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P rev ious ly  it was shown [1 ] that when reac ted  with BF 3 e t h e r a t e  (BFE) the 8-phenyl -  and 8 - ca rbo me th o x y -  
6 -me thy l -2 ,9 - -d ioxa - l - azab i cyc lo  [4.3.0 ]nonanes r e spec t i ve ly  r e a r r a n g e  to the 3 -pheny l -  and 3 - c a r b o m e t h o x y -  
8 -hyd roxy -5 -me th y l -2 -oxa - l - azab i cyc l o [4 .3 .0  ]octanes.  The reac t ion  of BFE with other  2 ,9- -d ioxa- l -azabicyc lo-  
[4~ ]nonane de r iva t ives  (D-(IID was studied in the p r e s e n t  paper .  
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R = C00CH3, R' = ci$-ph (I); R = Ph. R' =tram -COOCHa (IIa); 
B ~ Ph, W--cis-COOCH3(IIb); R = OCH3, R' = tram-ph (Ill) 

The reac t ion  of BFE with (I) leads  to compound (IV). 
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The s t r u c t u r e  of (IV) was ass igned on the bas i s  of the e lementa l  ana lys is ,  IR, PMR, and 13C NMR s p e c -  
t r a l  data.  The m a s s  s p e c t r u m  of (IV) has the peak  of the mo lecu l a r  ion (MD with m / e  508, while the m o s t  
intense peak  is that  of the ion with m / e  246, which co r r e sponds  to f r a g m e n t  A. Compound (IV) is evidently 
f o r m e d  v ia  the c leavage  of wa t e r  f r o m  two molecu les  of the in te rmedia te ly  fo rmed  8 - h y d r o x y - 2 - o x a - l - a z a -  
blcyelo[3.3.0]octane de r iva t ive  (IVa). 

The reac t ion  of BFE and (IIa) leads to a mix tu re  of two s t e r i c  i s o m e r s  of the sp i ro ( i soxazo l id ine -3 ,2 ' -  
t e t rahydrofuran)  de r iva t ive  Wa, b). 

~UzN~'OF \COOCHa ph f ()" xCOOCH3 

I I [al (Va. b) 

The PMR spec t r a l  data  a re  given in Table  1. The  protons  of the isoxazol idine ring appear  as the ABX 
s y s t e m ,  whose p a r a m e t e r s  we re  de te rmined  by the INDOR method.  The 13C NMR spec t r a l  data  a re  given in 
Tab le  2 .  The C 4 signal  was ass igned using the se lec t ive  monochromat i c  decoupling f r o m  the protons  at C~ 
(~ 274 Hz f r o m  HMDS in the PIVIR s p e c t r u m ,  in CHC13 solution). The c h a r a c t e r i s t i c s  of the h igh- reso lu t ion  
m a s s  s p e c t r u m  of (Va, b) do not con t rad ic t  the p roposed  s t ruc tu re .  The m o s t  intense peak  is that  of the 
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TABLE i. 
to luene-d 8) 

C om- ~x 
pound 

(Va) * 4,74 
(Vb) 4,5S 

PMR Spectra l  Data for  (Va, b) (6, ppm f rom HMDS, 

2,78 2,56 [6.7 
2,79 2,50 4 , 5  

J B X  I JAB 

Hz 

8.6 [ 12.7 
9,6 i2,7 

CH~ 

3,63s 
3,68s 

CH~O 

335-3,80 m 

tt_-C - -  Ctt_~ 

1,04-1,64m 
1,64-2,39m 

TABLE 2. 
TMS, CHC13 solution) 

Compound 

(Va) 

(Vb) 

13C NMR Spectra l  Data for  (Va, b) (6, ppm f rom 

I I CHa C3 C~ C+ C 5, 

51,7~ 102,0s 73,0d 44,8t 68,1t 

51,7 i0t,2s 73,2d 4{,2t 68,1t 

C~o 

171,7s 

t71,ts 

C3,, C 4, Phs ~ 

31,6 t 143,9s 
24.3 t 
31,3t t44,4S 
2~,3 t 

Ph 

i27,6 
125,6 
i23.4 

TABLE 3. 
TMS, CHCI 3 solution 

13C NMR Spectral  Data for  (Via, b) (q ppm f rom 

171,8 s 5i,4q 

i70~9 s 51,1q 

(Vla) * 

(Vlb) 
92,4s 72,7d 61,0t 44,3t 17,9t 136,6s 
9t,0s 172.7 d 62,3t 50,3 t; , 44,7t I i36,5s 

128,0 
t27,3 
t26,0 
124,9 

*Predominant  i somer .  

CsHllO 3 ion (exper imental  m / e  155.0757; calculated m / e ,  155.0708), which is formed by the cleavage of the 
[Ph - NHO" ] grouping f rom the ML This type of f ragmentat ion of (Va, b) is given in the following scheme:  

V h / N ' ~ o / X X ' C O O C  H3 "o'r 

M , m ' e  21i3 " ~ m / e  r~,~ 
/ "~C?..' O �9 - '  - 

CH30 I \ ~r 
- .  , O r ~ _ C l  -~__.C |{--COOC |13 

m . e  155 

�9 I -t 3 H 

(9~C--.4;1~.= C H- -COt)C 113 

n i / e  113 

The reac t ion  of BFE with a mix ture  of (IIb) (80%) and (IIa) (20%) leads to the format ion of (Va, b) in an 
amount that co r re sponds  to the amount of (IIa) in the s tar t ing mixture .  In addition, p r o d u c t  B was isolated, 
which,  based on the TLC,  di f fers  f rom Wa, b) and is not a pure  compound. The predominant  component (70- 
80%) in B is a compound that evidently r ep r e sen t s  a mix ture  of  two s t e r i c  i somers  (Via, b). The h igh- reso lu -  
t ion mass  spec t rum of B has a peak of composi t ion C 14HtTNO4 ( expe r imen ta lm/e  263.1137; calculated m / e  
263.1157), which apparent ly  co r responds  to the MI of (Via, b). The most  intense peak in the mass  spec t rum is 
that of the ion of composi t ion CTH50 (experimental  m / e  105o0339; calculated m / e  105.0340), which cor responds  
to the benzoyl cation. F r o m  the mass  and 13C NMR spec t ra l  (Table 3) data it may  be concluded that (Via, b) 

I I 
is a r e a r r a n g e m e n t  product  and contains the f ragments  O--C--N and O--C--Ph. Taking this into account, the 

J 
following probable  s t ruc tu re  can be proposed for  (Via, b)~ 
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o Ph 
/ \ /  

(Via, bl 

Although this s t r u c t u r e  is in a g r e e m e n t  with the s p e c t r a l  data ,  it mus t  be r ega rded  as being hypothet ical .  
Neve r the l e s s ,  it can be a s sumed  as p roven  that  the r eac t ion  of BFE with (Ha) and (IIb) leads  to d i f ferent  p r o -  
ducts ,*  and consequent ly  the mutual  a r r a n g e m e n t  of the subst i tuents  can exe r t  a dec i s ive  effect  on the d i r e c -  
t ion of the reac t ion  of BFE with 6 ,8-disubs t i tu ted  2 -9 -d ioxa - l - azab i eyc lo [4 .3 .0 ]nonanes .  

The  r eac t i on  of BFE with (HI) leads  to the fo rmat ion  of 3-phenyl-5-T-hydroxypropyl isox~Lzole  (VII). 

Ph 

0 CH~.CH2CH~0H 
(wi) 

The s t r u c t u r e  of (VII) was  p roved  by identif ication with an authentic specmien  [3]. 

E X P E R I M E N T A L  

The PMR s p e c t r a  w e r e  taken on P e r k i n - E l m e r  R - 1 2 ,  Var ian  DA-60 ,  and JEOL NM:H-100 ins t ruments ,  
while  the i3C ~ s p e c t r a  w e r e  taken on a Var ian  XL-100 ins t rument  (25.15 MHz). The m a s s  s p e c t r a  we re  
obtained on Va r i a n  MS-30 AEI and CH-6 in s t rumen t s ,  and the IR s p e c t r a  w e r e  obtained on a UR-10 ins t rument .  
We used s i l i ca  gel  LSL 5/40 and a luminescen t  indicator  fo r  the chromatography .  

P r e p a r a t i o n  of (IV). To a solution of 0.8 g of (I) [4] in 25 ml  of abs~ benzene at 5-6~ wa~ added in drops  
0.56 ml  of BFE in 6 ml  of abs.  benzene~ and the mix tu re  was s t i r r e d  fo r  i h at ~ 20 ~ neut ra l ized  with a so lu -  
t ion of 0.78 g of Na2CO 3 in 40 ml  of  H20, ex t rac ted  with e ther ,  and dr ied  ove r  MgSO4. Af ter  dis t i l l ing off the 
so lvents  we obtained 0.38 g (48%.) of (IV), rap 170-173 ~ (ethanol). Found: C 66.12; H 6.36; N 5.56%. C28H32N207. 
Calculated:  C 66.14; H 6.30; N 5.5i%.'  Infrai:~l  Spec t rum (v, ' Cm~l) :  1740 (C=O). ~ PMt~ s p e c t r u m  (6, ppm f rom 

i I 
HMDS, CDC13): 3.74 s (OCH3); 4.90 q (O--CH--Ph); 5.38 m (O--CH--N); 1 .4-2 .93  m(3CH2). 13CNNIR s p e c t r u m  

i~, ppm f r o m  TMS, CHC13): 173.9 s (C =O); 52.6 q (OCH3); 75.8 s (--C--N); 80.2 d (0--CH--Ph); 95.0 d (0--CH--N); 
I 

48.3 t (CH2); 32.6 t.(CH2); 29.3 t (CH2); 136.8 s~ 128.0 d, 126.8 (Ph). 

P r e p a r a t i o n  of Va, b). To a solution of 0.32 g of (Ha) [4] in 10 ml  of abs.  benzene at 6-8 ~ was added in 
d rops  0.26 ml  of BFE in 2 ml  of abs.  benzene,  and the mix tu re  was s t i r r e d  fo r  1.5 h at ~ 20 ~ neut ra l ized  
with a solution of 0.28 g of Na2CO 3 in 30 ml  of H20 , ex t rac ted  with e ther ,  and dried over  MgSO 4. Af ter  d is t i l l -  
ing off the solvents ,  the res idue  was subjected to p r e p a r a t i v e  TLC (eluant = 1 : 1 CHC13-ether)  to give 0.21 g 
(66%) of (Va, b), Rf 0.63, mp 59-61 ~ (hexane). Found: C 63.90; H 6.53; N 5.28%. C14H1~NO 4. Calculated: C63.88~ 
H 6.46; N 5.32%. In f r a r ed  s p e c t r u m  (v, cm-1): 1755 (C---O). 

P r e p a r a t i o n  of (Via, b). To a solution of 1 g of mixed (IIa) and (Iib) (1:4) in 40 ml  of abs.  benzene at 
5-7  ~ was added in drops  1.62 ml  of BFE in 5 ml  of abs.  benzene,  and the mix tu re  was s t i r r e d  fo r  2 h at ~ 20 ~ 
neu t ra l i zed  with a solution of 1.74 g of N3~2CO 3 in 50 ml  of H20, and ex t rac ted  with ether.  The res idue  f rom 
dis t i l l ing off the solvents  was subjected to p r e p a r a t i v e  TLC (eluant = 2 : 1 benzene--ether)  to give 0,12 g of 
(Va, b) (60%, when based on (IIa)),  Rf  0.32, and 0.25 g of product  B, Rf  0.4, which contained 70-80% of (Via, b). 

.P repa ra t io  n of (VII). To a solution of 0.49 g of (III) [5] in 10 ml  of abs.  benzene at 5-8 ~ was  added in 
drops  0.3 ml  of BFE in 2 ml  of abs.  benzene,  and the mix ture  was s t i r r e d  fo r  40 rain at ~ 20 ~ ref luxed in 
benzene for  8 h, neu t ra l ized  with a solution of 0.33 g of N ~ C O  3 in 30 m!  of H20, ex t rac ted  with e the r ,  and dried 
o v e r  MgSO 4. The res idue  f r o m  dist i l l ing off the so lvents  was subjected t~ p r e p a r a t i v e  T L C  (eluaut = 2 : 1  
benzene -e the r )  to give 0.07 g (15%) of (VII), Rf  0.12. 

C O N C L U S I O N S  

1. The di rec t ion of the reac t ion  of boron f luoride e the ra te  with 6 ,8-disubst i tu ted  2 , 9 - d i o x a - l - a z a b f c y c l o -  
[4.3.0 ]nonanes depends on the na ture  and spa t ia l  a r r a n g e m e n t  of the substitutntso 

2. T h e f i r s t  m e m b e r  o f a n e w h e t e r o c y c l i c  s y s t e m w a s  obtained, name ly  a s p i r o ( i s o x a z o l i d i n e - 3 , 2 ' - t e t r a -  
hydrofuran)  der iva t ive .  

*The fo rma t ion  of (Via, b) is not obs e rved  when BFE is r eac ted  with (IIa). 
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A procedure that has found wide use in the structural chemistry of carbohydrates is the H akomori 
methylation method [1 ], the reaction of methyl iodide with the alkoxide groupings of sugars in DMSO. The 
lat ter  are generated by treatment with dimethylsnlfinyl anion (dimsflsodium), which is obtained from DMSO 
and Nail. 

The efficiency and reproducibility of methylation by this method are determined to a large degree by 
the purity of the Nail. 

A compound that is widely used in synthetic organic chemistry to generate the dimsil anion is potassium 
tert-butoxide (KtB) [2 ], which is not only a readily available commercial product but can also be easily ob- 
tained under laboratory conditions. Dimsilpotassium is not explosive, whereas the reaction of NaI-I with DMSO 
at times led to explosion [3, 4]. However, dimsilpotassium has not been used for the methylation of carbohy- 
drates.  A modification of the Hakomori method is proposed in the present paper, which includes the genera- 
tion of methylsulfinyl anion using KtB. 

The methylation process under these conditions can be depicted by the following series of t ransforma- 
tions: 

t-BuO-K + ~ CHaS(O)CH3 ~_ CHaS(O)CH~-K + ~ t-Bu0H 
CH3S(O)CH2- ~- ROH ~ CH3S(O)CH3 ~ RO- 

RO- ~ CH3I -~- ROCH3 -~ I- 
R -- R = sugar moiety 

(1) 
(2) 
(3) 

Actually, methylation took place under these conditions, but not in a single experiment were we able to obtain 
complete methylation, most probably because of the competing methylation of the tert-butanol and the inade- 
quate concentration of methylsulfinyl anion. The removal of the tert-butauol from the reaction sphere by 
evaporation in vacuo made it possible to shift the equilibrium of reaction (2) toward the formation of alkoxide 
anion, the subsequent treatment of which with CH3I (reaction (3)) led to the completely methylated sugar in 
high yield. 

The efficiency of the method was checked on the examples of methylating ceUobiose, ceUobiitol, 2-ace- 
tamido-2-desoxy-D-glucose, 2-acetamido-2-desoxy-D-glucitol, and glycogen. Complete methylation of the 
re .no-  and oligosaccharides was achieved by a single treatment, in which connection the aminosugars under- 
went N,O-methylation. To obtain the completely methylated glycogen required a double treatment of the poly- 
saccharide. In all cases,  independent of the amounts of starting saccharides (from 1 to 500 mg) the completely 
methylated derivatives were obtained in over 90% yield. Their Rf values (TLC) and retention times relative 
to hexa-O-acetylmannitol (GLC) are given in Table 1. 
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