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Abstract: Irradiation with near-UV light dramatically enhances the reducing ability of  ytterbium 
diiodide (Ybl2). Organic bromides, iodides, tosylates, and tellurides are reduced efficiently by a 
Yblz-hv system, while these can not be reduced with Ybl 2 in the dark. © 1997 Elsevier Science Ltd. 

Samarium diiodide (SmI2) has attracted considerable attention during the last two decades in view of 
its importance as a one-electron reducing agent and a source for the synthesis of other samarium reagents in 
organic synthesis)  In contrast, ytterbium diiodide (YbLz), which can be prepared easily from ytterbium metal 
and di iodoethane in THF similarly as SmI2, 2 has far fewer applications, probably because of its lower 
reducing potential and lower solubility in common organic solvents. In practice, hitherto known reactions of 
YbI 2 as a one-electron reducing agent are limited to the following: 3 YbI : induced  reduction of  conjugated 
C=C double bonds of cinnamic acid and its ethyl ester, 2 reductive cyclization of 2-(0~-iodoalkyl)cycloalkanones 
by a YbI2-cat. Fe(III) system, 4 YbI2-catalyzed photochemical allylation of aldehydes with allylic halides, s 
and deoxygenative coupling of amides by a Y b I : Y b  sys tem:  

As indicated in Fig. 1, YbI 2 exhibits its absorption maximum 
in near ultraviolet regions, i.e., ~ax = 307 nm, 342 nm, and 390 nm, 
which can be identified as a 4f~4~4f~35d~ transition. 7 Surprisingly, 
we have found that irradiation with near-UV light leads to pronounced 
enhancement of the reducing ability of YbI 2 (eq 1). 8 

h v  
R - B r  + Y b l  2 =. R - H  ( 1 )  

THF, 30 °C 

R = nC12H25  > 3 0 0  n m  8 5 %  

3 0 0 ~ 4 2 0  n m  6 0 %  

> 5 0 0  n m  t r a c e  

Although the reduction of dodecyl bromide with YbI 2 in THF 
does not take place at all in the dark, irradiation with a tungsten 
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Fig. 1 UV-visible spectrum of 
YbI2 in THF (4.0 x 10 "s tool/L) 

T a b l e  1. P h o t o i n d u c e d  R e d u c t i o n  w i t h  YbI2 a 

nC12H25 x + Ybl2 hv ,,, nC12H26 

Yield, % Yield, % 
E n t r y  X E n t r y  X 

h v d a r k  h v d a r k  

1 I 7 3 4 4 O T s  7 3 t r a c e  
2 B r  9 9  t r ace  5 S e P h  2 5  no  r e a c t i o n  
3 CI 27  no reac t ion  6 Te -cx -naph thy i  b 40  c 7 

a Substrate (0.5 mmol), YbI 2 (4.0 mmol), THF (20 mL), 60 °C, 8 h. b nCI1H23TeCIoHT_Ct was employed, c Both undecane 
and naphthalene were formed in 40% and 20% yields, respectively. 
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lamp through Pyrex causes efficient debromination giving dodecane in a quantitative yield (Table 1, entry 2). 
Similar conditions can be employed with alkyl iodides and tosylates (entries 1 and 4), but the reduction 

of  dodecyl chloride and dodecyi phenyl selenide gives rise to poor yields of dodecane (entries 3 and 5). The 
reduction of undecyl a-naphthyl telluride resulted in the formation of  both undecane and naphthalene (entry 
6). Unambiguously, these results indicate that, upon irradiation with the light of wavelength over 300 nm, 
YbI2 exhibits a similar reducing power as that of samarium diiodide in THF. 

Table 2. Photoinduced Reductive Debromination with Yblz a 

E n t r y  S u b s t r a t e  Yield, % Entry Substrate Yield, % 

1 C1 oH21"...,.- Br 8 8 
/ 5 

2 / ~ ( - -~Br  58 

~ - ~  Br 7 4 3 

Br 6 

4 ~ 76 

~ . / B r  

H 

Me 

Br 

a Reaction conditions: substrate (0.5 mmol), Ybl2 (4.0 mmol), THF (20 mL), 67 °C, 8 h. b 11 h. 
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Table 2 represents examples of the photoinduced reduction of functionalized bromides. The present 
debromination procedure can be employed with secondary and tertiary alkyl bromides (entries 1-2), aryl 
bromides (entries 3-4), and a heterocyclic bromide (entry 5). Cholesteryl bromide undergoes debromination 
efficiently (entry 6). 

To enhance the synthetic utility of Yblz-hv, we further examined the catalytic use of YbI 2 in the 
reduction of  organic bromides. Since the reduction potential of YbL z (Yb~/Yb z÷) is estimated to be -1.15 eV, 2 
co-reductants bearing a moderate reducing power look like a very favorable choice. Thus, the YbI2-catalyzed 
reduction of dodecyl bromide was conducted by using excess amounts of aluminum (A13÷/A1 ° = -1.66 eV) as 
a co-reductant. The catalytic reaction proceeded successfully, giving dodecane in a 88% yield (eq 2). 9 In the 
absence of a catalytic amount of Ybl 2 (or in the dark), the present reduction did not occur at all. 

10 mol% Ybl2-hv 
nC12H25Br + AI ~- nC12H26 (2) 

THF, 67 °C, 40 h 
1 mmol 4 mmol 8 8 %  

In summary, this paper discloses a novel photoactivation of YbI 2 in the reduction of  organic bromides, 
iodides, tosylates, and tellurides. Further investigation along these lines is now in progress. 
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