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A~nd:TheBartones~17nod18,syntheJizedfromthecomspondmgamim~daivPti~6 
and 14, wcn i~~adiited in situ with or without an extemal trap. TIus. thiopyridines 22 end 23, 
pheny~idcs24and25,cstersUmd27~we~asdwtclatedprodocf,Wwd3Swcrcisdatcd 
whGnthc~20and21wuetrsppcdwithBartontsters17andl8orwithPhSeSePh,methyl 
acrylateorBqSnD.Inallcssestheanriioomerswen~~~arthemaprpoductsinmodereteto 
excellent selectivity. The stereochemical course of the radical nsctions can be expleined by the allytic 
strain model. 

INTRODUCTION 

Recently, Hart et al.1 and Giese et al.2 have shown that enolate radicals, substituted by a terdary allcyl 
group, adopt preferred conformation A (Fig. I), which minimizes allylic strain (A-strain) effects. According to 
this model, the different shielding by substituents Rt and R2 induces ste~~sektivity in radical reactions?*4 In 
our first report2 we predicted that not only ester but, besides others, also amine substituted radicals should 
adopt a preferred confomation because of the A-strain. Subsequent work of Renaud et al? and Cumin et ul.6 

using saturated and unsaturated cyclic amines have verified this suggestion. This qxnt describes our efforts in 

this area using a cyclic imide substituent at the radical center. Aamding to the A-strain model, confomation B 

should be adopted by this radical and stereoselective mapping reactions should follow when Rt and R2 are 
different in size. 

&._..?g &+J.$Y-~~ 
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Fig. 1. A-strain conformations of a-ester (A) and a-imide substituted (B) radicals. 

This article is dedicated to Professor Lkon Ghosez on the occasion of his 60th birth&y. 
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SYNTHESIS OF RADICAL PRECURSORS 

Amino acid derivative 6 was synthesized in 4 steps starting from L-isoleucinc (1). Isoleucine was 
converted to the benzyl ester 2 which was subsequently tmated with phthalic acid mouomethyl ester chhnide 
(3) and ttiethylamine to give amide 4 and phthalimide 5. The amide 4 could readily be cyclixui to phmahmide 
5. Hydrogenaticn of ester 5 gave the &sited isoleucine derivative 6 (Scheme 1). 
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Scheme 1 

Amino acid derivative 14 was synthesixed as a racematt starting from f5-butyrolactone (7). Opening of 
the lactone with ‘BuMgCl in the presence of CuQ and benxylation yielded ester 9. The introduction of the 
amino group was achieved by axidation with trisyl axide. Following the work of Evans et uZ.7, KHMDS was 
used as the base and acetic acid as the quenching reagent. Azide 10 was formed as a mixture of diastemomem. 
Since the ester and the axide were diffiult to separate by flash chromatography, they were used as a mixture in 
the next step. The axide was reduced to amine 11 with Ph3P and the unreacted ester 9 was removed by 
chromatography. The conversion of amine 11 to phthalimide 13 and deprotection to give 14 was achieved in 
the same way as described in the synthesis of 6 (Scheme 2). 
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The amino acid derivatives 6 and 14 were converted into the corresponding Barton esters 17 and 18 

either via the mixed anhydride 15 and subsequent treatment with the trietbylammonium salt of tbiohydroxamic 

acid (16)8, or by treatment with disulfide 19 in the presence of PBu39 (Scheme 3). The Barton esters were not 

isolated and the radical reactions were carried out immediately after complete formation of the Barton esters 17 

and 18.l” 
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Scheme 3 
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TRAPPING OF THE RADICALS 

Without czxzmal trap 

When the Barton esters were irradiated with a 250 W sunlight lamp in the absence of an added radical 
trap, thiopyridines 22 and 23 were formed in moderate yields (Scheme 4). 

hv 

22a, 23a 22b. 23b 

20 R=Et 22a/22b = 1.7: 1 (34%) 
21 R=Bu 23al23b = 5.5 : 1 (53%) 

Scheme 4 

In the case of thiopyridines 23a.b the major isomer 23a could be separated by fractional crystallization 
and the configuration determined by X-ray analysis. An ORIEP-plot of the crystal structure of 23a is shown in 
Fig. 2. By comparison of the NMR-spectroscopic signals of 23a,b with those of 22a.b it could be concluded 
that the reaction of 17 gave 22a as the major isomer. 

23a 

Fig. 2.ORTEP-plot of the X-ray crystal structure of 23a. 

With PhSeSePh as external trap 

Irradiation of the Barton esters 17 and 18 in the presence of 5 eq. of diphenyl diselenide gave the phenyl 
selenides 24a,b and 2Sa.b in good yields (Scheme 5). In both cases the anti isomers were the major products. 
The phenylselenides 24a.b were stable, but 2Sa.b decomposed slowly on standing at room temperature. 
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Scheme 5 

With methyl acrylate IIs external trap 

When the Barton esters 17 and 18 were irradiated in the presence of 2 cq. of methyl acrylate. addition 
products 26a.b and 27a,b were formed in small amounts (Scheme 6). The maja~ pducts were thiopyridks 

22a.b and 23a,b, respectively. When larger amounts of methyl acrylste were present, pmducts containing two 
or more acrylate units were also formed and the yield of the desired products 26a,b and 27a,b was not 
improved. 

hv. 16% . * yhmll- 
[ 1 ~oo$fz R R * 26a , 27a 26b , 27b 

17 
1% 

20 R=Rt 26a/26b = 1.7 : 1 (19%) 
21 R=$u 27a / 27b = 15 : 1 (9%) 

Scheme 6 

In order to assign the configurations of the addition products 26a.b and 27a.b. they were desulfutized 
with Raney-Ni to give the esters 28a.b and 29a,b without a change in the isomer ratio (Scheme 7). 

2ga, 29a 2gb. 29b 
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27 

Scheme 7 

R=Rt 28a , 28b (45%) 
R=‘Bu 29a. 29b (99%) 

The ester 28a was synthesized by an independsnt route. Lisoleucinol(30) was heated with phthalic 
snhydride to give phthslimide 31. Swem oxidation and subsequent Wittig reaction yielded alkene 33 as a 
single diastereomer. Reduction of the double bond gave the arm’ isomer 28a which corresponded to the major 
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isomerfkomtheradicalreauion (Scheme 8). Again, by comparison of the NMR-s pectmsqic data of28a.b 

with those of 2!h,b it was concluded that 29a was the major isomer in the xaction of Barton ester 17. 
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Scheme 8 

With Bu3SnD OS txternal b-q 

Dcutcmcd wmpouds 34a,b and 3Sa,b were formed in high yields when the thiopyridines 22a.b and 

23a.b wexe heated to 8OT in the presence of BujSnD and AIBN (Scheme 9). 
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The major isomer 35a has a small coupling constant of 4 Hz whereas the minor isomer 35b exhibits a 
large coupling constant of 11.3 Hz (Fig. 3). 
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Fig. 3. Analysis of the coupling constants in the 1H-NMR-spectra of 35 and assignment of the 
configurations. 
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DISCUSSION 

The data in Table 1 show that radical 21, where the two alkyl groups at the stemgenic center an Me and 
‘Bu, respectively, reacts stueoseleetivcly. The extent of the selectivity depends upon the radical trap. The 
addition of radical 21 at the CC! x-bond is more selective than that at the C,S r-bond, and the PhSe-abstraction 
occurs with higher selectivity than the D-abstraction. This trend in steremelectivlty can be explained by the 
different steric demand of the m&al traps. 

Table 1. Stereoselectivity of the Reaction of Radicals 20 and 21 with Dierent Radical Traps at 16’C. 

Substitug;R at2F; radical 
or 

Radical trap 
selz%i~ 

Et 

tBU 

Et 

tsu H+CHCW4e 

1.7: 1 
5.5: 1 

1.7 : 1 
15 :l 

Et 1.3 : la) 

tBU 
Bu3SnD 3.0 : la) 

Et 

QU PhSeSePh 
1.9: 1 

15 :l 

a) Reaction teqmatme : 80°C. 

Nitrogen-substituted radicals are stabilized by overlap of the unpaired electron with the nitrogen lone pair 

so that a partial double bond character of the C-N-bond results. To avoid 1,3-allylic strain effects, the ground 
state conformation with the lowest energy should be the one where the smallest substituent at the stereogenic 
center (the hydrogen) is directed towards the imlde group as shown in conformation C. The two alkyl 

substituents at the stereogenic center shield both faces of the prochiral radical center with different efficiency so 
that the radical is attacked preferentially anti to the large substituent R. 

Fig. 4. Preferred ground state conformation of radicals 20 and 21 according to the allylic strain model. 
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We also calculated the energies of the transition states for the hydrogen transfer to radical 21 using the 
AM1 metilt* 
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Fig. 5. Calculated energies for the transition states of hydrogen transfer to radical 21. 

To simplify the calculations, maleimide was used instead of phthalimide and silane was used as the 
hydrogen donor. The transition state with the lowest energy (0.0 kcal/mol) is the one that is predicted by the 

allylic strain model. The hydrogen at the stereocenter is directed towards the imide group and the hydrogen 
donor attacks the radical anfi to the largest substituent leading to the major isomer 21a. In the next lowest 
transition state (0.7 kcal/mol) the bulky tBu group is close to the hydrogen atom at the radical center. This 
transition state leads to the minor isomer 21b. 

If the two alkyl substituents at the stereogenic center are similar in size, then the stereoselectivity should 
decrease. Thus radical 24 with Me and Et substituents at the stemogenic center shows nearly no selectivity. 
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EXPERIMENTAL SECTION 

Gettercal methodi 

THF was distilled over Wbenzophenone. Flash chtvmatogmplty 0: silica gel C-56OKV. 3170 mm, 
Chemische Fabrik Uetikon. Mp.: BUchi apparatus 530, uncorrected. lH- and t3C-NMR-spectra: Varlan 

~ni~(~~);6inppmnLto~asintem~standard,JinHz;~~assalvent.~:VG70-2Jo; 
CI, NH3 for chemical ionization; FAB = fast atom bombardment; EI = electronic ionization; m/z relative 
intensities (in %) in parentheses. IR: Perk&Elmer 781 or Perkin-Elmer FT-IR 1600, in em-l. 

compututionuimethods 

All calculations were done on IBM/RS600 workstations. In the semiempirical calculations the AM1 
method was used with UHF wavefunctions as implemented in the MOPAC 6.0” program package. The 
transition states were located using the eigenvector following routine and were tested via frequency calculations. 
A spin contamination with an expectation value S2 below 0.8 was observed ln all transition states. ‘Ihe a6 in& 
single point calculations were performed with the Gaussian 92l2 program package using the UHF/631G* 
method, where a spin contamination with an expectation value S2 lower than 0.8 was observed 

Synthesis of the umino acid derivutibes 
Ammonium tosylate of benzyl (2S,3S)-2-amino-3-methyl-pentanoate (2). A mixture of 

13.1 g (0.10 mol) L-isoleucine (1). 20.9 g ( 0.11 mol) p-toluenesulfonic acid-monohydrate and 40 ml (0.39 
mol) benzyl alcohol was refluxed in 100 ml of toluene and the water was collected in a Dean-Stark trap. After 
10 h, toluene and excess benzyl alcohol were distilled off in vucm The colourless solid was suspended in 
toluene/ether, filtered and washed with ether. Recrystallization from methanol/ether gave 18.4 g of benzyl ester- 
p-toluenesulfonate 2 as colourless crystals. Concentration of the mother liquid and recrystalliition of the 
residue from methanol/ether gave another 4.02 g of 2. The toluene/ether-mixture from above was concentrated 
and the obtained residue was recrystallized from methanol/ether to give 6.40 g 2. Altogether, 28.8 g (73%) of 

pure 2 were obtained. h4.p. 147’C. IR (KBr). 3020,286O. 1740, 1605, 1525, 1455.1190, 1035,1010,815, 
675. ‘H-NMR: 0.73 (t, /=7.4, 3 H, CH3-CH2-), 0.83 (d, J=6.7, 3 H, CJf3-CT-I-), 1.21 and 1.32 (2m, 2 H, 

CH+..%2-), 1.92 (m, 1 H. CH3-CJ-f-), 2.31 (s. 3 H, Tos-CIi3). 3.97 (d, J=3.9, 1 H. NH3+-Uf-), 5.01 and 

5.13 (2d, J=12.3, 12.2, 2 H, -CoZ-C&-Ph), 7.08 (d, J=8.0. 2 H. Tos-m-H). 7.27 (m, 5 I-I, Ph). 7.75 (d, 
J=8.2,2 H, TOSQ-H). 8.20 (Jr, 3 H. -NH3+). 13C!-NMR: 11.55 @X3-CH2-). 14.26 (CH3-U-I-), 21.35 (Tos- 
CH3), 25.59 (CHJ-CH2-), 36.40 (CH3-CH-). 57.30 (COZ-CH2-Ph). 67.62 (NH3+-CH), 126.10, 128.30, 
128.35. 128.40, 128.69 (o,mg-Ph and o,m-Tos), 134.78 (p-Tos). 140.07 (i-Ph). 141.48 (i-To& 168.48 (- 
C@-). MS (FAB): 394 (1. [M+l]+). 222 (100). 91 (42). Anal. talc. for Ct3Hl9N& + C7H7SeH (393.50, 
free base: 221.30): C 61.05. H 6.92, N 3.56; found: C 60.95, H 7.14, N 3.68 

Benzyl (2S,3S)-3-methyl-2-phthalimido-pentanoate (5) and Benzyl (2S,3S)-N-[2- 
(methoxycarbonyl)-benzoyl]-2-amino-3-methyl-pentanoate (4). A solution of 3.60 g (20.0 mmol) 
phthalic acid-monomethyl ester, 16.4 g (10 ml, 137 mmol) thionyl chloride and 2 drops DMF was heated under 
reflux for 1 h. Excess thionyl chloride was removed in vacua. The residue was dissolved in 5 ml of benzene 
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and concentrated in vaczw to remove all thionylchloride. The oily residue was dissolved in 10 ml of THF and 

added via syringe pump during 30 min to a suspension of 6.69 g (17.0 mmol) of benxylester-p-toluenesulfonate 

2 and 4.05 g (5.58 ml, 40.0 mmol) of triethylamine in 40 ml of THP at OOC!. After 2 h, the reacthm mixture was 

poured onto ice/water, left standing overnight and extracted with ethyl acetate (3x). The combined organic 

phases were dried over MgSo4 and concentrated. After FC (hexatuYethy1 acetate 5:1+2:1). 5.36 g (82%) of 

amide4(6:1 mlxtureof2 lsotnem) and 913 mg (15%) of phthahmkk 5 were obtained as colourless oils. (5): 

IR (neat): 3040.2970, 1775.1745,1720, 1460, 1385, 1195,1075.910,735.720. tH-NMRz 0.87 (r, J=7.3, 

3 H, C&-CH2-), 1.09 (m. 1 H CI-I3-CJfH’), 1.11 (d, Ja.7, 3 H, Uf3-CH-), 1.52 (m, 1 I-I, CH3-CHJf-), 

2.59 (m, 1 H, -CYJ-COz-), 5.13 and 5.20 (2d, J=12.4, 12.4, -CO2-CJf2-W), 7.28 (8, 5 H, Ph), 7.74 and 

7.85 (2m, 4 II, Phth). 13C-~ 10.85 (C’H3CH2-). 16.73 (CH3-CH-), 25.70 (CH3-CH2-), 34.44 (CHp 

CH-), 57.12 (-CH-Co2-), 66.99 (-a-CHZ-Ph). 123.36 (m-Phth), 127.95, 128.08, 128.32 (o,m,p-Ph), 

131.53 (f-Phth). 134.05 (o-Phth), 135.23 (i-W), 167.63 (N(C0)). 168.67 (-CQ-). MS (RI): 351 (0.2, hi+), 

245 (27). 216 (69). 160 (100). 91 (80). Anal. Calc. for CglH2lNO4 (351.40): C 71.78. H 6.02, N 3.99; 

found: C 71.64, H 5.90, N 4.14. (4): IR (Film): 3357, 2963, 2877, 1731, 1660, 1531, 1455. 1295, 1272, 

1191, 1158. 1230, 746, 699. tH-NMR (minor isomer with +): 0.92 (t, J=7.4, 3 H. C!Jf3CH2-), 0.99 (d, 

J=6.8, 3 H. CH3-CH-). 1.24 (m. 1 II, CH3-CJfI-T-). 1.46 (m. 1 H. CH3-CHIT-), 2.05 (m, 1 H, CH3-CH-). 

3.82 (8, 3 H, -CC2CJf3). 4.87 and 4.97* (2 &f, J=4.7. 8.7; J=3.9,9.1, 1 H. -C&C!@-), 5.18 (d, J=12.2. 1 

H. -C@-CXH’-Ph), 5.25 (d, J=12.2, 1 H. -a-CHIF-Ph), 6.31* and 6.37 (2 d. J&7; J&6, 1 H, -NH), 

7.37 (m, 5 II, Ph). 7.51 and 7.88 (m and d. J=7.5,4 II, Phth). l3C-NMR (minor isomer with *): 11.58 and 

11.75* (CH3-CH2-). 14.58* and 15.42 (CH3-U-I-), 25.11 and 26.15’ (CH3-Cl&-), 37.83* and 38.03 (CH3- 

CH-), 52.39 and 53.37 (-coz_cH3). 55.77* and 56.86 (-CH-C@-). 67.02 (-Cf&-CH2-Ph). 127.57, 129.71. 

130.07 and 131.82 (o,m,Phth). 128.34. 128.40 and 128.54 (o.mg-Ph). 129.31 (i-W@, 135.27 (i-Ph), 

137.74 (LPhth), 166.93 (-N(CO)), 168.80 and 169.01* (-CO2-CH2-Ph), 171.65 and 172.02+ (-CO2-CH3). 

MS (CD: 384 (100. [M+ll+). 352 (44). 163 (68). 91 (30). Anal. talc. for C22H25NO5 (383.45): C 68.91. H 

6.57, N 3.65; found C 68.70, N 6.32, N 3.46 

Benzyl (2SJS)-N-phthalimido-2-amino-3-methyl-pentanoate (5). A mixture of 5.20 g (13.6 

mmol) amide 4.45 mg (0.14 mmol) BtqNBr, 11.9 g of a NaOH solution (5%). and 12 ml of CH&!l2 was 

stirred vigorously for 70 min. The phases were separated and the aqueous phase was extracted with CH2Cl2 

(2x). The combined organic phases were dried over MgSO4 snd concentrated. After FC (hexane/ethyl acetate 

l&1+7:1) 4.21 g (88%) of pure phthalimide !I were obtained as a colourless oil. 

(2S,3S)-3-Methyl-2-phthalimido-pentanoic acid (6). To a solution of 900 mg (2.56 mmol) 

benzyl ester 5 in 140 ml of ethanol was added 90 mg Pd/C (10%) and the reaction mixture was stirred under 

hydrogen overnight. After filtration through C&e and concentration, 666 mg (99%) of acid 6 were obtained as 

a beige solid. M.p. 11412O’C. IR (KBr): 3260,2980,2950, 1765, 1695, 1405, 1195, 1105,915,735. *H- 

NMR: 0.86 (t, J=7.2, 3 H, CH3-CH2-), 1.08 (m, 1 H, CH3-CJJH’-), 1.12 (d, J=6.6, 3 H, cH3-CH-), 1.51 

(m, 1 H, CH3-CHH’-), 2.53 (m, 1 H, CH3-CH-), 4.70 (d, J=8.2, 1 H, -CX-CO2H), 7.74 (m, 2 H, Phth) 

7.86 (m, 2 H, Phth), 10.97 (6, 1 H, -mH). l3C-NMR: 10.86 (CH3-CHz-), 16.76 (C’H3-CH-), 25.80 (CH3- 

CI-I2-). 34.33 (CH3-CH-). 57.03 (-CT-I-CaH), 123.59 (o-Phth), 131.57 (i-Phth), 134.22 (m-F’hth), 167.76 
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(N(C0)). 174.56 (-CQH). MS (PI): 261 (10, M+), 216 (58). 187 (91). 160 (100). Anal. talc. for 

C14Hl5NO4 (261.28): C 64.36, H 5.79, N 5.36 found: C 64.28, H 5.60, N 5.49. 

3,4,4-Trimethyl-pentanoic acid (8). To a suspension of 19.8 mg (0.20 mmol) CuCl in 30 ml of 
THF at WC were slowly added 6 ml (12.0 mmol) of QrMgCl(2.OOM in ether) and then dtopwise 861 mg (815 
pl, 10.0 mmol) of ~butyrolactone (7) in 10 ml of THP. After 40 min. the reaction mlxtum was quenched with 

5 ml of 3N HCl and the organic phase was extracted with 3N NaOH-sol. (3x). The combined aqueous phases 
were acldiied with cont. HCl and extracted with ether (3x). The combined organie phases were dried over 
MgS04 and concentrated to obtain 890 mg (61%) of crude acid 8, a colourless oil which was used in the next 
step without pm&ation. A pure sample could be obtained by FC (CH$&/MeOH/AcOH 100: 10: 1). IR (Film): 
2964, 2686, 1704, 1469, 1304, 942. lH-NMRz 0.88 (se 9 H. -C(cH3)3). 0.93 (d. J=6.8. 3 H. -CH(W3)), 
1.80 (qdd,J=6.8. 3.2. 10.7. 1 H, -W(CH3)), 1.99 (dd,J=l4.8. 10.7, 1 H. -WI-I’-C02I.I). 2.55 (dd, 
J=3.2, 14.8, 1 H. -CHW-CO2H). l3C-NMR: 15.05 (-U-I-CH3). 27.15 (-C(CH3)3). 32.75 (-C(CH3)3), 
37.46 (-~I-I~-C~Y$-I), 39.84 (-CH-CH3). 181.01 (--H). MS (RI): 129 (6. [M-CH3]+), 57 (100). CgI$& 
(144.21) 

Benzyl 3,4,4-trimethyl-pentanoate (9). In 56 ml of ethanol, 8.08 g (56.0 mmol) of acid 8 were 

dissolved, the solution was cooled to O’C and slowly neutmlixed with 9.40 g (56.0 mmol) CsOH (1~ in Hfl). 
The reaction mixture was concentrated and the residue was co-evaporated twice with toluene. The oily residue 
was dissolved in 56 ml of DMP and treated with 9.58 g (6.63 ml, 56.0 mmol) of benxyl bromide. After 3 h, the 
mixture was concentrated in vucuo, the residue taken up in 500 ml of Hfl and extracted with ethyl acetate (3x). 
The combined organic phases were washed with sat. aq. NaHCO-j-sol. (2x) and H@ (2x), dried over MgSOq 
and concentrated. After FC (hexane/ethyl acetate 3&l). 10.3 g (79%) of benxyl ester 9 were obtained as a 
colourless oil. IR (Film): 2962, 1737, 1380, 1295, 1155, 698. lH-NMR: 0.86 (a, 9 H, -C(CZf3)3), 0.87 (d, 
J=7.5, 3 H, -U-I-(X3), 1.82 (m, 1 H, -Uf-CH3), 2.01 (dd, J=lO.S, 14.6, 1 H, -CXH’-CO2-), 2.53 (dd, 
J=3.4, 14.8, 1 H, -C!HW-CO2-), 5.11 (s, 2 H, -C@-C&Ph), 7.34 (m, 5 II, Ph). 13C-NMR: 14.98 (-CH- 

CH3), 27.10 (-C(CH3)3), 32.69 (-C(CH3)3), 37.48 (-CHa-COz), 39.93 (-CH-CH3), 66.96 (-CQ&XI2Ph), 
128.04, 128.11, 128.42 (ommg-Ph), 136.05 (i-Ph), 173.88 (-COZ-CHZPh). MS (PI): 234 (3, M+), 118 (28). 
91 (100). Anal. talc. for Ct5Hzo2 (234.34) C 76.88, H 9.46, found: C 77.10, H 9.67 

Benzyl 2-azido-3,4,4-trimethyl-pentanoate (10). To a solution of 44.4 ml (22.2 mmol) KHMDS 
(0.5M in toluene) in 60 ml of THF at -78’C were added under argon 4.00 g (17.1 mmol) of benxylester 9 in 60 
ml of THP. This enolate solution was added quickly to a solution of 6.59 g (21.3 mmol) trisyl axide in 60 ml of 
THF at -78’C and the reaction mixture was quenched after 1 min with 1.13 g (1.08 ml, 18.8 mmol) acetic acid 
and stitred another 2 h in a warm water bath. The reaction mixture was divided between 300 ml of dilute NaCl- 

sol. and 300 ml of CHzClz and the aqueous phase was extracted with CH2C12 (3x). The combined organic 
phases were washed with H20, dried over MgS04 and concentrated. After FC (hexane/ether 5&l), 3.95 g 
(86%) of a mixture of axide 10 and starting material 9 were obtained in a ratio of 6.3:1. It was very difficult to 
separate these two compounds and they were therefore used as a mixture in the next step. For characterization 
purposes, a sample was purified by FC (hexane/CH$12 1:l). The obtained axide 10 was a mixture of 
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diastuwmess in a ratio of 8:l. IR (Film): 2%4,2106,1742,1456,1268.1188,697. I&NMR (TIC signals of 
the minor isomer were hidden under those of the major isomer. Therefore, only the signals of the major isomer 
are given): 0.86 (d, 5~7.1, 3 H. -CH-CH3), 0.96 (s,9 H. -C(cH3)3), 1.91 (&, J=7.1. 2.5. 1 II, -cH-CH3), 
4.26 (L J=2.5, 1 H, XX-N3). 5.23 0, 2 H, -C!O+XZph), 7.37 (m, 5 H. Ph). 13C!-NMR (minor isomer 
with *): 9.97 and 12.848 (-CH-CH3), 27.90* and 28.00 (-C(CI-I3h), 33.12 (-C(CH3)3), 44.578 and 44.83 (- 
CH-CH3), 63.91 and 64.57* (-CT-I-N3), 67.26* and 67.43 (-a-CHzPh), 128.25, 128.40 and 128.52 

(o,mmg-Ph), 135.09 (i-Ph), 170.79 (-Cm). MS (CT, NH3): 293 (24, [M+l+NH3]+), 248 (100). 108 (42), 
91 (60). Anal. cak. for C!I&lN3O2 (275.35): C 65.43, H 7.69, N 15.26; foundX! 65.65, H 7.73, N 15.34 

Benzyl 2-amino-3,4,4-trimethyl-pentanoate (11). A solution of 3.50 g (12.7 ma@ aide 10 
(contamkted with benzyl ester 9), 5.01 g (19.1 mmol) PPh3 and 460 mg (460 pl, 25.4 mnmi) Hfl in 120 ml 

of THF were stirred at room temperature for 4 d and 2 h at 5O“C. After concentration, the residue was stirred 

with hexane and the liquid was decanted (8x). The hexane phases were combined and concentrated to give 5.72 
g crude amine 11. purification with FC (CH2C12/MeoH 40:1+2&l) yielded 3.52 g amine 11, which still 

contained a little Ph3PO. The compound was taken up in hexane and undissolved material was separated, 
Concentration of the hexane solution yielded 2.98 g (98%) of pum amine 11 as a colourless oil. The product 
was a mixture of 2 diastcrcomcrs in a ratio of 5: 1 and was used as such in the next step. The diastemomers 
could be separated by FC (CH2C12/MeOH 50~1). Major isomer lla: IR (Film): 3387,2960, 1732, 1456, 
1365, 1193, 1166, 967, 735, 697. IH-NMR: 0.80 (d, J=7.2, 3 H, XI-I-CJf3), 0.98 (s, 9 H, -C(cH3)3), 1.35 
(b, 2 H, -NI-I2), 1.80 (qd, J=7.2, 2.2, 1 H, XX-CH3). 3.82 (d, J12.2, 1 H, XX-NHz), 5.15 (s, 2 II, -m- 
CJfzPh), 7.35 (m, 5 H, Ph). 13C-NMR: 8.65 (-CH-CH3), 28.32 (-C(CI-I3)3), 33.32 (-C(CH3)3). 44.72 (XI-I- 
CH3), 55.44 (-CH-NHz), 66.59 (_co2-CH2Ph). 128.03, 128.16, 128.49 (o,m,p-Ph), 135.88 (i-Ph), 176.70 
(-COzCHflh). MS (III): 164 (7), 114 (71), 91 (58), 58 (100). Minor isomer llb: IR (Film): 2%1, 2872, 
1731, 1159, 736, 697. ‘H-NMR: 0.92 (r, 9 I-I, -C(CZf3)3), 0.93 (d. J=7.2, 3 H, XII-CJf3), 1.56 (9 2 II, - 
NH2), 1.61 (qd, J=7.2, 3.9, 1 H, -CYf-CH3). 3.62 (d, J=3.9, 1 H, -CH-NHz), 5.06 (d, J=12.2, 1 H, -m- 
CHH’Ph), 5.17 (d, J=12.2, 1 H, -C@-CHlfPh), 7.36 (m, 5 H, Ph). ‘SC-NMR: 11.11 (-CH-CH3), 28.15 (- 

C(CH3)3), 33.34 (-C(CH3)3), 49.14 (-CH-CH3), 56.19 (-CH-NHz), 66.41 (-CO2-CH2Ph), 128.17, 128.36, 
128.41 (o,mg-Ph), 135.40 (i-Ph), 175.64 (-COzCHzPh). MS (RI): 164 (lo), 114 (79). 91 (89). 58 (100). 
Anal. talc. for Cl4H23NO2 (237.34): C 70.85, H 9.77, N 5.90; found: C 71.05, H 9.55, N 6.00. 

Benzyl N-[2-(methoxycarbonyl)-benzoyl]-2-amino-3,4,4-trimethyl-pentanoate (12) and 
Benzyl 2-phthalimido-3,4,4-trimethyl-pentanoate (13). A solution of 2.81 g (15.6 mmol) phthalic 
acid monomethyl ester, 12.6 g (7.71 ml, 106 mmol) thionyl chloride and 2 drops DMP were heated under 
reflux for 1 h and the reaction mixture was concentrated. The residue was dissolved in 3 ml benzene and 
concentrated to remove all remaining thionyl chloride. The acid chloride was dissolved in 9 ml of THF and was 
added via syringe pump during 30 min to a solution of 3.30 g (13.2 mmol) amino acid-benzyl ester 11 and 
3.22 g (4.43 ml, 31.8 mmol) NEt3 in 30 ml of THF. After 2 h, the reaction mixture was poured on ice and left 
standiig overnight. The phases were separated and the aqueous phase was extracted with ethyl acetate (3x). The 
combined organic phases were dried over MgSO4 and concentrated. After FC (hexandethyl acetate 4:1+3:1), 

520 mg (10%) of phthalimide 13 and 4.21 g (78%) amide 12 were obtained as colourless oils. The 2 
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compounds wue obtained each as a mixture of diastemomus inaratioof 161 (ami& l2)and2:1 (phthahmi& 

13). (12): IR (Film): 3361,2955,1731,1666,1519,1295,1271,1193,1128,967.738,699. tH-NMR (The 

signals of the minor isomer are hidden by those of the major isomer. Therefore, only the signals of the major 

isomer are given.): 0.88 (d, J=7.1, 3 H, C!H3-CH-), 1.02 (s, 9 H, -C(W3)3), 1.97 (dq, JrZ.0, 7.2, 1 H, 

CH3-CH-), 3.78 (s, 3 H, -CQ$!H3). 5.20 (s, 2 H. -a-CJf@‘h), 5.23 (dd, J=1.9, 9.6, 1 H, -C&NH-), 

6.24 (d, J=9.6, 1 H, -NH), 7.36 (m, 5 H, Ph), 7.47 (m, 2 H, Phth), 7.86 (m, 2 H, Phth). 13C-NMR (minor 

isomer with *): 9.57 and 11.65* (CH3-CH-), 27.77 and 28.08* (-C(CH3)3), 33.39 (-C(CH3)3), 44.14 and 

46.77+ (CH3-CH-). 52.43 (-CO$H3). 53.27 and 54.55* (-CH-NH-), 66.99* and 67.11 (-CC?$Hflh), 

127.37 (Phth), 128.13. 128.29 and 128.54 (o,m,p-Ph), 129.66, 129.78, 130.15 and 131.72 (Phth), 135.50 

(i-Ph), 137.64 (Phth), 167.10 (-CO2CH2Ph). 168.63 (-CO2CH3). 172.88 (NH-CO-). MS @I): 396 (O.l), 

380 (0.1). 276 (21), 163 (XXI), 91 (17). Anal. talc. for CuH2gN05 (411.50): C 70.05, H 7.10, N 3.40; 

found: C 69.80, H 6.89, N 3.52. (13): IR (Film): 2962, 1776, 1748, 1719, 1468. 1384. 1197, 1065, 902. 

728. tH-NMR (l’he signals of the minor isomer are hidden under those of the major isomer. Themfore, only 

the signals of the major isomer are given): 0.94 (d, J=6.1,3 H, W3-U-I), 0.95 (s, 9 H, -C(W3)3), 2.67 (qd, 
J=4.7, 7.2, 1 H, CH3-CB), 5.08 (d, J=4.4, 1 H, -(Y&N-), 5.10 (d, J=12.4, 1 H, -cot-WH’-Ph), 5.18 (d, 

J=12.4, 1 H, -~-CW-Ph). 7.24 (m, 5 H, Ph), 7.73 (m. 2 H, Phth), 7.84 (m, 2 H, Phth). l3C-NMR 

(minor isomer with *): 11.90 and 13.00” (CHpCH-). 27.33* and 27.56 (-C(CH3)3), 33.43 and 34.02+ (- 

C(CH3)3), 42.16 and 45.16* (CH3-CH-), 53.14 and 54.30* (-(X-N-), 67.12* and 67.39 (-a-CHgh), 

123.29+ and 123.35 (o-Phth), 127.99, 128.03. 128.13*. 128.25 and 128.36* (o,mg-Ph). 131.62 (i-Phth), 

133.95* and 134.02 (m-Phth), 135.20 (i-Ph), 167.88 (N(C!O)2), 169.33 (-CR-CHfl). MS (CI. NH3): =380 

(100, [M+ll+), 244 (25). 188 (23). 91 (51). Anal. talc. for C23H25N04 (379.46): C 72.80, H 6.64, N 3.69; 

found: C 72.60, H 6.50, N 3.70 

Benzyl 2-phthalimido-3,4,4-trimethyl-pentanoate (13). A mixture of 4.17 g (10.1 mmol) 

amide 12,444 mg’ (11.1 mmol) NaOH (5% in H20). and 32.2 mg (0.10 mmol) BuqNBr in 20 ml of CH&!l2 

was stirred vigorously for 6 h. The phases were separated and the aqueous phase was extracted with C&Cl2 

(3x). The combined organic phases were dried over MgS04 and concentrated After PC (hexane/ethyl acetate 

3: 1). 3.56 g (93%) of phthaliide 13 were obtained as a colourless oil as a mixture of diastereomers in a ratio 

of 13:l. Also, 154 mg of starting material 12 were recovered. 

2-Phthalimido-3,4,4-trimethyl-pentanoic acid (14). A solution of 3.50 g (9.22 mmol) benxyl 

ester 13 in 250 ml of ethanol was treated with 350 mg Pd/C (10%) and stirred under hydrogen for 3.5 h. The 

reaction mixture was filtered through Celite and concentrated After PC (CH~C$/MeOH/AcOH 100:5:1), 260 g 
(97%) of amino acid 14 were obtained as colourless crystals as a mixture of diastereomers in a ratio of 141. 

M.p.: 146-147X!. fR (KBr): 2972, 2909, 1780, 1731, 1382. 1292, 1262, 1120, 1067, 1056,900,722. tH- 

NMR (minor isomer with *): 0.95 (s, 9 H, -C!(CH3)3), 0.96 and 1.28* (26. J=7.0 and 7.2. 3 H, CIf3-CH), 

2.24* and 2.56 (m and qd, J=7.3, 4.4, 1 H, CH3-CH-), 5.04’ and 5.12 (2d. J=3.2 and 4.3. 1 H, -W-N-), 

7.74 (m. 2 H, Phth), 7.87 (m. 2 H, Phth), 11.2 (b, lH, -CC$f). t SC-NMR (minor isomer with +): 11.97 and 

13.11* (CH3CH-), 27.26* and 27.59 (-C(CH3)3). 33.46 (-C(CH3)3), 42.31 and 45.18* (CH#H-), 52.88 

and 54.01* (-CH-N-), 123.48* and 123.52 (o-Phth). 131.60 (i-Phth), 134.12* and 134.14 (m-Phth), 167.87 
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(N(CO)2). 175.40 (-C#I). MS (CI,NH3): 307 (32, FI+l+NH3]+), 290 (100, [M+l]+), 244 (24), 188 (12). 

Anal. talc. for Ct&ItgNO4 (289.33): C 66.42, H 6.62, N 4.84; foundC 66.45, H 6.60, N 4.75. 

(lSR,2S)-2-Methyl-l-phthPllmido-l-tbio-pyridyl-butrrne (22). To a solution of 131 mg (0.50 

mmol) acid 6 in 2.5 ml of THF at -20°C was added under argon 55.6 mg (61 pl, 0.55 mmol) of N- 

mcthybxupholinc and 75.1 mg (72 pl, 0.55 ma101) of ibutyl chlorofomwc. After IO mitt, the flask WBS 

protectal from light and a solution of 76.3 mg (0.60 mmol) thiohydroxamic acid and 60.7 mg (84 pl, 0.60 

mmol)NEt3in2mtTHFwasrddedfollowedbyatraceofDMAP.AftaU)min,theyellowsusptnsionwes 

fltaxdintoawatcr-jacketcdflaskwithmaximum pmtectionfkomlight.ThcoriginaltIaskwasriascdwith5ml 

of THF. Afta stirring under argon for 30 min. the reaction mixture. was irradiated with a 25OWdaylight lamp 

for5minandthen concentrated. After 2 FC @ucan&hyl acetate 8:l and C!H$l&thcr 2011). 55.4 mg (34%) 

thiopyridine22waeobeainedasacolourlesssolidasamixtureof2~~ inaratioof1.7:1.lR(neat): 

3060.2970,1780.1715, 1575,1380,1125,1075,885,760.720.~H-NMR (minor isomer with *): 0.90 and 

0.96* (2tLr. J=7.4,7.4, 3 H. C&-CI&). 0.95* and 1.20 (26. J=6.9.6.9, 3 I-I, cH3-CH-), 1.19. 1.39*, 1.51 

and 1.94* Mm. 2 H, CH3-CIf2-). 2.49 (m, 1 I-l, CH3-C/f-), 6.38* and 6.39 (2, J=10.4, 10.4, 1 H, XI-i- 

SPyr), 6.96 (m. 1 H. SPyr), 7.17 (d. J=8.0, 1 H, SPyr). 7.44 (t. J&9, 1 H, SPyr). 7.70 (m. 2 H, Phth). 

7.83 (m, 2 H. Phth). 8.42 (m. 1 H, SPyr). %XJMR (minor isomer with *): 10.93. 11.04* (CH3-CHp), 

15.92*. 16.56 (CH3-CH-). 26.04. 26.45* (CH3-CHp). 38.08, 38.24* (CH3-CXI-). 58.47*, 58.88 (-CH- 

SW). 119.94 (S-SPyr). 122.44*, 122.52 (3’-SPyr). 123.19*, 123.35 (o-Phth). 131.76 (i-Phth), 133.96 (m- 

Phth). 136.14 (4’~SPyr), 149.41 (al-SPyr). 157.25*, 157.28 (2’~SPyr). 167.41 (N(CO)). MS @I): 326 (0.4, 

M+). 216 (51.7). 160 (100). Anal. talc. for C18Ht8N202S (326.41): C 66.24, H 5.56, N 8.58; found: C 

66.05, H 5.41, N 8.80. 

(1SR,2S)-2-Methyl-l-phenylseleno-l-pbthalimido-butane (24) To a suspension of 131 mg 

(0.50 mmo1) of amino acid 6 and 139 mg (0.55 mmol) disulfkic 19 in 16.5 ml THF in a water-jacketed fIask 

was added undo argon and protection from light 111 mg (135 pl, 0.55 mmol) of Bup and, after 35 min 780 

mg (2.50 mmol) of diphenyldisclenide. The reaction mixtu~ was irradiated with a 25OWdaylight lamp for 5 

min and concentrated. After 2 FC (hcxanc/ethyl acetate 6:l and C!H$l&hcr 80: 1) 145 mg (78%) of 24 wcrc 

obtained as a slightly yellow oil as a mixhne of 2 diastereomers in a ratio of 1.9: 1. IR (neat): 2965.2931.1774, 

1716, 1467. 1380, 1357, 1323, 1069, 1022, 880,740,727,692. tH-NMR (minor isomer with l ): kO.83 

and 0.96* (2t. J=7.4, 3 H, -CX3-CHp), 0.87* and 1.20 (2d, J=6.6; J56.7, 3 H, CIf3-CH-), 1.09, 1.32, 

1.44* and 1.98* (4&d, J=7.0. 1.3, 15.4; 54.3, 1.6, 15.3; J=7.5, 3.5, 15.2 and /=7.4, 3.2, 15.1, 2 H. 

CH3-C&-). 2.68 (m, 1 H, -CYf-CH3), 5.37* and 5.39 (2d, J=lO.9, 1 H, -CH-SePh). 7.13 (m, 3 H. mg- 

Ph), 7.52 (m, 2 H, o-Ph), 7.69 (m. 2 H, Phth), 7.77 (m, 2 H, Phth). %NMR (minor isomer with *): 10.40 

and 10.69 (CH3-CH-), 16.15* and 17.57 (CHpCH-), 26.22 and 27.29* (CH3-CH2-). 38.00 and 38.27* 

(CH3-CH), 58.17’ and 58.47 (-CH-SePh), 123.23 (o-Phth). 128.05*, 128.08 and 128.93 (Ph), 131.51 (i- 

Phth), 134.01 (m-Phth), 135.50* and 135.70 (i-Ph), 167.12 (N(C0)). MS (CI): 389 (l), 372 (0.4, M+), 233 

(41), 216 (lOO), 86 (92). Anal. talc. for ClgHlgN02Se (372.33): C 61.30, H 5.14, N 3.67; found: C 61.46, 

H 5.20, N 3.80. 
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Methyl (2SR,4SR,5S)-5-methyl-Cphthalimido-2-thio-pyridyl-heptanoate (26) and 
(1SR,2S)-2-Methyl-l-phthalimido-l-thio-pyridyl-butane (22). To a solution of 131 mg (0.50 
mmol) amino acid 6 in 3.5 ml of THF were added under argon at -20°C 55.6 mg (61 pl, 0.55 mmol) of N- 
methylmoqholinc and 75.1 mg (72 @, 0.55 mmol) of ibutyl-chlorof~te. After 40 min. the maction mixtme 
was protected fmm light and a solution of 76.3 mg (0.60 mmol) thiohydroxamic acid and 60.7 mg (84 pl, 0.60 

mmol)NEt3in2mlTHFandatraceafDMAPwereadded.AfterU)min,theyellowsuspensionwastiltered 
into a water-jacketed flask with ~protectionfromlight,and5mlofTHF~u~~rinsethe~~ 
flask. The reaction mixture was stirred for 30 min under an argon atmosphere. Then, 86.1 mg (90 p1.1.00 

mmol) of methylauylate and 10 ml of THP were added and the reaction mixture was photolyzcd for 5 min with 
a 25OW-daylight lamp. After concentration and FC of the residue (hexandethyl acetate 8:1+5:1), 51.1 mg 

(31%) thiopyridine 22 and 114 mg crude ester 26 were obtained. Another 2 FC (CH2@./ether 2&l and 
hexandether 6~1) yiekkd 38.8 mg (19%) ester 26 as a colourless oil as a mixtum of 4 isoa~rs. (26): IR (Film): 
3465, 3048, 2965, 2877, 1771, 1732, 1713, 1579, 1388, 1366, 1122, 874, 760, 723. IH-NMR (minor 
isomer with *): 0.81*, 0.83*, 0.93 and 0.94 (4t, all J=7.4, 3 H, CX3-CH2-), 0.82*, 1.02 and 1.04 (3d, 
5=6.8, 7.1 and 6.9, 3 H, cH3-CH-), 1.05*, 1.25, 1.35 and 1.65* (4m, 2 H, CH3-CH2-), 2.11, 2.21*, 2.33, 
2.64 and 2.58 (5m, 3 H, CH3-CYf- u. -C&-CH-C@CH3), 3.61 and 3.71* (2r, 3 H, -C@CH3), 4.00* and 
4.34 (2m, 1 H. -CH-N-), 4.61* and 4.75 (2m, 1 H. -CH-CO2CH3). 6.83 (m, 1 H, SPyr), 7.09 (m, 1 H, 
SPyr), 7.41 (m, 1 H, SPyr), 7.73 and 7.85 (2m, 5 H, SPyr and Phth). 13C-NMR (minor isomer with *): 
10.51*. 10.55, 10.68*, 10.91 (CHs-CHz-), 15.79*, 15.82*, 16.08, 16.21 (CH3-U-I-), 25.83, 25.97, 
26.13*, 26.23* (CH3-CI-Iz-). 30.67, 30.93*, 32.79*. 32.84 (-CHz-CH-CO$H$, 36.04, 36.24*, 37.17 
(CH3-CH-), 42.67, 42.75*, 42.78, 42.83* (-CH-CO~CHJ), 52.49, 52.58* (-CO$H3), 53.65*, 53.92, 
54.77*, 55.05 (XXI-N-), 119.70, 119.84* (5’~SPyr). 122.16*, 122.33 (T-SPyr), 122.99, 123.11* (o-Phth), 
131.86 (i-Phth), 133.60, 133.81* (m-Phth). 136.02*, 136.06 (4’-SPyr), 148.72, 149.06* (6’~SPyr), 156.12 

(T-SPyr). 168.53*, 168.60 (N(CO)), 172.27, 172.88*, 172.92 (-CO2CH3). MS (EI): 412 (2, M+), 244 (14). 
196 (100). CzH24N$&S (412.51). 

Methyl (4SR,SS)-S-methyl-4-phthalimido-heptanoate (28). Approximately 500 mg Raney- 

Nickel (suspension in water) were stirred with 1 ml of methanol and the solvent was decanted (3x). The water- 
free Raney-Nickel was suspended in 1.5 ml of MeOH and 82.1 mg (0.20 mmol) of ester 26 in 1 ml of 
methanol were added. After 45 min, the reaction mixture was flltered and concentrated. FC (hexandethyl acetate 

1O:l) yielded 27.3 mg (45%) methyl ester 28 as a colourless oil as a mixture of 2 dlastereomers in a ratio of 
1.9:1. IR (neat): 2970.2875, 1773, 1740, 1720, 1390, 1378. 1172, 1070.722. tH-NMR (minor isomer with 
*): 0.82 and 0.95* (2t. J=7.4, 7.4, 3 H, CX3-CH2-). 0.80* and 1.04 (2d. 5=6.7, 6.7, 3 I-I, CiY3-CH-). 1.05. 
1.29, 1.68, 2.23 and 2.41 (5m, 7 H, CH3-CH2-CH- and -C&-CH2-C02CH3). 3.58 and 3.59* (2F, 3 H, - 
CO2CH3). 3.95 (m. 1 H, -w-N-), 7.73 (m, 2 H, Phth). 7.84 (m. 2 H, Phth). 13C-NMR (minor isomer with 
*): 10.63, 10.71* (CH3-CH2-), 15.96*, 16.30 (CH3-CH-), 24.76*, 24.80 (-CH2-CH2-C02CH3), 26.08. 
26.31* (CH3-CH2-). 31.39 (-CI+CO2CH3), 36.19. 36.46* (CH3-CH-), 51.63 (-CQ$H3). 56.16*, 56.31 
(-CH-N), 123.26 (o-Phth). 131.65 (i-Phth). 134.02 (m-Phth), 168.77*. 168.84 (N(CO)), 173.24 (-CO2CH3). 
MS (EI): 303 (1, M+). 246 (50), 214 (34), 186 (100). Anal. talc. for C17H21N04 (303.36): C 67.31. H 6.98, 
N 4.62; found: C 67.45. H 6.70, N 4.54. 
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W&25)-1-Deutero-2-methyl-1-phthalimido-butane (34). To a solution of 65.3 mg (0.20 
mmol) thiopyridine 22 in 2 ml of benzene at 8O“C was added under argon a solution of 93.5 mg (0.32 mmol) 
BugSnD and 6.6 mg (0.04 mmol) AIBN in 2 ml of benzene during 30 min via syringe pump. After 2 h. 2 ml of 
CC4 were added and the mactlon mixture was refhtxed for 1 h. After concentration, the residue was stined 
vigorously overnight in a mixture of 4 ml sat. 12/CH&!l2-sol. and 4 ml sat. RF/H80 solution. The reaction 
mixture was f&red through C&e and washed several times with CHgCl2. The aqueous phase was extracted 
with CH&Zl2 (3x). The combined organic phases were washed with Na&Q-sol., H20 and brine, dtied over 
MgS04 and conccntrataj. After Fc (hexandethyl acetate 6:1), 34.7 mg (79%) of deuterated phthalim& 34 
were obtained as a colourless oil as a mixtum of 2 isomers ln a ratio of 1.3:1. IR (neat): 2962, 1771, 1715, 
1467, 1397, 721. lH-NMR (minor isomer with *): 0.90 and 0.91* (2d. J=6.8, 3 II, cH3-CH-), 0.93 and 
0.94* (2r, 517.5, 3 H. cH3-CHg-). 1.20 and 1.44* (2m, 2 I-I, CI-I3CH2-), 1.91 (m, 1 I-I, CH3-CH-), 3.49* 
and 3.57 (2d, 5=8.0, 6.8, 1 H, -CXD). 7.70 (m, 2 H, Phth), 7.85 (m, 2 I-I, Phth). ‘3C-NMR: 11.11 (CH3- 
CH2-), 16.83 (CH3-CH-). 26.% (CH3-CHg-), 33.99 (CH3-CH-), 43.67 (f, J=21.2, XI-ID), 123.10 (o-Phth), 
13204 (i-Phth), 133.78 (m-Phth), 168.63 (N(C0)). MS (RI): 218 (31, M+), 161 (100). Anal. talc. for 
Ct$Il4DN@ (218.27): C 71.54, H 6.47, N 6.42; found: C 71.70, H 6.35, N 6.54 

l-Phthalimido-l-thio-p~ridyl-2,3,3-trimethyl-butane (23). To a solution of 145 mg (0.50 
mmol) amino acid 14 and 139 mg (0.55 mmol) dlsulflde 19 in 2.5 ml THP were added 111 mg (135 pl, 0.55 

mmol) of Bu$’ under argon at OC with protection from light. The teactlon mixture was stirted for 1 h at room 
temperature and then transferred into a water-jacketed flask. After addition of a further 7 ml THF, the solution 
was irradiated with a 250 W-daylight lamp for 5 mln and concentrated. After 2 FC (hexane&hyl acetate 5:l and 
CHzClz/Ether 80: 1). 93.9 mg (53%) of thiopyrldlne 23 were obtained as a colourless solid as a mixture of 2 
diastereomers in a ratio of 5.5:1. IR (RBr): 2961. 1763, 1716, 1578, 1456. 1418, 1385. 1348, 1326, 1122. 
888. 775, 717. IH-NMR (minor isomer with 8): 1.02 and 1.05* (2s. 9 H. -C(CYf3)3), l.lO* and 1.37 (26, 
5=7.3 and 7.1, 3 H. -CH-cH3), 2.07 and 2.20* (2dq, 5=7.1,4.1 and J=7.2.5.6, 1 H, -CJfCH3), 6.78* and 
6.89 (26, J=5.6 and 4.1, 1 H. -Uf-SPyr). 6.94 (m. 1 H. SPyr), 7.12 (m. 1 H. SPyr). 7.42 (m, 1 H, SPyr). 
7.67 (m. 2 H, Phth). 7.80 (m, 2 H, Phth), 8.40 (m, 1 H, SPyr). I*-NMR (minor isomer with*): 12.78* and 
13.66 (-CH-CH3), 27.89 and 28.07* (-C(CI-I3)3), 34.38 (-C(CH3)3). 48.78 (-CH-CH3). 55.048 and 56.87 (- 
CH-SPyr), 119.66* and 119.92 (S-SPyr). 121.99* and 122.68 (3’-SPyr), 123.10 and 123.17* (o-Phth), 
131.83 (i-Phth). 133.74 and 133.80* (m-Phth), 136.08 (C-SPyr). 149.29 (6’SPyr). 156.75 (2’~SPyr), 

167.13 (N(C0)). MS (CI, NH3): 355 (92, [M+l]+), 244 (72), 188 (58). 112 (100). Anal. talc. for 
C2&2N202S (354.47): C 67.77, H 6.26, N 7.90; found C 67.59, H 6.14. N 7.73. 

Crystal data of 23a: Molecular formula C~OI&N~O~S. Spacegroup Cc. Unit cell dimensions a=16.433, 
b=12.712. c=9.579 A, a=9W, 8=111.824“, r-90”. V=1857.7 A3, Z=4, F(OOO)=752. Temperature=298 K, 
Bmax=74.33O, radiation CuKa. &=1.54178 A. scan mode w/28. Collected intensities fh, -k, -1. Absorption 
16.2392 cm-l. No. of ind. reflections 2006. No. of refl. used in ref. 1922. No. of variables 227. Max and min 
Ap [e* A-31 0.44. -0.20. Final R 3.43. Final Rw 4.13. Weighting scheme wght* [ 1-@P/6*&]? 

l-Phthalimido-l-phenylseleno-2,3,3-trimethyl-heptane (25). To a suspension of 145 mg 
(0.50 mmol) amino acid 14 and 139 mg (0.55 mmol) disulfide 19 in 16.5 ml THF in a water-jacketed flask 
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were added 111 mg (135 pI, 0.55 mmol) of Bug under argon and protection fmm light. After 15 mln, 780 mg 

(2.50 mmol) of diphenyldiselenide were added to the mixture. The reaction mixture was h&iated with a 
25OWdaylight lamp for 5 mitt and concentrated. After FC (hexane&her 4:1-&l), 173 mg of crude selenide 

25 and 70.7 of mg crude thlopyrldine 23 were obtained. Selenide 25 could be purified by 2 FC (CH$.Jl&her 
80: 1 and hcxane&her 5: 1) and yielded 110 mg (55%) of 25 as a colourless oil as a mixture of 2 dlasm 
in a ratio of 15:l. The compound decomposes relatively fast at mom temperature. IR (neat): 2963,1774,1715, 
1468.1380, 1351, 1329,1058,883,740,723. lH-NMR (minor isomer with *): &I.93 and 095* (2s. 9 H, - 

C(CH3)3), 1.17* and 1.34 (26, all J=7.1, 3 H, XI-I-cH3), 2.26* and 2.36 (2m, 1 H, -CZ+CH3), 5.85 and 
5.91” (2d, J=6.5 and 4.8, 1 H, -C.!f-SePh), 7.06 (dd, J=7.5, 7.1, 2 I-I, m-W), 7.15 (r, 5=7.4, 1 H, p-Ph), 
7.47 (d, J=6.9. 2 H, o-Ph), 7.66 (m, 2 H, Phth), 7.70 (m, 2 H, Phth). %XVMR (minor isomer with *): 
13.15* and 15.07 (-CH-CH3), 27.71 and 28.07* (-C(CH3)3), 34.46 and 34.55, (-C(CH3)3), 46.78 and 
49.94* (-CH-CH3). 54.04* and 56.08 (-CH-SePh), 123.12 and 123.261 (o-Phth), 128.23*, 128.43, 128.87 

and 129.04* (Ph), 131.92 (i-Phth), 133.96 (m-Phth), 136.63 (i-Ph), 166.90 (N(CO)). MS (III): 244 (14), 188 
(100). 57 (30). Anal. talc. for QlH23NO2Se (400.38): C 63.00, H 5.79, N 3.50; found: C 62.90, H 5.53, N 
3.40. 

Methyl 4-phthalimido-2-thio-pyridyl-5,6,6-trimethyl-heptanoate (27) and 1-Phthal- 

imido-1-thio-pyridyL2,3,3&imethyLbutane (23). To a suspension of 145 mg (0.50 mmol) aminoacid 
14 and 139 mg (0.55 mmol) disulfide 19 in 16.5 ml ‘II-IF in a water-jacketed flask and protection from light 
were added under argon 111 mg (135 ~1,0.55 mmol) of Bu3P and 172 mg (180 ~1. 2.00 mmol) of methyl 

acrylate. After 1 h. the clear yellow solution was irradiated with a 25OW-daylight lamp for 5 min. After FC 
(hexane/ethyl acetate 5:1), 66.0 mg of crude thiopyridine 23 and 87.9 mg of crude ester 27 were obtained. 
Compounds 27 und 23 were each purified by FC (CHzClz/ether 8O:l) to give 56.0 mg of thiopyridine 23 
(31%) as colourless crystals as a mixture of 2 diastereomers in a ratio of 5.0: 1 and 27.9 mg (13%) of ester 27 
as a colourless oil as a mixture of 4 diastereomers. (27): IR (neat): 2954, 1771, 1736, 1710. 1578. 1454, 
1416. 1367, 1121, 160, 720. lH-NMR (minor isomers with *): &0.93,0.95* and 0.96 (3s. 9 H, -C(cH3)3), 

1.15, 1.16, 1.37* and 1.42* (4d, all 5=7.3, 3 H, -CH-CX3), 1.67* and 1.79 (2m. 1 H, -CH-CH3), 2.09. 
2.24*, 2.35, 2.50*, 2.76, 3.03*, 3.27 and 3.39* (Sm, 2 H, -U&CHSPyr), 3.59, 3.62*, 3.69* and 3.73 

(4~ 3 H, -C!OK!H3), 4.59 and 4.68 (2m, 1 H, -cH-CH3), 4.49 and 4.83 (2.m. 1 H, -C&N-), 6.84 (m. 1 H. 
SPyr), 7.06 and 7.15 (2d, all J=8.1, 1 H, SPyr), 7.41 ( m, 1 H, SPyr), 7.69-7.86 (m. 5 H. SPyr and Phth). 
13C-NMR (only the signals of the major isomers are given): 11.41 and 11.57 (-CH-CH3), 27.56 and 28.04 (- 

C(CH3)3). 29.66 and 32.41 (-CI+CHSPyr), 33.84 and 34.09 (-C(CH3)3). 42.68 and 43.38 (-CH-SPyr), 
47.31 and 48.14 (-CI+CH3), 50.50 (XI-I-N-), 52.50 and 52.60 (-C~CH3). 119.74 and 119.83 (S-SPyr). 
122.5 and 122.38 (3’~SPyr), 122.94 (o-Phth), 132.21 (i-Phth). 133.60 and 133.75 (m-Phth), 136.03 and 
136.09 (4’~SPyr), 148.83 and 149.03 (6’-SPyr), 156.13 and 156.25 (2’-SPyr), 168.44 (b. N(C0)). 172.30 
and 172.83 (-COzCH3). MS (CI, NH3): 441 (100, [M+l]+). Anal. talc. for CuHaN204S (440.56): C 65.43, 
H 6.41, N 6.36; found: C 65.20, H 6.18, N 6.38. 

4-Phthalimido-5,6,6-trimethyl-heptanoic acid (29). Approximately 600 mg of Raney-Nickel 
(suspension in H20) were treated with 2 ml of methanol and the solvent was decanted (3x). The water-free 
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Raney Nickel was suspended in 2 ml of methanol and 27.9 mg (0.06 mmol) of ester 27 in 2 ml of methanol 

wtreadded.Afttr45min,thcreactionmixnuewasfilteredthroughceliteandconcentrated.pcoftheresiduc 

yielded 19.8 mg (99%) ester 29 as a colourless oil as a mixture of 2 dlastemomcrs ln a ratio of 13:~ IR (neat): 

2955,1772. 1737,171O. 1468, 1366.1329, 1199, 1173,1112,1048,720. tH-NMR (minor isomer with *): 

0.93 and 0.97* (2r, 9 H, -C(CYf3)3), 1.16 (d, J=7.2, 3 H. -CH-cH3), 1.83 (qd, J=3.9, 7.3, 1 I-I, -CzfCH3), 

1.94 (m, 1 I-I, -cHH-CH2-C02CH3), 2.21 (dd, J=7.7, 6.9, 2 II, -CH2-C&CO2CH3), 2.53.and 2.761 (2n1, 

1 H. -CHJf-CH2-CO2CH3), 3.58 and 3.59* (2s. 3 H, CH2CO2cH3). 4.37 (ddd, 5=12.4, 3.6, 3.7, 1 H, - 

W-N-). 7.71 (m. 2 II, Phth), 7.82 (m, 2 H, Phth). ‘SC-NMR (minor isomer with l ): 11.69 and 11.94* (- 

CH-CH3), 24.23 (-CH2-CH2-C02CH3), 27.66 and 28.00* (-C(CH3)3), 31.35 and 31.55+ (-C!H2-CH2- 

CO2CH3). 33.96 (-C(CH3)3), 46.85 and 47.26* (-CH-CH3), 51.58. 51.87 and 52.25* (-CH-N- and . 
co2a3). 123.12 (o-Phth). 131.77 (i-Phth), 133.89 (nt-Phth), 168.60 (N(m)), 173.20 (-COgCH3). MS 

(CI, NH3): 349 (32, [M+l+NH31+). 332 (100. [M+ll+), 300 (8), 246 (7). 186 (7). Anal. talc. for 

Ct9H25N04 (331.41): C 68.86, H 7.60, N 4.23; found C 68.70, H 7.35, N 4.45. 

1-Deutero-1-phthalimido-2,3,3-trimethyl-butane (35). To a solution of 69.4 mg (0.20 mmol) 

thiopyridine 23 in 2.5 ml benzene at 8o’C wem added under argon a solution of 90.5 mg (0.31 mmol) Bu3SnD 

and 6.57 mg (0.04 mmol) AIBN during 1.5 h via syringe pump. After 1 h. 2 ml CQq were added and the 

solution was mfluxed for 2 h. After concentration, the residue was stirred vigorously in mixture of 4 ml sat. 

KFiHzO-sol. and 4 ml sat. 12/CHgCl2-sol. overnight. The reaction mixture was filtered through Celite and 

diluted with HzO. The aqueous phase was extracted with CHzCl2 (3x). The combined organic phases were 

washed with Na&&sol, HgO and brine, dried over MgQ and concentrated. After FC (hexanejethyl acetate 

6:1+3:1). 39.8 mg (81%) &u&rated phthalimide 35 were obtained as colourless crystals as a mixture of 2 

diastereomers in a ratio of 3:l. M.p.: 73’C. IR (KBr): 2959,1764,1720.1466.1396,1190,1089,925,907, 

745, 718. lH-NMR (minor isomer with *): 0.81 (d, J=6.9, 3 H. -CH-C!Jf3), 0.99 (8, 9 H, -C(cH3)3). 1.81 

(m, 1 H, -C!H-CH3). 3.50* and 3.72 (d and b, 5=11.3 and ca. 4, 1 H, -N-CXD-), 7.71 (m. 2 H, Phth), 7.83 

(m. 2 I-I, Phth). l3C-NMR: 12.80 (-CI-I-C’I-I3), 27.30 (-C(CH3)3), 32.55 (-C(CH3)3), 40.50 (z,J=20.7, -N- 

CT-ID), 41.73 (-CHCH3), 122.99 (o-Phth), 132.03 (i-Phth), 133.67 (m-Phth), 168.55 (N(C0)). MS (RI): 246 

(14, M+), 190 (68), 161 (lOO), 57 (50). Anal. talc. for C15HtsDN02 (246.33): C 73.14, H 7.37, N 5.69; 

found: C 72.98, H 7.63, N 5.58. 

Indepettdent synthesis 
(2&3S)-3-Methyl-2-phthalimido-pentanol (31). A solution of 626 mg (5.34 mmol) isoleucinol 

(38) and 871 mg (5.88 mmol) phthalic anhydride in 8 ml DMF were stined at 15O’C under argon for 1 h. After 

cooling to room temperature, the reaction mixture was poured onto 60 ml of water and the aqueous phase was 

extracted with CH2C12 (3x). The combined organic phases were dried over MgSO4 and concentrated. FC 

(hexane/ethyl acetate 3:l) yielded 859 mg (65%) of phthalimide 31 as a colourless oil. IR (neat): 3461.2966, 

1772, 1704, 1467, 1393, 1370, 1070, 1022, 723. tH-NMR: 0.84 (t, J=7.3, 3 H, CY3-CH2-), 1.06 (d, 

5=6.7, 3 H, Uf3-U-I-), 1.10 and 1.31 (2m, 2 H, CH3-C&-), 2.31 (m, 1 H, CH3-CH-), 2.74 (b, 1 H, OH), 

3.91 (dd,J=2.0, 11.3, 1 H, HOCZfH’-). 4.10 (ddd, 512.4. 7.3, 9.7.1 H, -N-m-), 4.15 (dd. J=7.4. 11.3, 1 

H, HO-CI-Uf’-), 7.85 (m, 2 H, Phth), 7.73 (m. 2 H, Phth). t3C-NMR: 10.38 (CH3-CH2-), 15.70 (CI-I3-CH- 



Reactions of a-imide substituted radicals 7047 

), 25.74 (CH3-CH2-), 32.78 (CHpcH-), 58.29 (-N-CH-). 61.75 (-CH2-OH). 123.17 (p-Phth). 131.50 (i- 

Phth), 133.91 (tn-Phth). 169.23 (IWO)). MS (EI): 247 (1, M+). 216 (96). 160 (100). Anal. talc. for 

C14H17NO3 (247.29): C 68.00. H 6.93, N 5.66; found: C 67.90. H 6.82, N 5.62. 

(2S,3S)-3-Methyl-2-phthalimido-pentanal (32). To 60 ml of CH2Cl2 at -WC were added under 

argon 495 mg (335 ~1.3.90 mmol) of oxalyl chloride and 507 mg ( 461 pl. 6.49 mmol) of DMSO. After 3 

min. 803 mg (3.25 mmol) of alcohol 31 in 11 ml of CH2Cl2 were added dmpwise and, after 1 h. 1.32 g (1.81 

ml, 13.0 mmol) of NEt3 were added The reaction mixture was stirred for 5 min, quenched with water and 

warmed to room temperature. The aqueous phase was extracted with CH2Cl2 (2x). The organic phase was 

washed successively with 1% aq. HCl. water, 5% aq. NazC!03-sol. and brine, dried over MgS04 and 

concentrated to give 783 mg (98%) of crude aldehyde 32. This was used immediately in the next step to 

prevent epimerization. The aldehyde 32 could be purified by FC (hexane/ethyl acetate 4~1). IR (neat): 2%7. 

2877, 1776, 1715. 1467, 1384, 877,720. 1H-NMR: 0.89 (c, J=7.4,3 H, cH3-CHz-), 1.13 (m, 1 H, CH3- 

WIT-). 1.22 (d, J=6.6, 3 H, CH3-CH-), 1.47 (m. 1 H, CH3-CI-W-), 2.57 (m, 1 I-I, CH3-CH-), 4.46 (d. 

J=9.3. 1 H, -W-U-IO), 7.89 (m, 2 H. Phth), 7.76 (m, 2 H, Phth), 9.85 (s, 1 H, XI-IO). 13C-NMR: 10.31 

(CH3-CH2-), 16.30 (CH3-CH-), 25.70 (CH3-CH2-), 33.23 (CH3-C’H-). 63.19 (-CH-CHO), 123.44 (o-Phth), 

131.47 (i-Phth), 134.19 (m-Phth), 167.78 (-N(CO)-), 196.40 (CHO-). MS (EI): 216 (41), 160 (100). Anal. 

talc. for C14H15N03 (245.28): C 68.56, H 6.16, N 5.71; found: C 68.40, H 6.30, N 5.81. 

Methyl E-(4S,5S)-5-methyl-4-phthalimido-hept-2-enoate (33). A suspension of 680 mg 

(2.77 mmol) aldehyde 32 and 1.11 g (3.33 mmol) methoxycarbonyl methylene-triphenylphosphorane in 4 ml 

of benzene was stined under argon at 40°C! for 2 h. The reaction mixture was quenched with water and 

extracted with CH$Zl2 (3x). Tht combined organic phases wen dried over MgSO4 and concentrated. A&r FC 

(hexane/ethyl acetate 4:l) 792 mg (95%) of alkene 33 wm obtained as a colourless oil. IR (neat): 2966,1772, 

1706. 1467, 1385, 1234, 1179, 1073, 721. 1H-NMR: 0.85 (t, J=7.5, 3 H, W3-CH2-), 0.98 (d, J=6.8, 3 H, 

CH3-CH-), 1.07 and 1.40 (2m, 2 H, CH3-C&-), 2.45 (m, 1 H, CH3-CH-), 3.72 (s, 3 H, -C&CH3), 4.52 

(&id, J=O.8, 9.7, 10.5, 1 H, =CH-W-), 5.97 (dd, J=l.O, 15.6, 1 H, =W-CO$H3), 7.29 (dd, J18.8, 

15.7, 1 H, =W-CH-). 7.73 (m, 2 H, Phth), 7.85 (m, 2 H, Phth). *SC-NMR: 10.35 (CH3-CH2-), 16.21 

(CH3-U-I-), 25.51 (CH3-CHz-), 34.80 (CH3-CH-), 51.61 (-CO#H3), 57.30 (=CH-CH-), 123.32 (o-Phth), 

124.20 (=CH-CH-), 131.60 (i-Phth), 134.06 (m-Phth), 143.59 (=CH-CO$X3), 166.15 (-CO$H3), 167.74 

(N(W). MS @I): 270 (lo), 244 (lOO), 213 (74). 184 (68). Anal. talc. for C17H19NO4 (301.34): C 67.76, H 

6.36, N 4.65; found: C 67.80, H 6.49, N 4.50. 

Methyl (4R,5S)&methyl-4-phthalimido-heptanoate (28a). A solution of 666 mg (2.21 mmol) 

alkene 33 in 12 ml ethanol was treated with 66 mg of Pd/C (10%) and stin& under hydrogen for 6 h. The 

reaction mixture was filtered through Celite and concentrated. After FC (hexane/ethyl acetate 5:l). 623 mg 

(93%) of ester 28a were obtained as a colourless oil. IR (neat): 2967, 2878, 1773, 1738, 1712, 1467, 1389, 

1367, 1174, 723. ‘H-NMR: 0.82 (I, J=7.4, 3 H, W3-CHz-). 1.03 (m, 1 H, CH3-WI-I’-), 1.04 (d, J=6.7, 3 

H, cH3-CH-), 1.34 (m, 1 H, CH3-CI-W-), 2.41 and 2.22 (2m, 5 H, CH3-CX- and -C&-C&-COzCH3), 

3.58 (s, 3 H, -CO$H3), 3.94 (ddd. J=3.5, 10.0, 11.5, 1 H, -N-CH-), 7.72 (m, 2 H, Phth), 7.83 Hz (m, 2 
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H, Phth). 13C-NMR: 10.56 (C’H3_cnrZ-), 16.23 (CHyCH-), 24.73 (-CHpCHpCO$H3). 26.00 (CH3-CH2- 
), 31.31 (-CH2-COzCH3). 36.11 (CH3-C’H-), 51.54 (-COzCH3), 56.22 (-N-C%), 123.16 @Phth), 131.56 
(i-Phth), 133.91 (m-Phth), 168.66 (N(O)), 173.12 (-CO$X3). 
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