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An efficient radical-mediated decarboxylative azidation of aliphatic carboxylic acids has been developed. The success of this transformation
hinges on the use of a new type of thiohydroxamate esters (MPDOC esters). These esters are more stable than the classical Barton esters and

less prone to rearrange under radical conditions. In the case of a-alkoxy and a-amino acids, optimal results are obtained with the even more
stable MMDOC esters developed recently by Kim.

Barton has demonstrated that PTOC (PTO@yridine-2- ethanesulfonyl azideas a radical trap. This transformation
thioneN-oxycarbonyl) esters are efficient precursors of alkyl (i.e., converting a carboxylic acid into an azide) is unique
radicalst They have been applied to a wide range of reactions and very attractive due to the versatility of the azide func-
for the formation of CG-H, C—C, and C-X bonds (X,= tion.2 However, synthetic applications of the azidation pro-
heteroatom such as O, N, S, Se, P, ét)Despite its cedure involving PTOC esters are hampered by the formation
obvious synthetic appeal, the formation of bonds under  of rearranged products (vide infra). Herein, we present a more
decarboxylative conditions remains a formidable task. In an general and efficient method for the decarboxylative azidation
early attempt to run such a process, diazirines were used a®f alkanoic acids via the intermediacy less reacti:acyl
radical traps by BartohMore recently, Porter and Master- thiohydroxamates.
sorf reported the decarboxylative azidation @&ilyl car- The radical azidation odb-adamantane-1-carbamoyl thio-
boxylic acids via their PTOC-esters in moderate yield using hydroxamated—3 (Scheme 1, eq 1) was chosen as a test
. reaction because the 1-adamantyl radical is known to react

19&%) Sarton, D. H. R.; Crich, D.; Motherwell, W. BChem. Commun. efficiently with the benzenesulfonyl azide radical tfahe
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1987 20, 35. (d) Barton, D. H. R.; Zard, S. 2ure Appl. Chem1986 58, reactive than the benzenesulfonyl azide toward the adamantyl
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H. R. Tetrahedronl992 48, 2529. (g) Barton, D. H. RPure Appl. Chem.
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We reasoned that replacement of tNe-Me group of

Scheme 1. First Attempts of Azidative Decarboxylation MMDOC esters by &-Ph group would enable photochemi-
s cal initiation using a standard sunlamp. This modification
@\WO\N J\R PhSO,N, should cause only a moderate increase of reactivity as a
IS initiator radical trap and a marginal decrease of thermal stability.

N-Hydroxy-S-methylN-phenyldithiocarbamate is easily pre-
pared from nitrobenzene in two steps (44% overall yield). It

1-3
@\ @\ i ) is obtained as a yellowish solid after purification by col-
Ng * s SnR umn chromatography or recrystallization (Scheme 2). The
4 5-7
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8 Scheme 2. Preparation of MPDOC Esters
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method A: i) SOCly; ii) HON(Ph)CS,Me, EtsN.
method B: i) HON(Ph)CS,Me, DCC, DMAP.

increasing the rate of the azidation or reducing the rate of S sy s
the rearrangement. Unfortunately, the nature of the sulfonyl @YO\ )J\SM Q\y(o i
o N

azide has little influence on the rate of the azidation process, o ';h N" SMe
presumably because the radical addition to the azide takes O Pn
8 (A: 73%) 9 (A: 81%)

place at the remotg-position? Indeed, the use of ethane-
sulfonyl azide, 3-pyridinesulfonyl azide, and trifluoromethane- s S
sulfonyl azide did not favor the azidation reaction relative o\NJJ\SMe MeaSiJYO\NJ\SMe
to the rearrangement. Therefore, we decided to investigate O ph O Ph
alternate thiohydroxamate radical precursors. The MTTOC 10 (B: 73%) 11 (B: 64%)
(MTTOC = 4-methyl-1,3-thiazolin-2-thion&-oxycarbonyl)
ester2, which has been reported to rearrange slowly in
benzene but rapidly in refluxing tolueA&,affords the MPDOC ester8—11 (MPDOC = SmethylN-phenyl-1,3-
rearranged thioethd as the major product (entry 2) under  githiocarbamoyloxycarbonyl) are prepared from the corre-
photochemical initiation with a sunlamp. Kim and co-workers sponding carboxylic acids and\-hydroxy-S-methyl-N-
have obtained promising results for the decarboxylative acyl- phenylidithiocarbamate in good yields (Scheme 2). They are
ation with the MMDOC (MMDOC= N,S-dimethyldithio- easily purified by column chromatography without using any
Carbamole'OXycarbonyl) esterkl. With the MMDOC ester Specia' protection against day“ght
3, high temperature initiation (refluxing toluene) is required,  \jith MPDOC esterss—11 in hand, we examined their
and interestingly, the desired adamantyl azlde the only  reactivity in radical reactions. For example, irradiation of a
product isolated; the corresponding rearranged prodi&t  sojution of8 in CH,Cl, with a 300 W sunlamp at C affords
not observed. HOWeVer, the y|e|d bfis moderate, presum- the rearranged produdjz in good y|e|d (Scheme 2, eq 2,
ably because of the high reaction temperature since benzeTaple 2, entry 1). Similar yields are obtained with the
nesulfonyl azide starts to decompose at 10532 Although  MPDOC ester9—11 that afford the corresponding sulfides
photochemical initiation with MMDOC esters has been 13-15(Table 2, entries 24). However, when the MPDOC
reported at 300 nm with a low-pressure mercury 1dMp?  esters8—11 are irradiated at 5°C in the presence of
thIS type Of irl’adiation iS incompatible Wlth Sulfonyl aZideS. benzenesu|f0ny| azide (eq 3)' they give the Corresponding
azides4 and16—18as major products (Table 2, entries4);

s the only side product observed in theses reactions are the

Table 1. Decarboxylative Radical Azidation Using Reported rearranged producti2—15 (10-20% yield).
Thiohydroxamate Esters According to Scheme 1 (eq 1)

(9) Masterson, D. S.; Shackleford, J. $nlett2007, 1302.

temp yield ratio . (10) 1Bla£;tgé13% H. R.; Crich, D.; Kretzschmar, G.Chem. Soc., Perkin
. o _ _ rans. .
entry precursor initiation (*C) 41577 4/577 (11) (a) Kim, S.; Lim, C. J.: Song, S.-E.; Kang, H.-Bynlett2001, 5,
1 1 sunlamp 5 7% <1:15 688. (b) Kim, S.; Lim, C. J.; Song, S.-E.; Kang, H.-€hem. Commun.
2 2 1 d 12 2001, 1410.
sunlamp 5 n.d : (12) Dermer, O. C.; Edmiso, M. T1. Am. Chem. Sod.954 77, 70.
3 3 heat 110 52% >15:1 (13) Fenner, T.; White, J. M.; Schiesser, C.®tg. Biomol. Chem2006
4, 466.

986 Org. Lett, Vol. 10, No. 5, 2008



Table 2. Decarboxylative Rearrangement and Azidation of
MPDOC Esters with Benzenesulfonyl Azide According to
Scheme 3 (eqs 2 and 3)

entry precursor eq 2, yield eq 3, yield®
1 8 12, 73% 4,67%
2 9 13, 84% 16, 38%
3 10 14, 76% 17, 53%
4 11 15, 66% 18, 52%

aRearranged product?2—15 are also produced in 220% vyield.

Scheme 4. Preparation of Thiols and Bromides
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The decarboxylative rearrangement of MPDOC esters gigficylt to realize due to the instablity of the corresponding
represents a practical method for the transformation of ggtergs All of our attempts to run an azidation process with

carboxylic acids into thiols as exemplified by reductive
treatment of rearranged produict with LiAIH 4 in THF to
afford 19 (Scheme 4, eq 4). To further demonstrate the utility

Scheme 3. Decarboxylative Rearrangement and Azidation of
MPDOC Esters
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X

9 X =CO,N(Ph)C(S)SMe
13 X = SC(NPh)SMe
16 X =N,

Me;Si \/LX

11 X = CO,N(Ph)C(S)SMe
15 X = SC(NPh)SMe
18 X = Ng

es

8 X =CO,N(Ph)C(S)SMe
12 X = SC(NPh)SMe
4 X=N3

O,

10 X = CO,N(Ph)C(S)SMe
14 X = SC(NPh)SMe
17 X =N,

of MPDOC esters, radical bromination using G&H was
investigated (Scheme 4, eqB)Treatment of este® with
CClBr at 5°C affords the expected bromi@@in 85% yield.

PTOC esters derived from amino acids failed. Therefore, the
use of the MPDOC esters was investigated but their stability
is not sufficiently enhanced compared to PTOC esters to
solve the problem. Finally, best results are obtained by using
Kim's MMDOC esters (Scheme 6). Preparation and purifica-
tion of the ester@4—26 (Table 3) are possible although some
decomposition on silica gel is observed. Initiation of the
radical reaction is best achieved in this case with AIBN in
refluxing benzene. In the presence of benzenesulfonyl azide
or 3-pyridinesulfonyl azidé® good yield of azide7—29
were obtained.

Scheme 5. Decarboxylative Cyclization and
Cyclization-Azidation Reaction of the MPDOC Est&t
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The reaction of este26 affords only29, the product of

The reaction involving MPDOC esters was also examined gjrect azidation, in 63% yield. No product resulting from a

in cyclization processes (Scheme 5). In preliminary experi-

ment with ester2l, irradication at 5°C with a sunlamp
afforded the cyclized produ@?2in 80% yield (eq 6). When

the same reaction was run in the presence of benzenesul-

fonyl azide, the cyclic azid@3 was isolated in 41% vyield

(eq 7).
Decarboxylation ofr--amino andx-alkoxy acids using the

6-exo-cyclization process is observed. Interestingly, in all
the azidation reactions involving MMDOC este2d—26,

no rearranged product is observed.

In conclusion, we have developed thiohydroxamic acid
esters, the MPDOC esters, which are particularly suitable
for the generation of alkyl radicals. They are stable and can
be purified by classical flash chromatography but they

classical Barton PTOC esters is possible but experimentally

(14) Barton, D. H. R.; Crich, D.; Motherwell, WTetrahedron1985
41, 3901.
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Scheme 6. MMDOC Esters froma-Amino- and
o-Hydroxyesters

S
HO\NJ\SMe s
Me
R-CO.H - = R\n/Q‘NJ\SMe
DCC (1.1 equiv), DMAP (0.1 equiv) |
CH,Cly, 1t O Me
24-26
PhSOzNa or
3-PySO,N; (6 equiv
ySO,N3 (6 equiv) RN, ®
AIBN (3-5 equiv)
benzene, reflux 27-29
Sx DL,
Boc
24 (X = CO,N(Me)C(S)SMe) 25 (X = CO,N(Me)C(S)SMe)
27 (X =Ns) 28 (X = N3)

o

26 (X = CO,N(Me)C(S)SMe)
29 (X = Nj)

undergo facile homolytic fragmentation under thermal and

Table 3. Preparation and Azidation of MMDOC Ester
According to Scheme 6 (eq 8)

entry MMDOC, yield azide, yield
1 24, 85% 27, 61%*
2 25, 60% 28, 70%"
3 26, 62% 29, 63%"

aPhSQNj3 was used as radical trap3-PySQN; was used.

radical traps such as sulfonyl azides. For the generation of
o-aminoalkyl ando-alkoxyalkyl radicals, the use of Kim’s
even less reactive MMDOC esters is recommended.
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