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acetic acid was established as CX5Hj3N0,2 by FAB-MS, PMR and CMR. This formula 
11 is in agreement with that reported by Hensens . These data suggest that II is 

a hydrogen chloride adduct of native NCS Chr (I). 

The 100 MHz CMR spectrum of II taken in 12CD30D indicated the presence of 

35 carbons. They are classified as 4 methyls, 1 methylene, 15 methines and 15 

quaternary carbons based on off-resonance decoupled and INEPT experiments. The 

well-spaced 400 MHz PMR spectrum taken in CD30D showed the presence of 29 non- 

exchangeable protons, which were in accord with the proton number counted by 

INEPT. All of these proton signals were correlated to carbon resonances by 

selective proton decoupling (Table I). After the proton and carbon signals 

attributable to NA, MF and EC moieties had been excluded13, 5 protons and 12 

carbons present in a very highly unsaturated moiety common to I and II remained 

to be assigned. In order to reveal this moiety, NMR spectra were carefully 

analyzed to prove that both I and II have no aliphatic aromatic diacyl peroxide 

proposed previously by us8. 

Since the coupling constants of H-10 in II (see Fig. 2) with H-8, 11, 12 

and 1' (anomeric proton of MF) were very small, distinction between vicinal and 

long range couplings could not be made with certainty. However, NOE experi- 

ments revealed spatial proximity of H-10 with H-8, 11 and 1'. The magnitude of 

the coupling constant between H-11 and 12 (J_=3.0 Hz) confirmed the vicinal 

Table I. 100 Mllz CMR ANU 400 Milz l'Mli Sl'lSCTRAI, D,ZTA OF I AND II 

r (CD~CO~O,C~+OD, 1:1) II (%+OD) 

13 
c ( pp,,1) 1J c_,, pi 

13 
C(iw) 'Jc_,, i-I ( PPI$ 

1 129.8(s) 
2 D7.5(s) 

130.9(s) 

3 97.6(s) 
89.9(s) 

4 53.8(s) 99.9(s) 
5 55.2(d) 196.6 80.1(s) 

(1 99.7(s) 

'l.lrl(ltl,brs) 
53.5(d) 1GZ.G 5.2O(lli,brs) 

7 90.7(s) 
100.5(s) 

0 101,.5(d) 160.C 5.W(lli,brs) 
93.0(s) 

1: lG0.2(s) 107.8(d) 169.5 

fQ.Z(d) 158.4 5.09(1ll,brs) 
156.2(s) 

S.Cg(lH,d,J=l.Z) 

15 
1' 

;: 

81.6(d) 1X.7 6.25(111 brs) 
02.5(d) 159.0 4.95(1H,brs) 

139,11(_?11!6,0_~6./9I~I~frL___ 
82.6(d) 150.0 6.14(1H,d,J-3.0) 

_ _13L&JL74.9 
16.1(d) lGU.U 4.93[lti.dd,J=U.O,5.0) 68.0(t) 156.3 4.54(lH,dd,J=5.0,9.0) 78.0(d) 

6.58(!N,dd.J=3.0,1.2) 
162.6 

67.3(t) 
157.5 5.25(ltl,dd,J=8.0,5.5) 

4.61(1H,dd,J=5.5,9.0) 

I'i',.Ti 5 

4.75(lll,dd,J-9.0,S.O) 
4.64(1H,dd,J=9.0,8.0) 

156.1(s) 
174.0 95.4(d lGD.7 5.75 lll,d,J=3.0) 59.5(d) 144.6 3.S5(lll,dd,J=3.0,10.5) 95.6(d) 

63.2(d) 143.8 4.21(1l!,dd,~J=10.5,2.~) 
59.2(d) 

5.6:(1H,d,J=3.8) 142.5 

IF 4' 

c 

72.4(d) 146.2 3.90(1ll,d,J=2.5) 
GZ.l(d) 142.5 

3.43(ili,dd,J=3.0,11.0) 
3.99(1ll,dd,J=11.0,3.0) 

142.5 
5' 

Gg.l(d) 136.4 4.U7(lll,d,J=6.5) 72.2(d) 3.7G(lll,d,J=3.0)~ 

G' 16.6(q) * 1.2ti(3ll,d,J=6.5) 
613.9(d) 144.G 4.07(lH,d,J=G.5) 

?'-RCil, 12.7(q) * 
106.2(r) 

7.W(3l!,s) 
16.6(q) 127.3 l.ZG(3ll,d.J=G.5) 

i '/ 
37.3(n) 147.11 7.97(3li.s) 

2" 163.2(s) 
10/.4(S) 

3" 
161.8(s) 

4" 
llG.4(d) 164.4 7.03(l!i,d,J-9.0) 163.8 133.6(d) 150.4 ~~.lO(lll,d,J=9.0) 115.Q(d) G.W(lll,d,J=9.5) 

5" 1:c.1(5) 
132.2(d) 159.0 8.OO(lH,d.J=9.5) 

6" 
137.G(s) 

IA 7" 
117.'&(d) 160.4 6.W(lll,brs) 
160.4(s) 

117.3(d) 155.7 6.34(1ll,d,J=2.0) 

8'8 
45" 

104.2(d) iCO.4 7./6(1ll,d,J=2.O) 
159.9(s) 
103.1(d) 160.5 7.51(1ll,d,J=2.0) 

Ue '6 
124.0(s) 
134.9(s) 

123.6(s) 

1".coo 172.1(r) 
134.4(s) 

70.0(q) * ?.G2(3il,~) 
173.4(s) 
20.0(q) 127.3 55.9(g) 143.8 3.ii3(3ll,s) 2.5(1(31:,s) 
55.6(q) 

143.4 
3.,73(311,s) 

* not dfterwimd 
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relationship of these two protons. The CMR data of II indicated that c-8 

(107.8 ppm) and C-12 (136.2 ppm) are 92 carbons and that C-10 (82.5 ppm) and C- 

11 (82.6 ppm) are oxygenated methines. 

Thus, the relationship of these carbons 
Fig. 1. H 

is represented by either one ofthetwo a ' NACOO ‘* 
0 o-MF .. I,\ 

partial structures (a and &) show in 
=CH_;H-hH-C=CH- 

H i0 
1, 

Fig. 1. 12 11 10 1 s k 
M F 0 "'.H 

Since H-8 and H-12 are long-range- b 
d HH 
- NACOO 12 

- coupled with each other (5=1.2 Hz) 0 o-MF 
H--- II '. 

without showing NOE enhancement, 2 and =CH-AH-;H-CH=;- 0 MFO”k 
'O / 

12 11 10 8 ti 
2 must be extended to 2 and 2 respec- 

tively, in Fig. 1. However, accommodation of the remaining acetylenic units 

(vide infra) to the partial structure d would give a symmetric structure which -- 
could not account for the large 13C-chemical shift differences between c-8 and 

C-12, and C-l and C-9. Thus the partial structure 2 was excluded. The similar 

observations were made with I. The relationship shown in Fig. 1~ was confirmed 

by LSPD experiment irradiating H-12 of II which resulted in the collapse of the 

C-2, 9 and 10 resonances. When H-10 and 11 of II were irradiated, C-1' and l"- 

COO (171.4 ppm) were affected, respectively. On the basis of these results, we 

propose the 2-cyclopentene-1-ylidene unit indicated in Fig. 2A as the common 

partial structure for the unknown moiety in I and II. The relative stereo- 

chemical relationship between H-10 and 11 is assumed to be trans due to the very 

small coupling between them. 

The linkage of the epoxide and ethylene carbonate moieties was established 

also by NMR analysis. In the CMR spectrum of I, the very large coupling 

constant (Jc_H =197 Hz) of C-5 revealed the presence of the epoxide as reported 

by Hensensll. Disappearance of the epoxide in II was shown by comparison of PMR 

and CMR data of I and II (in II, C-4 80.1 ppm, C-5 58.5 ppm, ~~_~=163 Hz). The 

13C-chemical shifts of the remaining carbons in I and II are very similar as 

shown in Table I. These results suggest that II is a hydrogen chloride adduct 

of I. When H-13 of ethylene carbonate of I was irradiated by LSPD experiment, 

C-3 and both the epoxide carbons C-4 and 5 were decoupled. On the other hand, 

when the epoxide proton H-5 'was irradiated, three quaternary carbons C-4, 6 and 

7 were affected. Thus the 

remaining partial structure 

has been elucidated as indi- 

cated in Fig. 2B. 

The final problem is to 

connect partial structure A 

and B. In the FT-IR 

spectrum (KBr) of II, twin 

acetylenic bands at 2187 and 

2194 cm-l were observed. In 

addition, there remained 

Fig. 2. Partial Structure of NCS Chr 

i -5 

H 
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only four unassigned carbons in II with the degree of unsaturation being five 

which could be only explained by the presence of two acetylenic bonds and one 

ring structure. The relationship between structure A and B was examined by long 

range spin decoupling and LSPD experiments. The epoxide methine proton H-5 of I 

was long-range-coupled with H-8. LSPD experimental results (Fig. 2B) suggested 

the connection pattern indicated in Fig. 3, unequivocally. The quaternary 

carbon resonances of I were assigned to cyclic diacetylenic carbons in a highly 

strained system14 by LSPD experimental data (C-2, 3, 6 and 7; 87.4, 97.6, 99.7 

and 90.7, respectively). The structure in Fig. 3 was supported by the molecular 

and fragment ion species at m/z 696 (MH+), 482 (MH+ - c~~H~~o~), 215 (c13~1003, 

NA), 160 (C7H1403, MF), and 88 (C3H403, EC) obtained by linked scan SIMS. 

On these results we 

propose the relative chemical 

structure of NCS Chr (I) and 

its hydrogen chloride adduct 

(II) indicated in Fig. 3. 
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