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Abstr8ct. Sulphonyl group tr8nsfer from N-sulphonyl 
rnxline tool-8mino 8cidr followed by decarboxylrtion 
rffords m-sulphinyl8mino8eth8mide species with 8n 
rnti-configur8tion stereospscificrlly. Anrlopous 
re8ctions withd-rmino 8cid ekters o4ur 8t room 
tom@xMors~ im toluo~e’&nd.~Sk~d CI 
subst‘i‘tuted 

bomethoxy 
Irr-sulphinjl8mjnoiiethrlL de species fg 

non-stereoselectively. Both types of Iespecies are 
trrpped in good yield in [3+2]-cyclo8ddition re8ctions 
by N-•ethylm8Ieimide. The mech8nisms of the re8etions 
rre discussed 8nd evidence presented in f8vour of 8 
4manionic species for the reactions involvingd-amino 
rcid esters. A novel cyclic intermedi8te is invoked to 
account for the stereospecific formrtion of anti-l-u- 
sulphinylrminometh8mide species froma-8mino rcids. 
These 18tter processes also probably involve h-rnionic 
species. 

Our recognition of 8 new type of prototropy, 1,2-prototrapy, in X-Y-2H systems 

provides 8 sillple entry into 8 series of @itrogen proton8ted.l.Pdipoles ‘(l,Y-N) 

from imines3’4, hydr8xoses5, rnd oxiwf.’ This simple concept 0) 

1,2-prOtotrOpy is c8p8ble Of extension in 8 number Of Y8yS. e.g. t0 BCt8110-1,3- 

dipo1es.l A potentirlly direct extension of this ide8 involves W-X-Y-ZH systems 

(2). However substrrtes of type (21, in which W is 8n electronegrtlve Itom, m8y be 

less likely to p8rticipate in 1,2-prototropy (2)$ (3) owing to the reduced 

brsicity of Y in (2). We h8ve previously demonstrated the effect of imine b8sicity 

on the 1,2-prototropy th8t occurs in 8rylidene irines ofd-amino acid esters (5) 

where the electronic nature of R influences the r8te of 1,2-prototropy. a 

Conversely (2). when W is rn elsctronegrtive atom, should show 8n enhrnced tendency 

to form 4=8nioas.(4) in the presence of 8 suit8ble b8se. Agrin, such effects h8ve 

been observed for (51.7 Simil8i 8tgUHntS 8ppIy t0 8 dec8rboxyl8tive route from 

(61,with (41 possibly befhg more f8voured thrn (3) if W is an elcctronegrtive 

8tOu. However, the dec8rboxylrtion of (6) might proceed vi8 cyclis8tion to (7) 

followed by loss of c8rbon dioxide in 8 1,3-cycloreversion gener8ting (3). We h8ve 

shown th8t this l8tter route, vi8 ox8rolidin-S-ones (8). oper8tes in the 

decrrboxyl8tion of 8rylidene imines ofd-8mino 8cids.’ If, on the other hrnd, W 
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is a donor atom, i.e. (91, ft should promote 1,2-prototropy. 

Reaction of&-&in0 Acids with N-Sulphonyl~nilfnc 

Our attention focusscd initially on l dccarboxylativc route since it had been 

reported that N-sulphonylanflinc (PhN-S=O] reacts with&8uino acids 

IH2NCH(R)C02H] at 25-80°C in dimethyl sulphoxide to give 8ldehydcs 

(RCH~).‘* An initial sulphonyl group transfer to give aniline and (10) was 

proposed but no mechanisu was suggested for the subsequent steps leading to 
10 aldchydc. . The proposed intermcdirte (10) uas, we believed, potentially a 

precursor of (11) or (12) upon dccarboxylation. 

Whend-amino acids were heated in DHSO (SO’C) with N-sulphonylaniline 

fPhN=S=Ol and l maleSmide,(l3a1 or (lSbl,dtcarboxylation occurred and a series of 

cycloadducts (14) was obtained in good yield (Table 1). These reactions are 

stereospecific, giving rise to a single cyclordduct in each case. The all 

I, Table Cycloadductr from the reaction of d-amino acids with 

N-sulphonylaniline and (13) in DMSO at 8O’C. 

Cycloadduct (14) Time (h) Yield (1) 

a; R-Ph 

a; R=CH Ph 

a; R=Pr 3 

a; R-(CH21ZSMe 

a; R-Bus 

a; R=Bui 

a; R-CH2-Ind.b 

b; R-CH Ph 

b; R=Pr 3 

b; R-(CH2)2SM~ 

b; R=CH2-Ind. 

4 60 

2 90 

4 74 

4 7s 

4 68 

4 72 

4 78 

1 68 

4 68 

4 71 
4 70 

a. Isolated yields b. Ind, = indol-3-yl. 

cis-stereochemistry of iiA, HB and HC in the cycloadducts (141 is readily 

established by nuclear Overhruscr cnhanccmcnt fn.O.s.1 diffsrcncs spectroscopy. 

A typical n.0.c. study (CRC131 on (14a, R-Rut) illustrates the magnitude of the 

enhancements that arc observed. Irrsdirtfon of the signal for HA (d,g4.251 

results in enhancement of the signal for HB (8.5*1, whilst irradiation of HB 

(t,s 5.49) causes cnhanccmrnt of the signals for HA (9.5%) and HC (6.5\1. The 

chemical shift of the HA proton in the cycloadducts (14) spans a narrow range 

(64.16-4.34) suggesting the stereochemistry at sulphur is the same in all cases. 

A single crystal X-ray structure of one of the cycloadducts was determined and this 

showed the S-oxide to be trans to the R substitutent and cis to the ring hydrogen 

atoms HA-HC. 

Crystal data for (llr, R-Pril: CQH14N203S. H=230.3. Ortharhombic, 
space group Par21 (no.331, z - 7.834(8), b - 11.186(11), 5 - 12.240(12)z, 
U - 1072.6;f3, 2 - 4, D - 1.439 ~rn-~, P(OO0) - 488,afHo-X1) - 0.71069;. 

Clear, colourless blocis, diacnsions 0.3 x 0.4 x 0.9 mn,~(Mo-~) = 2.4cr-1. 
Data were recorded on a Stoc STADIP two-cirolc diffractometer, using the 

background-oscan - bwkpround mode with scan width 1.5’. scan speed 1.S dcg 

ein -1, 3$OQ 3o”. 1506 unique data were corrected for Lorcntx and polarisation 

effects and were used in the subsequent analysis. The structure vas determined 

using the direct phasing nathods of SHELX” and refined by lcrst squares, 
allowing anisotropic vibrations for non-hydrogen atoms. The hydrogen on the 
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pyramidal nitrogen (Nl) was included at the position determined from a difference 

Fourier synthesis and was allowed to refine isotropically. All other hydrogeas 

were included in positions calculated from the geometry of the molecule 

(C-H - 1.08 1). Common isotropic temperature factors uere applied separately to 

tertiary CH and methyl hydrogens and these refined to final values of U - O.OS(ll 

and 0.09(1)x2 respectively. In the final cycles the 1403 data with F>6s(F) 

yielded a final R of 0.054. 

0.01ZBF2]. 

The weighting scheme used was Y - l/[*‘(P) + 

A projection of the molecule is shown in the Figure. 9 Bond lengths 
and angles are listed in tables 3 and 4.l’ 

FIGURE 

Reaction of *I-Amino Acid Esters with N-Sulphonylaniline 

d-Amino acid esters [H2NCH(R)CO2Hel react with N-sulphonylrnlline and 

(13a) in toluene at room temperature over l-4h. to give mixtures of two 

stereolsomeric cycloadducts (15) and (16) (table 21, together with trace amounts 

(610% total) of one or tno other isomers, Early experiments were performed in 

boiling toluene’ and substantial quantities of additional isomers were obtained 

in one or two cases. Attempts to duplicate these experiments showed the product 

mixture was sensitive to temperature (see below). However. heating the product 

mixture produced at rook temperature to 1lO’C for prolonged periods does not 

result in any noticeable change in product ratio (15):(161 or any increase in the 

minor isomer(s) suggesting the 1:l ratio of (IS) and (16) may arise from 

thermodynaaic control (set below). As might be expected diethyl 

gives rise to a single cycloadduct (17) (Table 2). 

Table 2. Cycloadducts from the reaction of oi-amino acid 

N-sulphonylaniline and (138) in toluene a-t 25°C.a 

Amino Acid Methyl Ester Yield t+Ib 

tryptophan 90 

alanine 70 

phtnylglycfne 91 

mcthionlne 100 

l minoaalodicc 70d 

aminomalonate 

esters with 

a. Reaction.time I-4h. All reactions gave a ca. 1:l mixture of (15) and (16). 

b. Isolated yields; c. Diathyl ester; d. Product (17). 

if; Tables of atomic coordinates, tsrperature factors and derived results have 

been deposited with the Director of the Cambridge Crystallographic Data Centre, 

University Chemical Laboratory, Lensfield Road, Caabridge, CB2 IEN, U.K. 
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05) (16) 

(1’) - = deshielding 
+ = shielding 

7'h4 relative stereochemistry of HA, Hg and the R substituent in 

cycloadducta (15) and (16) was readily estabJishad by n.0.e. experiments. This 

technique shared a positive n.0.e. between Hg and R in (16) and a much reduced, 

or absence of, an n.0.e. between Hg and R in (15) (see experimental. section).’ 

The stereochemistry at sulphur in these cycloadducts has not bebn determined. 

However, we tentatively assign a cis-relationship between the S-oxide.and HA in 

both isomers. Support for this assignment is provided by the cliemical shift of the 

HA protons in (141, (15) and (16). In the p.m.r. spectra of cycloadducts (14) in 

which HA is cis to the S-oxide HA gives rise to signal at S 4.18-4.4. The 

magnetic anisotropy of the S-oxide bond (18)” is analogous to that of an 

l cetylenic bond and results in deshielding of a cis-vicinal proton. The X-ray 

crystal structure of (14a, R-Pri) shows an HA -C-S-O torsional angle of 22.3’ 

and HA --- 0 and HA --- S distance of 2.671 and 2.44x respectively. The NH 

group is displaced (0.641) out of the plane of the other ring atoms 

S(0)CHACHBC(R)HC towards the succinamide moiety. The p.m.r. signals for HA 

in (15) (64.64-4.98) and (16) t&4.91-5.01) are deshielded with respect to HA in 

(14). This suggests a cis-vicinal relationship between HA and the S-oxide in 

both cases accompanied by a reduction of the HA -C-S-O torsional angle arising 

from conformational changes consequent on gem-substitution adjacent to the NH 

group. The seemingly anomalous chemical shift of HA (84.21) in (16, R - indol-S- 

ylmethyl probably arises from a shielding effect of the indole on HA and not from 

a change in stereochemistry at the sulphur atom. 

Mechanism of the Cycloaddition Reactions. 

The initial products of the solphonyl group transfer are assumed to be (10) or 

the corresponding methyl ester, together with aniline. Attempts to utilise (19) as 

a sulphonyl transfer agent l3 resulted in low yields of cycloadduct (14). The 

by-product of sulphonyl transfer from (19) is the non-basic 2-pyridone and the low 

yield when (19) is used as sulphonyl transfer agent thus suggests a possible role 

for ani 1 ine, liberated from N-sulphonylaniline, in the cycloaddition process. 

Furthermore, we find that (20) reacts with N-sulphonylanillne and (13a) in benzene 
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(25’C, 24h) in the presence of 1 mol. Of triethylrmine t0 give (21) (458) Is J 

single isomer. The stereochemistry of (21) is assigned on the bJSiJ of the 

chemical shift of the proton HA (65.1) JS discussed above for (15) and (16). 

.‘. 

I R 

d 
s ‘.I,# 

‘Y+ f 4 OMe 

(24) 

Ii NH2 

(20) 

R 

(22) a. R-H (23) a. R=H 

b. AH b. Ai 

c. R=COgMe 

d. B1=COgMe 

c. R=CO$Ie 

d. R1=C09Me 

The stereochemistry of cycloadducts (14) implicates a 4IT-species, (22~) or 

(2Sb) or the corresponding N-protonated dipoles, with an anti-configuration. 

Uoreover, the absence of cyclordducts derived from the corresponding 

IIFsyn-species, (22b) or (2Sb) or the corresponding N-protonated dipoies, suggests 

either (a) that an equilibration process intervenes, e.g. in the 4’lr-species prior 

to cycloaddition or (b) that formation of the I%species is rate determining and 

that either some non-covalent configuration-holding interaction, or an additional 

intermediate crpable of exerting control over the stereochemistry of the 4W 

-species, is involved. Our previous extensive experience with mrleimide 

dipolrrophiles has shown that they trap the kinetically formed 1,3-dipole before 

any stereomutation (equilibration) can occur. 
9 We were unable to detect any 

cycloadducts derived from (22b) or (23~) (or the corresponding N-protonated 

dipoles) although such species are readily detected in the corresponding 

cycloadditions involving d-amino esters (above) suggesting J possible mechanistic 
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role for the free carboxyl group in determining the configuration of the 

4n-species. One explanatlon th8t 8ccords with our observations is that the 

initial product of sulphonyl transfer (10) undergoes cyclisation to (27) which, in 

turn, undergoes 8 concerted base crtalysed cycloreverslon giving either (228) or 

(23b) (Scheme). A sinilrr cycloreversion without the intervention of base would 

generate the 8nalogous 1,3-dipolar species. [5+2]-Cycloraversions 8re known to 

occur with retention of stereochemistry in the case of 1,3-dlpolar 

cycloreversions14 8nd siafl8r orbital symmetry constraints should impose the same 

outcome on fS+21-anionic cycloreversions. Thus the configuration of (27) 

determines the syn- or anti-configuration of the 4W-species (scheme). A 

distinction between the 4-W-anionic and 1,5-dipolrr spscics as the reactive 

intermediate is not possible on the present evidence. However studies of the 

analogous reactions of d-amino esters (below) favour the’47Fanfonic species. 

O=CHR t X-N=CHR (X=SHO or S0H-r) 

SCHFME 

In the cycloreversion step the sp’ centres at sulphur and C(5) are 

rehybridising and perticipating in a disrotatory twisting motion. In this latter 
process steric interactions between R and the sulphur rtom lone p8ir, and between 

the oxygen atom and hydrogen atom, and the electronic interactions of these with 

the developing 4rI-anion, manifest their influence over the two rlternative 

disrotatory modes isadfng to (2281 or (23b). The cycloadducts (14) are either the 
product of a cycloaddition of (13) and (228) via an exo-transition state or of 

cycloaddition of (15) and (23b) v& an endo-transition state. N-substituted 
8aleiuides are reactive dipolarophiles and tend to give exclusively, or 

predomin8ntly. endo-adducts and for this reason we favour (23b) as the reactive 

4*species, This analysis p8rallels that developed by us to explain 8nti-dipole 
formation ib atomethine ylide formation from d-amino acids and 81dehydes.9 .A 

detailed stereochemical and mechanistic lnvestig8tion of this latter process 

provides clear evidence for the intervention of 8n oxazolidin-S-one (8) 8nd its 

stereospecific cycloreversion to an aomethine ylide.’ In the current case, when 
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no dipolarophile is present, the 4lf-anions (228) or (23b) undergo S- or 

O-Protonation giving imines (scheme) which are subsequently hydrolysed to aldehydes 

(the products observed in the original Japanese worklo). 

The analogous cycloadditions involving 4-amino acid esters do not result in 

stereospecific formation of the corresponding carbomethoxy substituted 

4~sulphinylaminomethamide species. In this case a configuration determining 

cyclisation cannot occur. However, if the reactive species was a l,S-dipole 

configuration controlling intramolecular hydrogen bonding (24) of the type believed 

to be responsible for stereospecific formation of (25), from imines of A-amino acid 

esters15’16, would be expected to operate. In the latter case dipole 

stereomutation (25)s (26) does not occur at all when N-¤ethylmaleimide is used as 

the dipolarophile. When less active dipolarophiles (acrylate, maleate, and 

funarats esters etc.) are used, dipole stereomutation is observed for (25, R-Ph) 

but not to any significant extent for (25, R - l lky1).15V17 

Monitoring the formation of (IS) and (16) by p.m.r. in d6-DHSO at 25’C 

indicates the ca. 1:l mixture arises as a result of thermal equilibration of a 

mixture of three (or four) isomers during work up. d6-DWSO was used for these 

studies because of the tendency of (15) and (16) to precipitate from toluene 

leading to misleading p.m.r. spectra. The possibility that both I*-anionic 

species, e.g. (22c,d) ;and l,S-dipolar species, e.g. (24). day be formed in the 

presence of catalytic amounts of base and acid respectively was considered next. 

This 1s analogous to enolate and enol formation from carbonyl compounds. l6 A 

series of n.m.r. tube experiments was carried out in which solutions of 

N-sulphonylaniline and alanine methyl ester in d6-DMSO were allowed to react at 

room temperature with (i) unrecrystallised NMM (commercial NMM appears to contain 

some of the maleaaic acid precursor*), (ii) thrice recrystallised NMM, (iii) 

recrystallised NMH plus 10 mol % benroic acid, (iv) recrystallised NM4 plus 10 

~01.8 aniline and (v) recrystallised NMM plus 10 mol.8 of both aniline and bentolc 

acid. Reactions (i) and (ii) were complete in ca. 35 min. whilst reaction (iii) 

was slowest of all and was incomplete after 4.5h. Reaction (iv) was faster 

(complete in ca. 4.5h) than both (v) and (iii), but slower than (i) and (ii). The 

interpretation of these results is difficult at present since two steps, sulphonyl 

transfer and deprotonation or 1,2-prototropy, are involved. However, the 

triethylamine catalysed formation of (21) and the non-stereospecific formation of 

the’JW-species from d-amino acid esters and N-suXphonylaniline suggest 

configuration determining hydrogen-bonding of the type shown in (24) is not 

important. We therefore favour 4Wanionic species (22c.d) and (23c,d) as the 

reactive intermediates. 

The observation of thermal equilibration of an initial mixture of three or 

four isomers to a ca. 1:1 mixture of (15) and (16) could be accommodated by a retro- 

cycloaddition/cycloaddition sequence or by N-S bond cleavage (ionic or radical) 

(28) (29) 
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followed by cyclis8tion with inversion of the configur8tion 8t sulphur, e.g. (28)s 

(XJ $ (29) (where X-H-S cleared ionic or radic81 intermediate). Evidence in favour 
of the latter explanrtion is provided by the observation thrt the pure isomers (15, 
R=S-indolylrethylf 8nd (15, R=3-indo~ylmethyl) 8re unch8ngsd an he8ting at tl@‘C 
in toluene for 1Uh. 

%‘!%%%k fraction b.p - 
Gener81 det8i;; w;; 8s previously described. Petroleum ether 

Sorbsil C60-40/60 (Crosfieids). l 

Flrsh chroD8togr8phy ~8s performed using 

procedure .18 
N-Ally1 m8leimide was prep8red by the literature 

tyclo8dditions of 4 -Amino Acids 
A mixture of the d-8mfna 8cid (0.02 ~011, N-sulphonylanfline 

of8roDhile (0.02 801) in D”S0 (SO ml] ~8s stirred rnd herted at 
8OoC. When 811 the o6-8rino 8cid hrd dissolved (l-4h.J (T8ble lJ, the reaction 
mixture was filtered 8nd the filtrate ev8 orrted to dryness under reduced 
pressure. Tritur8tion of the residue wit K ether-petroleum ether yielded the crude 
product which ~8s cryst8llised from 8n 8pproprirte solvent. Yields are recorded in 
Trble 1. 
4-Phsnyl-?-met~yI-2-thi8-6.8-dio~o-3,?-diaxobicyclo(3.3.O]oct8ne S-oxide $:48,R=Ph). 
‘dbtrined 8s coloUrTers pirtes f ram methrnol-petroleum ether, m.p. 178-166 
(Found: C, 54.40; H, 4.45; N, 10.40. 
H, 4.60; N, 10.60&);67.5 (D, SH, ArHJ, Cl f!f~~N~:‘“1keq~;;e”5c~ :k’:; lH, NH), 
4.4 (d, lH, HA), 3.8 (t, lH, HBJ 8nd 2.9 (s, 3H: N&J; iH “OBDS(tJ* 
irrrdi8tion of H effected eshrncements in the si 
Hc(14);3,, 1691 1430 1380 and 1280 cm-l; 

n8ls for HA(llJ 8nd 

135(5), 104t8) ani 93(1&O). 
m/z 1) 264 (“+,7), 153(19), P 

4-Benxyl-7-methyl-2-thi8-6,8-dioxo-3,7-diaxobicyclo[3.3.O]octane S-oxide 
dr from ether-chloroform, R.P. uDr8lnea is colourless ro 

~i4~~~H~~~~~d: C, 55.80; H, 5.15; N, 10.35. C 
C. 56.10: H. 5.05: N. 10.05%J;S7.31 (m, SH, ArH 

H 4N20 S requires 
ff 1.78 i., lH, HcJ 4.41 

k HA), 3.5 (D, 2H, HB + HCHPhJ, 3.03 (I, SH: NneJ rnd 
5. 1693. 1430. 1375. 1280 8nd 1050 

(4, lH, “HI; 4.30.(d; lH> 
2.Zfs(d;;z$j ~~~p~~~~~~x 
CM 
I-is;-Propyl-7-methylI2-ti 

8. -rl. Obt8ined 8s 

3400, 3190, 176 
260(11), 167(1OOj, t12i321, i04(41], and Ql(73J. 
.8-6,8-dioxo-3.7-di8xobicyclo[S.3.3.O]OCt8ne S-oxide 
colourlesr cbtmkv rhombs from ether-chloroforti. m-n. 

1 
214-215oC (Found: C, 47.00; H, 6.30; N, 12.30. 

I * 

C, 46.95; H, 6.15; N, 12.15%);&4.S8 (br s, lH, 
C H 4N 0 S requires 

M. f.l 0 
3.59 

(m, 2H, HA 8nd Hc), 
8nd 1.05 

(2 x 
(t, lH, HB), 2.96 (s, JH, NMeJ, 2.2 (m, lH, CltUe2J, and 1.29 
d, 2 x 3H, C”Me2J;Vm 3440, 3200, 1765 1703, 1440, 1380, 1320, 1290 8nd 

1150 cm-l; B/Z(\) 2?4 (W.!f. 18:(89J. 133(96j 8nd 112(1OOJ. 
I-( -Thiomethyl)eth -7-~th~l-2-thi8~6,8-dioxo-3,7-&i8robicyclo[3.3.0]octrne 

2S”eJ: Obt8ined 8s colourltss thombs f tom methanol, a.p. 
, 41.30; H, 5.35; N, 10.90. CgHl4N203S2 requires 
Al, N 10.70~J*~(d6-DMSOJ 3.59 (;', lH, HBf, 3.23 6 94 (S (br 3H: 5 NW), lH, NH), 2.56 4.28 (t (III, 2H, lH, 

3460, 3140, 1775, 
We), 8qd 2.04 and 1.6s (2 x’m 2 x 1H CH2CH2Sj*V 

1440 rnd 1050 cm-l; H/E(\) 262 (ic+,l), 2i4n4), lQi(2yff 
167(46J and 61(100). 
4-see-Butyl-7-methyl-2-this--6 8-dioxo-3 7-di8robicyclo[3.3.0]Uctane S-oxide 
‘( 4 R B 5J Ob i d as coliurless rois f 
(:o$d:*C” 4Q.05*t! “e6.65. N 11.55’ S 13.1kornC~OH~6”203S requires 

hlotoform-ether, R.P. 174-17 

C, 49.&H, 6.66; Ej, ll.iS;‘S, 13.iO1!;&4.62 (m, lH, He), 4.52 (s, IH, NH), 
4.20 (d, lH, HA), 3.45 (t, lH, HB), 2.90 (S 3H, NHe), 1.92 (m, ZH, CE2”e), 
1.42 [m, lH, CH(HeJEt], 1.02 (t, 3H CH CH $ 1 01 (d 3” CHCH J-9 
3220, 1770, 1730, 1435 8nd 1050 cm 
1231100). 

-i; mjx(iJ’244 (“*,i5),‘188(95): 183f85) 8n 

4-isoButyl-7-•eth l-2-thia-6 I)-dioxo-3 7-dirzobicyclo[3.3.0]octrne S-oxide 
( 4 R B IJ Obtained 8s ciloutless il8tes f 
l:08i41&U(F&d: C 49 30. H 6 70’ N 11 25? ;3 30 C H 6”2O’S 

hloroform-ether l .p. 

requires C, 49.15; k 6160; N’ li.4:. H I~.l~~)!64:67’(m”lf H , 4 25 (d, 
HA), 5.49 (t, lH, HBj, 1.95 (5, 

3 

CHne2) and 1.1 (d, 6H, CHHe f; 
SH, ““ins), 1.8 (.: 2H, CH2): 1.52 fm, l”, 

Ghancement in the signals -8 
1H NOEDS (I;) irr8di8tiOn of HB effected 

1700, 
or HA (9.5) nnd HC (8.5)‘3 

1430 8nd 1050 cm-l; m/t(\) 188(8QJ! 
3425, 3125, 1765, 

244 (W.2). l!!t96J and 122(100). 

5oc 

id 

lH, 

4-Benxyl-7-8llyl-2-thi8-6,3-dioxo-3~7-diazobicyclo~3.3.O]oct8ne S-oxide 
8s colourlers pl8tes frOB chloroform-ether, l .p. 

59.00; H, 5.35; N, 9.10. C 5H 6N 0 S requires 
C, 59.20; H, 5.30; N, 9.20%);&7.30 fs, 3H, ArH j, 3.73 im, lH, Cg=CH2), 5.2 
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(m, 2H. CH-CHr). 4.81 (m, 1H. HC). 4.35 (br s, lH, Hi?), 4.32 (dd. 1H. J 1.8 and 
7.iHz HA,),T,lj (m 2H -CH CH-T 
HCHPhj * J 

3.60 (B, 2H; H -+ HChPh), and i.70.(q, 1H 
3300 i780’ 1769 liso, 

TlS(SSj, %k64) kd 91(100).’ 
1390 and la80 CD-; m/r(t) 304 (W.711, 

4-iso-Pro~yl-7-allyl-2-thir-6.8-dioxo-S.7-dlazobicyclo~3.S.O]octane S-oxide 
14b R P l) Obtained as colourless needles f 

100-iO1&r(Found 
ram chl oroform-ether, m.p. 

: C. 51.335; H, 6.15; N. 10.95; S._12.25- C,,u,cm,n,S 
reauires C. 51.55: h. 6.30: N..10.90: S; 12.50t):a5.72 

_. -, ,.., “-.~-J- 

(m, _lH, CH=CH2), 5.15 (m, 
2H; CH=CH2), 4.98’(s; lH, RH); 4.25 im,‘2H, HA i-H 1, 
3.64 (t,-lH, H ) 2.17 (m 1H CHMe2) and 1.28 an E 

4.07 (d, 2HT CH CH-I, 

CHme2);Y max 
3f2i) 1770 i700' d, 2 x -3 H, 

21x171. 1381401 ;nd l*~(lOOl: 

1730 a:d 1060 cm-l; m/z(:) 1.06 (2 256 x 
(?t*,4), 

4-( -Thiomethyl)ethyl-7-allyl-2-thir-6.8-dioxo-S,7-diazobicyclo[S.3.O]octane 
S-oxrde (14b 
-75-77oC’(Foun 

R-CHiFHtSH ) Obtained as colourless rods from ether-chl 
:5:85. H 5.65, N 9.65. C HI6N 0$52 requires 

orof arm, 

C, 45.60; H, 5.60; N, ;.7O#)&i6-DMS& j.12 (s, ii, NHf; 5..66 (m, lH, 
CH=CH2), 5.04 (m, 2H, CH=CH2), 4.42 (m, lH, HC), 4.34 (d, lH, HA), 3.90 
(a, 2H, CH2CH-), 3.74 (t, m, HI,), 2.66 ft. 2H. CH?Sl_ 2.0 and 1.7 (2 I . . _ ___- _ _ 
2 xllH, ‘(IA2CH2S). and 2.02 (s, SH, SU 

-- ._, __., 
e) : 3 mmv sliti:-ij75I 1700. 1400-and-i050 

c. : mmII 288 (Y+.l). 240172). and 6l(l’dfif. . _ . 

Cycloadditions of &-Amino Esters 
General Procedure. A mixture of thed-amino acid ester (0.02mol). N-sulfonylaniline 

0 024 1) d N-methylmaleimide (0.02~01) in toluene (50~1) was stirred at 25oC 
un;il %e rE:ction was complete (t.1.c.) (1-4h). The reaction mixture was then 
washed with water, dried (Na2SO4) and evaporated to dryness. Integration of 
p.m.r. spectrum of the crude product gave the isomer ratio. Isomer mixtures were 
separated by flash chromatography eluting with 3:7 v/v petroleum ether-ethyl 
acetate. Note that the room temperature reaction mixture may contain three or four 
isomers but application of heat during removal of the toluene results in a ca. 1:l 
mixture of tuo isomers with only trace amounts of other isomers. 
methyl 4-indol-S~-ylmethyl-7-me~hyl-2-th~a-6.1-d~oxo-3,7-diazobicyclo[S.S.O~octane 
-2-carboxylate S id (15. R -0x e I i ndol-S-ylmethyl) Colourless plates from 
ether-ethvlacetate. m.~. 210-212rrC LFound (mixed isomers): C. 54.35; H. 4.45; 
N, ll.OS.~CI7Hl7Ng~5S requires C, Si.40; H, 4.55; N, 11.2O~]i~(d6-DmS6) 
10.8 (br s, lH, NH), 6.98 (m, SH, ArH), 4.64 (d, lH, H ), 4.0 (d, lH, Hg), 3.7 
and 2.88 (2 x d, 2 x lH, CH2-Indole), ?I28 (s, 3H, OMe r , and 2.64 (5, SH, NMe);3 

3310, 1700, 1440, 1290 and 750 CD 

~!a6.‘:“~‘!%1 3 lmethyl) 

; m/z(\) 375 (M+,S), 312(12), 264(41) 

Colourless plates from benrene, m. 
(d?kuSO) 11 0; ;z, 1H mj, 7.30 ( 

227-229,x. B 
SH, ArH), 4.21 (d, lH, HA P’ 3.93 (d, lH, 

HB , 3.69 (s’ , fH, Ok): 5.33 and 3.2; (2 x d, 2 x lH, CH2-Indolej and 2.77 
(s, SH, NMe); H NOEDS (8) irradiation of CH2-Indole effected enhancement of 
Hg(7); +max 3260, 1700, 1450, 1080, and 760 cm-I; m/z(() (375 (U+,O.S), 
264(6), lSlt12) and 130(100). 
methyl 4,7-dimethyl-2-thia-6,8-dioxo-3,7-diazobicyclo[~.S.O]octane-2-carboxylate 
S-oxide 
-Me). Colourless plates from ethyl acetate-petroleum ether, m.p. 155-157°C 
[Found (mixed isomers): C, 41.45; H, 4.70; N, 10.70. CgHI2N205S requires 
c, 41.50; H, 4.65; N, 10.751l;S(d6-DMSO) 7.63 (br s, lH, NH), 4.89 
(d, lH, HA), 4.28 (d, lH, Hg), 3.75 (s, SH, OHe), 2.85 (s, 3H, NMe), and 2.0 
(s SH, Me);+ 5320, 1740, 1430, 1290 and 1080 cm-l; m/t(t) 260 (M+,3) 
zoifel). and lt”sfiO0). ~___~__, ~..~ ~_~~ _~ 
(16, R-Me). Colourltss plates from eth 1 

23 lm&(d6-DWSO) 7.7 (br s, lH, 
acetate-petroleum ether, m.p. 

(d,-lH, Hg), 3.63 (S 
NH , 5.01 (d, lH, HA), 3.77 J 

of C(4)-Me effected khancement of Hg (26)‘3 
SH, One), and 2.81 (s, SH, Me); lH NOJ!DS (0 I;;‘~*::, 

3150, 1700, 1440, 
740 cm-l; m/z(\) 260 (i4+,2), 202(19) 201(i00fakd 149(62). 
Methyl 4-phenyl-7-aethyl-2-th,a-6,8~~~oxo-J,7-diaxob~cyclo[~.~.O]octane-2- 
carboxylate S-oxide. 

olourress plates from ethyl acetate-petroleum ether, l .p. 
iFound (mixed isooers): C, 51.90; H, 4.30; N, 8.40. C~JH~~N~O~S 

requires C, 52.15; H, 4.35; N, 8.70$1;S(d6-DMSO) 8.25 (br S, IH, NH), 7.44 
(m, SH, ArH), 4.98 (d,, lH, HA), 4.82 (d, lH, Hg), 3.73 [s, 3H, One), and 2.6 

&i,:f) ,%&l%~%d 263(100?. * 
5300 17 0 1455, 1260 and 1075 cm- ; m/r(t) 322 

.-- 
(16. R-Ph). Colourless plates from ethyl acetate-petroleum ether, m.p. 
160-161oC:S(dn-DUSO) 8.65 (br s. 1H. NH). 7.40 (m. 5H. ArH), 4.81 
[d, lH, H-) -4129 (d; IH, Hi), 3;61 (s, SR, One), and 2.89 (s, 3H, NMe); 

H NOEDS 2 tj irradiation effected enhancement of the ortho-ArH Signal 
(11.5); Smax. 

of Hg 
3300, 1700, 1430, 1250, 1075 and 745 cm-l. 

ion 
Id 

12 
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Methyl 4-~-thio~ethyl)ct~yl-7-~ethyl-2-thia-4,8-dioxo-3,7-diatobicyclo~3.3.0~octane 

urless needles froa ethyl acetate-petroleum ether, 
mixed isomers): C, 41.15; H, 5.00; N, 8.90. 

i$H;6N2OSS2 requires C, 41.25; H, 5.05. N, 8.7511;g(d6-DMSO) 7.87 
IH, NH), 4.86 (d, 1H, HA), 4.21 td, lH, HB), 3.75 (s SH, OMG), 2.85 

(s, 3i, me), 2.81-2.05 (m, 4H, 
1700, l4SO and 1070 cm -1; n/x(\) 

CH CH S) and 2.01 (s, 3H, SMeI;Vmax 
3 0 f t 

3200, 
246(241, lll(27) and 61~1001. 

(16. R-CH2CH~SN.1. 
M+,6), 

colourless plates from ethyl acetate-petroleum ether, 
8.p. 169-171 C; &fd6-BMSOf 7.81 fbr s, IH, NH), 5.01 (d, Iii, HA,), 3.92 
(d, IH, HB), 3.66 (s, 3H, OMe), 2.8 (s, 3H, NMt), 2.24 (1, 4H, CH2CH2S1, and 
2.1 (s SH, SW?>; J 3205, 1700, 1450 and 1070 cmml; R/Z(%) 320 fM+,O.S), 
ZOQ(llj, lll(37) an~a~i(lOO). 
Diethyl 7-nethyl-2-thia-6.8-dioxo-3,7-diaxobicyclo~3.3.O~octane-2,2-dicarbox 
S-oxide 117) . C olourless plates from chloroforr-petroTeue ether, l .p. 140-I 
IPound: C 43.SO; H, 4.70; N, 8.25. Cl H16N207S requires C, 43.40; H, 4.85; 
N, 8.45t)f~S.S7 (br s lH, NH), 4.61 2 x overlappfn 
4.36 (a, 4H, 2 x f&Mei, 3.03 (I, 

t 

CH2Me); +,,, 
3H, NMe), and 1.34 

174a; 1700 1430 and 1380 cm-l; m/z(\) 
149?%II, 148?13), 103(51$ and 29(100) 
4,4-Spiro-9’,0*-fluortnyll7-iethyl-2-t~ia-6,8-d~oxo-3,7-diaxobi~y~lo{3.3.O]o~tan~ 
S-oxide [Zlf Y 110~ prisms f 

i.73” H 4 10, N 
hloroforr-petroleum ether, 11-p. 213 214oC 

P dC6 8’35’ C18Hl N203S requires C 
N,“::3&)!~7.7217.i9 i. ‘8H’ &HI’ 5.10 t 

63.90; H, ;.lS; 
d IH H8) 4.97’fbr s IH, NH), 4.08 

Cd 1H Hi) and 2.93 (5: 3H: NMeIf m/x(r) 538 iM+,lj, 227(15), i79(100f, 
lli(19j l nd’76(8). 

We thank S.E.R.C. and Queen’s University for support. 
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19. Table 3. Bond lengths (;) for (14a. R=Pr’) 

Sl-01 

Sl -c4 

03-c5 

NZ-Cl 

NZ-C6 

Ct-C3 

cs-c7 

c7-ca 

Nl-Sl-01 

C4-Sl-Nl 

CS-NZ-Cl 

C6-NZ-CS 

cz-Cl-02 

c3-cz-Cl 

C4-CZ-C3 

C7-C3-Nl 

CZ-C4-Sl 

C5-C4-C2 

c4-cs-03 

ca-c7-c3 

c9-c7-ca 

1.468(3) 

1.852(3) 

1.206(4) 

1.386(J) 

1.462(4) 

1 .S41(4) 

1.521(4) 

1.532(4) 

Sl -Nl 

oz-Cl 

Nl-C3 

NZ-C5 

Cl -c2 

CZ-C4 

c4-c5 

c7-c9 

1.656(Z) 

1.221(3) 

1.489(3) 

1.379(S) 

1.521(4) 

1.536(4) 

1.513(4) 

1.533(4) 

Table 4. Bond angles to) for (14a, R=Pr’) 

113.6(Z) 

89.5(l) 

113.8(Z) 

123.8(S) 

128.4(3) 

114.9(Z) 

107.9(Z) 

112.3(Z) 

107.8(Z) 

106.1(Z) 

126.7(3) 

110.2(Z) 

109.4(3) 

CI-Sl-01 

CS-Nl -Sl 

C6-RZ-Cl 

NZ-Cl-02 

CZ-Cl -NZ 

C4-CZ-Cl 

CZ-CS-Nl 

C7-C3-CZ 

cs-CI-Sl 

NZ-CS-03 

CI-C5-N2 

c9-c7-c3 

104.7(Z) 

112.2(Z) 

122.1(3) 

122.9(3) 

108.7(Z) 

103.4(Z) 

101.4(Z) 

116.9(2) 

110.1(Z) 

125.8(3) 

107.5(3) 

111.7(Z) 


