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d / - c i s -  and d / - t r ans -6 - (4 -Carboxybu ty l ) -2 -oxo-c i s -hexahydro th ieno[3 ,4 -d ]oxazo les  were  syn-  
thes ized by the action of phosgene on r - 4 - a m i n o - c - 3 - h y d r o x y - c  (or, respec t ive ly ,  0 - 2 - ( 4 - c a r -  
boxybutyl)thiophan hydrohal ides .  It is shown that the acid hydro lys i s  of r - 4 - b e n z a m i d o - t - 3 -  
hyd roxy -c (o r  t ) -2-(4-methoxycarbonylbutyl ) th iophans  is accompanied by invers ion  to give 
r -  4 - a m i n o - c -  3-hydroxy-  c (or t ) -  2- (4- alkoxycarbonylbutyl  )thiophans. 

In o r d e r  to study the effect  on the biological  act ivi ty of modif icat ion of the biotin - c i s - t e t r a h y d r o - 2 -  
oxoth ieno[3 ,4-d] imidazol ine-4-va ler ic  a c i d -  molecule ,  we synthesized oxazolidine analogs of biotin and epi-  
b io t in ,  One NH group, the hydrogen a tom of which can be replaced by a carboxyl  group is re tained in these  
analogs,  and the poss ib i l i ty  of fulfi l lment of the pr incipal  biocatalyt ic  function of biotin - ca rbon  dioxide t r a n s -  
f e r  in the b iosyntheses  of lipids, amino acids ,  ca rbohydra tes ,  nucleic acids,  and other  metabol ic  reac t ions  - 
is thereby re ta ined in the modified molecule .  

The biotin and epibiotin analogs d / - c i s -  (IV) and, respec t ive ly ,  d l - t r ans  -6 - (4 -ca rboxybu ty l ) -2 -oxo-c i s -  
hexahydrothieno[3,4-d]oxazole {VIH) were  synthesized by phosgenat ion of r - 4 - a m i n o - c - 3 - h y d r o x y - c ( r e s p e c -  
t ively,  t ) -2 -  (4-methoxycarbonylbutyl  o r  4-carboxybutyl) thiophan hydrohal ides ([Ha-c, VTIa-c). 
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Ill a X=Br, R=CH3; b X=C], R=CHa; c X=CI, R=H; VII a X=Br, R=CzHs; b X=CI, 
R=CHa; c X=CI, R=H 

To obtain TIT and VII we used the p rev ious ly  observed  [1] ability of t r an s -4 -benzamido -3 -hyd roxy th io -  
phans to undergo invers ion  of configurat ion under  conditions of acid hydrolys is ,  which leads to c i s - 4 - a m i n o -  
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TABLE 1. P a r a m e t e r s  of the PMR Spectra  of Solutions of IIIa, IV, 
VII, VIIa, and VIII in Deuteropyr idine  (at 34~ * 

Com-. 5. ppm 
po~.d 2-. 13- .  ~-H [5- . '  

vI:Ia [ 3,57-3,801 

IV ] 4,59 l 
Vlll 4,62 

5,07 4,41 
4,80 4,43 

4-H" 4 H "  

2,90 2,90 
3,11 2,85 

I 3.55 
3,56 

6-H 

t 3,24 
3,36 

5-H" 12,3 J3,4 

3,55 3,4 3,4 
3,56 4,1 4,1 

I 13a, 4" 13a, 4"" 6a-H 
I 
I 

5,06 I v]3a,4=4, 2 
4,95 I 4,9 1 2,4 

J,  HZ 

]5"'5"" 14'5" I ]4,5-- 

v]~,~= 18,0 
v J4,5 = 13,6 

]4", 4'" t 16, 6a 
I 

3,9 
12,7 2,t 

J3a, 6a 

6,9 
7,5 

*The chemica l  shifts  of the protons  for  IIIa, VIIa, and IV were  de- 
t e rmined  as the cen te r s  of the cor responding  mul t ip le ts .  The c o r -  
responding AB s y s t e m s  were  isolated and calculated in the de te r -  
minat ion of the 4 -H '  and 4-H" and 3a-H and 6a-H chemical  shifts  
for  VIII.  The s p i n - s p i n  coupling constants  (SSCC) were  de t e r -  
mined as the d is tances  between the resonance  l ines  in the spec t ra .  
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Fig. 1. T e m p e r a t u r e  dependences of the sum of J2, 3 
and J3,4 fo r  solutions of Il ia (1} and VIIa (2) i ndeu t e ro -  
pyr idine.  

3-hydroxythiophans [1]. We showed that  the hydro lys i s  of t r i subs t i tu ted  thiophans in refluxing hydrobromic  
acid a lso  occurs  with invers ion  of configurat ion and leads  to the fo rmat ion  of hydrobromides  IIIa and VIIa 
in 90 and 30% yields ,  r espec t ive ly .  

To es tabl i sh  the configurat ion of Il ia and VIIa we used hydrolys is  of 2 -pheny l - c i s -  (II} and 2-phenyl-  
t r a n s -  6- (4 -methoxycarbonylbu ty l ) -c i s -  3a ,4 ,6 ,6a- te t rahydrothieno[  3,4-b] oxazoline (VI) in hydrobromic  
acid. In this case  we isolated the s a m e  hydrobromides  Ilia and VIIa, respec t ive ly .  It is known that  the 
configurat ion of the subst i tuents  in the thiophan ring is re ta ined during opening of the oxazoline ring (for 
example ,  see  [2-4]). Thus hydrohal ides  IIIa and VIIa, obtained f r o m  oxazolines II and VII, should re ta in  
the i r  configuration,  whereas  the hydroxyl and amino groups should be  found in the cis posit ion.  Conse- 
quently, Il ia is r - 4 - am i no -c -3 -hyd royy -c -2 - (4 -me thoxyca rbony lbu ty l ) t h iophan  hydrobromtde ,  and IIIa  is 
r - 4 - a m i n o - c - 3 - h y d r o x y - t - 2 -  (4-ethoxycarbonylbutyl) thiophan hydrobromide .  

These  s t r u c t u r e s  for  IIIa and VIIa were  a lso  conf i rmed by the PMR spec t roscop i  c data (Table 1). 
The signal of the p ro ton  at tached to C 3 in the spec t r a  of these  compounds is p rac t i ca l ly  a t r ip le t ,  and it 
t he re fo re  s eemed  poss ib le  to study the t e m p e r a t u r e  dependence only of the sum of J2,3 and J3,4 (Fig. 1). 
As seen  in Fig. 1, the sum of J2,3 and J3,4 for  IIIa is p rac t i ca l ly  independent of the t e m p e r a t u r e ,  whereas  
an apprec iab le  t e m p e r a t u r e  dependence (0.73 Hz as the t e m p e r a t u r e  changes by 92.5 ~ Fig. 1) is observed  
for  VIIa. This  di f ference in the behav io r  of the sums  of the vicinal s p i n - s p i n  coupling constants  (SSCC} 
as the t e m p e r a t u r e  changes is in conformi ty  with the prev ious ly  p roposed  model of the t e m p e r a t u r e  de-  
pendences  of c i s -  and t r ans -v i c ina l  constants  [5]. In fact ,  the protons  at tached to C2, C3, and C 4 in IIIa 
a r e  c i s -o r i en t ed  to one another ,  i .e. ,  the de te rmined  sum of the constants  is the sum of the c i s -v ic ina l  
constants  and t h e r e f o r e  should be p rac t i ca l l y  independent of the t e m p e r a t u r e .  Another  poss ib le  explanation 
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Fig. 2. Tempera ture  dependences of J6,6a (1), J3a,4 (2), J3a,4 (3), and 
J3a, sa (4) for  a solution of VIII in deuteropyridine.  

Fig. 3. Tempera ture  dependences of Je,6a (1) and J3a,sa (2) for a solu- 
tion of IV in deuteropyridineo 

for  the observed absence of a t empera tu re  dependence for IIIa is the zero  difference in the energies of the 
conformers  corresponding to the minima of the potential curve of pseudorotat ion [5]. In this case the 
~rans-vicinal constants also should not depend on the tempera ture .  Unfortunately, we were unable to follow 
the t empera tu re  dependence of the single t rans-v ic ina l  constant (J4,5") for Ilia, inasmuch as the chemical  
shifts of the protons attached to C a in the spect ra  of this compound are  close to one another over the in- 
vestigated tempera ture  range. However, the vicinal SSCC of Ilia are  almost  identical to the analogous 
constants of r -4-benzamido-c-3-hydroxy-c-2- (4-methoxycarbonylbuty l ) th iophan  [4], for  which a consider-  
able tempera ture  dependence of J4,5" has been t raced [5], during which the sum of J2,3 and J3,4 remained 
prac t ica l ly  unchanged. The closeness of the vicinal constants means that these two compounds are  char -  
acter ized by the same conformational state. Consequently, the resul ts  of the t empera tu re  experiments 
for IIIa a re  associa ted with a cis orientation of the protons attached to C 2, C 3, and C 4. 

In the case of VIIa, the t rans-v ic ina l  SSCC (J2 3), which, according to the model, should change as 
the t empera tu re  changes [and this is observed experimentally (Fig. 1)], enters  into the measured  sum of 
the constants.  

Hydrochlorides IIIb and VIIb were isolated when oxazolines II and VI were refluxed in 7N hydro-  
chloric acid, whereas acid hydrochlor ides  IIIc and VIIc were isolated when oxazolines III and VII were 
refluxed in 2.5 N sodium hydroxide solution (after acidification of the react ion mixtures  with HC1). 

The pa rame te r s  of the PMR spec t ra  of solutions of IV and VIII in deuteropyridine are  presented in 
Table 1. To determine the type of fusion of the thiophan and oxazolidine rings and the configuration of the 
substituent attached to C~ in these compounds we analyzed the FMR p a r a m e t e r  and measured the t empera -  
ture dependences of the vicinal SSCC constants (Figs. 2 and 3). 

In the case  of VIII the magnitudes of the two vicinal constants are  pract ica l ly  independent of the 
t empera tu re  (J3a 4', J3a,6a, Fig. 2, curves  3 and 4), whereas a substantial t empera tu re  dependence (AJ6, m = 
0 83 Hz and A J ~ '  a,,=0 85 Hz as the tern e ra tu re  increases  by 99.5 ~ Fig. 2, curves 1 and 2) is observed 

�9 _ ~ , _  �9 P , �9 . . . . . 

for the other  two constants (J6, 6a and J3a,4 ), and this makes it possible to ass ign the la t ter  to t r an s -vmmal  
constants.  In this case  J6,6a is found among the t rans  constants,  and this unambiguously indicates the 
t rans  configuration of the substituent attached to C 6 with respect  to the oxazolidine ring. The low J6,sa 
value (2.1 Hz at 34 ~ Table 1) also confi rms the t rans  orientation of the substituent attached to C 6, inas- 
much as the unusually large  (for a f lve -membered  ring) tors ion  angle (60-66 ~ should correspond to such 

a low value of the ci~-vicinal constant. 
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TABLE 2. Calculated (for Conformations A and B) and Experimental  
(for IV and VIII) Vicinal Spin-Spin  Coupling Constants Along the 6 - 6 a  
and 3 a -  4 Bonds * 

! 

A 

B 

. Calc., 
~" Hz 

cis uans 
J 

20 6,5--10,5 0,0 0,5 
30 6,0--9,5 O 
40 4,5-7,0 0 
20 6,5--10,5 6,0--9,0 
30 6,0--9,5 7,0--I 1,0 
40 4,5--7,0 8,5--13,0 

ExPt., 
J6,sa, Hz Calc., 

cis uam J3~,4"~ Hz 
(iv) (vm) 

3,9 2,1 
6,5--10.5 
6,0--9,5 
4,5--7,0 
6,5--I0,5 
6,0--9,5 
4,5--7,0 

0--0,5 6,5--II,0 
0 6,0--9,5 
0 4,5--7,0 

6,0--9,0 12,5--19,5 
7,0-- l l,O 13,0--20,5 
8,5--13,0 13,0--20,0 

4,9 2,4 4,2 

*In the calculation of the theoret ical  values of the constants the to r -  
sion angle along the 6 - 6 a  (3a-4)  bond was varied f rom 20 to 40 ~ 
The ranges of the calculated vicinal constants are  given in thetable;  
and this cor responds  to variat ion of the angular dependence of j0 
f rom 8 to 12 Hz in the equations (j180= 1.35 j0) [2]. 

In the case  of IV the J6,6a value is pract ica l ly  independent of the tempera ture  (Fig. 3, curve 1). The 
c loseness  of the vicinal constants of this compound and 2-phenyl -c i s -6- (4-methoxycarbonylbuty l ) -c i s -3a ,  
4, 6,6a-tetrahydrothieno[ 3,4-d] oxazole {II), for  which we were able to observe an app reciable tempera ture  
dependence of the single t rans -v ic ina l  constant (J3a,4) [2] makes it possible to a s se r t  that the pract ical  
invariance of the J6,6a value with t empera tu re  is explained by cis orientation of the corresponding protons 
ra ther  than by identical energies  of the conformers  corresponding to the minima of the potential energy  
curve for this compound. The increase  (by a factor  of almost  two) in Js,m as compared with VIII (3.9 and 
2.1 Hz, respectively,  Table 1) also consti tutes evidence in favor of a cis orientation of the substituent at- 
tached to C 6. Thus IV is c is -6-carboxybutyl ,c is -3a ,4 ,6 ,6a- te t rahydrothieno[3 ,4-d]oxazol idone.  

It is known that the configuration of substituents does not change upon phosgenation [1, 6]. The iden- 
tical cha rac t e r  of the configurations of the substituents ih IV and Ill and VIII and VII once again confirms 
the co r rec tness  of the configurational assignments  made in this paper.  

The conformafional  state and the type of fusion of the rings for  IV and VIII were determined, as in 
[3], by means of the angular dependence of the vicinal SSCC [7]. It was found that cis fusion of the thiephan 
and oxazolidine rings and the following conformational  equilibrium are  charac te r i s t i c  for  these compounds: 

~ s %~--nH r, 

W' R" 

A B 

IV R'=(CH2)4COOH, R"=H; VIII R'.=II, R"=(CH2)tCOOH 

A compar i son  of the t rans-v ic ina l  constants calculated for  conformations A and B along the 6 - 6 a  
and 3 a - 4  bonds with the experimental ly observed values (Table 2) showed that conformation A is the p r i -  
m a r y  conformation for  IV and VIII. The same pre fe r red  conformation was found for  biotin [8] and for other 
bicyclo[3.3.0]octane analogs that we previously investigated in [ 2 - 4 ] .  

E X P E R I M E N T A L  M E T H O D  

The PM R spec t ra  of the compounds were recorded with an Hitachi R-20A spec t romete r  (60 MHz) with 
standard.  The assignment  of the signals to definite protons was confirmed te t ramethyls i lane  as the internal 

by the rat io of the integral intensities of the signals and double resonance experiments .  In the measu re -  
ment of the t empera tu re  dependences the t empera tu re  was determined p r io r  to and after  recording of the 
spec t rum f rom the t empera tu re  dependence of the chemical  shifts of the protons of ethylene glycol (the 
ethylene glycol sample was subjected to p r io r  calibration). T races  of oxygen were removed f r o m  the sam-  
ples by blowing an inert  gas through them. The vicinal constants were averaged with respect  to 12 to 20 
measurements  to ra ise  the accuracy.  

r - 4 - A m i n o - c - 3 - h y d r o x y - c - 2 -  (4-methoxycarbonylbutyl)thiophan Hydrobromide {[IIa). A) A solut ion 
of 1.5 g (5 mmole) of I [4] in 20 ml of hydrobromic  acid was refluxed for  7 h, af ter  which it was cooled and 
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extracted with benzene. The extract  was concentrated,  20 ml of methanol was added to the concentrated 
extract ,  and the mixture was t reated with activated charcoal  and concentrated to 3-4 ml. The concentrated 
solution was allowed to stand at 0-3 ~ for  16 h, and the resulting precipi tate  was separated to give 1.26 g 
00%) of color less  c rys ta l s  with mp 159-159.5 ~ (from methanol). Found: C 37.9; H 6.5; Br 26.0%. 
CgHtTNO3S-HBr. Calculated: C 38.2; H 6.4; Br 25.5~c. 

B) Under conditions s imi lar  to those in method A, 0.74 g (90%) of IIIa, with mp 159-159.5 ~ (from 
methanol), was obtained f rom 1 g (3 mmole) of 2-phenyl-c is -6- (4-methoxycarbonylbuty l ) -c is -3a ,4 ,6 ,6a-  
tetrahydrothieno[3,4-d]oxazoline (II) hydrochloride [2]. No melting-point  depression was observed for a 
mixture of this product with the compound obtained by method A. 

r -4-Amino-c-3-hydroxy-c-2- (4-methoxycarbonylbuty l ) th iophan  Hydrochloride (IIIb). A solution of 
0.7 g (2 mmole) of II in 12 ml of a 5 N hydrochlor ic  acid was refluxed for  5 h, af ter  which it was cooled 
and extracted with benzene. The extract  was allowed to stand at 0-3 ~ for 12-16 h, and the resulting pre-  
cipitate was separated to give 0.5 g (90%) of color less  plates with mp 208-209 ~ (from methanol). Found: 
C 44.4; H 7.31; C1 13.6%. Ct0HtgNO3S-HC1. Calculated: C 44.5; H 7.5; C1 13.2%. 

r -4 -Amino-c-3-hydroxy-c-2- (4-carboxybuty l ) th iophan  Hydrochloride (IIIc). A)A 0.7-g (2 mmole) 
sample of II was added to 20 ml of a 2.5 N solution of sodium hydroxide, and the mixture was refluxed for  
3 h. It was then cooled, acidified with 5 N hydrochlor ic  acid, and extracted with benzene. The extract  was 
concentrated to dryness ,  and the residue was extracted with methanol. The alcohol extracts  were con- 
centrated to 3-4 ml, and the concentrated solution was allowed to stand at 0-3 ~ for  16-18h. The resulting 
precipi tate  was separated to give 0.4 g (72%) of color less  plates with mp 152-153 ~ (from methanol). Found: 
C 42.4; H 7.37; C1 14.3%. CgH12NO3S-HCI~ Calculated: C 42.3; H 7.1; C1 13.9%. 

B) A 1 N solution of sodium hydroxide was added to 1 g (3 mmole) of IIIb, and the mixture was re -  
fluxed for  30 min. It was then acidified to pH 1-2 with 5 N hydrochloric  acid and concentrated to dryness .  
The residue was extracted with methanol, the extracts  were concentrated to 3-4 ml, and the concentrated 
solution was allowed to stand at 0-3% The result ing precipi tate  was separated to give 0.9 g (94%) of a 
product  with mp 152-153% No melting-point  depress ion was observed for a mixture of this product with 
the compound obtained by method A. 

r -4-Amino-c-3-hydroxy- t -2(4-e thoxycarbonylbuty l ) th iophan Hydrobromide {VIIa). A) A solution of 
3 g (10 mmole) of V [4] in 40 ml of concentrated hydrobromic acid was refluxed for 9 h, af ter  which it was 
cooled and extracted with benzene. The extract  was concentrated,  40 ml  of alcohol was added to the residue, 
and the mixture was treated with activated charcoal  and concentrated to 3-4 ml. The concentrated solution 
was allowed to stand at 0-3 ~ and the result ing precipitate was separated to give 0.87 g (30%) of color less  
p r i sms  with mp 146-147 ~ (from alcohol). Found: C 39.8; H 6.7; Br 24.2%. CllH21NO3S. Calculated: C 
40.2; H 6.7; Br 24.1%. 

B) Under conditions s imi la r  to those in method A, 1.74 g (90%) of VIIa, with mp 146-147 ~ (from al- 
cohol), we obtained f rom 2 g (10 mmole) of 2 -phenyl -c -6-  (4-methoxycarbonylbutyl ) -c is-3a ,4 ,6 ,6a- te t ra-  
hydrothieno[3,4-d]oxazoline (VI) [4]. No melting-point  depression was observed for  a mixture of this prod-  
uct with the compound obtained by method A. 

r -4-Amino-c-3-hydroxy- t -2- (4-methoxycarbonylbuty l ) th iophan  Hydrochloride (Vllb). The method 
used to synthesize IIIb was used to obtain 0.8 g (95%) of color less  needles with mp 173-174 ~ (from methanol) 
f rom 1 g (3 mmole) of VI. Found: C 44.0; H 7.2; C1 13.5%. C10H19NO3S.HC1. Calculated: C 44.5; H 7.5; 
C1 13.2%. 

r -4 -Amino-c-3-hydroxy- t -2 - (4-carboxybuty l ) th iophan  Hydrochloride (VIIc). Under conditions s im-  
i lar  to those in the prepara t ion  of II (method B), 0.45 g (80%) of color less  plates with mp 151-152 ~ (from 
alcohol) was obtained f rom 0.7 g of VI. Found: C 42.8; H 7.0; C1 13.7%. CgHt7NO3S.HC1. Calculated: 
C 42.3; H 7.1; Cl 13.9%. 

d/-cis-6-(4-Carboxybutyl)-2-oxo-cis-hexahydrothieno[3,4-d]oxazole (IV). Xylene (30 ml) and 60 ml 
of 8% aqueous sodium carbonate solution were added at 0 ~ to a solution of 1 g (3 mmole) of Ilia (or IIIb, c) 
in 2 ml of 2.5 N sodium hydroxide solution, and phosgene was bubbled through the solution up to pH 1-2. 
The xylene solution was separated,  and the aqueous solution was extracted with chloroform.  The xylene 
solution and chloroform extracts  were combined and concentrated,  a 2.5% alcohol solution of sodium hy- 
droxide was added to the residue, and the mixture was refluxed for  30 rain. It was then concentrated and 
extracted with methanol saturated with hydrogen chloride.  The extract  was concentrated to 2-3 ml and 
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the concent ra ted  solution was allowed to stand at 0-3 ~ for  16 h. The  resul t ing p rec ip i t a te  was removed  by 
f i l t ra t ion  to give 0.72 g (87%) of co lo r l e s s  needles with mp 195-196 ~ (from methanol) and Rf 0.85 [elution with 
an n-butyl  a l c o h o l - a m y l  a l c o h o l - w a t e r - a c e t i c  acid s y s t e m  (20 : 20 : 12 : 1) and development  with a 0.2Y0 solu-  
tion of p o t a s s i u m  permangana te ] .  Found: 49.1; H 5.9; S 13.0~. C10H15NO4S. Calculated. C 49.0; H 6.2; S 
13.1%. 

d / - t r ans -6 - (4 -Carboxybu ty l ) -2 -oxo-c i s -hexahydro th ieno[3 ,4 -d ]oxazo le  {VIII). Under conditions s i m i l a r  
to those in the p r e p a r a t i o n  of IV, 0.75 g (90~) of co lo r l e s s  needles  with mp 180-181 ~ (from methanol) and Rf 
0.83 (in the s ame  s y s t em  as in the case  of IV) was obtained f rom 1 g (3 mmole)  of VIIa (or VIIb, c). Found: 
C 49.2; H 6.3; S 12.6~. C10H15NO4S. Calculated: C 49.0; H 6.2; S 13.1%. 
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MASS S P E C T R A  

O F  4-ACYLAMINO-3-HYDROXYfOR ACYLOXY)THIOPHANS 

Z h .  K .  T o r o s y a n ,  S. D.  M i k h n o ,  
V .  A .  Z a m u r e e n k o ,  N .  S. K u l a c h k i n a ,  
R .  G .  K o s t y a n o v s k i i ,  a n d  V .  M.  B e r e z o v s k i i  

UDC 547.732 : 543.51 : 547.634 

The m a s s  s p e c t r a  of c i s -  and t r a n s - 4 - a c y l a m i n o - 3 - h y d r o x y ( o r  acyloxy)thiophans were  inves-  
t igated.  The genera l  p r inc ip les  of f ragmenta t ion  under  the influence of e lec t ron  impact  were  
es tab l i shed .  A di f ference  in the intensi t ies  of the peaks  of the f r agments  fo rmed  at an ionizing- 
e l ec t ron  energy  of 14 eV was obse rved  for  some of the cis  and t r ans  i s o m e r s  of 3 ,4-subst i tuted 
thiophans.  

Up to now, only individual m a s s - s p e c t r o m e t r i c  s tudies of thiophans were  known; for  example,  unsubst i -  
tuted thiophans [1] and ~-alkyl thiophans [2] have been studied. In connection with our  invest igat ion of the s t e r e o -  
c h e m i s t r y  of di-  and t r i subs t i tu ted  thiophans [3-6], it was of in teres t  to study the f ragmenta t ion  of c i s -  and 
t r a n s - 4 - a c y l a m i n o - 3 - h y d r o x y ( o r  acyloxy)thiophans.  A total  of 25 thiophan der iva t ives ,  of which 11 were  c i s -  
and t r a n s - i s o m e r i c  p a i r s ,  were  studied.  

As a r e su l t  of the study we es tab l i shed  the genera l  p r inc ip les  for  I-XIV and the effect  of the type of sub-  
sti tuent on the f ragmenta t ion  p r o c e s s .  The re la t ive  intensi t ies  of the ion peaks  of hydroxyaminothiophans a re  
p re sen ted  in Table  1. 
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