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Abstract: The intramolecular nitrile oxide—alkene cycloaddition
has been studied in an enediyne system. It has been shown to be an
efficient method for one-step synthesis of isoxazoline-fused bicy-
clic enediynes. The thermal reactivity of these enediynes is similar
to the isoxazolidine-fused counterparts, thus ruling out any signifi-
cant effect by the bridgehead double bond.
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Bicyclic enediynes are attractive targets as the non-ene-
diyne cyclic moiety can be used to modulate their thermal
reactivity.! Recently,>3 we have synthesized B-lactam and
isoxazolidine-fused enediynes via nitrone—alkyne and ni-
trone—olefin cycloaddition routes, respectively. We were
curious to know the effect of a bridgehead double bond*
on the thermal behavior of isoxazoline-fused enediyne
system as represented by structures 1A and 1B. These
molecules were synthesized via an intramolecular nitrile
oxide-olefin cycloaddition.5 The synthesis, structure elu-
cidation and reactivity of these molecules are described
herein.

Towards studying the proposed intramolecular cycloaddi-
tion, we needed to incorporate the proper functionality in
the two arms of the enediyne; namely the 2-electron dipo-
larophile and the 4-electron dipole. The dienophile and
the dipole in our case were an alkene and a nitrile oxide,
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Scheme 1 Four possible isoxazoline-fused bicyclic enediynes

SYNLETT 2008, No. 14, pp 2115-2118

Advanced online publication: 31.07.2008

DOI: 10.1055/s-2008-1078244; Art ID: D14008ST
© Georg Thieme Verlag Stuttgart - New York

respectively, between which an intramolecular [3+2]-cy-
cloaddition reaction may take place to produce products
1A-1D (Scheme 1). We started the synthesis of the cy-
cloaddition precursor by carrying out sequential Sono-
gashira coupling® of 1,2-diiodobenzene with THP-
protected propargyl alcohol and TMS-acetylene to pro-
duce 5. After desilylation, the terminal alkyne carbon was
allylated’ with allyl bromide in the presence of K,CO; and
copper iodide using acetone as solvent to produce the alk-
ene 7. The alcohol 8 obtained upon deprotection of the
THP ether was converted to the corresponding aldehyde 9
with Dess—Martin reagent.® The aldehyde was subjected
to Wittig reaction using ethyl (triphenylphosphor-
anylidene)acetate in benzene which resulted in the forma-
tion of a,B-unsaturated ester 10. Base-catalyzed Michael
addition of nitromethane (also acting as solvent) was per-
formed to obtain the corresponding nitro compound 11.

The final cycloaddition was then carried out via the in situ
generated nitrile oxide 2 in refluxing benzene at sufficient
dilution (0.003 M) to minimize intermolecular reactions.
The experimental procedure involved refluxing the reac-
tion mixture comprising of the nitroenediyne 11, p-chlo-
rophenyl isocyanate and triethylamine® in benzene for 30
hours. Workup and purification yielded two products 1A
and 1B (Scheme 2) which could not be separated by con-
ventional chromatography and were isolated together as a
white solid. The compounds could only be separated by
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Scheme 2

Synthesis of bicyclic isoxazoline-fused enediynes. Reagents and conditions: (i) THP-protected propargyl alcohol, Pd(PPh;),, Cul,

Et;N, r.t.; (ii) TMS-acetylene, Pd(PPh;),, Cul, Et;N, r.t.; (iii) KF, methanol; (iv) allyl bromide, K,CO;, Cul, anhyd acetone, reflux; (v) PPTS,
EtOH; (vi) Dess—Martin oxidation; (vii) ethyl (triphenylphosphoranylidene)acetate, anhyd benzene, reflux; (viii) MeNO,, DBU, 0 °C, 2 h;

(ix) p-chlorophenyl isocyanate, Et;N, benzene, 30 h, reflux.

HPLC using ODS-Daicel column and 15% water-MeOH
as the mobile phase. The overall yield was 75% and the
two isomers 1A and 1B were produced in a ratio of 1:1.

The fact that intramolecular cycloaddition had taken place
was confirmed by the ESI spectrum which showed a peak
at m/z = 330 [M + Na*] for both the enediynes, commen-
surate with the molecular formula of the proposed struc-
ture. Between the two possible modes of cyclization, 'H
NMR spectroscopic analysis clearly showed that the cy-
cloaddition had taken place via reaction of the nitrile ox-
ide oxygen with the internal carbon of the alkene. This
was proved by the downfield shift of the H, proton at 6 =
4.98 adjacent to the oxygen atom. For the alternative
mode of cycloaddition which can lead to the structures 1C
and 1D, an upfield shift of the H, proton would be expect-
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ed. Moreover, H, showed four cross-peaks in the NOESY
spectrum corresponding to interactions with H,, H_,H,
and H,. This allowed us to assign the chemical shifts of the
different protons but not the stereochemistry. Further con-
firmation of the structures came from the HMBC spec-
trum which showed cross-peaks corresponding to Hy and
H, with C-10 as well as H; and H, with C-1 (Figure 1).

The distinguishing feature between the structures is the
difference in chemical shifts for the H; proton. Energy-
minimized structures using PM3'® (Figure 2) showed the
dihedral angle in H—C—-C=N to be 168° in structure 1A.
For structure 1B, the dihedral angle came out to be 18°.
Thus, C—H; can interact with the o-antibonding orbital of
the C—N bond which induces its downfield shift in struc-
ture 1A.
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Figure 1

Figure 2 MM2 structures of 1A and 1B

The onset temperatures for Bergman cyclization (BC) for
these bicyclic isoxazoline-fused enediynes 1A and 1B
were determined using differential scanning calorimetric
(DSC)!! measurements which were recorded without sol-
vent. Both the isomers 1A and 1B showed very close on-
set temperatures for BC at 210 °C and 212 °C,
respectively proving that the bridgehead configuration
does not have any effect on the activation barrier to BC.
The result was compared with the onset temperatures of
isoxazolidine-fused enediynes 12A and 12B (Figure 3).?
While the cis form showed an onset temperature of ca 207
°C, for the trans isomer the onset temperature was found
to be ca 213 °C. These values are very similar to those of
isoxazoline-fused enediynes, thus ruling out the signifi-
cant effect on the activation barrier of BC on fusing of the
isoxazoline ring (an anti-Bredt system) to the enediyne
system as compared to the isoxazolidine ring.

Figure 3 Isoxazolidine-fused enediynes

In conclusion, we have successfully synthesized two ste-
reoisomeric isoxazoline-fused enediynes'? by a highly re-
gioselective one-step nitrile oxide-alkene [2+3]-
cycloaddition approach. The structures of the two stereo-
isomeric bicyclic isoxazoline-fused enediynes were fully
characterized by 'H NMR, mass spectroscopy, and
NOESY experiment. The thermal reactivity was studied
for the isoxazoline-fused enediynes and was found to be
similar to that of the isoxazolidine-fused systems.
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Selected Spectroscopic Data: Compound 11: '"H NMR
(400 MHz): = 1.22 (t, J = 7.0 Hz, 3 H, COOCH,CHj;),
2.64-2.76 (m, 1 H, CHCH,COOE), 3.20-3.22 (m, 2 H,
CCCH,CH), 3.82-3.89 (m, 2 H, CCCHCH,NO,), 4.26 (q,
J=7.2Hz, 2 H, COOCH,CHj;), 4.55-4.66 (m, 2 H,
CHCH,NO,), 5.13 (dd, J = 1.6, 10.0 Hz, 1 H, CH,CHCH,),
5.40 (dd, J=2.0,17.2 Hz, 1 H, CH,CHCH,), 5.84-5. 90 (m,
1 H, CH,CH=CH,), 7.12-7.19 (m, 2 H, ArH), 7.28-7.38 (m,
2 H, ArH). *C NMR (100 MHz): § = 0.96, 14.1, 30.1, 31.7,
36.4,61.2,81.2,83.3,88.6,90.9,115.7,125.1, 126.2, 126.5,

128.2,128.7,130.8, 140.7, 170.0. MS (ESI): m/z =325 [M*].

Compound 1A: '"HNMR (400 MHz): § =1.29 (t, /= 6.0 Hz,
3 H,COOCH,CH;),2.68(dd, J=7.2,12.8 Hz, | H, H,), 2.74
(dd,J=3.2,14.8 Hz, 1 H, H,),2.83 (dd, J=5.6, 12.8 Hz, 1
H,H,),2.91(dd,J=1.6,14.8 Hz, 1 H, H,), 3.20 (dd, /= 8.4,
13.2 Hz, 1 H, H,), 3.60 (dd, J=2.8, 13.2 Hz, 1 H, H,), 4.20
(q,J=5.6Hz,2 H, COOCH,CHj;), 4.45 (dd, J=1.6,5.6 Hz,
1 H, Hy), 4.93-4.97 (m, 1 H, H,), 7.21-7.29 (m, 2 H, ArH),
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7.34-7.36 (m, 2 H, ArH). >*C NMR (100 MHz): 6 = 14.1,
27.3,28.7,29.6, 35.7, 36.3, 61.2, 81.6, 85.0, 88.4, 92.0,
124.9, 127.6, 128.1, 128.2, 129.1, 130.8, 155.5, 169.7. MS
(ESI): m/z =330 [M + Na*]. HRMS: m/z calcd for
C,oH;NO; [M + H*]: 308.3512; found: 308.3510.
Compound 1B: 'H NMR (400 MHz): 6 = 1.28 (t,J = 5.6 Hz,
3H,COOCH,CH5),2.72(dd,J=3.4,14.6Hz, 1H,H,),2.91
(dd,J=3.2,14.6 Hz, 1 H, Hy),2.95 (dd, /= 1.6, 144 Hz, 1
H,H,),3.23(dd,J=4.8, 144 Hz, 1 H, Hy), 3.30 (dd, /= 7.2,
14.0 Hz, 1 H, H,), 3.63 (dd, J = 2.8, 14.0 Hz, 1 H, H,), 3.96
(dd,J=4.8,72Hz, 1 H,Hy), 4.20(q, J=2.4Hz,2 H,
COOCH,CH;), 4.92-4.96 (m, 1 H, H,), 7.20-7.29 (m, 2 H,
ArH), 7.34-7.36 (m, 2 H, ArH). *C NMR (100 MHz): § =
14.1,27.2,28.5,29.6,35.6,39.9,60.9, 81.5, 84.9, 88.6,92.3,
125.0, 127.6, 128.0, 128.3, 129.1, 130.8, 156.3, 171.0. MS
(ESI): m/z 330 [M + Na*]. HRMS: m/z calcd for C,oH;{NO;
[M + H*]: 308.3512; found: 308.3509.
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