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ABSTRACT

Diaza-(4þ 3) cycloadditions of putative diaza-oxyallyl cationic intermediates and cyclic dienes are reported as amethod for the 1,4-diamination of
cyclic dienes. This reaction was entirely selective for diamination and provided cycloadducts in good to excellent yield.

1,n-Diamine (n = 2�5) motifs are found in numerous
pharmaceuticals and biologically active natural products,
including the anti-HIV molecules cobicistat1 and DMP-
4502 (Figure 1).3Of themethods of diaminationof alkenes,
the vicinal 1,2-diamination of dienes and alkenes is the
most comprehensively investigated reaction type.4 Despite
the importance of 1,4-diaminomotifs in biologically active
molecules, selective methods for the 1,4-diamination of
dienes have not been thoroughly explored.5 The hetero-
Diels�Alder reactions of diazocarboxylates and triazine

diones are the most widely used methods for the selective
diamination of dienes.6 Despite numerous applications of
this reaction, limitations due to a competitive ene-reaction
and the explosion hazard of the diazidocarboxylates have
limited their use.
The (4þ 3) cycloaddition reaction of allylic cations and

dienes has developed into a powerful method for the

synthesis of seven-membered carbocycles.7 We have re-

cently reported the aza-(4þ 3) cycloaddition of a putative

aza-oxyallylcation and a diene as a heteroatomic analog

of this reaction.8 It was envisioned that a related hetero-

(4 þ 3) type cycloaddition of a diaza-oxyallylcation could

deliver cyclic ureas and serve as a method for the chemo-

selective 1,4-diamination of dienes (Figure 1). This com-

munication describes our work on the aforementioned

reaction.
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In our previous studies the proposed aza-allyl cationic
intermediate was generated via a dehydrohalogenation of

R-halohydroxamates. Likewise, N-chloroureas 2 could

dehydrohalogenate to the diazaallyl cationic intermediate,

which then could react with a diene to provide a seven-

membered urea 3 (Scheme 1). To study this hypothesis, we

prepared N,N0-dibenzyl, dialkyl, and diaryl ureas and

attempted theirN-chlorination. Initial efforts to chlorinate

these urea derivatives provided complex mixtures of prod-

ucts. N-Alkoxy ureas 1 can be efficiently chlorinated at

the N-alkoxy position by tert-butyl hypochlorite.9 N-

Methoxy,N-ethoxy, andN-benzyloxybenzyl ureas rapidly

underwent chlorination to provide the solid N-chlorourea

products 2 that were isolable via silica gel column chro-

matography in good to excellent yield.

With theN-chlorourea 2 in hand the cycloaddition reac-
tion with furan was evaluated. Treatment of theN-chloro-
urea 2 under F€olisch conditions (CF3CH2OH, Et3N) with
furan provided the cycloadduct 3 along with significant
products 4 and 5.10 The nature of the substituents (R1 =
Bn,Et,Me) had little effect on the yieldof the cycloadduct.11

The choice of base, however, had a significant effect on the
yield of the cycloadduct 3. Using the sodium alkoxide of
2,2,3,3-tetrafluoropropanol (TFP/TFP-Na) provided the
highest yield (74%) of the cycloadduct 3 with minimal
formation of the solvolysis product 5.12 The yield of the
desired product 3 was significantly improved when a
solution of N-chlorourea in CH3CN was added over 3 h
to the mixture of diene and base at 0 �C.13 Although it is
common that (4þ 3) reactions are run in an excess of the
diene (>10 equiv),6 we found that the yield of the furan
adduct 3was not very sensitive to the ratio of substrate to
diene, even when the reaction was conducted with 1.1 equiv
of diene (87% using 1.1 equiv vs 95% using 5�25 equiv)!
The scope of this reaction with respect to diene was ex-

plored. Cyclopentadiene and N-Boc pyrrole underwent the
reaction to provide the cycloadducts in similar yield to that
with furan (Table 1, entries 2�4). 2,5-Disubstituted (Table 1,
entry 5) and 3,4-disubstituted furans (Table 1, entry 6) pro-
vided the cycloadduct in good to excellent yields. However,
furans with electron-deficient substituents (2-carboethoxy)
and acyclic dienes (isoprene and 2,3-dimethyl-1,4-butadiene)
provided only solvolysis products and recovered starting
material after workup.14 6,6-Dimethyl fulvene (Table 1,
entry 8) and [2.2.2]-spiro-heptadiene (Table 1, entry 7) both
reacted in the desired manner providing the cycloadduct in
good to excellent yields. We found that 1,3-cyclohexadiene
also provided the cycloadduct in fair yield (entry 9).

Scheme 1. Preliminary Experimentsa

aR1 = Bn, Me, or Et; TFE = 2,2,2-trifluoroethanol.

Figure 1. Aza-(4þ 3) cycloaddition of aza-oxyallyl cations with
dienes.
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Reactions using monosubstituted dienes provided a mix-
ture of regioisomeric cycloadducts (Table 2). This ratio of
regioisomers was close to 1:1 in all cases and remained
largely unaffected by the hyrdoxamate substituent.15

Although using a symmetric dibenzyloxy or methoxy urea
wouldavoid this issue, problemsassociatedwithmonochlori-
nation of the urea thwarted this approach. Nonetheless, the
combined yield of the mixture of regioisomeric products

remained high with a variety of substituents, including a free
alcohol (Table 2, entry 2) and a halide (Table 2, entry 3).
1,4-Diaminomoieties are widely represented in a variety

of biologically active molecules (Figure 1).3 The substrates
derived fromour cycloaddition can serve as useful building
blocks for the synthesis of these targets. As an example of
this versatility,we treated the [3.2.2] diaza-bicyclononene 9
under a variety of conditions (Scheme 2). Products of these

Table 1. Scope of the Diaza-(4 þ 3) Cycloaddition of 2 with
Cyclic Dienesa

aConditions: N-Chlorourea 2 in CH3CN was added to a solution of
the diene [5 equiv (condition A) or 1.1 equiv (condition B)] and TFP-Na
(2.0 equiv) in TFP (0.25 M). b Isolated yield of the cycloadduct 13.

Table 2. Scope of the Diaza-(4 þ 3) Cycloaddition of 2 with
Monosubstituted Cyclic Dienesa

aConditions: N-Chlorourea in CH3CN was added to a solution of
the diene [5 equiv (condition A) or 1.1 equiv (condition B)] and TFP-Na
(2.0 equiv) in TFP (0.25 M). b Isolated yield of both regioisomers of the
cycloadducts 7 and 8.

Scheme 2. Examples of Selective Transformations of the [3.2.2]-
Diazabicyclononene 9

(15) The regioisomeric ratio was determined by crude 1H NMR
analysis. The structures of the regioisomers were assigned fromNOSEY
correlations of the isolated products.
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reactions provide useful scaffolds for the synthesis of
cyclohexane diamines, such as those found in the fortimi-
cin type antibiotics. Hydrogenation of the alkene could be
completed to provide 10 without cleavage of either of the
benzyl groups or the N�O bond. Under more strenuous
hydrogenation conditions, the O-benzyl and N-benzyl
group were cleaved to provide the hydroxamic acid 11 in
good yield. The N�O bond could be chemoselectively
reduced using Mo(CO)6 in the presence of the N-Bn and
alkene to provide 12 in good yield. Oxidation of the alkene
to the diol 13 or the epoxide 14 was found to be diaste-
reoselective for the convex-face of the diaza-[3.2.2] bicycload-
duct. Reductive ring opening of the urea 9 using LiAlH4

provided the N-methyl diamine 15 in good yield
(ca. 3:1 r.r. based upon crude 1H NMR analysis). Diaza-
allylic cations, generated by the heterolysis of N-chloro
ureas, reacted with cyclic dienes to provide cyclic urea
products in good to excellent yields in a single step.Current

efforts are directed toward understanding the mechanism
of this transformation, developing new reactions of diaza-
allylic cations, and applying this reaction toward the
synthesis of various target molecules.
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