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Abstract—Addition of ethyl Grignard reagent to the formyl hydrazone 11 via in situ silylation provided the corresponding formyl
hydrazine with excellent diastereoselectivity in favor of the desired S,S-diastereoisomer 6. Treatment of 6 with the phenyl carbamate
13 efficiently provided the O-benzyl protected Noxafil, which was deprotected to provide NoxafilR.
� 2004 Elsevier Ltd. All rights reserved.
NoxafilR is a novel 2,2,4-trisubstituted tetrahydrofuran
based antifungal agent, which has successfully under-
gone phase III clinical trials. It has shown improved
therapeutic potential over existing drugs against a vari-
ety of invasive fungal infections in normal and immuno-
compromised patients refractory to or intolerant of
standard therapy.1
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A major improvement in the synthesis of NoxafilR

would be an efficient synthesis of the S,S-hydroxy side
chain in the form of the N-formyl hydrazine intermedi-
ate 6. The existing route to this key intermediate is a
protracted low yielding sequence as shown in Scheme 1.2

The main inefficiency in the above sequence lay in the
necessity to obtain the pure S,S-enantiomer 5 via crystal-
lization from the dibenzoyl-DD-tartaric acid salt. A more
direct route to the formyl hydrazine 6 was desired. We
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now describe below the successful outcome of these
experiments.

Stereoselective addition of EtMgBr to the aldhydrazone
11 would constitute the most direct route to 6. Examples
of such Grignard additions to C@N are not too com-
mon3,4 and no examples could be found for additions
to formyl hydrazones. Jager and co-workers have
described additions of Grignard reagents to lactalde-
hyde derived benzyl imine 7 in a stereoselective manner
to favor the S,S-diastereoisomer 85 (Scheme 2).

The chiral (S)-N,N-tetramethyleneacetamide 1 was pre-
pared from ethyl (S)-lactate according to Terashima and
co-workers.6,7 Treatment of 1 with Red-Al provided the
(S)-2-benzyloxy propanal 10 in 94% yield.8 Formyl
hydrazine reacted quite readily with 10 providing the
formyl hydrazone 11 as a low melting crystalline solid
in >80% yield.9 Reaction of 11 with EtMgBr (4equiv;
0 �C to rt) gave a mixture of the desired S,S-diastereo-
isomer 6 and its S,R-diastereoisomer 12 with excellent
diastereoselectivity (6:12, 94:6) in 55% yield (Scheme 3).

In order to improve yields and diastereoselectivity, the
hydrazone 11 was silylated in situ before addition of
the Grignard reagent. Silylation was also expected to
block deprotonation site thereby reducing the amount
of Grignard reagent. A dramatic improvement in dia-
stereoselectivity was observed. The yields were slightly
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Table 1.

Conditions 6:12 Yield

(%)

(a) 11 + BSA (1.2equiv) + EtMgBr (4equiv) 99.4:0.6 57

(b) 11 + BSA (2.0equiv) + EtMgBr (4equiv) 99.8:0.2 62.3

(c) 11 + BSA (0equiv) + EtMgCl (4equiv) 95:5 53

(d) 11 + BSA (2.0equiv) + EtMgCl (4equiv) 98:2 59
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improved but the minimum EtMgBr required remained
the same. Ethyl magnesium bromide was also found to
be better than ethyl magnesium chloride in terms of dia-
stereoselectivity (Table 1).

The formyl hydrazine 6 obtained according to (b)10,11

was subjected to treatment with the phenyl carbamate
13 to provide the O-benzyl protected Noxafil 14 in
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85% yield. Its deprotection with Pd/C and HCOOH fur-
nished pure NoxafilR mp 164–165 �C, ½a�25D � 29 (c 1.00,
CHCl3)

12,13 (Scheme 4).
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