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A b s t r a c t :  DPPE has been shown to replace triphenylphosphine in the Staudinger and 

Mitsunobu reactions. The resulting bis(phosphine oxide) by-product is readily removed 

allowing for rapid and simple purification of the reaction mixture. 
© 1998 Elsevier Science Ltd. All rights reserved. 

We and others have recently disclosed an expedient and high yielding approach to the 

synthesis of pyrrolo-[1,4]-benzodiazepines (PBDs) 1, a family of antitumor antibiotics that exhibit 

sequence  specific b ind ing  to the minor  groove  of DNA 2. The key step is a 

Staudinger/intramolecular aza-Wittig reaction on azido aldehyde (1), giving the desired PBD 

(2). The reaction is dean and high yielding, the only by-product being triphenylphosphine oxide. 

Scheme 1. 
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We have however experienced difficulty in separating the triphenylphosphine oxide from the 

PBD product  on column chromatography,  the materials often coeluting. This has been 

attributed to the strong hydrogen bond forming ability of triphenylphosphine oxide 3 and also 

hydrophobic effects 4. Others have noted the tendency of triphenylphosphine oxide to co-elute 

with reaction products s, and to overcome this problem, the use of several modified phosphines 

has been reported; notably phosphines bearing a basic group allowing acid extraction of the 

phosphine oxide by-product 6. Schwabacher et al 7 have recently experienced this problem in the 

reduction of diazide (3) to the amino azide (4) (Scheme 2). In this case they maintained the 

organic layer in contact with aqueous phosphoric acid which extracted the monoamine as soon 

as it was formed. The triphenylphosphine oxide remained in the organic layer. 

Scheme 2 
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Given the sensitivity of PBDs to acid this strategy was inapplicable in our case. The use of 

polymer bound triphenylphosphine 8 was also examined and although successful this reagent is 

expensive and accordingly its use on a large scale prohibitive. 
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In order to facilitate the purification of these compounds we have examined the use of 1,2- 

bis(diphenylphosphino)ethane (DPPE) as a replacement for triphenylphosphine in the key 

Staudinger/aza-Wittig cyclisation. In particular, we anticipated that use of half an equivalent of 

DPPE should give rise to a bis(phosphine oxide) by-product if both phosphines participate in the 

cyclisation. Being considerably more polar than triphenylphosphine oxide this by-product 

should be easily removed. It was gratifying to find that the reaction proceeded according to our 

plans. Thus reaction of the azido aldehyde precursor with 0.55 eq of DPPE in CH2CI2 at room 

temperature gave the desired PBD in good to excellent yields 9. The bis(phosphine oxide) by- 

product was removed by filtration and the crude product purified by flash chromatography. We 

have used this methodology on a range of azido aldehyde precursors, notably compounds 

which bear a C-substituent on the aromatic A ring. This family of PBDs has not been reported 

previously. The results of the Staudinger/aza-Wittig cyclisation using DPPE on these substrates 

are given in Table 1. 

Table 1. DPPE mediated cyclisation of azido aldehydes: 

* % field refers to pure isolated material 

Entry Azido aldehyde 

'N3 CHO 
CI 

N3 CHO 

PBD 

CI 

% Yield* 

77 

71 

88 

60 

56 

45 

53 

59 
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The precursor azido aldehydes were prepared by the route shown in scheme 3. Full details of 

this work will be reported shortly 1°. 

Scheme 3 

1. ArSnBu3, Pd(0) 
IP, 

2. bess-Martin Periodinane 
(6) 

Given the success of DPPE in these reactions, we have also investigated its efficacy in the 

Mitsunobu reaction 11, a procedure which finds widespread synthetic use. Again it was found 

that DPPE could be used in place of triphenylphosphine, allowing for simple purification of the 

reaction mixture. In several cases use of 1 equivalent of DPPE was necessary to ensure the 

reaction went to completion. Examples are given in table 2. 

Table 2. DPPE mediated Mitsunobu reactions. 

Entry Substrate Conditions Product % 

Yield* 

4 

5 

o o 
" ~ O E t  DPPE (0.6eq), DEAD o a ~  ....~OE t 

(l.2eq), 4-NO2C6H4CO2H 
OH (1.2eq), PhCH 3 ~ , O  

O 
O 

OH DPPE (leq), DEAD (I .4eq), , ~ V J ] , , ~  
.~ 4-NO2C6H4CO2 H (l.4eq), 

thf 02 
O 1 ~  

~o, , ,L  _ ~ "  ~ " ~  DPPE (0.75eq), D1AD 
OH (1.5eq), 4-NO2C6H4CO2H 

(l.3eq), thf 

DPPE (0.6eq), DEAD ~ ~[~.NO 2 
OH (I .2eq), 4-NO2C6H4CO2H Z o.,.,¢,..k~ 

(l.2eq), PhCH3 O 

HO.o, DPPE (leq) ~ O C ~  

~ " 0 0 2 ~  PhCO2H (2eq), PhCH 3 co2~ , . . / . ,  
Tr Tr DEAD (2eq) 

* % yield refers to pure isolated material 

67 

98 

57 

59 

86 

In summary, we have shown that DPPE is a convenient replacement for triphenylphosphine in 

both the Staudinger and Mitsunobu reactions. The ease of separation of the reaction products 

from the phosphine oxide by-product and the neutral reaction conditions, makes this the 

method of choice for these reactions. 
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