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WITTIG OLEFINATION IN THE ABSENCE OF AN EXOGENOUS BASE:
A NEW SYNTHESIS OF a-SUBSTITUTED PRIMARY ALLYLIC AMINES.

Joseph F. Dellaria, Jr.*and Kevin J. Sallin

Immunosciences Research Area, Department 47K,
Abbott Laboratories, Abbott Park, Illinois 60064

Abstract: A new synthesis of a—substituted primary allylic amines through the in situ generation and trapping
of an ylide from the reaction of an N-acyl aziridine, triphenylphosphine, and an aldehyde in refluxing isopropanol
is reported. These compounds can be prepared enantioselectively (>94.6% ee) by employing a chiral nonracemic
N-acyl aziridine.

Recently we required a rapid and efficient synthesis of o-substituted primary allylic amines of the general
formula 1, and the corresponding hydrogenated congeners 2, for a wide range of aryl substituents. In addition, it
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was necessary for the methodology to provide the flexibility of preparing these compounds in the chiral nonracemic
form. There are a variety of methods available to prepare primary allylic amines lacking an o.-substituent.1,?
However, there are a limited number of options for the preparation of a—substituted primary allylic amines;3 none
of which fulfilled our needs.4 Since we wished to vary the aryl moiety, a Wittig reaction between 3 and an
aromatic aldehyde would take advantage of the ready, commercial availability of aromatic aldehydes and obviate the
handling of the sometimes capricious a~amino aldehydes.3 This created the need to generate 3 or an appropriate
equivalent. We were intrigued with the possibility that triphenylphosphine would add to an N-acyl aziridine (4),
undergo proton transfer to generate 3, and undergo a subsequent Wittig reaction with the desired aldehyde
(Scheme I). This approach has the added advantage of circumventing the need to add an exogenous base. It is
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well established that N-acyl aziridines (4) are susceptible to ring-opening by nucleophiles;5 in particular,
trialkylphosphites have been shown to undergo the Michaelis-Arbuzov reaction with N-acyl aziridines.?
Moreover, other a—unsubstituted analogues of 3 have been generated by the addition of nitrogen nucleophiles to
vinyltriphenylphosphonium salts.8 In a conceptually related reaction it has been shown that triphenylphosphine, an
o,B—unsaturated ester, and an aryl aldehyde sequentially undergo Michael-addition, proton transfer, and Wittig
condensation to generate a B,y-unsaturated ester.” We now wish to report our preliminary results which demon-
strate that compounds 1 may indeed be prepared in a one-pot reaction through the irn situ formation and Wittig
reaction of 3 by heating an N-acyl aziridine, triphenylphosphine, and an aromatic aldehyde in a polar protic
solvent.

Attempts to preform 3 by heating N-methoxycarbonyl-2-methylaziridine (4a) and triphenylphosphine in
dimethylformamide (DMF) led to the consumption of starting materials within one hour; addition of benzaldehyde
at that point provided no detectable amounts of the desired product. However, when 4a, triphenylphosphine, and
benzaldehyde were heated at 80 °C in dry DMF for three hours, a 17% yield of the desired allylic amine 5a was
obtained as a 1:2 mixture of E:Z isomers. A survey of various N-protecting groups failed to improve the yield.
We then turned our attention to investigating the influence of the solvent and discovered that when isopropanol
was employed as the solvent a dramatic improvement in the yield was observed.10 In DMF at 80 °C, with
N-benzoyl 2-methylaziridine (4b), benzaldehyde, and triphenylphosphine a 28% yield of the N-benzoyl allylic
amine, Sb, was obtained; while, in refluxing isopropanol a 71% yield of 5b was realized. Interestingly the E:Z
ratio was reversed from 1:2 in DMF to 3:1 in isopropanol. The t-butyloxycarbonyl (Boc) group was selected as
the preferred activating group for the aziridine in the anticipated ease of deprotecting the allylic amines.

The Table summarizes the unoptimized results from a survey of a variety of aldehydes using the standard
conditions of refluxing an isopropanol solution (0.25M based on the aldehyde) of triphenylphosphine (1.5 equiv),
N-t-Boc-2-methylaziridine (4¢, 1.2 equiv), and the desired aldehyde (1.0 equiv) under nitrogen for the noted time.
The yields!1:12 for aryl aldehydes vary from good to excellent and appear to be independent of the electronic char-
acter of the aryl moiety. The reaction is somewhat tolerant of steric factors as demonstrated by the yield obtained
with 2-methylbenzaldehyde (85%, 5f), but has its definite limitations when the aldehyde bears two
ortho-substituents (e.g. 5j, 8%). The geometrical isomers are produced in E:Z ratios varying from 1:1 to 3.4:1.
The reaction can be used to prepare dienes from the corresponding o,B-unsaturated aldehydes; however, superior
results are obtained when a y-hydrogen is not present (e.g. 5k versus 51). Aliphatic aldehydes give poor results
as represented by the reaction with cyclohexylcarboxaldehyde which provided 5m in a 9% yield; aromatic and
aliphatic ketones do not give any of the desired products.

As previously mentioned, we were also interested in the enantioselective synthesis of these compounds. This
could be achieved by employing a chiral nonracemic N-acyl aziridine. Towards that end D-(-)-alaninol was con-
verted to R-(-)-N-t-Boc-2-methylaziridine [(-)-4¢; [ct]lz:'5 -27.1 (c 0.965, CH2Cl3); 65% overall yield] as summa-
rized in Scheme II. This route proved to be a modification of the methodology Saito!3 and co-workers employed
to convert L-threonine to the corresponding N-Boc aziridine. Utilizing standard reaction conditions, (-)-4¢ was
reacted with benzaldehyde to provide a 2:1 E:Z ratio of 5¢ in a 73% yield. Conversion of chiral nonracemic 5¢ tc
the corresponding Mosher amide,!4 and analysis by analytical capillary gas chromatography, in comparison to the
Mosher amide of racemic Sc. indicated a 97.3:2.7 ratio of diastereomers [we have not eliminated the possibility
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that the racemization was introduced during the preparation of the aminoalcoholl5]. Thus demonstrating that the
methodology is capable of delivering the products in a chiral nonracemic form.
Olefination With Triphenylphosphine, N-t-Boc-2-methylaziridine(4c), and Various Aldehydes.
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Ph Sc 48 71 21
4-MeO-Ph 5d 72 53 1.1:1
3-MeO-Ph Se 48 71 31
2-Me-Ph 5f 48 86 1:1
4-CN-Ph 5g 26 90 2:1
4-Br-Ph Sh 32 85 2:1
3-Cl-Ph S5i 25 60 1:1
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Deprotection to the corresponding amines under standard conditions (10 equiv of HCl, 23 °C, 0.5-1.0 h)
worked well (84-96% yields) for allylic amines bearing non-electron rich aryl groups (e.g. Se¢, 5g,and 5i),
However, when the aryl moiety was more electron rich than unsubstituted phenyl, the allylic amines proved to be
extremely labile under the standard conditions and provided intractable tars.16 After extensive investigations, il
was found that the conditions of Ohfune!7 successfully removed the t-Boc group in good to excellent yields. Thus
exposure of 5d, 5f,and 5h to trimethylsilyl trifluoromethanesulfonate (TMSOTT, 1.5 equiv), 2,6-lutidine (2.
equiv) in dry dichloromethane at -23 to 0 °C provided 66, 98, and 84% yields of the corresponding amines afte
chromatography.
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