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1,5-Hydrogen Transfers from Carbon to N-Tributyltin Substituted Nitrogen

Sunggak Kim, * Kyu Man Yeon, and Kwang Sub Yoon

Department of Chemistry, Korea Advanced Institute of Science and Technology, Taejon 305-701, Korea

Summary: 1,5-H transfers from carbon to N-tributyltin substituted nitrogen proceeded
smoothly and were much more efficient than 1,5-H transfers from carbon to ordinary
nitrogen. 1,5-Tribuyltin group transfer from carbon to nitrogen and intramolecular addition
of an aminyl radical to a nirile group were also observed for the first time.
© 1997 Elsevier Science Ltd.

Recently, we have reported a new method for the generation of N-tributyltin substituted aminyl
radicals by the reaction of alkyl azides with Bu,SnH/AIBN."? Although aminy] radicals have been known
to be electrophilic and relatively unreactive,” somewhat surprisingly, we have found that intramolecular
addition of aminyl radicals to carbonyl groups proceeded smoothly.! We envisaged that N-tributyltin
substituted aminyl radicals might have nucleophilic properties to some extent and might be more reactive
than ordinary aminy! radicals.

Table 1. SOMO Energy value and charge density of aminyl radicals

aminyl radical SOMO-energy® charge density
CH3NSN(CHg)s -9.65 -0.358
CHaNCH3 -9.87 -0.154
CHaNH -10.41 0.120

2 jonization potential in electron volts.

In order to see the effect of tributyltin group on the energy of SOMO (singly occupied molecular
orbital) and the electron density at the nitrogen atom, computational studies were performed by the use of
PM3-UHF method. From Table 1, two noteworthy features are apparent. First, the trimethyltin substituted
aminyl radical has higher energy of SOMO than ordinary aminyl radicals. Second, it has higher electron
density at the nitrogen atom, indicative of its more nucleophilic nature.

Radical rearrangements involving 1,5-hydrogen transfers in nitrogen-centered radicals have useful
synthetic applications, which are exemplified by weli-known Hofmann-Loeffler reaction.” 1,5-Hydrogen
transfers normally utilize electrophilic nitrogen-centered radicals such as aminium,’ amidyl,® and
sulphonamidy! radicals,” although a Hofmann-Loeffler type of photocyclization in the absence of a strong
acid was reported.® In connection with our interest in radical rearrangements,’ we have studied an intriguing
possibility of 1,5-hydrogen transfers in N-tributyltin substituted aminyl radicals. We began our studies with
sulphenamide 1a.'® The addition of a 0.1M benzene solution of n-Bu,SnD (1.1 equiv) and AIBN (0.1 equiv)
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by a syringe pump over 3 h to a 0.05 M refluxing benzene solution of 1a with additional stirring for 1 h
afforded a mixture of direct reduction product 2a and 1,5-H transferred product 3a in 80% yield after
tosylation. The 'H NMR spectrum indicated a 85:15 mixture of 2a and 3a, showing inefficiency of 1,5-H
transfer in an aminyl radical. A similar result was also obtained with sulfenylimine 1b.
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We next examined 1,5-H transfer reaction in N-tributyltin substituted aminyl radicals. When the
radical reactions of azide 4 were carried out under the similar conditions, much better results were
realized, yielding much higher ratio of 1,5-H transferred product 6 relative to direct reduction product 5.
Apparently, N-tributyltin substituted aminy] radicals are more reactive than ordinary aminyl radicals, thereby
facilitating 1,5-H transfer from carbon to nitrogen. As shown in Table 2, most substrates bearing radical
stabilizing groups such as phenoxy, phenyl, and acetal groups gave similar results. Furthermore, isolation
of aldehyde 7b as a minor product is noteworthy. Radical reaction of alkyl azides with Bu,SnH/AIBN
under a high dilution normally afforded aldehydes in variable amounts, depending on the nature of the
substrate.'" Although the mechanism for the conversion of azides to aldehydes is not clear, the reaction
would proceed via imine 7a.”

Table 2. 1,5-Hydrogen transfer from carbon to nitrogen

1,5-H transfer

entry substrate (4) (%) product (5 + 6) aldehyde (7)
o
1 G=(CO,Et), >99 71%2 9%
2 G=PhS 95 73% 6%
3 G=CO,Et 92 57%2 5%
5 G=Ph(CH3)N 88 85% 8%
7 G=PhO 84 1% 13%
8 G=Ph 80 76% trace
9 G=TBSO 79 70% trace

2isolated as a lactam
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When the radical reaction of 8 with Bu,SnD/AIBN was carried out under the similar conditions,
1,5-Bu,Sn group transfer from carbon to nitrogen was observed for the first time, yielding a mixture of 9

(55%) and 10 (22%).°

CsHqq CsHyy [1 5-H] CsHy1
BugSn” > o)\/ Na Bu JPEN G Bugsn” 0 NHSnBug
8 1)BuaSnD
[1,5-BusSn) 2) TsClipy
p CsHu
O 1)BugSnD CsH
HaCu N(SnBu A NHTs
o™ o)\/ NHTs = T sCipy o NEBg BugSn” -0
10 (22%) 9 (55%)

Furthermore, the reaction of 11 under the similar conditions afforded 12 in 55% yield along with 13
(27%), indicating that 1,5-hydrogen transfer competed with radical cyclization of an aminy! radical to a
nitrile group. To the best of our knowledge, this is the first example for intramolecular addition of an

aminyl radical to an nitrile group.

BuzSnD : {1,5H] n
NC/\/\/ AIBN NC/\/\/ SnBu; —_— NC/\/\/ \SnBu3
1
l 1)BugSnD
Ts 2) TsClpy
N__NTs ShBug . 5
1)BugSnD Cj NHTs
q 2) TsCi/py NCM/
13 (27%) 12 (55%)

In order to examine 1,6-H transfer from carbon to nitrogen, we prepared azide 14. When 14 was
subjected to the similar radical conditions, 1,6-H transfer was not observed, yielding only 15 resulting from
1,5-H transfer. Furthermore, the reaction could be carried out with a catalytic amount of Bu,SnD (0.3 equiv)
due to the regeneration of Bu,Sn radical. This observation would be due to the strong preference of 1,5-H
transfer relative to 1,6-H transfer' along with B-stabilizing effect of the tributyltin group."

BuzSm\ _~_~_ N3 M’i BugSn\ _~_~_ NHSnBu, --—Bu—én——> AN NHTs
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We briefly studied two-step sequence involving 1,5-H transfer and subsequent cyclization. When 17
was treated with Bu,SnH/AIBN in refluxing benzene under a high dilution, 18 was isolated in 53% yield

along with 6-endo cyclized product 19 (13%), demonstrating the efficiency of 1,5-H transfer in N-tributyltin
substituted aminyl radicals.
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