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- Radicals generatad by photolysis (W light) of estexs
derived from }-hydroxy-2-thiopyridone react with electrophilic
{socyanidss 23 and (in the presence of trifluoracetic acid) 2b to
give andducts of type 3. .Coptvenient reaction procedures have been
worksd out to hydrolyse the adducts to amides of type 3, from
which the etiginal acid can be regensrated under mild conditions.
The threé importint acids oleic, linoleic and arachidonic have all
given swoéth réactions. In suitable examples, %unntiutivo
svolution of carbon dioxide and incorperation of '3C without
dilution have besn demonstrated. This reaction sequence will be
useful for the labelling in the carboxyl group of prostaglandins,
leukotrienss, and the sids chain carboxyls of peptides.

Carboxylic acids are an important class of biologically asctive Natural Products.
Amongst these the (n:‘olt:l;hndi.tux and lsukotrienes®! are of current interest as well as a
-uit!.tudo of small peptides and amino-acids.’ The two former classes of compounds are
sensitive to acidic and basiec conditions and many react with oxygen under radical
conditions. To m.'.lnoilod.o there is no convenient way to labal the carboxyl group in
these cofipounds with ¢ or ¥, #8lthough such labelling would be very useful in biological
experiments. ih have called this the "one carbon” problem.

Recently there has been considerable progress in the use of the carboxyl group as a
convenient source of "disciplined” radicals.*® The most convenient modification of our
use of thiohydroxamic esters as radical generators is the photolysis with tungsten light
of compounds of type 1. The carbon radicals R’ which are formed can be intercepted by
many radicophilic functfonal groups to give another radical which can again generate an R’
radical by reaction with the thiocarbonyl group of 1. The 2-thiopyridyl group vhich is
thus added can be easily removed, or it can lend itself to further useful manipulation.’®

We conceived tat the radicals R® generated from a carboxylic acid should be able to
react with a suftable one cirbon trap, which could then be converted back into the
carboxyl function. The problem was to find a sufficiently reactive “ons carbon” reagent
vhich codld be menipylated under wery mild conditions. The sort of functionality present
in (say) the leukotfieNes moans cthat & trf¥ial solution like addition to acrylic acid,
elimimation to unsaturated acid and degradation back to starting acid’ would ba completely
impractical.

* This article is Jodl_ccod to our Publisher, Mr. Robert Maxwell on the occasion of his
sity-fifch annivefsary. Salute Super-Max.
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Wa considered two one carbon fragments: isocyanides and carbon monoxide. Ws could
not find any addition to carbon monoxids, even at low temperature, nor could we add a
radical to an ordinary isocyanids (cyclohexyl), the background rearrangsment reaction
being much faster. The recorded reaction with g-butyl isocyanide required rather special
reaction conditions.®

Consideration of the Scheme for addition to an {sccyanide 2 suggests that an
slectrophilic substituent should potentiste rveactivity towards & mucleophilic radical R’

Scheme

Table 1: Preparation of lclydtexy-z-thiopyrldm Ssters }

Entry Ester 1Y - Method Yield (X) Nalting Point (°C)

Recorded e,

1 ia A 86 115

2 pi-] A " 75 48-55 (dec)

3 ic A 82 oii

4 id A 9% 0il

5 1 A 75 110 110

] it A 71 ) 83

7 is B 1] 113

8 Ty A 90 o011

9 i85 A 83 166 165

A: Preparation of acid chlorids froa carboxylic acid § using oxalyl chlorids and
trace of DMF was followed by its reaction with N-hydrexy-2-thiopyridons in the
presence of pyridine. B: Rsection of salt ] with carboxylic acid § in the presence
of Et,N,i: Reference for esters lbh: 19, la: 18, 11: 20.

If the chain be carried in the usual vay, then the product of ths reaction would be 2. Vs
report the synthesis of a mumber of thichydroxamic esters of typs 1 and of isocyanides 2
potantially reactive towards radicals.

The esters 1 wers all but one prepared by the resction of the sci{d chloride with §-
hydroxy-2-thiopyridone in the usual way (Table 1). Of particular {nterest were the
derivatives of oleic Jg, linoleic ]d and arachidonic lh acids because these approach the
kind of functionality found fn the leukotrienes. There was no difffculty in the
preparation or manipulation of any of the eaters of Table 1.

The isocyanides listed in Table 2 were prepared by two standard methods. The
appropriste amine wvas formylated and the derived formamide dshydrated by phosgene-
trhhyluim.' Alternatively the amine was treated with alkali and chloroform.!?
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The p-nitrophenyl {isocyanide 25 wvas a stable crystalline compound and showed
satisfactory radicophilicity. So also did 3-pyridyl {socyanids 2h i{n the presence of a
little trifluoroacetic acid. However, this isocyanids polymerised when pure and so it was
manipulated only in solution. The 2- and 4-pyridyl isomers polymsrised even more easily
and could not be used. The 4-quinaldine isocysnide 24 also could not be isolated, whereas
the 3-quinoline derivative 2¢c and the p-dimethylaminophenyl isocyanids 2g¢ could be
obtained pure, but wérs not reactive encugh towards radicals even on protonation. The
data are presentsd semi-quantitatively in Table 3, which includes also data on the
commercially available p-tolylsulfonylssthyl isocyanids (TOSMIC). The isonitriles 2 and
2b have the best compromise between reactivity towards radicals and stability.

The data recorded in Table 3 refer to experiments with ester 1a. The reaction
product in the absence of trap is always the rearranged dscarboxylation product 4a. In
the presence of the fLsocyanides varying yields of the desired adduct Jg or of the
corresponding amids Sa are obtained. The adducts of type 3a are resdily hydrolysed even

with water.
R-N=C n’-un-@-a "1‘“ @
ci*y §S
2 5 s o~(
o
2
1, 4 § 2
4, R = PhCH,CH, 2a, R’ = p-OMCH,
b, R = Giy(GEpn,, 23, R’ = 3-Py
£, R = cis-8-Heptadetenyl 25, R’ = 3-Quinolyl
d, R = gig-8,11-Heptadacadienyl 24, R' = 4-Quinaldinyl
9. R = Cyclohexyl 28, R’ = p-(CH,) NCH,
£ » - C,CH,(CHyCH 2L, R’ = p-CH,C/HSO,CH,
s R = (CHy)C 2g, R’ = Cyclobexyl
b. R = gis-4,7,10,13-Monadecatetraenyl
1., R = l-Adamantyl
Table 2: Preparation of Isocyanides 2
Entry Isocyanids 2!")  Method Yiald () Melting Point (°C)
Recorded lic.
1 2a A 43 114-116 115-118
2 2a 3 8 114-116
3 p- A 30 (11)
4 2c A 3 81-82
S 2d A 39 (11)
'3 28 A 43 $9-60

A: Aaine was treated ‘with CHCl,/MaOM, B: Formsmids prepared from p-nitro-aniline wvas
reacted with COCl, in the presence of EKtN. 1: Beference for isocysnide 24:22,
?:::-;uh 21:23,25. 11: Polymerized upon removing the solvent and are not stabilized
y .. ? ’ :
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1' i
8, R = PhCh,CH,, R’ « 3-Py
hn R = ws(cuz)“v R' = 3’?’
¢y R = gig-8-Heptadecenyl, R’ = 3-Py : R’-'N-C/R.
. < )
d, R = cig-8,11-Heptadecandienyl 5-(24‘])
R'= 3-Py 3
a4, R = Cyclohexyl, R' = 3-Py -
£, R = CH,CH,(CH;)CH, R’ = 3-Py
& R = (CHy),C, R’ = 3-Py ‘
h, R = gia-4,7,10,13-Nonadeca- R:-NH-g-R
tetraenyl, R’ = p-O,NC,H,
i, R = PhCH,CH,, R’ = p-O,NCH, 5
1' - c“’(mz)“r R! = n-OzNCsH‘
=\ /= COOH
c,n"‘ V ‘(cu,)7co,u —A—
6d §h
R
Wpa®
N ~
89 .-« cl--
8, R = PhCH,CH, 8
B. R = cHy(ay),, =
€ R = gig-4,7,10,13-Nonadeca-
tetraenyl ) ’,70
R—C\.
06-8.;
9
Table 3: Reactivity of 2-Phenylethyl Radical Toward Isocyapides 2
Entry Isocyanide 2 Reaction Products
(mmol) Conditions (X Yield)
1 24(5.0) A, 28°C 13(30), 4(20), 5(50)
2 2bk(5.5) B; -15°C 3(80), &(20)
3 25(5.5) B; -15°C 3(55), 4(3%)
4 29(5.0) c: 25°C 4(63), 3(30)
5 2£(5.0) A; 0°C 2(45), 4(53)
6 25(15) ¢, 0°¢c 4(80)
A: Inverse Addftion, B: In ptouncc' of CFJCOOH. C Neutui condltlonz'
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Taking precsutions to eliminate water, a range of ssters was photolysed in the
presence of isocyanides 2a or 2h (Table 4). For all primary and secondary acids, the
ylelds of adducts 3} were satisfactory. Even the f-butyl radical gave a significant yield.
Hovever the 1-adamantyl radical did not react at all.

All tha adducts ] bdased on 3-pyridyl isocyanids were resdily convarted to the
corrasponding amids 3 simply on treating with dioxane and water at room tsmperaturse. The
adducts from the p-nitrophenyl isocyanide were likewise hydrolysed on silica gel
chromatography.

Table 4: Addition of Alkyl Radicals to lsocyanides 2

Entry Reactants Tewp. Irradiation Products'!)
c Time (min.) (X Yield)
1 1a. 2b -15 10 3a(80), 4a(20)
2 1b, 2b -15 10 3b(62), 4b(21)
3 ic. 2b .10 15 36(58), 4c(1%)
4 1d. 2b -10 15 24(60), 4d(15)
5 ls. 2b .15 2s 3a(70)
6 £, 2 -15 25 3L£(69), &E(S)
7 1. 2b .15 30 35(50), 4g(60)
8 1h, 2a 40 60 4h(1%), 5h(3%)
9 1. 2 28 60 4a(20), 3a(71)
{1) Reference for sulfides &b and 4g: 20.

With the amides in hand, attention could be given to their hydrolysis. Clearly, ordinary
acid or base hyéxolyctt“ would not be applicable to lsukotriens derivatives. Using amids
5a a mild procedure based on anion-CS, cleavage ! was developed. Thus, amide 5a vas
treated with the lithiua salt of hexamsthydisilazane and then with carbon disulfide. This
gave the corraspounding thicacid which was converted into its {-trimethylsilyl derivative
vith the excess of hoxmﬂtylduuum'" Addition of phenylasleninic acid, as
sxpscted!®, converted the thiocarbonyl grouping to csrbonyl and thus, addition of water,
gave the rsquired acid. If water was addad before the additfon of the phenylseleninic
acid, the corresponding thiol acid was formed, readily converted by air, or by
phenylseleninic acid, into the diacyldisulfide and not ths free acid. Tsble 5 sumsarises
the results obtained. The procedure was satisfactory for all primary acids. It gave less
satisfactory results with a secondary acid and no scid was forwed in the pivalic acid
case. Since all the important, bioclogically relevant scids involved, including the side
chain carboxyl groups in peptides, ars primary the fajlure of the reaction in the tertiary
case is not sarious.

A second method was also developed involving an imino-chloride intermediate.
Treatment of the amide 3a with PCl,-pyridine gave the derived imino-chloride!’ (8) which
on treatment with {sobutancl and then watetr gavae the isobutyl ester ' (9). Mild base
hydrolysis then afforded the acid. This vas tha best method for the p-nitrophenyl
derivatives (Table 6). Good results were also obtained using pboupu-pyrmlm” and
these conditions could be applied witheut &ifficulty to arachidenic acid.

Since we start with a carboxylic acid and comvert it back to starting material, ve
thought it desirable to prove that we had really removed the CO,. This wes dons {in two
experiments. Firstly, the amount of €O, svolved in the photolysis of sester ]z in the
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presence of 3-pyridyl isocyanide 2b was shown by the barium carbonate method to be 97%.
Secondly, the radical from ester la was allowed to react with isocyanide 23 which had been
enriched in 3¢ (7.5%). After purificatien, the ami{ds Ja was obtained labelled on the
amide carben with 3¢ (7.21).

The manipulation of the sensitive arachidonic acid (éh) under conditions of radical
gensration and trapping is the most severe test for the methods developed in this paper.
We have also sxamined the reactivity of ths radical from arachidonic acid towards diphenyl
diselenide. This afforded the expected derivative gig-4,7,10,13-nonadecatecraenylphenyl
sslenide in good yleld (72X).

Table 5: Hydrolysis of Thioimidates 3

Entry Substrate Hydrolysis Antde 59 Acid §

to Anide 3, (2 Yield) (% Yield)
Time (hrs.)

1 2 12 54(90) 6a(65)

2 b 12 sh(81) §b(60)

3 a 40 5¢(93) ge(51)

4 id 40 24(89) £d4(58)

S kT'Y 12 38(95) £e(63)

6 a 36 S£(90) 6£(35)

7 2

(1) Reference for amide 5¢: 26; S5g: 27. (i1) No amide was formed after 40 hrs,

Table 6: Hydrolysis of N- (p-Nitrophenyl)-amides

Entry Anide Method Product
. (X Yield)

1 sh B £h(67)

2 L1 A £a(85)

3 L3 B £a(94)

4 53 A £0(90)

A: PCIS. then successive treatment with pyridine, 1-BuOH, 3N NaOH and H,S0,
3: cocCl,, then successive treatment with pyridine, i-BuOH, 3N NeOH and sto‘

Expazimantal

N.M.R. spectra wers recorded at 200 Mir with a Varfan XL-2008 spectrometer for
solutions in deuteriochloroform. Chemical shifts are in ppm, with respect to internsl
SiMe,. Ir spactra were measured with a Perkin-Elmer 881 spectrometer and U.V. spectra
with a Backmann DU-7 spectrometer. Electron impact (70 eV.) miss spectra wers recorded on
a Hevlett-Packard 5995C quadrupole gc-ms instrument. Exact maas msasuyrements were carried
out with a VG Analytical 705 high resolution double focusing magnetic sector nass
spectromster with attached VC Analytical 11/230J data  systes. Microanalyses were
performed at the Center of Tracs Characterization, Texas ASM University, Melting points
are determined on a Xofler hot stage and are uncorrected. N-Hydroxypyridine-2-thione vas
prepared B from the 40X aqueocus solution of its sodium salt (trads name: sodium omadine
from the 0lin Corp.).
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Hathod A: A solution of the carboxylic acid (0.82 mmol) in dry benzens (2 ml) and
DMF (1 drop) was trested with oxalyl chloride at room tempersture. One hour after the
evolution af gas had ceased, the solvent and excess oxalyl chloride were removed in vacuo.
The N-hydroxypyridine-2-thione (109 mg; 0.86 mmol) in benzene (2 ml) was added dropwise
folloved by pyridine (0.07 ml; 0.86 mwol) in benzens (0.2 ml). The cooling bath was
renoved and the stirring was continued for 2 hrs. The resction mixturs was diluted with
benzene, filtered and concentrated at reduced pressure. The residus was purified by
chromatography on silica gel then the esters, when solid, were recrystallized from hexane/
CH,Cl, (Table 1).

Eater la V (CH,Cl,) 1810, 1610 cm’l; §: 7.69 (1K,d), 7.55 (IK.,d), 7.32-7.23 (S5H.a), 7.19
(1H,t), 6.60 (1H,t), 3.19-3.11 (2H,m), 3.07-2.99 (2H,m).

Ester lc ¥ (neat) 1810, 1610 ca’l; §: 7.68 (1H,d), 7.53 (1H,d4), 7.27 (1H,t), 6.60 (IH.t),
5.31 (2H,t), 2.68 (2H,t), 2.00 (4H,m), 1.80 (2H,m), 1.31-1.24 (20H.m), 0.86 (3H,t).

¥ (neat) 1807, 1608 cn"; §:7.68 (1H,d), 7.53 (1H,d), 7,27 (1H,t), 6.60 (1R, ),
5.35 (4H,m), 2.76 (2B.t), 2.6% {2H,t), 2.04 (4H,m), 1.80 (2H,m), 1.40-1.23 (14H,m), 0.86
{3H,t).

Eataxr le V¥ (CH,Cl,) 1790, 1610 ew’l; §: 7.68 (1H,d4), 7.53 (1H,d), 7.19 (1H,t), 6.62
{1H,t), 2.75 (1H,te), 2.18 (2H.d), 1.90-1.63 (5H,m), 1.45-1.23 (3K,m).

¥ (CH,Cl,) 1799, 1610 cm}; §: 7.69 (14,4), 7.33 (1M,d), 7.18 (1H,t), 6.61
(1H,t), 2.78 (1H,m), 1.89 (lH,m), 1.63 (1H,m), 1.37 (3H,d), 1.03 (3H,t).

Eatsr 1g ¥ <(Cﬂhc ) 1786, 1610 ca’t; §: 7.64 {1H,d), 7.4% (1M,d), 7.15 (1H,c), 6.60
(IH,t), 1.44 (9RH.»

Ester 1h ¥ (neat) 1807, 1608 cw’!; §:7.68 (1H,d), 7.53 {14,d), 7.20 (1R,t), 6.61 (1M,t),
5.37 (8H.m), 2.81 (6H,m>. 2.71 (2H,t), 2.21 (2H,m), 2.02 (2H.m), 1.89 (2H,m), 1.29 (6H.w),
0.87 (3H,t).

Mathod B: To a suspension of the salt 7 (1.02 g; 5.38 mmol) in dry CH,Cl, (10 =)
was added dropwise (at 0°C) pivalic acid (0.540 mg: 5.30 mmol) and triethylamine (1.11 m=l;
7.9 mmol) ss a solutfon in CHzCI (10 al), The reaction mixture was stirred at BT for 3
hrs., then diluted with C‘lk(:lz (’30 ml), washed with 10X agusous NahCO, then with water.
The organic layer was dried over MgSO, and the solvent removed in vacuo. The pracipitate
of 1g was recrystallized from K-wn/&iiclz {Tabls 1).

General Proceduxe for the Praparation of the Isocyanides 2

Method A: To s well-stirred solution of the amins (26 mmol) in CH,C1, (15 nl) and
CHCly (2.5 al) containing 3-BuMHSO, (0.9 g; 2.6 wmol) was added in one portion 50%
aqueocus NeOH (15 ml). The reaction mixture was stirred for 12 hrs., then diluted with
vater and extracted with CH,Cl,. The combined CH,Cl, extracts were dried over MgSO, and
concentrated at reduced pressure. Chromstography on silica gel ( Cl,: 2k, 20, 2d:
CHC1,: 2a; Hexane /CH,C1, 60/40: 2a) furnished the pure isonitrile 2 (See Table 2).

Mathod B: To formic acid (91X; 8 ml; 0.19 mole) cooled at 0°C, freshly distilled
Ac,0 (6.8 ml; 72 mmol) was edded. After stirring at RT for 1 hr. this solution was
treated with p-nitroaniline (5 g; 36 mmol) and stirred overnight at RT. The resction
mixture was then trested with saturated squeous K, unt{l pl=8. The precipitate of
formamide was collected by filtration, washed with cold water and dried under vacuum over
P,0;. This compound was used in the next step without further purification: 5.5 g.
Bo¥): mp: 184°C. w(THP) 3249, 1709, 1598 cm'l; §:8.49 (1H,s); 8.26 (2H.d): 7.90 (2H.dy:
7.52 (1H,s).

To & suspension of the formamide (2 g; 12 mmol) in dry CH,Cl, (20 ml), dry NEt, vas
added (3.25 cl; 2/ cacll. The resction was cooled at 0-5°C and phosgens (1.20 g; 12.1
mmol) as a solutiom in dry CH,Cl, was sdded dropwise. The cooling bath was removed and
the mixturs stirrsd ovamight. After filtration, the solution was diluted with CH,Cl,,
vashsd with brine and dried over MgSO,. Concentration and purification by chromatography

on silica gel (Hexane/CH,Cl, 60/40) allowed isolation of the pure {socyanids 2a: 1.6 g
(90%) .

%i;umm_xmn_z. ¥ (OR,CL,) 2120 eml; & ('M): 8.30 (2H,d), 7.56 (2H,d); &
C)

: 1697 (s}, 147.5 (s), 127.5 (d), 125.1 (d).

:Ryxidvl isocyanide 2b ¥ ( Cl,) 2129 ca’l: §:8.68 (1H,s), 8.64 (14,d), 7.69 (14,4), 7.38
(1H,dd); UV (CH,C1,) Amax: 228.5 (£ $525), Amax: 267.5 (£ 3059). The concentration of 3-
pyridyl isocyanide in the ( Cl,) solution could slsc be determined by comparison of Viur
vith a standard (CH,C1l,) solution of cyclohexyl isocyanidas (Pe: 2140 cal). The 3-
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pyridyl isocyanide could be kept for about a week in solution (0.35 mol/l) at -20°C under
inart atmosphere.

2-Ouinoline isocyanide 2c ¥ (Q,Cly) 2133 ca’l; §: 8.85 (1H,x), 8.1& (IM,s), 8.11 (IH,d),
7.79 (2H,t), 7.62 (IM,t). (Found: C, 77.48; H, 3.89; N, 17.69%. Calc. for'cm!i,!lz:
C,77.90; H,3.92; N,18.171). :

4-(2-Mathylquinoline) isocysnide 2d ¥ (CH,CL,) 2125 cw™'; §: 8.10 (1H.d), 8.04 (1H,d), 7.77
(1K,t), 7.63 (1H,t), 7.27 (1H,s), 2.66 (3H.s).
4-(N.N-Dimathylaminophenyl) isocyanide 2e ¥ (CH,CL,) 2110 ca™; »: 7.23 (2M.4), 6.57

(2H,4), 2.98 (6H,s).

Ivpical Procedure for Radical Addicion to Isccvanides 2

All the opsrations were performed under inert atmosphere in well degassed solvents.
Until {rradiatfon was started (150W tungsten lamp) the resction vessal was wrapped with an
alusinua foil.

a) Radical Addition to p-Nitrophanvl Isocyanids 2a

p-Nitrophanyl isocysnide 23 (800 mg; 5.40 mmol) was dissolved in dry benzens (15 ml})
and a portion of this solution (4 ml) was used to diasolve the thiohydroxamic ssver lh
(150 mg; 0.36 mmol). This estsr solution was then addad over 40 min. y{a syringe pump, to
the remaining irradiated isocyanide solution (11 =»l) kept at a constant tempexrature of
45°C.

The frradiation was continusd for 15 min. after the end of addition. Then, the
cooled rssction mixture was diluted with ether and stirred for 15 ain., at RT,
Concentration followed by a chromatography on silica (CgH,/Et,0 96/4 then Cl,; under
inert atmosphere, in ths dark) afforded the pure amide 3h. During the separation sost of
28 vas racovered (500 mg, 62%) and could be recycled.

The compounds 3{ and jh obtained in this way (Table 4) had identical spectral data
with the suthentic amide samples prepared from the corrssponding acyl chlorides and p-
nitroaniline in THF.

N-{p-Nitrgohenyl)-2-Fhenviproplonamide 21 mp. (Hexane/EtOAc): 119-120°C v (CH,CL,)
415, 1708 cal; § (R s

): 8.16 (2H,4), 7.77 (lH,s), 7.62 (2H,4), 7.32-7.17 (H,m), 3
(2H,t), 2.72 (2H,t); § (P%0): 171.1 (s), 143.7 (s), 163.3 (s), 140.1 (s), 128.7 (4), 128.3
(d), 126.6 (d), 125.0 (d), 119.1 (d), 39.4 (t), 31.3 (t); w/z: 270 (5.5%); (Found: C,
66.58; H, 5.10; N, 10.151. Cale. for C,H N0, C, 66.65; H, 5.22; N, 10.371).

N-(p-Hitrophenyl):arachidenamide Sh ¥ (CH,Cl,) 3421, 1705 cwl; & ('H): 8.25 (IH,8),
8.15 (24,d), 7.73 (2M.4), 5.32 (S8H.m), 2.77 (6K,m), 2.4} (2H,t) 2.13 (2H.m), 2.00 (2H.m),
1.78 (2H,m), 1.26 (6H,m); 0.85 (3H,t); & (C): 171.3 (a), 143.6 (s), 143.4 (s), 130.6
(), 129.2 (d), 128.6 (&), 128.3 (d), 127.9 (d), 127.7 (&), 127.4 (@), 125.1 (d), 119.1
(d), 36.9 (t), 31.5 (t), 29.3 (tr), 27.2 (v), 26.5 (t), 25.6 (r), 25.0 (r), 22.5 (r), 4.1
(Q); m/z (X): 424 (4X) M+ [Found: m/x, 426.2728, C,H,K,0, (M+) requires 424.2726].

b) Badical Addition ro 2:-Pyvridvl {socyanide 2b

To the cooled solution of 2k (5.25 wmmol) im CH,ICL, (15 ul) was successively added
freshly distilled trifluorvoacstic acid (7.5 pl; 0.09 -of) and the thiohydroxamic ester }
(0.75 mmol). After irradiation (see Table 4) the solvent was evsporated and the residue
warmed under vacuum (30°C; 0.2 sm Hg). At this stage, the pyridyl thicimidates 3 could be
hydrolyzed without further puriffication. Isolation of the thioimidates } wvas feasible
after neutralization with NEtr, (12.5 #1; 0.09 wmol) followed by flash chromatography on
silica gel (CH,Cl, then EtOAc).

§: 8.55 (1M,4), 8.25 (1H,d), 8.10 (1H,s), 7.55 (1H,t), 7.40 (lH,d), 7.28-
7.10 (8H.m), 3.04-2.96 (24.m), 2.91-2.83 (2H,m).

§: 8.55 (1H,4), 8.25 (1H,d), 8.10 (1H,s), 7.55 (1H,t), 7.40 (1H,d), 7.20-
7.10 (3H,wm), 2.74 (2H,t), 1.70 (2H,m), 1.24 (24H,s), 0.86 (3H,t).

Ihioimidate 3c &: 8.55 (1R,d), 8.25 (1H.d), 8.10 (IH,s), 7.5% (1H,c), 7.40 (1H,d), 7.20-
7.10 (3H,m), 5.32 (2H,m), 2.56 (2H,r), 1.98 (4H,d), 1.65 (2H,m), 1.25 (20H,m) O0.86 (3H,t).

é: 8.55 (1H,d), 8.25 (1K,d), 8.10 (1H,s), 7.55 (1H,t), 7.40 (lH,d), 7.20-
7.10 (3H,m), 5.33 (4H.m), 2.75 (2H4,t), 2.54 (2H,t), 2.00 (4H,d), 1.65 (2H,m), 1.28-1.23
{l4H,m), 0.87 (3H,m).
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Ihioimidace e &: 8.55 (1H.d), 8.25 (1H,d), 8.10 (IH,s), 7.5% (1K,t), 7.40 (1H.d), 7.20-
7.10 (3H,m), 2.50 (1H,ct), 2.00 (2H,d), 1.81-1.11 (BH,m).

§: 8.55 (1H,4), 8.25 (1H.d), B.10 (iK,s), 7.55 (lH,t), 7.40 (1H,d), 7.20-
7.10 (3H,m), 2.61 (1H,w), 1.82 (1H.m), 1.50 (1H,m), 1.24 (3H,d), 0.91 (3H,t).

Thicimidase 3g §: 8.35 (1K,d), 8.25 (1H,d), 8.10 (1H,s), 7.35 (lH,t), 7.40 (1H,d), 7.20-
7.10 (3H,m), 1.43 (94,s).

After being hydrolysed {n a dioxams/water (80/20, v/v) solution at RY (ses Table 5)
the amides J obtained had identical spectral data with ths authentic amides prepared from
the corresponding carboxylic acid and 3-sminopyridine in dry CR,Cl, with dfcyclohexylcar-
bodiimide (DCC) as & coupling agent.

Saide Sa wp. (benzens/CHCly) 126-125°C, ¥ (GH,Cl,) 3420, 1693 cal; §('H): 8.40 (1H,d),
8.28 (1H,d4), 8.12 (IM,d), 7.71 (IN,s), 7.31-7.17 (6H,m), 3.04 (2H,t), 2.68 (2H,t); §('C):
171.6 (), 144.6 (), 140.9 (d), 140.4 (), 135.5 (s), 128.6 (d), 128.3 (d), 127.7 (4},
126.4 (4), 123.9 (d), 38.9 (t), 31.4 (£); s/z (X): 226 (31) M+, 105 (41), 94 (100), 91
(72); (PFound: C, 73.77; H, 6.36; N, 11.78X Calc. for C“H“I,O C, 74.31; H, 6.23; N,
12.380).

Anide Sb wp. (benzene) 95-97°C; ¥ (CH,CL,) 3420, 1691 ca’l; §: 8.60 (1H,d), 8.30 (1H,4),
8.22 (1M.6), 8.00 (lH,s), 7.20 (1H,dd), 2.39 (2H,c), 1.68 (2H,m), 1.21 (24H,s), 0.85
(3H,t), (Found: C, 75.62; M, 10.82; N, 8.031. Calc. for C,HyN,0 C, 75,85; N, 10.91; N,
8.42%).

wp (benzens) 30-33°C;. ¥ (CHCL,) 3423, 1696 eml; §: 9.20 (1H,s), $.50 (1H.d),
8.25 (14,4), 8.17 (1H,4), 7.20 (1H,4d), $.28 (2H,m), 1.96 (4W.m), 1.68 (2H,m), 1.33.1.20
(208,2), 0.86 (3H,t); m/z (X): 358 (77.5%) M+ [Pound: w/x, 358.2981, CnH,‘NZO (4+)
requires 358.29845,

smida S5d ¥ (CHCL,) 3424, 1695 ctq; §: 8.5 (1H,d) 8.31 (1H,d), 8.20 (1M.d), 7.75 (1K,s),
7.25 (1H,4d), 5.34 (4H,m), 2.7% (2H,t), 2.38 (2H,t), 2.01 (AH.w), 1.71 (2H.w), 1.35-1.25
(L4R,m), 0.87 (IR,t); m/z (%): 336 (83.4% ) M+ [Pound: m\x, 356.2824, CoollyglN,0 (M+)
requiread 356,2828].

Amide Se wp. (Hexans / CHCl,) 134-135°C ¥ (CH,CL,) 3430, 1696 ca'; &§: 8.70 (1H,s), 8.53
(18,d), 8.26 (1H,d), 8.17 (1H,d), 7.22 (14,dd), 2.29 (1H,et), 1.94-1.15 (10H,m); [Pound:
C, 70.83; H, 8.24; N, 13.62%. Calc. for CH, M0 C, 70.55; B, 7.90; W, 13.72%}.

Amide ST ¥ (CHC1,) 3423, 1695 cm’l; §: 9.20 (1H,s), B.68 (1H,d), 8.21 (1H,d), 8.10 (1H,d),
7.17 (lH,ad), 2.31 QH,m), 1.63 (1N,m), 1.40 (1H,m), 1.10 (3H.d), 0.84 (3H.,t): w/x (X):
178 (28%) N+ [Found: w/z, 178.1100, C, K K,0 (M+) requires 178.1106].

Amide 55 wp. (benxens) 123-124°C (11c.¥ 127°C); ¥ (cu;m,i) 3439, 1682 ea’l; §: 8.62
(1H,s), 8.49 (1M,d), 8.06 (1H,d), 7.95 (1H,d), 7.02 (1M,dd}, 1.13 (9H,s),

The sulfides § resulting from the background rearrsngement reaction (Tsble 4), which
wvere not isolated during the purificetion of the pyridyl thioimidates 1, wers eassily
prepared by irradiation of a solutfon of the ester ] (0.20g) im dry CH,Cl; (5 ml) at 0‘c
and purified by preparative tlc on silica (CH/CL,).

Sulfide 4s ¥: (CH,.Cl,) 1380, 1123 ea’l; §: 8.45 (1H,d), 7.46 (1H,t), 7.37-7.15 (6H,m), 6.98
(1H,t), 3.41 (2H,t), 3.05 (2H,t).

Sulfids 4c V (CH,CL,): 1579, 1124 cal; §: 8.65 (IH,d), 7.45 (lH,c), 7.15 (1H,d), 6.94
(1H,t), 5.33 (24,w), 3.16 (2H,c), 2.00 (4H,m), 1,78 (24,m), 1.25-1.19 (20H,=), 0.86
(34,c).

Sulfida 44 ¥ (CHCL,): 1580, 1126 cal; §: 8.40 (1M,4), 7.43 (1H,t), 7.13 (1H,d), 6.91
(1H,t), 5.3 (&ﬂ,.&. 3.14 (2H,t), 2.75 (2K,t), 2.01 (4H.m), 1.67 (2H.,m), 1.42-1.28
(l4KH,m), 0.87 (3H,¢).

v (GH,CL): 1580, 1125 ca’); §: 8.38 (1M,d), 7.40 (1H,r), 7.11 (1H,d), 6.90
(1H,t), 3.76 (1H,m), 2.02 (2H,w), 2.79-1.20 (8H,m).

Sulfide &2 ¥ (CH,CL,): 1377, 1125 el §: 8.41 (IH,d), 7.45 (1M,e), 7.15 (1H,d), 7.00
(1H,£), 3.90 (1K,m), 2.35 (1H,m), 1.68 (1H.w), 1.36 (3H,d), 1.05 (3M,t).

v (CQU,Cl,): 1579, 1126 ) §: 8.43 (1H,4), 7.45 (1M,%), 7.17 (1H,d), 6.94
(1H,t), 35.36 (SH,m), 3.16 (2U,ct), 2.81 (6H.m), 2.23 (2H.m), 2.03 (24.m), 1.78 (H.m),
1.30-1.26 (6H,m); 0.88 (3R,t).
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Reganaxasion of the Scaxting Caxboxvliic Acida 6

All these experiments wers parformed under inert atwosphare with rigorous exclusion
of moisture. Solvents and reagents were drisd before using by cenventional methods

- - » -

a) Clsavags by CS, procedurs: To a THF solutfon (1.0 ml) of hexamethyldisilazane (0.17
al, 0.81 smol) coeled st -20°C, a solution of g-BuLl {0.74 mmol) in hexsne (1.44) was
added dropwise. After stirring for 30 min., the smide (0.76¢ macl) in THF (2m1) was sdded
at -20°C and the tsmpsrature silowed to rise to room temperaturs.  To this solution, CS
(0.13 ml, 2.21 mmol) in THF (0.5 ml) was added dropwise and stirring was coml
overnight.

To obtain the thiol-smcid from amide 5g, the reasction asixtufe was poursd inte =z
chilled aquaous NuOH (10X) solutfon and washed with ether. The aqueous layer was
acidified by H,50, {25%, v/v) and extracted with benzene. BEvaporation of solvent furnished
the pure product ’la 80X yield, wvhich dimerized on standing.

Ph(CH,),COSH, §: 7.35-7.13 (SH,m), 2.95 (4H,s).

(Ph(EH,),0081,, ¥ (QLCL,) 1720, 1610, 1133 ca; §('W): 7.35-7.13 (108,w), 3.05
(e, 0); ST 19277 (0),-139.% (o), 128.7 (d), 128.3 (d), 126.6 (d), 44.3 (), 31.2 ()3
a/z (%): 133 (68), 105 (100), 91 (88).

For rsgeneration of the carboxylic acid, the reaction mixture was diluted with THF
{1 ml) snd treated with PhSeO,H (138 mg. 0.73 mwdl). After stirring at RT for 3 hrs., the
resulting mixture was pour inte chilled aquscus NaOH. and washed with ather: Tha
acidified (25X H,80,, v/v) aqueous layer was extracted with ather. The combined organic
axtracts gave purs scid § upon removal of solvent in moderate to good yfeld (see Table 5).
b) Cleavage yis Iwidoyl chloride £: Ths resction conditions wers identical to those
dascribed for ¥-(p-nitrophenyl)-smides. It i{s to bs noted that structurally related
compound 33 4id not react with an sxcess of 1-BuOR at 60°C.

- - - -«

. A solutfon of smide (1.15 mmol) fn QLCl, (2 ml) was quickly sdded to &
suspension of PCly (249 mg, 1.2 meol) in CHCl, (1 ml) st o'c.

Method B: FPhosgens (118 mg, 1.20 mmol) as a solution in Q&:li {2 ml) was addad dropwise
to & solution of the amide (1.15 mmol) in CH)Cl, (2 =1) at 0°C. :

addition) dry pyridine (97 k1; 1.2 mwol) in Cl, was sloviy added end the resction
mixturs vas stirred at room tamperature for 30 sin. The vesulting solution was treated
with dry £-BuOH (0.6 mi; 6.5 mmol). After the formstion of a pracipitate, the mixture wvas
stirred for 3 additfonal hours and then poured into cold water. Extraction with CR(Cl,,
vashing with 5% aqueous HCl (v/v) and with H,0 followsd .by evaporation of CH,Cl, furnished
the ester 3, which could be used in the next step without furcther purificacion.

iso-Butyl ester fa ¥ (CHCLl,) 1726 ew'l; §: 7,18 (SH,m), 3.82 (2H,4). 2.92 (2M,r), [ 60
(2H,t), 1.87 (1H,m), 0.89 (Gfi.d).

To ths above solutions (15 ain. after Pc;iidiuolu:tou or at the end of phosgens

This compound, 9a., had identical spectral dats ss the asuthentic ester sample
prepared from dihydrocisnamic acid (10 smole) and iso-butanol (11 smol) im CH,Cl, (5 al)
using DCC (11 mmol) and catalytic smount of (1.1 mmol) 4-dimethylaminopyridine. e yiald
was 95%.

iso-Butyl estex 9b ¥ (CH,C1,) 1723 ow'l; &: 3.82 (2H,d), 2.29 (24,t), 1.90 (1H,m), 1.59
(2H.m). 1.23 (24R,s), 0.90 ($M,m), 0.84 (3H,t).

iso-Bucy) ester 9c ¥ (CH,Cl,) 1726 cw™l: §: 5 32 (BH,-), 3.82 (2H,d), 2.77 (6H.w), 2.30
(2K,t), 2.14-1.95 (AH,m), 1.86 (1H,m), 1.26 (6H,w), 0.92-0.87 (9H,m).

Hydrolyais of fso-Butyl Ksters 3

A solution of sater § (0.55 mmol) in athanel (25 al) containing 3§ aqueous NaOH (5
nl) was stirred for 12 hrs. at room temperature. The rsaction mixture was then carefully
nsutralized by H,80,, filtered and the precipitate (K, 90, hed with sthanol, The
solvents wers evaporated undsr vacuum then residusl water and {-BuOH were removed by
azeotropic distillation with benzens, A filtratfon through a silica column, when neces-
sary, furnished the carboxylic acid § in pure form (n.m.r.) (see Table 6).
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Quantification of CO, Liberatad During the Raaction BRetwean Katez la and Isccyvanide 2s

A constant flov of argon vas maintajned during the photolysis of the reaction
mixture. The gassous mixture was bubdbled into distilled and. degaseed HO (3 aml)
containing Ba(OM),. ®H,0 (500 mg; 1.58 mmel). After the dscomposition of ester la was
complste, the precipitated was filtered under {nert atwosphers and dried (250°C) to
& conatant wsight (0.143 g, 971j. )

V¢ Enriched Isccvanide 2s

An experiment using ester lh and isocyanide 23 labelled on the isocyanids function e,
7.5% enriched) furnishsd after mﬁxlucntim, the amide jJh labelled on the amide function
as determined by comparstive 3c-n.m.r. messurements (3¢, 7.2¢ enriched). This
demonstrated that the amfds was exclusively formed from radical additien to the
isocyanide. '

The thiohydroxamic ester of arachidonic acid Jh (54 ag; 0.131 mmol) was dissolved in
benzens (4 ml) and diphenyl diselenide (81 mg; 0.26 mmol) was addad. The resulting
solution was irrad{ated (150¥ tungsten lamp) at 43°C for 30 min. The reaction mixture was
concentrated urnder vacuum and the purs product was isolated by prep. t.l.c. on silica (2
successive elutions: hexane then houm/cxzcl /uzo. 10/9/1. The phenylselenide
derivative obtained (39.1 mg, 72%) was a pale yellow ofl. ¥ (CHC1l,) 1576, 1475 and 1437
eal; & (H): 7.52-7.46 (2H.m), 7.26-7.22 (3H,m), 5.40-5.35 (8H,m), 2.91 (2H,t), 2.81
(6H,m), 2.18 (2H.m), 2.03 (2H,w), 1.76 (2H,m), 1.29 (6H,m), 0.88 (3H,t). § (*%¢): 141.9
(s), 132.5 (4), 130.5 (d), 129.0 (d), 128.8 (d), 128.6 (d), 128.2 (d), 127.9 (d), 127.5
(d), 126,7 (4), 31.5 (tr), 29.9 (t), 29.3 (r), 27,3 (), 27.2 (), 25.6 (t), 22.6 (v), 14.1
(q); M/z (X): 417 (12) M+l, 416 (43) M+, 339 (15.3), 158 (50.3), 79 (100) [Found:M/z,
416.1972, Czsl!”“Se (M+) requires 416.1982].
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