbiphenyl 

4,4'-Dimesitoylbiphenyl 

4,4'-Bis (2,4,6-triethylbenzoyl) bip henyl 

4,4'-Bis (2,4,6-triisopropylbenaoyl)bi- 
phenyl 

2,4,6-Trirnethylbenzophenone 

4,4'-Diduroylbiphenyl 
2'- (a-Hydroxy-a-mesityl-o-tolyl)-2,4,6. 

trimethylbenzophenone 

9 , lO-  Diniesitylphenanthrene 
8 ,  IO-Dihydro-Q, IO-dimesityl-g, 10. 

phenanthrenediol 

2'- (a-Hydro~y-a-mesityl-o-tolyl)-2, 4,6- 
trimethylbenzophenone 

2'- (a-Hydroxy-0~-duryl-o-toiyl)-2,4,6- 
trimethylbenzophenone 

2'- (e-Hydroxy-a-mesityl-o-tolyl)- 
2,3,6,6-tetra1netliylbenzophenone 

2'- (a-Hydroxy-a-durgl-o-tolyl)-2,3,5,6- 
tetramethylbenzophenone 

9,10-Diduryl-9, lO-dihydro-g,lO-phen- 

9,lO-Didurylphenanthrene 
9,10-Diduryl-9,10-dihgdro-9,10-phen- 

9 ,  IO-Dihydro-9, IO-dimesityl-Q, 10- 

anthrenediol 

anthrenediol 

phenanthrenediol 

2,3,7-TriphenyI-2, 3-norcamphanediol 
Hydrindantin 
Benzoin 
Benzyl alcohol 
a-Naoiithoin(') 
I-Nn~lithnleneniethanol 

p-Tolualdehyde. . . . . . . . . 4,4'-L)imethylbenzoin(g) 
p-3Ietliylhenzyl alcohol 

207-208 

196 

150 

221-222 

215-222 

148-149 

190-191 

35.5 

323-326 
239-240 

249-250 
195-196.6 

239-240 

202-203 

187-168 

262-263 

232 

289.5-291.5 
231-232 

200.5-201.5 

167-168 
236 (d.) 
135-136 

136-139 
59.5-60 
88-89 
60 

Anisaldehyde . . . . . . . 4,4'-Diniethoxpbenaoin(~) 113 
Anisyl alcohol 
4,4'-Dibrornobenzoin(g) 
p-Bromohenzyi alcohol 

pBrornobenzaldehyde , . . . . . . . 

- . 

428 

94 

95 

35 

55 

60 

13 

18 

61 
10 

10 
22 

28 

25 

24 

23 

23 26 

66 

77 

60 
30 
22 
31 
26 
23 
25 
24 
30 
29 
25 
._ -. .- 
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T.4BLE 3-Continued 
, , 

Substance Reduced Product(s) ihIe1tin.g Poinl 

p-Chlorobenzaldehyde . . . . . . . , . , . ’ 4 ,  ?’-Dichlorobenzoin(g) 
~ p-Chlorobenzyl alcohol 

2,4-Xylaldehyde . , , . , . . . , . . . . . 2 ,  2’,  4,4’-Tetramethylhydrobenzoin 

Mesitaldehyde 

2,3-Dimethyl-l-naphthaldehyde 

B.  Carboxylic acids, esters, acid 
halide%, and acul perozides: 
Benzoic acid . 

p-Toluic acid . . . . . . . . . . . . . 

I-Naphthoic acid 

2-Naphthoic acid 

4-Biphenylcarboxylic acid. . . . . . , 

Benzyl benzoate 

Methyl benzoate . , . . . . . . . . . . , , . 
Phenyl benzoate. . . . . . . . . . . . . . . . 
E t h y l  o-chlorobenzoate and phe 

nylinagnesiuin bromide , , . . , , 

. . . . . . . . . . . . . 

Propionyl chloride(j) . . . , , . , . , 
Butyryl chloride(j), , . . . . . , , . . . . . 
Mesitoyl chloride. . . . . . . . . . . , , . . . 

2,4,6-Triethylbenzoyl chloride.. 

2,4,6-Triiaopropylbenzoyl chlo- 
ride. . . . . , . . . . . . , , . . . , . . , . . . . . . . 

4-Bromo-2,6-xyloyl chloride 

~~ 

2 , 2 ’ ,  4,4’-Tetramethylhydrobenzoin 
1 ,P-Dimesity1-1,2-ethanediol 
l,Z-Diinesityl-i, 2-ethanediol 
1,2-Dimesitglethylene 
II2-Bis(2,4, 6-triisopropylphenyl)-1,2- 

1,2-Bis(2, 4,6-triisopropylphenyl)-1,2- 

1,2-Bis(2,4,6-triisopropylphenyl)- 

1,2-Bis(2, 3-diinethyl.l-naphthyl)-lI 2-  

I12-Bis(2, 3-diinethyl-l-naphthyl)-l, 2- 

ethanediol 

ethanediol 

ethylene 

ethanediol 

ethanediol 

Benzoin 
Benzil 
4,4‘-Dimethylben~oin(~) 
4 ,  I’-Dimethylbenzil( h, 
a-Napht hoin(h) 
a-Naphthil(  h, 
p-Naphthoin(h) 
p-Naphthil(h) 
4,4’-Diphenylben~oin(~) 
4,4’-Diphenylbenzil( h, 
Bibenzyl 
Benzoin 
Benzoin 
Phenol 

1 ,Z-Diphenyl-l, 2-di-o-chlorophenyl-1,2- 
ethanediol(’) 

3,4-Hexanedione 
4,5-Octanedione 
2,2’,4,4’,6,6’-Hexamethyl-a,a‘-stilbene- 

diol 
Mesitil 
2,2’,4,4’,6,6’-Hexaethyl-o,a’-stilbene- 

diol 
2 ,  2‘, 4,4’,  6,6’-Hexaethylbenzil 

cis-2, 2’, 4 , 4 ‘ ,  6,6’-Hexaisopropylstilbene- 

2,2‘,4,4’,6,6’-Hexaisopropylbenzil 
4,4’-Dibromo-Z, 2‘, 6,6‘-tetramethylben- 

4,4‘-Dibromo-2,2’, 6,6‘-tetramethylben- 

diol 

zil 

“C . 
88 
75 
163-154 
129-130 
2 14-2 15 
160-161 
132-133 
285-256 

186-187 

147-148 

274-276.5 

162-163.5 

135-136 
55 
88-85 
102-104 
138-139 
185-190 
125-126 
15i-I58 
228 
139-140 
52 
135-136 
135-136 
43 

163-164 

144-145 

119-120 
154-155 

i k i 5 . 5  

175-176 

165-156 
211.5-212.5 

143-144 

Yield 

get.  cent 
24 
24 

20 
54 

Small 

Small 

30-40 
4 

30 

31  

70 

46 

70 
45 

8 
90 

5 

Small 
Small 

35 

34 
30 

18 

37 

zoin ‘ 
2,3,4,6-Tetramethylbenzoyl chlo- 

ride. .  . .  . .  . . . . . . . . . . . . . . . . . ~ Isoduril ~ 184-184.5 ’ 
, 2,2’,3,3’,4,4’,6,6’-0ctamethyl-a,a’-stil- 1 
1 benediol 1 

14 10 

429 

___ 
Leferences 



1 stiihenediol 
~ 2 ,  2', 6,6'-Tetramethj-lunisil 

diinethoxystilbenediol 

2,B-Diiiiethylanisoyl ch:oride 
3-Methoxymesitoyl chloride. cis-?, 2 ' , 4 , 4 ' ,  G,G'-Hesa1~ietI~yI-3,3'- 

2 .  2',  4 ,4 ' ,  6,6'-HexainetIiq-l-3,3'-di- 
, ii~etiiosybenzil 

?-Metliyl-l-nilphthoyl chloride ci's-Bis(2-n~ethyl-:-naplithyl~ncctvlenc 
glycol 

Benzoyl peroxide . . . ' Benzoin 
2.2'-I)inieth~l-n-n;iplitiiil 

C .  .Yilrobenzene and some of lis re- ~ 

duct lon  products: 
Nitrobenzene Aniline 
Nitrosobenzenr .Azobenzrne(kJ 
Nitrosobenzene IIvdrazohenarnc".l 
N-Phenylh~drosylamine 1 zohenzene . 

.\zoxyhenzene I .Izobenzenc(!] 

.Azoxybenaene Hydrazobenzrne(') 
4,4'-Dichloroazoxybenzene 4 ,  I'-I)iclilorot~ydrazobenzene 

j in i l ine  

-Diniethosyazoxyhenzene 4,~'-Diiiiethosyhydr;zohenzene 
-1)iphenylazoxyhenzene . 4,4'-l~ipIirnylliydrazobenzene 

' ~ Xenyiamine 
.Szobenzenc Ilydrnzohrnzenr 

~ Aniline 
4,4'-DirriethyIazobenzenc 1 j ,? '-nii i iethyliiydrazoh~nzen~, 

~ p-Toluidinc 
4,4'-I)i1nutlioxyazobcnzene p.4 nisidinr 
1,4'-DipIl~nylazobenzene 4 ,  ~'-nii,henylliydrazohenzene ' Xenyliiiiiine 

D. ,\~llisc<l/aneozis compounds: ~ 

Di-p-anjsylthioketone Tetra-p-~nisyletliylene sulfide 
Renzalaniline a. n'-r)innilinobihenzyl 
Benzophenone anil ~ .~~-Pl~enylhenaohydrylaii i ine 
Fluorenone anil . ' ~Y-l'heny1-Q-Ruorylainine 
Henail monoanil ~ a-AniIino I-plieni-lacetophenonr 
Diphenylmethane . . 1,1 ,2 ,2-Tet ra~henyle thane  
A-, ,~r-Diphenylhydroxyla~~iine. .  Diphenylaminr: 
.5,12-Dihydro-5,12-diphenyl-5, 12- ' 

p-(l-Chloropropyl!anisole(j) 3,4-Bis(p-hpdroxyphengljhexane 
Hexadecylmagnesiuiri iodide 

naphthacenediol("') ' 5,l.'-Diphenylnaptithacenn 

. . ~ 1)otriaconrane 

135-136 

68 
130 
68 

6 8  
130 
122 

53 
130 

133-134 
45 
5 i  

53 

210 (d.) 
137-139 
57-58 
121-123 
87-98 
211 
54 

207-2139 
, 188 
l i l - i 2  

I 45 

( 3 2 )  

92 
92 
80 , 
89 

6 I 43 

I 73 
I 100 
1 70 

(*I An appreciable amount of the original ketone was "destroyed through loss of nucleus bromine." 
(b)  This compound behaves like its bromo analog. 
(c) The reducing iriixture contained niagnesiuni, riiagnesiunl bromide, and phenylmagnesium bromide. 
(d l  Magnesium-magnesium bromide proved to be a niore satisfactory reducing mixture than niagnesium-magne- 

( e )  Two stereoisomeric forms were isolated. 
c f )  The solx.ent enipioyed was a ~nixture of toluene and n-butyl ether. 
(2) The product was isolated as the corresponding benzil by oxidation, after reduction with the binary mixture. 
(h)  Actually, the crude reduction product consisting of both the benzoin and benail was oxidized to the corre- 

sponding benzil. Yields reported are in terms of the benzil. 
( I )  Evidently phenylmagnesium bromide first reacts with ethyl o-chlorobenzoate to give 2-chlorobenzophenone, 

which is then rediiced to the pinacol b y  t h e  binary mixture. A large amount of diphenyl-o-chlorophenylcarbinol is 
also formed. 

s iuni  iodide. It was not established whether the product v a s  4- or $'-phenylbenzoin. 

(1) Ethyl ether was employed as solvent. 
(k) Azobenzene is obtained from the reaction of nitrobenzene, magnesium, and magnesium(I1) iodide in equi- 

( I )  An equiniolar mixture of azoxybenzene, magnesium, and magnesium(I1) iodide gave azobenzene aftm hy- 

(*) The reducing agent was magnesium-magnesium bromide mixture. 

inolnr quantities; a i t h  an  excess of the binary mixture hydrazobenzene is the product. 

drolysis; x i t h  an  excess of magnesiuni-inagnesioIn iodide hydrazobenzene is Droduced. 

130 
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and a polymer. Sterically hindered benzaldehydes, such as mesitaldehyde, give 
normal bimolecular reduction products (29). 

B. Reduct ion of carboxglic acids,  esters, acid halides,  and  acijl peroxides 
A4roniatic acids in ether-benzene solution react with the binary mixture in two 

stages (42) : (a) quantitative conversion of the acid to the iodomagne4um qalt, 
XrCOOlIgI, Jvith the evolution of hydrogen; and ( b )  Liniolecular reduction of 
the salt to yield benzil and the further reduction product 

A r c  (OXIgI )=C (OMgI)-4r 

the latter giving the appropriate benzoin on hydrolysis. 
Alkyl esters of aromatic acids, such as benzyl benzoate or methyl benzoate, 

in ether-benzene solution in the presence of the binary mixture are first cleaved 
by magnesium(I1) iodide : 

ArCOOCH,R + RlgI, S ArCOOlIgI + RCHJ 

The iodomagnesium salt formed is then reduced by the binary mixture in the 
manner described above (42). The action of the binary mixture on one aryl 
ester, phenyl benzoate, has been reported (42). This compound gives iodomag- 
nesium phenoxide, CsHbO11g1, and a resin, undoubtedly arising from reaction of 
the binary mixture with benzoyl iodide, formed in the cleavage. Phenol is the 
only identifiable product isolated on hydrolysis. 

The reducing action of the binary mixture has been utilized for the prepara- 
tion of a-diketones from aliphatic acid chlorides (47). In  this manner 3,4-  
hesanedione and 4,5-octanedione were prepared from propionyl chloride and 
butyryl chloride, respectively. A number of hindered acid chlorides have been 
reduced. For example, mesitoyl chloride is converted, after reduction and hy- 
drolysis, t o  a mixture of 2 , 2’ ,4,4’, 6,B’-hexamethyl-a, a’-stilbenediol (XIV) 
and mesitil (XV) (21, 33). Other examples of the reduction of hindered acid 
chlorides are listed in table 2 .  

Ho OH H3C 
O C H 1  

C H 3 a - C = C -  CH3 I I 
- - 

CH3 H3 C 
XIV 

XV 

Benzoyl peroxide reacts vigorously with magnesium-magnesium iodide mix- 
tures to  form the iodomagnesium salt, CsH&200MgI, which, as with benzoic 
acid, yields benzoin on further reduction and hydrolysis (42). 
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C. Recluctioiz of nitrobenzene and some of its reduction products 
It has been reported (38) that nitrobenzene undergoes slow reduction by the 

binary mixture to give, after hydrolysis, a poor yield of aniline. dzobenzene is 
obtained as the major product from the reaction of nitrosobenzene, magnesium, 
and magnesium(I1) iodide in equimolar quantities (4). Xtrosobenzene is re- 
duced by an excess of magnesium-magnesium iodide mixture principally to  the 
iodomagnesium salt of hydrazobenzene, which upon hydrolysis produces hy- 
drazobenzene (4, 38). The latter may also be produced directly from azobenzene, 
aniline being also formed t o  a small degree (4, 38). Xn equimolar mixture of 
azoxybenzene, magnesium, and magnezium iodide yields, after hydrolysis, 
azobenzene (4, 38). Reduction of Y-phenylhydroxylamine gives azobenzene and 
aniline (38). Although no mention Tyas made of the isolation of hydrazobenzene 
in this reaction, it appears evident that this product must also have been formed. 
It is of interest that when just sufficient reducing agent is employed to convert 
nitrosobenzene to  azoxybenzene, the latter is riot formed, but rather the product 
caonsists of a mixture of azobenzene and unchanged nitrosobenzene (4). 

Three examples hare been reported in which d s t i t u t e d  azobenzenes have 
been subjected to reduction by the binary mixture. 4,4'-Dimethylazobenzene, 
4 4'-dimethoxyazobenzene, and 4 , 4'-diphenylazobenzene are converted in 
part to the corresponding hydrazobenzenes, but reduction to the respective 
anilines occurs to a considerably greater extent in these cases than with azoben- 
zme itself ( 3 ) .  

D .  Conjugate bainolccular yeductions 

111 addition to the Pimple bimolecular reduction. of carbonyl compounds al- 
ready deacribed, the litcrature contain\ numerous examples of conjugate bi- 
inolccular reduction? by the binary mixture (18). The latter fall into two main 
categoric+: those in n-hich therr is simply union of two molecules of the carbonyl 
compound and thobe in n hich uiiioii i; accompanied by elimination of a m a l l  
stable anion, iuch as methoside or halide. A number of illustrative examples of 
such rcduc.tion< are discussed. 

2C'aHj CHECIIC- O C H l  __ 

X i - I  

Hj c 

H,C 
$- JIg + l lg lz  -+ 

1 l I g O  
l 

0 
11 

i 
IMgO 0 

XYII 
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The reduction of 2’, A’, G’-trimethylchalcone (XYI) gives, after hydrolysis, 

I t  is of interest that  2 , 2 ’ ,  4,4’,  6 ,  Ci’-hexamethylchalcone (XVIII) behaves 

(1) l f g  + MgI2 
(2) H20 

two isomeric forms of the diketone XVII (18). 

similarly, coupling occurring at  a highly hindered carbon atom (18). 

2L\Zes--CH=CHCO--3Lles 31e~-CHCH2CO-31es 

31es-CHCH2 CO-Ales 
I XVIII 

Evidence that coupling occurs through the formation of a dienolate is provided 
by the behavior of a-mesityl-2,4,6-trimethylacrylophenone (XIX) toward 
the binary mixture. After hydrolysis, the dienol XX is isolable (20). 

XIes Ales i lks  
(I) M g  + hIgI, I I 

+ lIes-C=CCH~CH2C=C-31es 
I 

2bfes-C C=CH2 

0 
( 2 )  H?O I I 

OH OH 
/ I  

S I X  SX 

The effect of the binary mixture on highly hindered diary1 ketones sterically 
incapable of forming pinacols has been investigated. Conjugate bimolecular 
reduction of 4’-bromo-2,4,6-trimethylbenzophenone (XYI) occurs with the 
elimination of bromide ion and the production of 4,4’-dimesitoylbiphenyl 
(XXII) (34). 

XXP 

0 0 

M e s - & o o & - M e s  - - + 2Br- 

XXII 
Another example of coupling with the elimination of an anion, specifically 

the methoxide ion, is found in the reduction of 2’-methoxy-2,4,6-trimethyl- 
benzophenone (XXIII) ( 2 i ,  31). 
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Ales Ales 
I I c=o c=o 
I 1 0 CH3 0 ,  

XXIII 

hIg + N g I 2  

SSIT' 
Ales Mes OH OH 

Although the proposal was made that 2,2'-dimesitoylbiphenyl (XXIV) is formed 
as an intermediate in the reaction, this compound was not isolated. It is worth 
noting that XXIY is obtained in the reduction of XXIII  by means of unipositive 
magnesium anodically generated (table 1). 

E.  Reduct ion of miscellaneous compounds 
Isolated examples of the reduction of a wide variety of functional groups not 

falling in any of the categories previously noted have also been described. h 
number of such reductions are cited below. 

Aromatic thioketones are transformed by the magnesium-magnesium iodide 
mixture into the corresponding ethylene sulfides. For example, di-p-anisylthio- 
ketone (XXV) yields tetra-p-anisylethylene sulfide (XXVI) (60). 

(p-CHs 0 Cg H4) 2 C=S (p-CH3 0 CsH4)2 C-C( CsH4 OCH, -p)2 
\ /  

X X V  
s 

XXVI 

Since magnesium-magnesium iodide adds to the azo and carbonyl groups, it 
is of interest to compare the behavior of the azomethine group toward this mix- 
ture. Two different effects have been observed. Whereas benzalaniline (XXVII) 
gives, after hydrolysis, a: , a'-dianilinobibenzyl (XXVIII) , benzophenone ani1 
(XXIX) and benzil monoanil (XXX) give N-phenylbenzohydrylamine (-1) 
and a:-anilino-a-phenylacetophenone (XXXII) , respectively (5). 

H MgI 
I t  

+ hfg + hlgI* --+ 
dilute CH,COOH 
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C6H5COPLIgI 

+ CeHsC=O CgH5CSC6H5 -- 
€12 0 / I  

I I 
RIgI CGH5 CHSHCGI-I, 

XXXII 

In  contrast to the behavior of benzophenone ani1 (XXIX) toward the binary 
mixture, attempted reduction of the ethylenic analog, 1 , 1-diphenylethylene, 
\vas unsuccessful ( 3 7 ) .  Only two other attempts have been made to effect reac- 
tion of magnesium-magnesium iodide with hydrocarbons. T o  evidence of re- 
duction was found n-ith triphenylmethane, but a very small quantity of 1 , 1 , 2 , 2 -  
tetraphenylethanc was obtained from diphenylmethane (39). 

Reduction of Ar,  S-diphenylhydroxylamine yields diphenylamine (38). 
Reaction of the binary mixture with 0- and p-quinones has been studied ( I T ) .  

The products are the expected quinol.;. 
5,12-Diphenylnaphthacene is obtained by the action of magnesium-magne- 

sium bromide mixture on 3,12-dihydro-5,12-dipheny1-5,12-naphthacenediol (1). 

F. Summary of reductions with the magnesium-magnesium iodide mixture 
The numerous reductions effected by means of the binary mixture magnesium- 

magnesium iodide are listed in table 2 .  The solvent employed in each case, 
unless otherwise noted, was a mixture of ether and benzene. In  many of the re- 
ductions cited the products can exist in two or more stereoisomeric forms. Ap- 
propriate notation has been made when isomers have been identified by the 
authors of the original articles. 

The authors wish to express their appreciation to the Office of Ordnance Re- 
search, 17. s. Army, for financial assistance in support of a research program 
dealing with reductions of organic compounds by unipositive magnesium. 
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