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Abstract: The synthesis of the reactive acetates, frans-3-acetoxy-2-hydroxy-N-nitrosomorpholine 3 and N-(1-
acetoxy-2-hydroxyethyl)-N-nitrosoethanolamine 12, of two a-hydroxynitrosamines has been accomplished
through the ring opening of the corresponding epoxides, NEMOR and 10 which were prepared by
dimethyldioxirane oxidation of the vinyl nitrosamines. © 1998 Elsevier Science Ltd. All rights reserved.

The mode of metabolic activation of the potent animal carcinogen N-nitrosodiethanolamine (NDELA),
which is a trace contaminant of many commercial formulations based on ethanolamines, has been the subject
of considerable conjecture and numerous investigations.! Most nitrosamines undergo activation through
enzymatic hydroxylation at the carbon adjacent to the amine nitrogen’, but evidence for this a-hydroxylation
pathway for NDELA has been lacking.'® Recently we have obtained evidence that the carcinogenic activation
of NDELA and related ethanolnitrosamines may involve enzymatic oxidation at both the N-bound (a) carbon
and the OH containing carbon (), or competitively only o-hydroxylation. In order to test these hypotheses
and adequately probe the chemistry and DNA adducts produced from these putative reactive metabolites, we
have undertaken the synthesis of reactive o,B-epoxy- and a-acetoxynitrosamines® related to NDELA and one
of its two known metabolites, N-nitroso-2-hydroxymorpholine, NHMOR. Both o,p-epoxy- and a-
acetoxynitrosamines are expected to be hydrolyzed to unstable c-hydroxynitrosamines, progenitors of reactive
diazonium jons and aldehydes, which can also react with DNA.** Possible activation schemes for NDELA' are
shown in Scheme 1. We present here the synthesis of the acetates of the a-hydroxynitrosamines 1 and 2,
related to NHMOR and NDELA respectively, which are required for testing of these hypotheses. To our
knowledge, this represents the first synthesis of reactive a-acetoxynitrosamines carrying other nucleophilic

functionality.
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The synthesis of 3-acetoxy-2-hydroxy—N-n1trosomorpholme proceeded from NDELA as outlined in
Scheme 2. Our preparation of NHMOR has been improved significantly over our previous method which
involved time consuming and lower yield coupling of 2-aminoethanol and 1,1-dimethoxy-2-chloroethane.'®
NHMOR was made in 90% yield, after purification, by employing the Dess-Martin reagent’ to oxidize
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NDELA. The reaction can be extended to the preparation of other a-nitrosaminoaldehydes in good yields.®
Dehydration of NHMOR was performed through tosylation and in situ base-catalyzed elimination.’
Scheme 2
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The epoxidation of NDMOR was ﬁrst examined with commonly used epoxidation reagents m-
chloroperbenzoic acid (mCPBA) and t-butyl hydroperoxide. In both cases the reaction did not stop at the
epoxide stage and the major products separated were m-chlorobenzoate ester 4 and r-butyl ether 5,
respectively.® It became obvious that the epoxide of NDMOR is very reactive and can be easily destroyed by
even a weak nucleophile. We attempted the preparation of 3 by the direct reaction of NDMOR and
commercially available peracetic acid without success. Only a complex mixture of products with no trace of
the desired compound was obtained under a variety conditions.

Dimethyldioxirane (DMD) has been shown to be very effective in the production of reactive epoxides.®
This reagent was used by Guengerich and coworkers® to generate methylnitrosaminooxirane 6, a highly
reactive compound, in a low state of purity in about

20% yield. We have modified and optimized their {Ox o N °

procedure, and by utilizing absolutely anhydrous ! ot a ' o_ '|(’
N,
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a,B-epoxynitrosamines in nearly quantitative yields.’

Removal of the acetone, after the oxidation, and
replacement with dry, pure CH,Cl, gave essentially pure solutions of 6 and other simple o,B-epoxy
nitrosamines which could be stored below 0 °C without decomposition. NEMOR is relatively stable in dry
CH,Cl, at 0 °C for several days. Reaction of NEMOR with 1.1 equivalents of glacial acetic acid easily affords
3-acetoxy-2-hydroxy-N-nitrosomorpholine 3, which was purified by silica gel chromatography (CH,Cl, : Ethyl
Acetate 9:1, 65% yield). NMR
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and coupling constant magnitudes permit assignments of axial and equatorial geminal H,'" however, the
assignment which geminal pair is on which carbon is uncertain, but based on similar compounds.’
N-1-Acetoxy-2-hydroxyethyl-N-nitrosoethanolamine 12, was synthesized as shown in Scheme 3. 2-
Hydroxyethylvinylnitrosamine 8 is most efficiently prepared (85%) by the K' tBuO™-18-crown-6 catalyzed
ring opening of N-nitrosomorpholine in refluxing THF."" The conversion of 8, to its trimethylsily] derivative 9
is required to facilitate the epoxidation of the double bond. The epoxidation of 9 was carried out using DMD
by a procedure analogous to that utilized for the preparation of NEMOR. The epoxide 10 was obtained in 95%

yield (according to the NMR spectrum). 'H and *C

. N Scheme 3
spectral data for 10 are given in Fig. 1 and are

o °
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Reaction of 10 with 1 equiv. of glacial

acetic acid in CH,CI, (30 min, rt) produced the OJ/\( (:::::JK( nzazoj\D
masked acetate 11 in 65% yield. Except for the MeSi OH  Me,Si

characterization of 11, 10 could be converted to 12
through the two steps shown in Scheme 3 in a single flask (2 equiv. HOAc), but prior to this finding the
deprotection of 11 required optimization. Removal of the silyl group from 11 is accomplished smoothly by
stirring 11 with 1 equiv. of (#-Bu),N" F (TBNF) in CH,Cl, for 10-12 hours (rt), followed by a short silica gel
column separation (CH,Cl, : ethyl acetate 3:1). An excess amount of TBNF resulted in the complete
decomposition of the product. The a-acetoxynitrosamine 12 is much more reactive than 3 and does not
survive either preparative TLC or long column purification. In spite of its unusually high reactivity, good
NMR spectral data could be obtained for a-acetoxy-N-nitrosodiethanolamine 12 and these are given in Fig. 1.
As was the case for 10, the CH, protons are not well resolved, even at 500 MHz. In spite of this difficuity, the
" data and the resolved proton shifts are in complete accord with the assigned structure.

As is mentioned, 12 hydrolyzes (t.,
Scheme 4 8.5 min, 25 °C, pH 7) much more rapidly
||| than does 3. While the reasons for this
“\E unanticipated reactivity are being addressed

——-> I3 . .

o/( -HOAc cj separately, we have identified the hydrolysis
products of 12 as ethylene glycol, 2-
hydroxyethyl acetate, acetaldehyde,
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The majority of these products can be

attributed to the decomposition of the 2-hydroxyethyldiazonium ion produced from the short-lived -
hydroxynitrosamine which arises from the hydrolysis of the acetate as shown in Scheme 4. Approximately
50% of the diazonium ion rearranges to acetaldehyde by a hydride migration concerted with the loss of N,.
From a toxicological perspective this rearrangement is detoxifying because it limits the yield of effective
electrophilic species which can bind to DNA.
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Of the two epoxides, NEMOR is the more reactive. Hydrolysis of NEMOR and 3 give similar
products, glyoxal, ethylene glycol, and acetaldehyde, as anticipated from the formation of the 2-
hydroxyethyldiazonium ion from 1. Preliminary experiments have shown that both the epoxides and the a-
acetoxynitrosamines can be used effectively in nucleotide and DNA alkylation studies. The successful
syntheses of both the a,B-epoxy- and the a-acetoxynitrosamines, show that modern synthetic methodology
can be used to prepare these reactive model compounds, bearing other nucleophilic functionality, which are
important in elucidating the carcinogenic activation mechanisms of important carcinogens. The hydrolysis
products indicate that these compounds are good models for the putative in vivo metabolites of NDELA and
related nitrosamines.

Warning: Nitrosamines are potent chemical carcinogens, and o,B-epoxy- and a-acetoxynitrosamines are
potentially extremely hazardous “contact carcinogens” due to their direct alkylating capacity and should be
handled with extreme caution. Safety protocols are available from the corresponding author.
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