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The addition of azides to acylnitroso hetero-Diefdder
cycloadducts derived from cyclopentadiene affoeds
triazolines in excellent yield. The reaction is greatly affected
by the level of alkene strain, while sterically demanding
azides do not hinder the reaction. Conversion of the
triazolines to aziridines is also described.

The nitroso hetero-DietsAlder (HDA) reaction provides a
useful method for incorporating 1,4-aminoalcohol moieties into
a carbon framework in a diastereoselective fashiStereose-
lective nitroso HDA reactiorfshave also provided access to
new classes of synthetically useful molecules. While a variety
of nitroso species have been investigated for use in HDA
reactions’ our research has largely focused on acyl- and

Note

results in amino alcohofswhich are suitable intermediates for
the synthesis of natural produétsarbocyclic nucleosidesand
other important biologically active moleculéghe C-O bond
can be cleaved through metal-mediated reactions in the presence
of nucleophile® or electrophiles? yielding 1,4-benzodiaz-
epined! and other useful synthetic intermediates. Tthacyl
group can also be cleaved under relatively mild conditions
(where R= alkyl or aryl) 22 While extensive chemistry has been
developed that capitalizes on the strained naturk ofodifica-
tions of the olefin have been mainly limited to epoxidatfén,
dihydroxylation!3 and oxidative cleavag¥.

In an effort to expand upon the versatility &f we were
interested in selective functionalization of the olefin to produce
new structural features. Encouraged by a recent report highlight-
ing the addition of nitrile oxides td,1®> we wish to report on
studies regarding the reactivity df with azides to form
triazolines and their subsequent transformation to aziridines.

Intermolecular [3+ 2] cycloaddition reactions of azides to
strained bicyclic alkenes are well-documented in the literéfure.
Examples include additions to norbornene, 2-azabicyclo[2.2.1]-
hept-5-en-3-one (ABHR to afford 2-3'-epimino carbocyclic
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reactivity. Hydroxamic acids and-hydroxy carbamates, when
oxidized in the presence of cyclic dienes, afford hetero-Diels
Alder adducts 1.124 Reduction of the N-O bond of 1
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nucleosided’ 2,3-diazabicyclo[2.2.1]hept-5-en8so afford 1,4-
dihydropyridines'® as well as many other strained systeifis®
However, the addition of azides to bicyclic oxazines such as
has not been disclosed in the literature.
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Since we wished to probe the role of olefin strain on reactivity
with azides, we chose to subject the olefinslaf-c as well as
protected amino alcohols&a—c to reactions with various azides
(Scheme 1). Oxazineka—c can be prepared on a large scale
from hydroxylamine hydrochloride in two steps in moderate to
high yields2® N—O bond reduction with Mo(CQ@3* followed
by protection of the resulting alcohol yielded monocyclic olefins
4a—c.??

o}
J\R
R
3

SCHEME 1. Synthesis of Cycloadducts and Protected
Amino Alcohols

1) Boc,O, NaHCO3
THF/H,0

2) NalO,, MeOH/H,0
n

)

NH,OH-HCI

N 1) Mo(CO)s
LE\N,BOC MeCN/H,0 AcO " JNHBoc
7 ; —_——————
(e} 2) Ac,0, pyr
1a(n=1) 4a(n=1)
1b(n=2) 4b (n=2)
1c(n=4) 4c (n=4)

We were very pleased to find that, whgawas treated with
benzyl azide? the regioisomeriexotriazolinessaand6awere
obtained in quantitative yield after stirring for 2 days neat at
room temperature (eq 1). Similar reactions of 2-azabicyclo[2.2.2]-
hept-5-en-3-ones reportedly required high pressure for the
cycloaddition reaction to occdf¢ The exospecificity of the
reaction is in agreement with what has been reported in the
literature in related reactions of bicyclo[2.2.1]hept-5-ene-2,3-
dicarboximides®" ABH (2) and derivativeg? 7-oxabicyclo-
[2.2.1]hept-5-en-2-yl derivatives, argf825

BnN I’3n
3
-N _N
1a _(5ed) N NBC L N N8O
neat, RT N—~0 N—£~0
H H

exo-anti
6a

exo-syn
5a
99% overall yield
ratio 5a:6a=1.0: 1.1

(17) (a) Ishikura, M.; Katagiri, NRec. Res. De Org. Chem2004 8,
197-205. (b) Ishikura, M.; Murakami, A.; Katagiri, NDrg. Biomol. Chem.
2003 1, 452-453. (c) Ishikura, M.; Kudo, S.; Hino, A.; Ohnuki, N;
Katagiri, N. Heterocycle200Q 53, 1499-1504.

(18) Stout, D. M.; Takaya, T.; Meyers, A. J. Org. Chem1975 40,
563-569.

(19) Huenig, S.; Kraft, PHeterocyclesl995 40, 639-652.

(20) Zhang, D.; Sueling, C.; Miller, M. J. Org. Chem1998 63, 885—
888.

(21) Cicchi, S.; Goti, A.; Brandi, A.; Guarna, A.; De Sarlo, F.
Tetrahedron Lett199Q 31, 3351-3354.
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TABLE 1. Reaction of 1a with Various Azides

RN3 ,5{ N
(1.5 eq) N~ N’Boc N= N,Boc
1a \ ) + 0\ ]
conditions N—--~0 N—£-~0
H R H
H H
5 6
entry R condition% product$ yield® (%)
1 Bn A 5a/6a 99
2 Bn B 5a/6a 99
3 Add B 5b/6b 95
4 Bn C 5a/6a 88
5 n-octyl C 5c/6c 99
6 cyclopentyl C 5d/6d 97
7 Ph Cc 5e/6e 97
8 Bn D 5a/6a 88
9 n-octyl D 5c/6¢ 81
10 cyclopentyl D 5d/6d 86
11 Ad D 5b/6b 85
12 Ph D 5e/6e 99

aA = neat, rt, 2 days; B= CHCls, rt, 4 weeks; C= CHClIs, reflux, 3
days; D= PhCH;, reflux, 4 h.PRatio of 5:6 = 1.0:1.1 in all cases as
determined by'H NMR. ¢Isolated yieldd Ad = 1-adamantyl.

FIGURE 1. Observed W-coupling andcq-coupling ofexatriazolines.

In an effort to ascertain the limitations of this chemistry, we
treated alkend.a with various organic azides under a number
of reaction conditions (Table 1). The reaction proceeded equally
well refluxing in toluene or chloroform (entries 4 and 8);
however, it was sluggish when stirred in solution at room
temperature (entry 2). The steric bulk of the azide had little
effect on either the regioselectivity or yield of the reaction, with
primary, secondary, tertiary, and aryl azides affording triazolines
5 and6 in excellent yield (entries 812).

The structures ob and 6 were assigned based on single-
crystal X-ray diffraction for5a and 6a and by 2D NMR
experiments fobb—e and6b—e. Theexostereochemistry was
confirmed from the observed-coupling (“W-coupling”) of H
and H with H¥, but not with H. The position of the Boc group
relative to the R group was confirmed by HMBC experiments
based on the observéd-coupling between H(or H) and the
carbonyl (Figure 158

Trimethylsilyl azide has been reported to add to norbornene
systems and other bicyclic olefins to yield triazolines and/or
aziridines directlyt827 Since we were interested in obtaining
the unsubstituted aziriding, 1a was subjected to azidotrim-
ethylsilane (Scheme 2). Under a variety of reaction conditions

SCHEME 2.

HN N,BOC
H (o}

H
7

Reaction of 1a to Yield Aziridines Directly

TS‘N N,Boc
5 ©

H
8

TMSN; (1.4 equiv)
1a

TsN3

various
conditions

PhCHg, reflux
9h

69%

(neat, 25-80 °C; PhCH;, 25—110°C), only decomposition of
the alkene was observed. Tosyl aZitleas also been reported
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SCHEME 3. Reaction of Other Alkenes with Benzyl Azide

62% total yield
exo:endo=1.6:1.0

O'[ BnN3; (5 eq)
7 _—
N PhCHj; (0.2M)

7
Boc reflux, 28h

orin PhCH;
heat

n BI’IN3
AcO, NHBoc or J\N,Boc ——————» trace amount of
A neat product(s)
4a-c 1c

to afford aziridines directly’? and upon treatment dfa with TABLE 2. Photolysis of Triazolines 5a and 6a

tosyl azide, we were able to obtain aziridiBen good yield. Bn. Boc
Substantial rate increases were reported fot-[3] cycload- Saor6a — ™ o N o’N

ditions (especially “Click chemistry® reactions) when both conditions H

reactants were “floated” on water compared to reactions that H 13

were stirred with or without solverif.We found no significant

increase in the rate of reaction wheéawas treated with benzyl entry  isomer  solvent filtler  tinfgh)  yield (%)

azide “on water” or in a concentrated solution of toluene “on 1 5a CHCl; quartz 15 65

water” when compared to stirring the two reagents neat at room 2 6a CHCls quartz 3.5 78

temperature_ 3 5a CHsCN vycor 2 75
The effect of alkene strain on the formation of triazolines g’ g’z gﬂzg“ ;);fg; 2% g;

was also studied. When the bicyclo[2.2.2] cycloaddiizivas
treated with 1.4 equiv of benzyl azide neat at room temperature,
no reaction was observed. Whéb was treated with a large
excess of benzyl azide in refluxing toluene, however, a mixture SCHEME 4.  Structural Elaboration of Triazolines 5a
of triazolines9—12 was obtained in moderate yield (Scheme and 6a

aReactions were monitored by TLC and/t NMR. P Isolated yield.

3). In contrast to bicyclo[2.2.1] cycloadduts, endatriazolines HO, NHBoc HO, NHBoc
i ; i Mo(CO)g, NaBH

11 and 12 were formed along with thexotriazolines9 and 52 MO(CO), NaBH, ﬁH hv HﬁH
10. The influence of ring strain on reactivity was especially MeCN/H,0 Ne Neg MeCN N
evident when bicyclo[2.2.4] cycloaddudt and monocyclic 59% N " 90% Bn
alkenesd4a—c were subjected to the same conditions. When 14 16
heated neat or in toluene, only trace amounts of triazoline
products were observed. HO, NHBoc

In the course of this study, we found that triazolirsesand a Mo(CO)e, NaBH,4 H\_Q:H hv o mixt
6a were stable to temperatures up to 120 and did not MeCN/H,0 Y MeCN  Compiexmbdure
decompose readily in ambient light. When irradiated below . Bn~ N
~300 nm,5a and 6a readily underwent photolytic conversion 59% 15

to aziridinel3in 2—4 h (Table 2). At wavelengths higher than

- - 300 nm, the time required for the reaction to proceed to 100%
(22) (a) Li, F.; Miller, M. J.J. Org. Chem2006 71, 5221-5227. (b)

Sirisoma, N. S.. Woster, P. Mietrahedron Lett1998 39, 1489-1492,  CONVersion increased greatly (entry 5).
(23) Alvarez, S. G.; Alvarez, M. TSynthesisl997, 413-414. Surprisingly, N-O bond reduction of triazolinesa and 6a

AR(}EI‘{}S"C"’"ZF’O?ZS’1%'42?736"“"‘"9“* D.; Griffith, G. A.; Robertson, M. D yr9ceeded cleanly to afford triazolinest and 15 without

(25) Reymond, J.-L.; Vogel, Fetrahedron Lett1988 29, 3695-3698. decomposition of the triazoline ring (Scheme 4). Triazollde
(26) For a full description of the assignment of stereochemical relation- was cleanly transformed to aziridinE6 upon irradiation in

ships and the position of the R and Boc groups using 2D NMR experiments, gceatonitrile: however. a complex mixture of products was
see the Supporting Information. ’ ’

(27) Peterson, W. R., Jr.; Arkles, B.; Washburne, SJ.Srganomet. observed when triazolinel5 was subjected to the same
Chem.1976 121, 285-291. conditions. The reason for this result is unclear at this time and
(28) Pollex, A.; Hiersemann, MOrg. Lett.2005 7, 5705-5708. ; i i
(29) (a) Kalb, H. C.; Finn, M. G.; Sharpless, K. Bngew. Chem., Int. will be investigated futher' )
Ed. 2001, 40, 2004-2021. (b) Kolb, H. C.; Sharpless, K. Brug Discasery In summary, the addition of azides to cycloaddiatffords
Today2003 8, 1128-1137. ; ; i i ; ;
(30) (a) Narayan, S.: Muldoon, J.: Finn. M. G.: Fokin, V. V.: Kolb, H. a mixture ofexqtrlazollnes in good to excellent y_|eI(_1._The stenc_
C.; Sharpless, K. BAngew. Chem., Int. E@005 44, 3275-3279. (b) Klijn. bulk of the azide does_ not appear to play a ;lgnlflcant role in
J. E.; Engberts, J. B. F. NNature 2005 435, 746-747. the course of the reaction; however, the reactivity of the alkene
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was diminished significantly in cycloadducts derived from larger
cyclic dienes {b and 1c) or in monocyclic alkenes4@—c).

Experimental Section

General Procedure for the Synthesis of Triazolines Using
Method A. The alkene (1 mmol) and azide (1.5 mmol) were
combined and stirred neat at 2& in a single-necked round-

4.72 (d,J = 14.5 Hz, 1H), 4.09 (s, 1H), 3.55 (d,= 9.8 Hz, 1H),

1.70 (dt,J = 11.4, 1.5 Hz, 1H), 1.45 (dl = 11.5 Hz, 1H), 1.39 (s,
9H) ppm; $3C NMR (125 MHz, CDC}) ¢ 156.4, 135.6, 128.8,
128.24, 128.17, 84.6, 82.6, 79.9, 61.2, 59.3, 53.4, 32.4, 27.9 ppm;
HRMS (FAB), mz (M + H) calcd for G7HpsN4O5™, 331.1770;
obsd, 331.174%a: mp = 100-101°C; Amax = 255 nm;H NMR

(500 MHz, CDC}) 6 7.35-7.24 (m, 5H), 4.92 (dJ = 14.7 Hz,

1H), 4.85 (s, 1H), 4.84 (d] = 9.9 Hz, 1H), 4.61 (dJ = 14.7 Hz,

bottomed flask. The progress of the reaction was monitored by TLC 1H), 4.09 (s, 1H), 3.50 (d] = 9.9 Hz, 1H), 1.68 (dJ = 11.5 Hz,
or IH NMR for the disappearance of the alkene, and the crude 1H), 1.45-1.43 (m, 10H) ppm¥C NMR (125 MHz, CDC}) ¢

material was chromatographed through silica gel 60 {2810
mesh).

General Procedure for the Synthesis of Triazolines Using
Method B. The alkene (1 mmol) and azide (1.5 mmol) were
dissolved in 10 mL of CHGIlin a single-necked round-bottomed
flask and stirred at 25C. The progress of the reaction was
monitored by TLC ofH NMR for the disappearance of the alkene

156.4, 135.6, 128.8, 128.3, 128.2, 83.7, 82.7, 79.6, 61.5, 59.9, 53.6,
32.3, 27.9 ppm; HRMS (FAB)Vz (M + H) calcd for GH3N4O5™,
331.1770; obsd, 331.1753.

General Procedure for Photolysis of Triazolinestert-Butyl
(10,,28,46,50)-3-Benzyl-6-oxa-3,7-diazatricyclo[3.2.1&|octane-
7-carboxylate (13). 5333 mg, 1.01 mmol) was dissolved in 300
mL of degassed C¥CN and transferred to a 450 mL photochemical

(typically 4 weeks), and the crude material was chromatographed reaction vessel. The solution was irradiated in an immersion-well

through silica.

General Procedure for the Synthesis of Triazolines Using
Method C. The alkene (1 mmol) and azide (1.5 mmol) were
dissolved in 10 mL of CHGIlin a single-necked round-bottomed
flask fitted with a condenser and heated to reflux in an oil bath
(oil temp = 80 °C). The progress of the reaction was monitored
by TLC orH NMR for the disappearance of the alkene (typically

reactor under a stream of Ar with a Hanovia 450 W mercury lamp
equipped with a Vycor filter sleeve. Reaction progress was
monitored by TLC andH NMR for the disappearance 6&. After

3 h, the reaction was concentrated, and the crude material was
chromatographed through 30 g of silica using a gradient consisting
of 100% CHCIl, to 95% CHCI,/EtOAc to afford13 as a colorless

oil (205 mg, 67% vyield):'H NMR (500 MHz, CDC}) 6 7.35—

3 days), and the crude material was chromatographed through silica.7.27 (m, 5H), 4.79 (m, 1H), 4.62 (m, 1H), 3.40 @= 13.5 Hz,

General Procedure for the Synthesis of Triazolines Using
Method D. The alkene (1 mmol) and azide (1.5 mmol) were
dissolved in 10 mL of PhCHin a single-necked round-bottomed
flask fitted with a condenser and heated to reflux in an oil bath
(oil temp= 125°C). The progress of the reaction was monitored
by TLC orH NMR for the disappearance of the alkene (typically

3—4h), and the crude material was chromatographed through silica.

tert-Butyl (3a0,43,753,7a0)-1-Benzyl-3a,4,7,7a-tetrahydro-4,7-
methano[1,2,3]triazole[4,5€][1,2]oxazine-6(H)-carboxylate (5a)
and tert-Butyl (3a0,45,75,7a0)-3-Benzyl-3a,4,7,7a-tetrahydro-
4,7-methano[1,2,3]triazole[4,5d][1,2]oxazine-6(3H)-carboxy-

1H), 3.35 (d,J = 14.0 Hz, 1H), 2.29-2.22 (m, 3H), 1.50 (s, 9H),
1.39 (d,J = 10.5 Hz, 1H) ppmI3C NMR (125 MHz, CDC}) ¢
157.5, 138.6, 128.4, 127.7, 127.3, 82.3, 79.9, 60.7, 59.1, 37.1, 36.7,
29.4, 28.2 ppm; MS (FAB)wz 303 (M + H), 247, 203, 171
(100%); HRMS (FAB)m/z (M + H) calcd for G7H23N,O3™,
303.1709; obsd, 303.1712.
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