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seem to interact strongly or to make coordinated complexes 
with sodium borohydride. Finally, in the presence of mono- 
saccharides, sodium borohydride was found to be dissolved 
to some extent in T H F  in benzene and the reduction pro- 
ceeded smoothly in either T H F  or benzene solution. In the 
absence of 1-6, sodium borohydride was only slightly soluble 
in T H F  (ca. 0.1 g1100 mL a t  25 "C) and insoluble in benzene 
and hence the reaction was extremely sluggish in the former 
and did not take place in the latter solution. 

Optically active additives, 1-6, are considered to be involved 
as chiral ligands or media in the present asymmetric reduction. 
These do not function as modified reagents but only enter into 
the reaction as intermediate complexes or solvates. 

Experimental Section 
Reagents. Ketones used here were purified by drying over CaH2 

and subsequent distillation in an atmosphere of nitrogen. THF and 
benzene were heated under reflux over sodium wire and distil!ed over 
LiAIH4 in a nitrogen atmosphere. Sodium borohydride was purified 
twice by recrystallization from 2,5,8-trioxanonane. The hydroxy- 
monosaccharide derivatives, 1,4:3,6-dianhydro-D-sorbitol (l),fi 
1,4:3.6-dianhydro-D-mannitol (2): 1,2:5,6-di-O-isopropylidene-~- 
glucofuranose (3) ,3  1,2:5,6-di-0-cyclohexylidene-D-glucofuranose (4),8 
?,,5:4,5-di-0-isopropylidene-~-D-fuructopyranose (5),9 and 1,2:3,4- 
di-0-isopropylidcme-D-galactopyranose (6),'O were prepared ac- 
cording to previous methods. 

All the materials described were stored under a nitrogen atmo- 
sphere prior to use. 

Instruments. Rotation were taken on a Zeiss Visual polarimeter 
with readings to &0.02O. Gas chromatographic determination was 
made on a Simazu GC-6A using a Silicone SE-30 prepared column. 

Procedures. Under a nitrogen atmosphere, a benzene solution of 
the monosaccharide (30 mmol for 1 and 2 and 60 mmol for 3-6 in 50 
mL of benzene) was added to sodium borohydride (30 mmol) in 
benzene. After stirring for 3 h at 25 " C ,  the ketone (30 mmol) was 
added and the mixture was stirred for 120 h. The mixture was hy- 
drolyzed with 1 N hydrochloric acid. The ether extracts were washed 
(H20, three times), dried (NaS04), and concentrated (water aspirator) 
to give a colorless oil. The crude product was purified by distillation 
under reduced pressure. No monosaccharide was detected by TLC. 
Reaction procedure in THF solution was conducted in the same way. 
Reaction time in THF was 48 h. 
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Although a tetrakis(mercapto-pC13-sulfido-iron) cluster' 
is attractive as a model for a biological reducing agent of the 
ferredoxin type,2 detailed descriptions as to function of the 
cluster are lacking. Recent studies have disclosed that the 
cluster catalyzes the transfer of electrons from external re- 
ductants to a nitrogen complex of molybdenum.3 We have 
tried to utilize the cluster as an electron transfer carrier in a 
general organic redox reaction and found that [Fe4S4- 
(SPh)4](n-Bu4N)z (1) mediates the transfer of electrons from 

2 -  
P h S \ ~ e - ~ \  ,SPh 

I \cI,Fe 

'SPh 
1 

n-butyllithium to fluorenone.* Herein, we wish to describe our 
findings that the n-butyllithium-1 system is effective as a 
reducing system for the bimolecular reductions of several 
aromatic ketones and aldehydes. 

The n-butyllithium-1 system was prepared by treating the 
cluster 1 under argon with n-butyllithium in degassed hex- 
ane-diethyl ether a t  0 "C for 30 min. The reactions of ketones 
and aldehydes with the n-butyllithium-1 system proceeded 
under mild conditions to give the corresponding pinacols 3, 
hydrols 4, and 1,2-addition products 5. In these reactions, 

II Hu1.1 1 H 0 
R,COR- - R,RLC- R,RI + R,CHR. + RIR~CBU I 

OH 
I 

HO I C  OH OH 
2 

3 4 5 

n-butyllithium was oxidized to octane, butane, and 1- and 
2-butenes. The cluster 1 was regenerated in over 97% purity 
on addition of benzenethiol instead of water to the reaction 
mixtures after the r e a ~ t i o n . ~  In the iron ion-substrate molar 
ratio of 1:1, the yields of the products were dependent on the 
amount of n-butyllithium added. The optimum n-butyllith- 
ium-iron ion molar ratios to form predominantly pinacols are 
summarized in Table I. In the reduction of fluorenone having 
less negative reduction potential [E1/2 (vs. SCE) = -1.29 and 
-1.95 VI6 than those of other ketones and aldehydes described 
in Table I, the formation of the fluorenone pinacol was ob- 
served in the n-butyllithium-iron ion molar ratio of 2:1 (entry 
1). When the reduction of fluorenone was carried out in the 
molar ratio of 4:1, however, fluorenol was formed as a major 
product by a two-electron r e d ~ c t i o n . ~  In the cases of benzo- 
phenone, acetophenone, and benzaldehyde which have the 
first reduction potentials near the second reduction potential 
of fluorenone,' the n-butyllithium-iron ion molar ratio of 

0022-326317911944-1722$01.00/0 0 1979 American Chemical Society 



Notes J .  Org. C'hem., Vol .  44, No.  10, 1979 1723 

Tab le  1. Reactions of Aromatic Ketones and  Aldehydes wi th  n-Buty l l i th ium in  t h e  Presence  of 1 or FeCln" 

dllmeso recovered 
ratio of 3 

w m p d  iron molar ratio isolated yield, % 
2, %, 

_ _ _ _ _ ~  ~~ 

entry 2 complex n-BuLi/Fe ion 3 4 5 

1 

2 
3 
4 
5 
6 

8 
9 
10 
11 
12 
13 
14 
15 
16 

7 

l b  

0 

FeC13 
PhCOPh 1 

1 
FeC13 
FeC13 

PhCOCH3 1 

1 
FeC13 

FeC13 
p -CICsH4CHO 1 

2: 1 

3: 1 
2.7:l 
3.6:l 
2.7:1 
3.6:l 
4: 1 
5:l 
3 5 1  
3.7:1 
3.7:l 
3.7:l 
3: 1 
3:l 
3:l 
3: 1 

62 9 4 

93 0 0 
57 12 6 
44 27 12 
0 24 0 
3 55 6 

57 3 12 
34 6 38 
43 30 0 
57 6 16 
25 44 0 
58 0 29 
44 0 47 

10 0 
35 

65 
52 
68 24 0 

c 

2.2 
2.3 
2.8 
1.9 
2.4 
1.6 
1.5 
1.9 
1.2 
1.7 

20 

0 
22 
17 
75 
25 
10 
3 
12 
5 
9 
0 
0 
0 
0 
0 

Amounts of 2 used were 0.5-0.9 mmol. The molar ratio of Fe ion to 2 was 1. Solvent: ether ( 5  mL). Reference 4. 

3 4 1  was necessary to form their pinacols.s T h e  dllmeso ratios 
of pinacols were close to  those in the  electrolytic reductions 
in acidic mediag rather t han  nonaqueous aprotic media.I0 I n  
a control in which either t h e  cluster 1 or n-butyll i thium was 
omitted, pinacols were not produced in all cases." In the  case 
of p -chlorobenzaldehyde, t h e  reductive cleavage of t he  car- 
bon-chlorine bond did not occur at all (entry 15). 

T h e  reduction of 2-benzylthioacetophenone with the  n- 
butyllithium-1 system (n-BuLi-iron ion-ketone 4:l:l) gave 
the acetophenone pinacol through the cleavage of the car- 
bon-sulfur bond in 32% isolated yield with 46% recovery of the 
starting ketone.'* Aliphatic ketones such as 2-undecanone and 

Ph COCHISCH, Ph 

c- % PhtCH )C-CtCH,)Ph + PhCH?SH 
I I  

HO OH 

cyclohexanone were not reduced to the corresponding pinacols 
under similar conditions, although minor quantities of hydrols 
were obtained. T h e  increase of the n -butyllithium-iron ion 
molar ratio resulted in t h e  formation of the 1,2-addition 
product. 

The reducing ability of the n-butyllithium-1 system to form 
pinacols was compared with that of the n-butyllithium-FeCl3 
system. The best yields of pinacols in the reductions of ketones 
and  aldehydes with the  n-butyllithium-FeC13 system are  
shown in Table I. T h e  pinacol-hydro1 yield ratios are  strongly 
dependent on the structure of the substrate. Particularly the  
remarkable difference in distribution of t he  yields is observed 
in the  case of benzophenone (entries 3 and  6). Furthermore,  
hydrols ra ther  than 1,2-addition products a re  produced pre- 
dominantly in all cases using FeC13. These  results reflect t h e  
impor tan t  role of t h e  iron ions consti tuting the  cluster 
structure and indicate that the n-butyllithium-1 system acts 
effectively as a reducing system for the reductive dimerization 
of aromatic ketones and  aldehydes. 

E x p e r i m e n t a l  S e c t i o n  

The carbonyl compounds are available commercially and were fully 
characterized prior to use. n-Butyllithium is the commercially 
available substance which is dissolved in hexane. The concentration 
of n-butyllithium, 1.26 M, was determined by Gilman's method using 
reaction with benzyl ch10ride.l~ The cluster 1 was prepared according 
to Holm's method.' Anhydrous FeC13 was prepared by the sublima- 
tion of commercial FeC13 at 300 "C (1 mmHg) prior to use. UV spectra 
were obtained on a Hitachi EPS-3T spectrometer, IR spectra on a 

Hitachi 215 grating infrared spectrometer as film and KBr pellets, 
and NMR spectra on a Hitachi R-24 A spectrometer in CDC13 with 
MedSi as an internal standard. All known products were isolated by 
column chromatography on silica gel and were confirmed by com- 
parison of their IR and NMR spectra with authentic samples. Ether 
was refluxed over Na and distilled. 

General Procedure for the Reactions of Ketones and Al- 
dehydes with n-Butyllithium in the Presence of l or FeC13. The 
following is a typical experimental procedure. A 90-mL reaction tube, 
equipped with magnetic stirrer, was charged with 5 mL of ether and 
1.22 mL (1.54 mmol) of a solution of n-butyllithium in hexane. After 
the air in the reaction tube was replaced by argon by a freezing 
method, the solution was cooled in a liquid nitrogen bath and 182 mg 
(0.143 mmol) of the cluster 1 was added to the frozen solution. The 
mixture was melted and stirred vigorously under argon at 0 "C for 30 
min. The resulting black solution was again cooled in a liquid nitrogen 
bath. To the frozen solution was added 100.5 mg (0.552 mmol) of 
benzophenone. The reaction tube was degassed and sealed. The 
melted black solution was stirred vigorously at  10-20'C for 20 h. 
during which time the black precipitate was formed. To the reaction 
mixture was added 20 mL of water with stirring. GC analysis of the 
ether layer done using a 1 m by 3 mm column packed with 10% SE-30 
indicated the presence of octane in addition to 3,4,  and 5 .  The black 
precipitate was filtered under argon, washed with ether, and dried 
in vacuo; percent Fe was found to  be 33.6. UV (DMF) showed a peak 
at 457 nm but the E(1%, 1 cm) value of the peak was reduced to about 
one-half its initial value. Adding 2 mL of benzenethiol instead of water 
to the mixture after the reaction, the precipitate showing properties 
(analysis, UV, and IR) consistent with those of the starting cluster 
1 was obtained. The filtrate was partitioned in a 100-mL separatory 
funnel, the aqueous layer was then extracted with ether, and the 
combined ether layers were dried over Na2S04. Filtration and removal 
of ether gave 126 mg of a white solid which was chromatographed on 
silica gel (10 g), eluting with carbon tetrachloride, giving first 24.9 mg 
of diphenyl disulfide then 22.4 mg (22%) of benzophenone. Further 
elution with benzene yielded 57.6 mg (57%) of benzopinacol, 8.4 mg 
(6%) of 1,l-diphenyl-1-pentanol, and 12.2 mg (12%) of benzhydrol. 
In a separate experiment, the gaseous materials were collected from 
the mixture after the reaction and analyzed to be a mixture of butane, 
I-butene, and cis- and trans-2-butenes by GC analysis which was 
done using a 4 m by 3 mm column packed with DMS. The other con- 
trol and comparison experiments outlined in the text were also carried 
out by the general procedure above. When product mixtures were 
obtained, these were often analyzed by NMR spectra. The amounts 
of the dl and meso isomers of 3 were determined by NMR spectros- 
copy.'4 

Registry No.-d / -3  (R1 = Ph; RZ = CHs), 22985-90-6; meso-3 

16020-87-4; meso-3 (RI = Ph; RZ = CHZCHs), 16020-86-3; d l - 3  (Ri 
= Ph; R Z  = H), 655-48-1; meso-3 (RI = Ph: R,, = H). 579-43-1: d l - 3  

(Ri  = Phi RZ = CHs), 4217-65-6; dl -3  (Ri = Ph; RZ = CHZCHB), 

( R ,  = p-ClCfiH4; RZ = H), 69483-0916; meso-a (R1 = p-ClCsH4; R2 
= Hj, 37580-81-7. 
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The introduction of a new single bond between two carbon 
atoms via a photochemically induced elimination of a small, 
stable molecule (e.g., N:!, COz, S02, and CO) is a well-known 
reaction.' There are also examples of both intra- and inter- 
molecular photoinduced eliminations of hydrogen halides 
which lead to new single-bond formation,'S2 but relatively few 
reports of the analogous introduction of a double (or multiple) 
bond, although these include isolated examples of HC1, HBr, 
and HI photo elimination^.^ Similarly, a few examples of the 
photoinduced elimination of H z O , ~  NH3,5 and C Z H ~ ~  are 
known, together with a possible example of HCN photoe- 
limination.' 

In the course of some earlier work, we noted that some 
poly(cyan0)ethanes eliminate HCN under photochemical 
conditions in addition to the expected base-catalyzed (ther- 
mal) HCN-elimination reaction.8 (Other workers have em- 
ployed base-catalyzed HCN elimination from both cyclic and 
acyclic compounds to obtain the corresponding  olefin^.^) The 
C-CN bond is a fairly stable one under the usual photo- 
chemical conditions, except for that in compounds such as 
crystal violet or malachite green, leucocyanides, and there are 
few reports of its photochemical cleavage. Both homolytic and 
heterolytic cleavage of the C-CN bond is known for the leu- 
cocyanides, depending upon the nature of the solvent,1° while 
short-wavelength irradiation of nitriles usually leads to 
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CN-&--CN I 
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I 

CK-C-CONHl 

H--C-CN 

CY 
0 

H% I I1 

homolytic bond cleavage (e.g:, acetonitrile1'). A recent ref- 
erenceI2 to "an unusual photoelimination of HCN" from I to 
yield the corresponding olefin1" prompts us to report further 
on the similar HCN elimination from 11. Unlike other poly- 
(cyano)ethanes studied, I1 does not yield significant amounts 
of olefin under thermal, base-catalyzed reaction conditions, 
even after extended reaction times. 

Experimental Section 
Materials. Organic solvents were Fisher spectrograde, dried and 

redistilled twice before use. Doubly distilled water was deionized 
hefore use. 2-[4-(N,N-Dimethylamino)phenyl]-2,3,3-tricyanopro- 
pionamide (11) was prepared according to the literature procedure:8 
decomposition above 190 "C; A,,, 262 nm ( 6  18 OOO), Ash 295 nm ( e  
7100) in methanol. 

Method. Photolyses (3500 A )  were carried out in silica tubes in a 
Kayonet reactor, equipped with a merry-go-round unit. The tem- 
perature was maintained at 25 f 1 "C. Five-milliliter portions of a lo-" 
M solution of I1 in a given solvent were introduced into the silica tubes 
and each tube was flushed with oxygen-free nitrogen, saturated with 
the vapor of the solvent. The tubes were then closed, placed in the 
reactor, and irradiated. The reactions were analyzed spectroscopically 
by measuring the product development as a function of time (30-s or 
1 -min time intervals). Blank experiments confirmed that no reaction 
took place in the absence of irradiation, that reaction ceased on re- 
moval of the irradiation, and that 93-9746yields of product were ob- 
tained under the photochemical conditions employed. The intensity 
of the incident radiation was 6 X 10Ifi quanta/s, as determined by a 
potassium ferrioxalate actinometer. 

In the presence of acid. solutions of the product are blue (A,,, 620 
nm), whereas they are pink in methanol-water solutions (A,,, 426 
nm). To confirm that rate determinations in the presence of acid were 
valid. runs in neutral media (90% MeOH-10% HzO) were analyzed 
spectroscopically at both 620 and 426 nm (after addition of excess 
HCI). The data were identical within experimental error. 

HCN elimination was followed to 65 f 5% reaction in all cases and 
the data obtained were extrapolated to zero time. Good linear plots 
for first- or second-order kinetics were obtained with very little de- 
viation over the range of reaction studied. 

Results and  Discussion 
Values of first- or second-order rate coefficients for pho- 

toinduced HCN elimination from I1 in various media are 
shown in Table I. Reactions in pure alcohols exhibit first-order 
dependence on the substrate, whereas those in the presence 
of bases or of carbonyl compounds exhibit second-order 
substrate dependence. Although no thermal base-catalyzed 
elimination of HCN occurs in the time required for the pho- 
toinduced reaction to go to completion, examination of the 
data shows that the photochemical reaction rate in methanol 
is enhanced by the presence of bases. This presumably reflects 
the increased acidity of the excited species although the rate 
enhancement by aromatic bases is only slight, relative to that 
calculated from the data in Table I for an uncatalyzed sec- 
ond-order reaction in methanol. The reaction is not particu- 
larly sensitive to the strength of the base (as measured by their 
values of pKb in water) however, as rates in the presence of 
either of the three weaker bases are effectively the same. 
Similar behavior is found in the presence of the stronger bases, 
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