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Abstract 

Pyrimidin-2-yl 2,3,4,6-tetra-O-benzyl-l-thio-fl-D-gluco- (5) and -/3-D-galacto-pyranoside (6), 
and pyrimidin-2-yl 2,3,4-tri-O-benzyl-l-thio-/3-D-xylo- (7), and -a-D-arabino-pyranoside (8) were 
readily prepared from the corresponding per-O-acetylated 1-thioglycopyranosides, which were in 
turn obtained from the relevant acetobromosugars and 2-mercaptopyrimidine under phase-transfer 
conditions. Glycosidic coupling reactions using 5 (or 6, 7, or 8) as the donor and methyl 
2,4,6-tri-O-benzyl-a-o-mannopyranoside as the acceptor in the presence of trimethylsilyl triflate 
afforded 1,2-cis-configured, 1 ~ 3-1inked disaccharides ( a  from 5, 6, and 7, fl from 8) as the sole 
products in moderate to excellent yields. The coupling reaction of 6 (or 7 or 8) with 1,2:3,4-di-O- 
isopropylidene-ot-D-galactopyranose in the presence of silver triflate furnished 1 ~ 6-1inked 
disaccharides in high yield, with the 1,2-cis isomers predominant. 

Keywords: Stereoselective; Glycosylation; 1-Thio-fl-D-galactopyranosides; Pyrimidin-2-yl 

1. Introduct ion 

The synthesis of  1,2-cis-(usually o~)linked disaccharides and oligosaccharides is 
important because these structures are constituents of  many biologically active glycocon- 
jugates [1-5]. Thus, much effort has been spent on attempts to devise efficient and 
stereocontrolled 1,2-cis-glycoside syntheses. At the same time, thioglycosides have 
received considerable attention in recent years, not only because of their ability to 
induce or competitively inhibit the activity of enzymes but also because of  the excellent 
qualities of  alkylthio and arylthio groups as both protecting and activating groups for 
C-1 [6-17]. Hanessian et al. [16] studied the activity of  basic, heterocyclic thioglyco- 
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Table 1 
Physical data for thioglycosides 1-8 

Datum Values 

1 2 3 4 5 6 7 8 

Yield (%) 95 97 73.4 81.8 87 71.4 81.8 80 
Mp (°C) 103 syrup 137 syrup syrup 96 syrup syrup 
[a] 2° (deg) +8.3 +66.2 -26.2 -2.8 + 18.2 +21.7 +23.4 +56.1 
c (%) in CHC13 0.4 0.4 0.3 0.3 1.6 0.9 3.2 0.7 

Analysis 

C18H22N209 C15HIsN207S C3~H38N2OsS C3oH3oN204S 
Calcd C 48.87 48.65 71.90 70.02 
H 5.01 4.90 6.03 5.88 
Found C 48.77 48.99 48.61 48.46 71.63 71.67 69.74 70.00 
H 4.95 4.85 4.90 5.07 6.01 6.15 5.70 6.09 

sides and reported that with suitable catalysis unprotected pyrimidin-2-yl 1-thio-fl-D-glu- 
copyranoside could effectively glycosylate simple alcohols. However,  no data were 
given on the specific cases examined. We now report the glycosylation of methyl 
2,4,6-tri-O-benzyl-ot-o-mannopyranoside and 1,2:3,4-di-O-isopropylidene-a-o-galacto- 
pyranose using pyrimidin-2-yl 1-thio-fl-o-gluco-, -fl-o-galacto-, -fl-o-xylo-, and -o~-D- 
arabino-pyranose benzyl ethers as the glycosyl donors. 

2.  R e s u l t s  a n d  d i s c u s s i o n  

Fully benzylated pyrimidin-2-yl 1-thio-fl-D-gluco- (5), -fl-D-galacto- (6), -fl-D-xylo- 
(7), and -a-o-arabino-pyranoside (8) were synthesized via the coupling of the corre- 
sponding acetobromosugars with 2-mercaptopyrimidine, followed by benzylation. Thus 
treatment of  the acetobromosugars, prepared by a standard method [18], with 2-mercap- 
topyrimidine, tetrabutylammonium hydrogensulfate, and sodium carbonate in a mixture 
of  dichloromethane and water under phase-transfer conditions [19] at room temperature 
afforded the fully acetylated pyrimidin-2-yl 1-thio-o-glycopyranosides 1-4 .  When 3 
equiv of 2-mercaptopyrimidine were used, the yields of thioglycoside were almost 
quantitative (compounds 1 and 2, Table 1). Deacetylation of  1 - 4  with catalytic amounts 
of  sodium methoxide in methanol followed by benzylation with benzyl bromide and 
sodium hydride in N,N-dimethylformamide gave 5 - 8  in good yield. It was found that 
the acetylated pyrimidin-2-yl 1-thio-fl-D-gluco- (1), -fl-D-galacto- (2), and -/3-o-xylo- (3) 
pyranosides assumed a conformation close to 4C~, and the corresponding 1-thio-a-o- 
arabinopyranoside (4) a conformation close to 1C 4, as indicated by the relatively large 
values of  the coupling constants J1,2 and ./2.3 in all four cases (Table 2). After 
benzylation compounds 5, 6, and 7 still took the 4C~ form but a conformational 
inversion to a form close to 4C 1 occurred for pyrimidin-2-yl 2,3,4-tri-O-benzyl-l- thio-a- 
o-arabinopyranoside (8), as indicated by the small value (3.1 Hz) of  Jl.2 and the 
downfield chemical shift of  H-1 (8  6.31, equatorial). A large coupling constant J4.5' (8.5 
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Table 2 
1H NMR data for thioglycosides 1 - 8  

151 

Datum Values (6  in ppm, J in Hz) 

1 2 3 4 5 6 7 8 

H - I ~  5.78 d 5.83 d 6.04 d 6,14 d 5.68 d 5.69 d 5.69 d 6.31 d 

J1,2 10.3 6.0 7.0 6,0 9.8 10.3 9.3 3.1 
H-28 5.18 a t 5.45 t 5.14 a t 5,35 t 3.64 3.98 3.57 3.89 

J2,3 10.3 6.0 7.0 6,0 
H-38 5.25 a t 5.19 dd 5.24 a t 5.26 dd 4.00 

J3,4 10.3 3.4 7.0 3.4 3.6 
H-4a 5.34 a t 5.47 d 4.93 m 3.82 dd 4.17 3.80 3.83 m 
H-58 3.90 m 4.10 4.32 dd 4.18 m 3.58 4.06 dd 4.23 dd 

']4,5 4.2 4.5 3.6 
Js,5' 12.7 11.5 11.2 
H-5'6 3.66 dd 3.44 dd 3.65 dd 

J4,5' 7.1 9.2 8.5 
"/5,5' 12.7 11.5 11.2 
H-66 4.28 dd . . . .  

"15,6 4.3 
Je,,6' 12.9 
H-6'6 4.10 dd 4.15 - -  - -  3.82 3.80 - -  - -  

J5.6' 1.8 
J6,6' 12.9 
CH3CO 2.03 s 2.00 s 2.10 s 2.13 s 

2.04 s 2.02 s 2.11 s 2.13 s 
2.06 s 2.07 s 2.14 s 2.17 s 
2.07 s 2.20 s 

C H 2 P h  4 .44-  4 .34 -  4 . 6 0 -  4 .49 -  
4.98 m 5.02 m 4.95 m 4.78 m 
7 .14 -  7 .20-  7 .23 -  7 .25 -  

7.35 m 7.39 m 7.37 m 7.37 m 
8.51 d 8.50 d 8.55 d 8.55d 

6.98 t 6.96 t 7.00 t 6.99 t 

Ph 

pyr H-4,6 8,55 d 8.58 d 8.58 d 8.60 d 

pyr H-5 7,06 t 7.07 t 7.07 t 7.07 t 

a Ass ignments  may be interchanged. 

~ - ~ x O / ~  Pyr 

~ OAc 

OAc 

.nO  Gal 

/Jo.. 
OAc OBn Pyr OBn 

Gak 1,2:3,4-di-O-isopropylidene-ot-D-galactopyranos-6-O-yl; Pyr, - -  S--~X~ ~ 

Fig. 1. Conformations of the arabinose derivatives. 
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Hz) representing a trans-relationship between H-4 and H-5' also confirmed the 4C 1 
conformation. The advantages of using 2-mercaptopyrimidine as the thiol in these 
preparations are that the reagent is simple and odorless, and all of the acetylated and 
benzylated thioglycosides 1-8  are quite stable, being capable of a long term storage at 
room temperature (Fig. 1). 

CH 2 OR CH 2 OR 

OR 04  021 
OR OR OR OR 

R R 1 R 2 [ R R1 R2 3 Rc R1 R 2 R R 1 R 2 
Ac Pyr H 2 * Ac Pyr H Pyr H ~ Ac H Pyr 

Bn Pyr H 6 IBn Pyr H 7 [Bn Pyr H Bn H Pyr 

Bn H Man 10 ]Bn H Man 11 IBn H Man 12 Bn Man H 

13~x Bn H Gal 14cx Bn H Gal 15~x Bn H Gal 

1313 Bn Gal H 1413 Bn Gal H 1513 Bn Gal H 

Gal, see Fig. 1; Man, methyl 2,4,6-tri-O-benzyl-a-D-mannopyranosid-3-O-yl 

It was gratifying to find that the condensation of 5 -8  with a secondary alcohol, 
methyl 2,4,6-tri-O-benzyl-ot-D-mannopyranoside [20], in dichloromethane at room tem- 
perature in the presence of trimethylsilyl triflate afforded the 1,2-cis disaccharides 

Table 3 
Reaction conditions for the preparation of disaccharides 9-15 

Datum Values 

9 10 11 12 13 14 15 

Reaction time 6 h 6.5 h 7.5 h 8 h 40 min 50 min 40 min 
Cat. MeaSiOTf Me3SiOTf Me3SiOTf Me3SiOTf AgOTf AgOTf AgOTf 
Yield (%) 80 93 64 92 93 93 93 
ot:fl 1:0 1:0 1:0 0:1 1.6:1 1.2:1 1:2.3 
[a]~ ° (deg) +49.6 +32.0 +43.8 -59 .0  +51 a[22] +9.8 a -39 .6  b 
C (%) CHCI 3 0.3 0.4 0.4 0.3 0.9 1.6 2.4 

Analysis 

C62 H66Oll C54H58010 C38H46010 

Calcd C 75.43 74.80 68.86 
H 6.74 6.74 7.00 
Found C 75.34 75.50 74.89 74.78 68.91 
H 6.39 6.79 6.81 6.59 6.87 

a For the ot isomer, b For the B isomer. 

68.79 
6.99 
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Table 4 
aH NMR data for disaccharides 9 - 1 2  

153 

Datum a Values (6 in ppm, J in Hz) 

9 10 10A b 11 12 

H-lb8 5.18 d 5.22 d 5.18 d 5.07 d 5.12 d 
J1.2 2.9 2.7 3.3 3.6 3.3 
H-laB 4.79 s 4.75 d 4.70 d 4.81 d 4.68 d 
Jl,2 1.3 1.3 1.8 1.7 
OCH 3 3.33 s 3.12 s 3.32 s 3.35 s 3.31 S 
H-2a-6a, 6'a; 3.51-3.63 m 3.38 d 3.42 dd 3.43 dd 3.48-3.78 m 
H-2b-6b, 6'b 6 3.67-3.80 m 3.44 dd 3.50 dd 3.50-3.58 m 3.83 m 
(5b, 5'b) 3.88 m 3.50 dd 3.57-3.71 m 3.69-3.79 m 3.87-3.92 m 

3.98-4.34 m 3.62-3.77 m 3.82 m 3.83 dd 3.95-4.02 m 
3.83 m 3.88-3.95 m 3.95-4.03 m 4.05 dd 
3.90 dd 4.00-4.07 m 4.07 dd 4.10 dd 
3.96 t 
3.94-4.04 m 
4.10 d 

PhCH 2 4.41 d 4.42 d 4.29 d 4.44 d 4.46 d 
4.43 d 4.43 d 4.30 d 5.07 d 4.51 d 
4.59 s 4.44 d 4.30 d 4.84 d 4.53 d 
4.47 d 4.45 d 4.32 d 4.85 d 4.58 d 
4.51 d 4.49 d 4.37 d 4.50-4.74 m 4.63 d 
4.53 d 4.53 d 4.43 d 4.64 d 
4.57 d 4.59 d 4.46 d 4.65 d 
4.62 d 4.60 d 4.47 d 4.68 d 
4.69 d 4.60 d 4.52 d 4.71 d 
4.79 d 4.68 d 4.54 d 4.72 d 
4.83 d 4.72 d 4.58 d 4.77 d 
4.92 d 4.79 d 4.71 d 4.81 d 
5.08 d 4.91 d 4.93 d 

5.05 d 4.98 d 
Ph 7.10-7.36 m 7.07-7.40 m 6.85-7.40 m 7.13-7.47 m 7.00-7.35 m 

a Designation of protons: a, acceptor residue; b, donor residue. 
b The acceptor was methyl 2,4,6-tri-O-p-bromobenzyl-a-D-mannopyranoside. 

( a - l i n k e d  9 - 1 1 ,  /3-1inked 12) as the sole products  in g o o d  to exce l len t  y ie lds  (Table  3). 

The use of  s i lver  triflate as the catalyst  also gave  exclus ive  1,2-cis select ivi ty ,  but  

caused  the yie lds  to drop  substant ia l ly  (data not  shown) .  However ,  if  methy l  2,4,6-tr i -O- 

p - b r o m o b e n z y l - a - D - m a n n o p y r a n o s i d e  [20] w a s  used  as the acceptor  for  the g lycos id ic  

coup l ing  reac t ion  o f  6 under  s imilar  condi t ions ,  the react ion w a s  comple t e  wi th in  1 h 

and gave  a 96% conve r s ion  to the a - l i nked  disacchar ide .  

Condensa t i on  o f  th iog lycos ides  6 - 8  wi th  1 ,2 :3 ,4 -d i -O- i sopropyl idene-a -D-ga lac to-  

pyranose  was  also invest igated.  It w a s  found  that the condensa t ion  was  bes t  ach ieved  

wi th  h igh  yield  and good  se lect iv i ty  by  the use o f  2 equiv  of  s i lver  triflate as p romote r ,  

reac t ing  in d i ch lo rome thane  at room tempera ture  for  40 min  (Table  3). A longer  react ion 

t ime (16 h) led to poorer  select ivi ty ,  and a very short  t ime (5 min)  did not change  the 
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Table 5 
1H NMR data for disaccharides 13-15 

Datum a Values (6 in ppm, J in Hz) 

13or 13/3 14or 14/3 15/3 15tt 

H-lb 6 5.00 d 4.40 d 4.88 d 4.40 d 4.98 d 4.37 d 
J1,2 3.5 7.6 4.0 7.7 3.3 7.0 
H-la 6 5.51 d 5.56 d 5.53 d 5.55 d 5.54 d 5.33 d 
J1,2 5.1 4.9 5.0 5.0 5.1 5.0 
H-2a 8 4.31 m 4.30 dd 4.32 dd 4.32 dd 4.30 dd 4.30 dd 
J2,3 2.6 2.0 2.9 2.4 2.0 
H-3a 6 4.57 m 4.56 dd 4.60 m 4.58 m 4.56 dd 4.57 dd 
H-4a 6 4.31 m 4.20 dd 4.37 dd 4.22 dd 4.23 dd 4.34 dd 
J3,4 8.0 8.0 7.7 7.9 8.0 
• /4,5 1.0 1.4 1.8 2.0 1.0 
H-2b-6b, 6'b 3.56-3.61 m 3.48-3.90 m 3.46 dd 3.19 dd 3.66 dd 3.49 dd 
(5b, 5'b); 6 3.67-3.83 m 4.03-4.15 m 3.52-3.63 m 3.38 t 3.73-3.82 m 3.67-3.70 m 
H-5a-6a, 6'a 3.92-4.08 m 3.68-3.79 m 3.54-3.63 m 3.88 dd 3.74-3.88 m 

3.89 t 3.75 dd 3.99 dd 3.97-4.15 m 
4.03 t 3.91 dd 4.07-4.15 m 

4.03-4.08 m 4.23 dd 
4.30 dd 

PhCH 2 4.40 d 4.40 d 4.61 d 4.61 d 4.63 d 4.63 d 
4.48 d 4.41 d 4.64 d 4.69 d 4.68 s 4.64 d 
4.57 d 4.60 d 4.71 d 4.73 d 4.73 d 4.69 d 
4.72 d 4.70 d 4.73 d 4.83 d 4.75 d 4.73 d 
4.75 s 4.73 d 4.85 d 4.89 d 4.80 d 4.78 d 
4.84 d 4.80 d 4.92 d 5.00 d 4.92 d 
4.94 d 4.93 d 

5.05 d 
Ph 7.22-7.40 m 7.23-7.48 m 7.25-7.45 m 
C(CH3) 2 1.27, 1.31 1.30, 1.30 1.33, 1.35 

1.42, 1.50 1.44, 1.50 1.48, 1.58 

7.30-7.45 m 7.20-7.47 m 7.25-7.40 m 
1.30, 1.30 1.05, 1.06 1.25, 1.33 
1.47, 1.50 1.08, 1.09 1.41, 1.52 

a Designation of protons: a, acceptor residue; b. donor residue. 

se lect iv i ty  appreciably,  but decreased  the yield  (data not shown) .  The use o f  t r imethyls i -  

lyl triflate as the p romote r  gave  s imilar  results .  W h e n  mercur ic  chlor ide  was  used,  

s imilar  s te reose lec t iv i ty  was  ob ta ined  but  the yields  were  low ( ~  60%).  

The anomer ic  conf igura t ions  of  the d i sacchar ides  9 - 1 5  were  es tab l i shed  f rom their  

1H N M R  spect ra  (Tables  4 and 5). For  the a - l i nked  d isacchar ides  9, 10, 11, 1 3 a ,  and 

1 4 a  the signal  for  H-1 o f  the donor  res idue had a downf i e ld  pos i t ion  and a small  

coup l ing  constant ,  whi le  the donor  H-1 signal  o f  the f l - l inked d isacchar ides  13f l  and 

14f l  had an upf ie ld  pos i t ion  and a large coupl ing  cons tant  as expected .  A confo rma-  

t ional invers ion  f rom 4C 1 to 1C 4 took place dur ing the g lycos ida t ion  o f  8 wi th  the 

d i i sopropy l idenega lac tose  as indicated f rom the 1H N M R  spec t rum o f  15/3, wh ich  

s h o w e d  the s ignal  for  H-1 o f  the donor  res idue in a downf i e ld  pos i t ion  ( 6  4.98), a smal l  

coup l ing  cons tan t  Jl ,z o f  3.3 Hz, and a large coup l ing  cons tan t  J2,3 of  9.2 Hz. 
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Conversely the spectrum of 1 5 a  showed an upfield position for the donor-residue H-1 
signal (6 4.37), and large values of J1,2 (7.0 Hz) and J2,3 (7.0 Hz). The higher 
cis-trans ratio in the reaction of the arabinosyl donor (15/3:15a = 2.3:1) indicated that 
the anomeric effect and the thermodynamic stability of the conformation controlled the 
stereochemical outcome. We deduced from the preceding observation that the anomeric 
configuration of the arabinosyl unit in 12 was /3 and the conformation nearly 1C 4, as 
shown from the downfield position of the signal of H-1 (6 5.12) and the small value of 
J1,2 (3.3 Hz). The coupling constant J2,3 could not be determined because of overlapped 
signals. The fact that the optical rotation of 12 has the same sign as that of 1513 may be 
further evidence that the two compounds have similar conformations (1C4). The basis 
for the high stereoselectivity observed in the synthesis of the 1 ~ 3-1inked disaccharides 
remains to be elucidated. 

3. Experimental 

General methods.--Optical rotations were determined at 20°C with a Perkin-Elmer 
Model 241-MC automatic polarimeter for solutions in a 1-dm, jacketed cell. Melting 
points were determined with a Mel-Temp apparatus and are uncorrected. 1H NMR 
spectra were recorded with Varian XL-400 and Varian XL-200 spectrometers for 
solutions in CDC13. Chemical shifts are given in ppm downfield from internal Me4Si. 
Analytical LC was carried out in stainless-steel columns packed with silica gel (10 X 150 
mm or 4.6 X 250 mm) or Lichrosorb-NH 2 (4.6 X 250 mm), with peak detection by a 
differential refractometer (Perkin-Elmer LC-25 RI detector). Ethyl acetate-petroleum 
ether (bp 60-90°C) was used as the eluent, at a flow rate of 1-4  mL min-1. TLC was 
performed on Silica gels G and HF, with detection either by charring with 30% ( v / v )  
H2SO 4 in MeOH or by UV light. Preparative chromatography was performed on 
columns (16 X 240, 18 X 300, and 35 X 400 mm) of silica gel (120-200 mesh). 

Per-O-acetylated pyrimidin-2-yl 1-thio-D-glycopyranosides 1 - 4 . - - T o  a stirred solu- 
tion of acetobromosugar [18] (10 mmol) in dichloromethane (35 mL) was added a 
solution of 2-mercaptopyrimidine (purchased from Aldrich, 30 mmol for 1 and 2, and 12 
mmol for 3 and 4) and tetrabutylammonium hydrogensulfate (10 mmol) in M sodium 
carbonate (35 mL). The mixture was stirred at room temperature for 1 h. TLC (1:2 ethyl 
acetate-petroleum ether) indicated that the reaction was complete. The mixture was 
partitioned between dichloromethane and water, and the organic layer was concentrated 
to a syrup. Column chromatography with 1:2 ethyl acetate-petroleum ether as the eluent 
gave chloro(pyrimidin-2-ylthio)methane as the first fraction (mp 78°C, 1H NMR: 6 
8.60, d, 2 H; 7.06, t, 1 H; and 5.30, s, 2 H), di(pyrimidin-2-ylthio)methane as the second 
fraction (mp 89°C, 1H NMR: 6 8.55, d, 4 H; 6.98, t, 2 H; and 4.90, s, 2 H), and the 
per-O-acetylated thioglycoside as the third fraction. Compounds 1 and 3 were obtained 
as crystals. 

Per-O-benzylated pyrimidin-2-yl 1-thio-o-glycopyranosides 5 - 8 . - - T o  a solution of 1 
(or 2, 3, or 4) (10 mmol) in anhydrous methanol (15 mL) was added sodium methoxide 
(11 mg, 0.2 mmol), and the solution was stirred at room temperature for 3 h, at the end 
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of which time TLC (1:2 ethyl acetate-petroleum ether) indicated that the reaction was 
complete. The solution was concentrated, and the resulting solid, residual pyrimidin-2-yl 
thioglycoside was dissolved in N,N-dimethylformamide (15 mL). To the stirred solution 
was added sodium hydride (2 g, 80% in oil, 66 mmol) and then benzyl bromide (8.0 mL, 
64 mmol). The mixture was stirred at room temperature for 5 h, at the end of which time 
TLC (1:2 ethyl acetate-petroleum ether) indicated that the reaction was complete. The 
mixture was poured into water, the solution was extracted repeatedly with 
dichloromethane, and the combined extract was concentrated to a syrup. Purification by 
column chromatography with 1:3 ethyl acetate-petroleum ether as the eluent afforded 
compound 5 (or 6, 7, or 8). Only compound 6 was obtained as crystals. 

1 --* 3-Linked  disaccharides  9 - 1 2 . - - T o  a solution of methyl 2,4,6-tri-O-benzyl-(or 
-p-bromobenzyl-)ot-D-mannopyranoside [20] (1.2 mmol) and the pyrimidin-2-yl 1-thio- 
glycoside 5 (or 6, 7, or 8) (1.0 mmol) in dichloromethane (5 mL) was added 4 
molecular sieves (200 mg). The mixture was stirred under a nitrogen atmosphere at 
room temperature, Me3SiOTf (2.0 mmol) was added, and stirring was continued until 
TLC indicated that the thioglycoside had disappeared completely. Neutralization of the 
mixture with triethylamine, dilution with dichloromethane, filtration, and concentration 
gave a syrup. Column chromatography with 1:3 ethyl acetate-petroleum ether as the 
eluent afforded the 1 ~ 3-1inked disaccharide 9 (or 10, 11, or 12). 

1 --* 6-Linked  disaccharides  13-15 . - -To  a solution of 1,2:3,4-di-O-isopropylidene- 
Ol-D-galactopyranose [21] (1.2 mmol) and the pyrimidin-2-yl 1-thioglycoside 6 (or 7, or 
8) (1 mmol) in dichloromethane (5 mL) was added 4 A molecular sieves (200 mg), and 
the mixture was stirred at room temperature. To the mixture was added AgOTf (2.0 
mmol), and the reaction was monitored by TLC. When the reaction was complete 
dichloromethane (15 mL) was added. The mixture was neutralized with 0.1 N sodium 
hydroxide, and the organic layer was separated and concentrated. Separation and 
purification by analytical LC with 1:3 ethyl acetate-petroleum ether as the eluent gave 
13a  and 13/3 (or 14a  and 14/3, or 15a  and 15/3). 
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