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Abstract—The triphenyltin hydride-mediated free radical cyclization of the radical precursors 1, 7 and 12 is described. This is a
new stereoselective entry into the 1,7 dioxaspiro[4,4]nonane ring system.
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In the last 14 years our laboratory has been actively
working on free radical cyclization! strategies for the
synthesis of polyhydroxylated heterocycles and carbo-
cycles (inositols) using readily available precursors
derived from carbohydrates.>

Continuing with our efforts in this area we herein
report the hitherto unexplored triphenyltin-mediated
free radical cyclization of radical precursors 1, 7 and 12
as a new stercoselective entry into the 1,7-dioxas-
piro[4,4]nonane A ring system (Chart 1). This structural
motif is present in a number of natural products, such
as prehispanolone® (Chart 1), which possesses interest-
ing biological and pharmaceutical properties. Alterna-
tive synthetic approaches to compounds containing this
key structural unit have been reported.*

Our current approach to synthesize the 1,7-dioxas-
piro[4,4Jnonane ring system relies on the formation of
the C3-C4 bond in compounds of type A via a 5-exo-
trig free radical cyclization of vinyl radical species
obtained by the reaction of triphenyl(or butyl)tin
hydride with the acetylene group embodied within the
4-oxa-hept-1-en-6-yne moiety of a radical precursor
such as B (Chart 1).° Structures of type B are present in
compounds of type C which are derived from sugar
templates (Chart 1).

For our preliminary studies we selected 1, which was
prepared in two steps from the known and readily
available 1,2-O-isopropylidene-5-O-trityl-o-D-erythro-
pentofuranos-3-ulose 2° (Chart 3). Thus, 2 was reacted
with ethynylmagnesium bromide [THF, 0°C, 12 h

Chart 1.
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(78%)] to give the alcohol 37 (Chart 3), which was
subsequently O-allylated [allyl bromide, NaH, DMF,
25°C, 14 h (84%)] to give 1.

With compound 1 in our hands we were able to investi-
gate the aforementioned type of free radical cyclization
reaction under standard conditions.®® After the reac-
tion had reached completion, a complex mixture of
products was observed. The 'H NMR spectrum of the
crude product mixture revealed the presence of three
products corresponding to two 5-exo and one 6-endo
compounds, in a 1:1:1 ratio (Chart 2). Careful column
chromatography of the mixture resulted in the isolation
of the endo product 4 (unassigned stercochemistry at
the exo-double bond), a mixture of 4 and 5 (one of the
four possible 5-exo resulting products) and the product
6. Spectroscopic data and detailed NMR analysis® of 6
showed it to be a different 5-exo product to those of 4
and 5 and to have the (F)-stereochemistry at the exo-
double bond and the (R)-absolute configuration at the
newly formed stereocenter (C-3', Chart 2). The 'H
NMR spectrum of the mixture of 4 and 5, showed that,
in addition to the signals observed for compound 4,8
product 5 (unassigned stereochemistry at the exo-dou-
ble bond, and at C-5") also showed a diagnostic doublet
at 0=0.81 (J=7.0 Hz, H-5), a singlet at 5.89 (H-6")
and a doublet at 5.80 (/J=3.6 Hz, H-1). In summary,
although the total yield for the product mixture was
acceptable (50%)3° the regioselectivity (the 6-endo ver-
sus 5-exo mode of cyclization) was very poor. Unfortu-
nately, all of our efforts directed towards obtaining
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destannylated products via the reaction of n-BuLi
(THF, -78°C)'° with 6 or the mixture of compounds 4
and 5 gave complex mixtures, which were not fully
resolved by column chromatography. However, 'H
NMR spectroscopy of the isolated fractions clearly
showed, surprisingly, that the reaction with n-BuLi
gave new tributylstannylated materials'! resulting from
phenyl to butyl interchange, instead of the expected
destannylated products. This result prevented unequiv-
ocal determination of whether or not the 5-exo prod-
ucts 5 and 6 have the same stereochemistry at the
exo-double bond and the same absolute configuration
at the newly formed stereocenter. However, since the
'"H NMR spectrum of the mixture of 5 and 6 showed
the same chemical shifts for H-6’, but significantly
different shifts for C(5)H;, it was concluded that they
probably have the same stercochemistry at the exo-dou-
ble bond (E) but different absolute configurations at
C3’ (Chart 2).

The starting material 7, used in our studies (Chart 2)
was obtained by O-allylation (50%) of 3-C-ethynyl-
1,2:5,6-di-O-isopropylidene-a-D-allofuranose 8'2 (Chart
3). The reaction of 7 under standard conditions,” was
found to reach completion after 32H, to give a mixture
of the 6-endo 9 and 5-exo products 10 and 11 in 61%
total yield (Chart 2). The ratio of isomers [(9 and the
pair 10 and 11; 1:2) (10 and 11; 1:3)] in the crude
reaction mixture was determined by 'H NMR spec-
troscopy. Careful column chromatography enabled the
isolation of the pure product 9 (unassigned stereochem-
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Chart 2. Triphenyltin hydride-mediated free radical cyclization reaction of the precursors 1, 7 and 12.
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Chart 3.

istry at the exo-double bond), and a mixture of isomers
9, 10 and 11 in the ratio 1:1.5:2. The 'H NMR spec-
trum of the isomer 9 showed typical signals at 6 =5.71
(d, J=3.8 Hz, H-1), 5.51 (s, H-6') and 4.57 (d, J=3.8
Hz, H-2), while in the 'H NMR spectrum of the
mixture of 10 and 11 showed the expected doublets for
the methyl group at 6=0.91 (J=7. Hz) and 0.83 (/=
7.2 Hz). As previously described, treatment of the
mixture of compounds 9-11 with n-BuLi afforded a
very complex reaction mixture, which was not resolved
by chromatography and hence could not be further
investigated.!!

With the aim of minimizing the formation of endo-
products in the aforementioned cyclizations studies
were focused on the use of compound 12 which was
obtained in 71% yield (Chart 2) from the intermediate 8
(Chart 3). Compound 12 was chosen on the basis that
the presence of two methyl groups in the terminal
position of the alkene group would impede formation
of the undesired endo derivatives. Thus, cyclization of
12 gave a crude mixture which, by 'TH NMR spec-
troscopy, showed the presence of the pair of endo-prod-
ucts 13 and 14 in a 1.5:1 ratio and a pair of
exo-compounds 15 and 16 in a 2:1 ratio; the endo- and
exo-pairs were in the ratio 1:1. The two pairs of
cyclized products were isolated by column chromatog-
raphy in 81% total yield. The pair of endo-isomers 13
and 14 was obtained in the ratio of 1.6:1 (39% yield).
The '"H NMR spectrum of the mixture showed signals
for the major isomer 13 at 6 =6.17 (d, J=1.9 Hz, H-6'),
4.98 (J=4.1 Hz, H-1), 1.39, 1.24, 1.06, 0.99, 0.93, 0.87
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(6 s, 6xCH,;), and for the mino isomer 14 §=6.09 (d,
J=2.4 Hz, H-6'), 498 (J=4.1 Hz, H-1). Additional
chromatographic fractions were also obtained which
possessed a mixture of 13, 14, 15 and 16 in the ratio
1:1: 1.3: 3.3 (36% total yield), and a mixture of the three
5-exo products 15, 16 and 17 (6%) in the ratio 2.6:
1.5:1. It is notable that the minor isomer 17 identified in
this fraction could not be detected in the '"H NMR
spectrum of the crude reaction mixture. The 'H NMR
spectrum of the mixture showed signals for the major
isomer 15 at 6=5.83 (d, /J=1.6 Hz, H-6"), 5.71 (J=3.5
Hz, H-1), 0.70, 0.26 (2 d, J=7 Hz, CH,), the isomer 16
at 0=6.00 (d, /=2.0 Hz, H-¢), 5.66 (/=3.4 Hz, H-1),
0.57,0.34 (2d, J=6.9 Hz, CH;) and minor isomer 17 at
0=6.19 (br s, H-6"), 5.37 (J=4.0 Hz, H-1).

The stereo- and regiochemical results obtained in this
work encouraged us to undertake a computational
study of these processes.'® Thus the cyclization of com-
pound 1 (Chart 4), was modeled, using semiempirical
PM3 calculations,'* while taking into account the pre-
ferred conformers in the transition state for the eight
possible structures, the E/Z stereochemistry at the exo-
double bond and the R/S configuration at the newly
formed stereocenters, via either chair or boat conforma-
tions, to give the 5-exo products. In addition, we have
performed energy calculations at a DFT level'*® on
these optimized structures in order to obtain more
accurate differences in energy between all the possible
structures in the transition state. From these results it
became clear that the chair were more stable than the
boat forms with structures D1 and D2 (Chart 5), both

Chart 4. Mechanism for the formation of the products 4-6 from the radical precursor 1.



2868 J. Marco-Contelles et al. / Tetrahedron: Asymmetry 14 (2003) 2865-2869

Vi
& ‘
S \ }J
*J_ @ /,J .J/
°
/
&
—# ?
— N
9

D1

J’\a T

t

o SR Y I
# A

Chart 5. Structures of the D1 and D2 conformers in the transition state.

chairs with E stereochemistry, being the most stable.
Structure D2 (leading to compound 5) was only 1.44
kcal/mol (AEppt,zpe) more stable than D1 (leading to
compound 6). Structures D1 (78.52 kcal/mol) and D2
(79.53 kcal/mol) also showed similar values for the heat
formation (H;, PM3 level).

Regarding the 6-endo product, a parallel computational
analysis from structure D1 showed that'’ from the Eppr
(a.u.) values, this transition structure presented the
highest energy value of all the structures involved in the
process (so the formation of D1 can be assumed as the
rate limiting step), and intermediate G (-2300.301894)
was more stable than intermediate E (-2300.292130)
(Chart 4), giving an explanation to the large amounts
of product 4 observed in the cyclization of precursor 1.

In summary, the semiempirical PM3 calculations
undertaken, strongly support the experimental results,
showing that the triphenyltin hydride-mediated free
radical cyclization of enynes of type C (Chart 1) pro-
ceeds to give the corresponding spirocyclic 1,7-dioxas-
piro[4,4]nonane ring system A, via a 5-exo mode of
cyclization, in good yield, but with (i) poor diastercose-
lectively in the formation of new stereocenters outside
the furanose template and (ii) significant amounts of
the endo-products, probably due to the additional
strain energy required for the formation of the 5-exo-
derivatives.

Acknowledgements

L.D. and S.A. thank MECD, and E.S. thanks Grupo
Estratégico UNED/Comunidad de Madrid 2000-03, for
fellowships. We would also like to thank Professor
Graham McKenzie for his help with the manuscript.

References

1. (a) Jasperse, C. P.; Curran, D. P.; Fevig, T. L. Chem.
Rev. 1991, 91, 1237; (b) Giese, B.; Kopping, B.; Gobel,
T.; Dickhaut, J.; Thoma, G.; Trach, F. Org. React. 1996,
48, 301; (c) Motherwell, W. B.; Crich, D. Free Radical
Chain Reactions in Organic Synthesis; Academic Press:
London, 1992.

2. (a) Marco-Contelles, J.; Alambra, C.; Martinez-Grau, A.
Synlett 1998, 693 (Corrigendum 1999, 376); (b) Martinez-
Grau, A.; Marco-Contelles, J. Chem. Soc. Rev. 1998, 27,
155.

3. Savona, G.; Piozzi, F.; Rodriguez, B. Heterocycles 1978,
9, 257.

4. For some selected examples, see: (a) Lee, J.; Marquez, V.
E.; Lewin, N. E.; Blumberg, P. M. Synlett 1994, 206; (b)
Cipolla, L.; Forni, E.; Jiménez-Barbero, J.; Nicotra, F.
Chem. Eur. J. 2002, 8, 3976; (c) Steel, P. G. Chem.
Commun. 1999, 2257; Wong, H. N. C. Eur. J. Org. Chem.
1999, 1757, and reference 10 cited therein.

5. For related free radical processes leading to spirocycles,
see: (a) Haudrechy, A.; Sinay, P. Carbohydr. Res. 1991,
216, 375; (b) Dalla, V.; Pale, P. Tetrahedron Lett. 1992,
33, 7857.

6. (a) Lu, Y.; Just, G. Tetrahedron Lett. 2000, 41, 9223; (b)
Sowa, W. Can. J. Chem. 1968, 46, 1586.

7. All new compounds showed excellent analytical and spec-
troscopic data.

8. (a) In a typical experiment, Et;B (0.13 mL, 0.13 mmol)
was added to a solution of compound 1 (130 mg, 0.26
mmol) in toluene (16 mL, 0.016 M), under argon. There-
after, a solution of HSnPh; (101.2 mg, 0.28 mmol) in 1.0
mL toluene was added dropwise to the reaction mixture
(5 min). The reaction mixture was stirred at 25°C for 70
h. Then, the solvent was removed and the resulting
residue dissolved in diethyl ether, treated with a 15%
aqueous solution of KF and stirred overnight. The
organic phase was separated, dried over Na,SO,, filtered,



10.

11.

J. Marco-Contelles et al. / Tetrahedron: Asymmetry 14 (2003) 2865-2869

evaporated and subjected to the flash column chromatog-
raphy (CH,Cl,/hexane, 1:1) to afford the product 4 (10
mg) and fractions containing the pairs 4 and 5 [(1/1), 53.5
mg] and the pairs 5 and 6 (1/2, 44.3 mg) (Total: 107.8 mg;
50% yield). (b) Similarly reaction of 1, after 2 h and flash
column chromatography (CH,Cl,/hexane, 1:1) gave 1 (20
mg), 4 (2.3 mg) ['H NMR (200 MHz, CDCl,) § 7.48-7.09
[m, 15H for OC(C4Hs); and 15H for 3xSnC¢Hs, 30H),
5.78 (d, J=3.6 Hz, 1H, H-1),], 5.64 (s, 1H, H-6"), 4.40 (d,
1H, H-2), 3.78-3.60 (m, 1H), 3.59-3.42 (m, 1H), 3.40—
3.35 (m, 1H), 3.06 (dd, J=3, 10 Hz, 1H), 2.15-1.90 (m,
2H, 2H-5), 1.59 (s, 3H), 1.45 (s, 6H), 1.30 (s, 3H)], a
fraction containing the isomeric pair 4 and 5 [(1/1), 68.8
mg] and 6 (35.5 mg) (total: 106.6 mg, 72% yield).
[Selected spectroscopic data for 6: 'H NMR (200 MHz,
CDCl;) 6 7.48-7.09 [m, 15H for OC(C¢Hs); and 15H for
3xSnC¢Hs, 30H], 5.90 (s, 1H, H-6), 5.89 (d, J=3.6 Hz,
1H, H-1), 4.44 (d, J=8.4, 2.2 Hz, 1H, H-4), 4.26 (d, 1H,
H-2), 3.66 (dd, J=8.6, 5.6 Hz, 1H, H-2'A), 3.39 (dd,
J=9.8, 5.5 Hz, 1H, H-5A), 3.33 (dd, J=8.7, 1.6 Hz, 1H,
H-2'B), 2.83 (dd, J=10.0, 2.2 Hz, 1H, H-5B), 2.44 (m,
1H, H-3), 1.62 (s, 3H), 1.31 (s, 3H), 0.35 (d, J=7.2 Hz,
1H, H-5); 3C NMR (300 MHz, CDCl;) § 167.4 (C-4),
144.3-127.3 [OC(C¢Hs)5, 3xSnC¢Hs, 18 C, 117.3 (C-6"),
113.9 [OC(CH,),0], 105.3 (C-1), 91.3 [OC(C¢Hs)], 87.4
(C-3), 83.4 (C-2), 79.2 (C-4), 73.8 (C-2'), 65.0 (C-5), 41.5
(C-3), 27.5, 27.2 [2xC, OC(CH,;),0], 20.5 (C-5].
Nozaki, K.; Oshima, K.; Utimoto, K. Tetrahedron 1989,
45, 923.

Corey, E. J.; Wollenberg, R. H. J. Org. Chem. 1975, 40,
2265.

The authors propose that the highly oxygenated sub-

12.
13.

14.

15.

2869

strates in this study react with n-BuLi, to form intermedi-
ate chelate lithium complexes, which inhibit the normal
protodestannylation reaction. It is felt that this unex-
pected result deserves a more detailed study, hence such
work is currently being pursued in our laboratory.

Just, G.; Horton, D. Carbohydr. Res. 1971, 18, 81.
Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria,
G. E.; Robb, M. A.;. Cheeseman, J. R; Zakrzewski, V.
G.; Montgomery, J. A.; Stratmann, R. E.; Burant, J. C.;
Dapprich, S.; Millam, J. M.; Daniels, A. D.; Kudin, K.
N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.;
Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.;
Adamo, C.; Clifford, S.; Ochterski, J.; Petersson, G. A.;
Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K ;
Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.;
Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.; Liu, G
Liashenko, A.; Piskorz, P.; Komaromi, L.; Gomperts, R.;
Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A_;
Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challa-
combe, M. P.; Gill, M. W.; Johnson, B. G.; Chen, W_;
Wong, M. W.; Andres, J. L., Head-Gordon, M.
Replogle E. S.; Pople, J. A. Gaussian 98, Revision A.11.
Gaussian, Inc., Pittsburgh PA, 1998.

(a) All structures were optimized and characterized by
vibrational analysis with a UHF/PM3 model. At this
level, we also determined the ZPE, thermal correction to
enthapy and entropy. (b) We performed single-point cal-
culations over the optimized geometries with the
UB3LYP hybrid functional, by using the LANL2DZ
basis set for Sn, which includes a 46 core electron rela-
tivistic ECP, and the 3-21G basis set for the other atoms.
Similar conclusions were obtained from structure D2.



	A free radical approach to the synthesis of the 1,7-dioxaspiro[4,4]nonane ring system from carbohydrate templa...
	Acknowledgements
	References


