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Abstract—An intermolecular xanthate-mediated free radical nonchain addition reaction is introduced for the regioselective alkyl-
ation of 3,4-dihydro-2H-pyran. Additionally, we observed that the free radical nonchain reaction depends on the nature of the radi-

cal precursor.
© 2005 Elsevier Ltd. All rights reserved.

An ongoing project in our laboratory required the syn-
thesis of an optically pure acetamide 1 as the starting
material of a natural occurring compound. Accordingly,
as 1 is a derived compound from inexpensive commer-
cially available 3,4-dihydro-2H-pyran 2, we envisioned
the possibility of a regioselective coupling reaction
between compounds 2 and 3 (Scheme 1).

By inspection on Scheme 1, we can realize that, in
order to connect C5 and Cao in a direct way, a novel
coupling reaction needs to be developed. The well-
known Heck coupling reaction! or similar coupling
reactions®> cannot be applied herein because there is
no halide atom present in the double bond of 2.
Apparently, a convenient way to accomplish the reac-
tion is through a free radical addition onto the olefinic
bond (e.g., halogen atom transfer) followed by a radi-
cal or ionic elimination reaction.®> Thus, we turned
our attention to a recent Zard and Miranda work,*
where a xanthate-mediated 5-endo radical cycliza-
tion occurred under free radical nonchain process lead-

X = suitable group
guN] Y. ALl
L
H X
1 2 3
Scheme 1.

Keywords: Radical nonchain reaction; Xanthates.
* Corresponding authors. Tel.: +52 2222 295500x7387; fax: +52 2222
454293; e-mail: fsarpis@siu.buap.mx

0040-4039/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2005.09.049

ing to the formation of isomeric unsaturated lactams
4-6 (Scheme 2).

In this presumably free radical nonchain reaction, the di-
lauroyl peroxide (DLP) was suggested to act as the radical
initiator and as oxidant. Therefore, the isomeric lactams
4-6 were obtained by an intramolecular 5-endo-trig radi-
cal addition followed by oxidation of radical B, which
after proton elimination afforded the isomeric lactams
4-6 (Scheme 2). If we take a look at the lactam 4, we
notice that it corresponds to a formal selective intra-
molecular alkylation at the alkenyl carbon of the enam-
ine. Based on this, we now considered the possibility
for obtaining the desired compound 1 by intermolecular
radical addition of radical E onto 2 followed by radical
oxidation and final proton elimination of the six-
membered ring oxocarbenium ion G (Scheme 3).

Accordingly, nonchiral xanthate 9 was selected as a free
radical model of study. Thus, this compound was pre-
pared as depicted in Scheme 4. Bromoacetyl bromide
11 and benzylamine 12 were allowed to react in the pres-
ence of triethyl amine to give 14 quantitatively. Amide
14 was finally treated with potassium O-ethyl xanthate
to afford 9 (Scheme 4).3

Xanthate 9 was submitted to different free radical reac-
tion conditions. Modest yields of the analogous
expected product 16 were observed with 10 equiv of
3,4-dihydro-2H-pyran 2, and 2 equiv of DLP in reflux-
ing 1,2-dichloroethane (Table 1, entry 3).°

Additionally, a direct xanthate reduction product 17
was obtained in low yield (Table 1). When peroxides,
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dicumyl peroxide (DCP), or dibenzyl peroxide (DBP)
were used, neither the coupling product 16 nor the
reduction product 17 was observed (entries 6-8).

Table 1. Radical addition/proton elimination®®

YVL O Pt

Following the same route depicted in Scheme 4, opti-
cally pure xanthate (S)-10 was synthesized and allowed
to react under the condition reactions described in Table
1 (entry 4) to afford the expected product 1 along with
the corresponding xanthate reduction product 187 in
60% and 17% yield, respectively.

s . g _2eaDLP O\/LL /L . )L J\Ph
CICH,CH,CI Ph
reflux 18
60% 17%
Scheme 5.
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Entry 2 (equiv) Peroxide (equiv) Solvent 16 (Yield) 17 (Yield)
1 2 DLP (0.5) CICH,CH,Cl Trace —

2 5 DLP (1) CICH,CH,Cl 10 Trace

3 10 DLP (1) CICH,CH,Cl 21 7

4 10 DLP (2) CICH,CH,Cl 58 12

5 10 DLP (2) C¢Hg Trace —

6 10 DCP (2) CICH,CH,Cl NR —

7 10 DCP (2) C¢Hg NR —

8 10 DBP (2) CICH,CH,Cl NR —

NR = no reaction.
# All reactions were carried out in refluxing solvents.

® Dilauryl peroxide (DLP), dibenzyl peroxide (DBP), and dicumyl peroxide (DCP).
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The formation of the reduction product 18 (and also 17) Acknowledgements

might correspond to a disproportionation product, as it
would explain the formation of the olefinic double bond
of 16 and 1, however, the ratio of 16/17 or 1/18 should
be equimolar or close to that (Scheme 5).

Thus, like Zard and Miranda, we propose that the reac-
tion mechanism may occur through direct oxidation by
the peroxide of the incipient radical F into oxocarbe-
nium ion G, which then by proton elimination, the dou-
ble bond is recovered (see Scheme 3).*® In this regard,
we attempted trapping the oxocarbenium ion by using
an internal nucleophile with the expectation that cycliza-
tion might be competitive with proton elimination
(Scheme 6).

Accordingly, 3,4-dihydro-2H-pyran-2-methanol 19 was
allowed to react with xanthate 9 and 2 equiv of DLP
in refluxing CICH,CH,Cl, resulting in the formation
of a rather complex reaction mixture. Unfortunately,
we could not accomplish the ring closure onto oxocarbe-
nium ion (compound 20), which would be the unambig-
uous proof for the existence of oxocarbenium ion as
the intermediate of this reaction (as well as the forma-
tion of the lactams, see Scheme 2).° On the other
hand, a xanthic acid elimination (which should result
from xanthate-mediated free radical chain reaction) is
not supported because of an additional experiment
between compound 2 and xanthate 21 under standard
conditions afforded an inseparable mixture of products
22a and 22b (in a ratio of 48/62, respectively)'? resulted
from a xanthate-mediated free radical chain reaction
(Scheme 7).

Until now, we have not been able to find an explanation
about the difference in reactivity among these two types
of carbon-centered radicals o to a carbonyl group (from
amides and esters), so a number of interesting questions
are raised. Thus, more laboratory quality time as well as
theoretic studies on this regard is in progress.

In conclusion, a novel intermolecular free radical non-
chain addition reaction onto 3,4-dihydro-2H-pyran is
reported. Although this reaction was developed for the
synthesis of a specific compound, we anticipate very
similar behavior for those with few variants into the
framework.
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72Hz), 3.79 (d, 1H, J=159Hz), 3.85 (d, 1H,
J=159Hz), 4.61 (m, 2H), 5.11 (sept, 1H, J = 6.8 Hz),
6.58 (br d, 1H, J=6.2Hz), 7.28 (m, 5H); *C NMR
(75 MHz, CDCl3): ¢ 13.6, 21.6, 39.1, 49.1, 71.0, 126.0,
127.4, 128.6, 142.6, 165.9, 212.9; MS (EI): m/z =162
(45%, M'—EtOCSS), 283 (8%, M+); (FAB-HRMS)
m/z = 283.0700 (calcd for C;3H;7NO,S,: 283.0701).
General procedure: 2 equiv of DLP dissolved in dichloro-
ethane (2mL/100 mg) were added portionwise to a
solution of xanthate and 10 equiv of 3,4-dihydro-2H-
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