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Triphenylarsine catalyses the formation of epoxides from
carbonyl compounds and tosylhydrazone salts. This con-
vergent synthesis gives complete frans selectivity for all
aldehyde and tosylhydrazone salt coupling partners.

We recently reported a novel catalytic process for the direct
coupling of aldehydes with tosylhydrazone sdts to give
epoxides.! Catalytic amounts of Rhy(OAc), and sulfide are
employed in this process and the reaction proceeds through the
intermediacy of diazocompounds, metal carbenes and sulfur
ylides (Scheme 1).

Although high trans diastereoselectivity was observed in
reactions of neutral or electron deficient aryl tosylhydrazone
salts with aromatic aldehydes, much lower diastereosel ectivity
was observed with aliphatic aldehydes e.g. CgH,,CHO gave a
65:35 ratio of trans:cis epoxides. The problem of low
diastereocontrol was further exacerbated when electron rich
aryl tosylhydrazone salts were employed e.g. p-methoxyaryl
tosylhydrazone salt gave a 67:33 ratio of trans:cis epoxides
with benzaldehyde. The variable diastereoselectivity in the
above cases results from the degree of reversibility in betaine
formation. High trans selectivity is aconsequence of reversible
formation of the syn betaine which only cyclises slowly to give
cis epoxide and essentially irreversible formation of the anti
betaine which cyclises rapidly to give the trans epoxide. This
has been proved experimentally? and underpinned through
calculation.3 In contrast, reaction of the same benzy! stabilised
ylide with aiphatic aldehydes gives syn and anti betaines
irreversibly leading to low diastereocontrol. The use of electron
rich aryl-stabilised ylides leads to even less reversibility in
betaine formation as the ylide is less stable and therefore again
leadsto low diastereocontrol. Attemptsto solve this problem by
changing reaction conditions were not successful so we
considered more fundamental changes, and in particular the use
of arsinesin our catalytic process in place of sulfides.
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Scheme 1 One-pot coupling of acarbonyl compound with atosylhydrazone
salt to give an epoxide, Ts = toluene-4-sulfonyl.

T Electronic supplementary information (ESI) available: new compounds.
See http://www.rsc.org/suppdata/cc/bh2/b204252¢/
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It is known that non-4 or semi-stabilised> arsonium ylides
react with aldehydes to give trans epoxides with high
diastereoselectivity (in contrast, semi-stabilised® and stable”-8
arsonium ylides react with aldehydesto give akenes).® Thus, if
arsines could be employed in our catalytic process not only
should high trans selectivity result, but the potential to use sub-
stoichiometric amounts and not have to manipulate the toxic
reagent over several steps (as is required using conventional
arsonium ylide chemistry) provides very significant operational
advantages. However, literature precedent was not in our
favour: athough there were several reports on the formation of
stable arsonium ylides through reaction of stable diazo-
compounds with arsines these al employed copper cata-
lysts,892.10 which we knew were not compatible with our
catalytic process. There were no examples on the use of
Rh,(OAC), to promote ylide formation and furthermore no
examples employing less stable diazo compounds which are the
substrates required for epoxidation (stable diazocompounds
would lead to stabilised arsonium ylides which would give
alkenes).

Thus, AsPhs was initialy tested in our process using
benzaldehyde tosylhydrazone salt with aromatic and aliphatic
aldehydes (Table 1).

We were delighted to find that the reaction was highly
efficient providing high yields and complete trans selectivity
with al of the aldehydes employed (Table 1, entries 1-5).11 We
did note that reactions with aliphatic aldehydes were slightly
lower yielding and small amounts of alkene by-products were
also observed (entries 3-5). Using sub-stoichiometric amounts
of AsPh; high yields were again obtained with aromatic
aldehydes (entries 6,7) but now a significant reduction in yield
was observed with aiphatic aldehydes (entries 8-10). Thiswas
presumably due to the small amount of competing akene
formation which consumes the arsine catalyst, lowering its
concentration further and preventing it from re-entering the
ylide cycle. Reactions with more electron rich aryl tosylhy-
drazone salts were also tested. When these were employed in
our sulfur ylide-mediated process low diastereosel ectivity was
observed even with aromatic adehydes.r However, using
PhzAs complete diastereoselectivity was obtained with both
aromatic and aliphatic aldehydes (entries 11-18). No competing
alkene formation was observed in these cases, presumably
because the intermediates are even less stabilised arsonium
ylides and so epoxide formation occurs exclusively. However,
whilst good yields were maintained when aromatic aldehydes
were employed with sub-stoichiometric amounts of PhzAs, a
significant reduction in yield was observed with aiphatic
aldehydes. We cannot account for this finding at present.

In summary, we have found that complete trans selectivity
can be achieved in coupling reactions of aryl tosylhydrazone
salts (especialy those derived from electron rich aromatics)
with both aromatic and aliphatic aldehydes using catalytic
guantities of PhsAs and Rhy(OAC),. This provides a direct,
convergent and completely diastereoselective route to this
genera class of epoxides from readily available reagents.
Furthermore, as the conditions are exceptionaly mild, (the
reaction will tolerate base-, acid- and oxidatively-sensitive
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Table 1 Yields and ratios of epoxides and alkenes obtained using aldehyde 4 and aryl tosylhydrazone salts 1-3 using triphenylarsine

Na
- 1 mol% Rhy(OAC), o
S L L Q PhyAS S R
| _ R?” "H 20 mol% BnEt ;N*CI SF
R/ 40°C CH,CN R
1.5eq. 1eq.
R'=H 1 4
p-OMe 2
p-Me 3
Tosylhydrazone Yield of Trans:cis Yield of
Entrya salt Aldehyde (R2CHO) PhsAs/mol% epoxide (%) selectivity? akene (%)
1 1 p-Chlorobenzal dehyde 100 82 100:0 0c
2 1 Benzal dehyde 100 89 100:0 (03
3 1 Vaeradehyde 100 70 >08:2 8
4 1 | sobutyraldehyde 100 53 100:0 13
5 1 Cyclohexanecarboxal dehyde 100 7 100:0 12
6 1 p-Chlorobenzaldehyde 20 70 100:0 (03
7 1 Benzaldehyde 20 62 100:0 0c
8 1 Valeradehyde 20 10 100:0 7
9 1 |sobutyral dehyde 20 28 100:0 10
10 1 Cyclohexanecarboxal dehyde 20 30 100:0 8
11 2 Benza dehyde 100 92 >08:2 0
12 2 Cyclohexanecarboxal dehyde 100 64 >08:2 0
13 2 Benza dehyde 20 76 100:0 0
14 2 Cyclohexanecarboxal dehyde 20 40 >08:2 0
15 3 Benzal dehyde 100 98 100:0 0
16 3 Cyclohexanecarboxal dehyde 100 85 100:0 0c
17 3 Benzaldehyde 20 93 100:0 0c
18 3 Cyclohexanecarboxal dehyde 20 42 100:0 0c

a PhzAs (20 mol% or 100 mol%), PhCHO (0.33 mmol), CH3CN (1mL), Rhy(OAC), (1 mol%), benzyltriethylammonium chloride (20 mol%), tosylhydrazone
sdt (1.5 eq.). P Selectivity refers to epoxide geometry. © Traces of akene were observed by NMR analysis.

groups), this convergent and stereosel ective reaction will bethe
method of choice in many instances.

8 |. Gosney and D. Lloyd, Tetrahedron, 1973, 29, 1697.
9 For reviews on arsonium ylides: (a) D. Lloyd, I. Gosney and R. A.
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