
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

Synthesis of Amino-Dideoxy-Dl-Pentopyranoses and Their Ureido
Derivatives
Annie Grouillera; Bolenketa Nongaa; Marie-Line Navarroa; Patrick Molièrea; Henri Pachecoa

a Institut National des Sciences Appliquées de Lyon, Villeurbanne, France

To cite this Article Grouiller, Annie , Nonga, Bolenketa , Navarro, Marie-Line , Molière, Patrick and Pacheco, Henri(1988)
'Synthesis of Amino-Dideoxy-Dl-Pentopyranoses and Their Ureido Derivatives', Journal of Carbohydrate Chemistry, 7:
3, 507 — 524
To link to this Article: DOI: 10.1080/07328308808057547
URL: http://dx.doi.org/10.1080/07328308808057547

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328308808057547
http://www.informaworld.com/terms-and-conditions-of-access.pdf
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AND THEIR UREIDO DERIVATIVES 
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Patrick Mol isre and Henri Pacheco 

lnstitut National des Sciences Appliquhes de Lyon. Bst. 406 
20 Av. A. Einstein, F-69621 Villeurbanne, France 

Received June 30, 1987 - Final Form A p r i l  20, 1988 

ABSTRACT 

Various 4-deoxy-a or B -erythro or threo-pentopyranoses aminated 
on position 1 [6 and 191. 2 [381 or 3 [9. 22. 23. 24. 32 and 351 were synthesised 
f rom 2-methoxy-5.6-dihydro-2fl-pyran [ 1 I and methyl 2.3-anhydro-4-deoxy- 
a and 8 -&-erythro-pentopyranoside 11 11. Dif ferent reactions were 
investigated including azidation. cis-oxyamination, epimine formation and 
oxirane aminolysis. All these amino sugars were converted into their 
chloroethylureido derivatives. 

INTRODUCTION 

Over the past few years we have been engaged in the synthesis of 

various azidodeoxypentopyranosylnucleosides.~~2~3 In connection w i th  this 

synthetic program, we have been interested in preparing chloroethylureas 

derived from the same glycosidic skeleton for biological studies of  their 

corresponding n i t r o s ~ u r e a s . ~  In this report we describe the synthesis and 

the structure of new azido- and aminodeoxypentopyranoses and the preparation 

o f  their ureido derivatives. 
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508 GROUILLER ET AL. 

RESULTS AND DISCUSSION 

Compounds were prepared s ta r t ing  f r o m  2-methoxy-5,6-dihydro- 

ZH-pyran - [115 or  me thy l  2.3-anhydro-4-deoxy u and 8 -43k-erythro-pentopy- 

ranoside [Ill6 by the  sequence outl ined in Schemes I .  2 and 3. The f inal  ureas 

[Tables 1 and 21 were  obtained by react ion o f  the  corresponding amino sugars 

w i th  2-chloroethyl isocyanate in &E-dimethyl formamide. The amino sugars 

6. 18 and 32 were prepared f r o m  the corresponding azides by ca ta ly t i c  hydroge- 

nation. Oxyaminat ion o f  1 gave the  aminosugar 9. Aminolysis o f  the oxirane 

1 1  gave 22, 23 and 24. Hydrolysis o f  the azir id ine intermediate 36 yielded 

the amino sugar 38. 

The glycosyl azides 5 and 15 were synthesised by  the react ion o f  azido- 

tr irnethylsi lane w i t h  the  respective per-2-acetylated sugars 4 and I4 in the 

presence o f  the  Lew is  acid stannic chloride. This method has been reported 

t o  give products w i t h  NCJ - I and Ac0-2  trans.7*Eag This is in agreement w i t h  

the result t ha t  14 gave, fo r  the most part. t h e a  anomer 15 as assigned by 

N M R  spectroscopy [Jla,za - 7.7 Hz. J2a,3a - E.4 Hz. J3a,ga m 10.1 Hz. J3a,4e - 4.g Hz). Only t race  amounts of the 8 anomer could be detected. In contrast, 

4 gave a m ix tu re  o f  anomeric azides 58 and 5 Q in the  ra t i o  4:l. On the basis 

o f  these results, t h e  presence of a par t i c ipa t ing  ester group a t  C-2 does no t  

necessarily lead t o  the  stereoselective fo rmat ion  o f  a 1.2-- -azide sug- 

gesting tha t  t he  1.2-acyloxoniurn ion is  n o t  the  only intermediate t o  be 

considered. Compound 4 and 19 resul ted f r o m  the  acetylat ion o f  the t r io ls  

3 and 1310 in acet ic  anhydride w i t h  sodium acetate.  Only the 8 isomer of 

4 was formed whereas both Q-  and 8 -anomers o f  14 were obtained in the 

ra t i o  7:3 respectively. The t r io ls  3 and 13 were obtained by  acid hydrolysis 

of 2 and 12.10 A previous synthesis o f  2 involved th ree  steps start ing f rom 

It. We now repor t  a one step synthesis o f  th is  d io l  f r o m  1 which involves 

c i s-d i h y d r o x y I a t  ion  w i t h osrn i urn t e t r a  o x i d e / E- m e t h y I mor  p h o I in e E-o  x i d e . 
In contrast, the  a-isomer had been obtained by  other authors5 using potassium 

permanganate as the  oxidiz ing reagent. 

- 

Reduction o f  the  azide 15 does no t  a f f o r d  the  corresponding amine, 

bu t  rather the acetamide 16 which is  formed through a 0 - 2  JE-1 acety l  

migration. It was n o t  possible t o  obtain the f ree  amine by the removal  of 

the E-acety l  group. However, a fac i le  synthesis was achieved start ing f r o m  

15 by the fol lowing steps: [il 2-deacetylat ion t o  produce 17. [iil pro tec t ion  

of the hydroxyls as E - b u t y l d i m e t h y l s i l y l  ethers t o  give 18. [iiil reduct ion 
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SYNTHESIS OF AMINO-DIDEOXY-DL-PENTOPYRANOSES 509 

ft OH 

- E R-NHTe 

- Q R - N H 2  

10 R - C U  - 

OMe ( 8 1  H 

OH H 

OAc [B I Ac 

N3 Ac 

NH2 Ac 

cu Ac 

CU - NH CO NH 1 CH212 Ci 

SCHEME 1 

of the azido group t o  furnish the amine 18. The urea 20 was prepared f rom 

IQ in the usual way and i t s  deprotection into 21 was performed by t reatment 

w i th  methanolic hydrochloric acid. 

The amino sugar Q, previously prepared in four steps f r o m  11.12 was 

derived direct ly f rom 1 through a cis-oxyamination reaction w i t h  Chloramine- 

T. catalyzed w i th  osmium tetraoxide in the  presence o f  

benzyltr iethylammonium chloride as a phase-transfer catalyst . l3 Cleavage 

of the tosyl group of the  v ic inal  hydroxy-e-toluenesulfonamide E required 

m i ld  conditions involving sodium-liquid ammonia as used in simi lar  reactions 

w i th  tosylamino peptides.lY Compound 8 was compared t o  i t s  B -isomer 3212 

prepared f rom the c - 2  - 0 - t r i f  luoromethanesulfonate Z d 5 .  
wi th  sodium acetate in aqueous 2-methoxyethanol fol lowed b y  the catalyt ic 

hydrogenation o f  the azide 31.2 

- 

by hydrolysis1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



510 GROUILLER ET A L .  

11 
L 

R -  NH2 

R -  N H C H g t 6 1  

12 OMe H 

13 OH H 

I4 OAc Ac 

- 
- 
- 
- 15 N a t a l  AC 

- 17 N a t a l  H 

- 18 N g l a l  TBDMS 

18 NH2 [a I TBDMS R - NHtCH212 OCH3 1 6 1 
R -  HCU 

R - CHgCU t 61 

R - CH3OU2H2l$U [ 61 

- 
20 H C U C a I  TBOMS 

21 H C U t a I  H 
- 
- 

I 
Ac 0 CU - > N CO NH CCH212 CI 

SCHEME 2 

The amino sugar 38,17 recent ly  prepared through an E-al ly1 azir id in ium 

intermediate,18 was obtained by  opening the azir id ine r i ng  o f  36 using tr i f luoro- 

acet ic anhydride and subsequent E - d e t r i f  luoroacetylat ion o f  the  intermediate 

37 w i t h  methanolic ammonia. The azir id ine 3617 was generated dur ing reduction 

o f  the a-isomer o f  30 w i t h  lithium aluminium hydride. No fo rmat ion  o f  an 

epimine was Found t o  occur on simi lar  t rea tment  o f  the corresponding 6-isomer. 

The ery th ro  conf igurat ion of 38 was indicated by the magnitude19 of J I , ~  

coupling [q H z l  observed o n  the  E-benzoyl derivative. The fo rmat ion  o f  t h i s  

azir idine was also a t tempted  by  reac t ion  of the azide 28 w i t h  triphenylphos- 

phine. The cleavage o f  t he  resul t ing phosphinimine a or B 34 b y  t r i f luoroace- 

t i c  anhydride af forded the  amino sugar 35 having i t s  hJ-trifluoroacetyl group 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF AMINO-DIDEOXY-DL-PENTOPYRANOSES 511 

F3C CON H 

35 - 

30 - 
- 31 R - N 3  

- 32 R - N H 2  

- 33 R - C U  

- 37 R-NHCOCF3 

- 38 R - N H z  

39 R - C U  - 

CU - - NH CO NH I CH$z CI 

SCHEME 3 

a t  c-3. The electron-impact and chemical-ionization mass spectra of the 

peracetylated glycosides derived from 35 and 38 enabled complete structural 

elucidation of this series of  aminodideoxypentoses.za 

In conclusion. the present study shows various synthetic approaches 

to known or new amino-deoxy-gl;pentopyranoses. A convenient access to  

these compounds was necessary for  preparation of  the corresponding ureas 

and nitroso derivatives which were tested as antitumor compoundsq. This 
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5 12 GROUILLER ET AL. 

study al lowed us t o  establ ish some relat ionships between the biological ac t i v i t y  

o f  these compounds and the i r  stereochemistry. 

EXPERIMENTAL 

General methods. Me l t i ng  points were determined w i th  an 

Electrothermal me l t ing  po in t  apparatus and are uncorrected. Column 

chromatography was pe r fo rmed  on Merck  Si l ica Gel F254 (70-230 mesh, ASTMl 

and TLC on Silica Gel F254 aluminium sheets: substances were visualized 

by spraying the plates w i t h  the  phosphomolybdic acid reagent fo l lowed by 

heat ing a t  120 OC. IR spectra were recorded w i th  a Beckman Acculab-4 

instrument. l H  NMR spectra were measured a t  EO MHz using a Brucker WP- 

80 spectrometer or a t  350 M H z  w i t h  a Cameca spectrometer. Chemical sh i f t s  

are given in ppm [ 6 I re la t i ve  t o  tetramethyls i lane [TMSI as internal  standard. 

E lementa l  analyses were performed by t h e  Service Central  d'Analyse du CNRS. 

Me thy l  9-deoxy- 8 -0L-erythro-pentopyranoside [21. 

a1 Wi th  KMn04. To a solut ion o f  1 [5 g, 0.044 m o l l  in methanol CEO 

mL1 was added 9 g (0.057 m o l l  o f  K M n 0 4  dissolved in 100 rnL o f  water, over 

a per iod  o f  2 h. A f t e r  the addi t ion was finished. the brown prec ip i ta te  was 

removed b y  f i l t rat ion.  The f i l t r a t e  was rendered neutral  w i t h  0.1 N hydrochloric 

acid, and then concentrated and ex t rac ted  w i t h  a m ix tu re  of 

chloroform-methanol 1 : l .  The organic phase was evaporated and the resul t ing 

o i l  was pur i f ied  by  si l ica gel column chromatography using 1 : l  chloroform- 

methanol  as eluent t o  give 2 (2.2 g, 34 % I  as a colourless oil. 

b l  W i th  0 ~ 0 4 .  To a s t i r red  solut ion o f  E-methylmorphol ine - N-oxide 

[3.41 g. 25 mmo l  as dihydratel  and OsO4 [5 mmol  in 12.5 mL of ter t -buty l -  

alcohol] in water [12.5 mL1 under N2 atmosphere was added a solut ion of 

1 [2.85 g. 25 mmol ]  in E - b u t y l  alcohol [12.5 mL1. The result ing black m i x t u r e  

was quickly brought t o  85-90 OC. A f t e r  1 h a t  th is temperature. the reac t ion  

m i x t u r e  was concentrated t o  a black syrup f r o m  which port ions of toluene 

[4 x 50 mL1 were evaporated t o  remove>-methylmorpholine. The residue 

was dissolved in water  115 mL1. A f t e r  add i t ion  of sodium hydrosul f i te (0.25 

91, the  suspension was s t i r red  fo r  15 min and f i l tered. The f i l t r a t e  was 

concentrated t o  dryness leaving a black syrup that was chromatographed 

on a column o f  s i l ica gel. Elut ion w i t h  chloroform-methanol [3:11 gave 1.81 

g [4g %I o f  2: R f  0.65 [chloroform-methanol 3:ll: IR  [f i lm] 3480-3360 [OHI. 

2950 [C-HI. 1150 [C-0-Cl and 1050 cm- l  [CHZOI. 

- 
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SYNTHESIS OF AMINO-DIDEOXY-DL-PENTOPYRANOSES 513 

Compound 2 was characterised as i ts  2'.3'-di-g-acetyl derivative 

prepared according t o  procedure as noted below: R f  0.53 [ethyl acetate-hexane 

1 : l l :  mp 79 "C: IR [KBr l  1750 cm-l  [COl: l H  NMR [CDC13] 6 5.33-5.00 [m. 

1. H-3. J2.3 - 2.8 Hz. J ~ , L + ~  - 5.1 Hz. J3,qa - 10.5 Hz1; 4.95 [dd, 1. H-21: 4.60 

[d. 1. H-1. J1.2 - 2.8 Hzl: 3.95-3.60 [m. 2. 2 H51; 3.40 [s, 3, OCH31; 2.10 and 

2.0 [2s. 6. 2 OAcl. 

Anal. Calcd for C10H1606: C. 51.72: H. 6.90. Found: C, 51.90: H. 

7.06. 

General procedure for the perecetylation of 3 and 13. A mixture of 

3 or  13 [5 g, 34 mmo l l  [each of which was prepared according to the procedure 

previously d e ~ c r i b e d l ~ l .  melted sodium acetate [2.8 g, 33 mmol l  and acetic 

anhydride [28 ml .  254 mmoll was heated at 100 "C for 1 h and then cooled. 

The excess anhydride was destroyed by adding ice and the mixture was 

extracted into dichloromethane. The organic phase was washed wi th  a saturated 

solution of sodium hydrogen carbonate and water, dried and concentrated. 

The crude product was purif ied by column chromatography and eluted with 

1 : l  ethyl acetate-hexane to  give an o i l  which crystall ized rapidly at room 

temperature. 

1.2.3-tri-O-acetyl-4-deoxy- B -DL-erythro-pentopyrenose [Sl: yield 

65 % l5.7 91: R f  0.45 [ethyl  acetate-hexane 1 : l I :  mp 72 "C: IR [KBr l  1750 

[CO] and 1240 cm- l  [OAcl; l H  NMR [350 MHz, COC1316 6.25 [d. 1. H-1. 

J1.2 - 3.3 Hzl: 5.30 [m. 1. H-31. J3,qa - 9.16 Hz, Jg,qe - 5.3 Hzl: 5.05 [dd. 

1. H-2. J2.3 - 3.6 Hzl: 4;lO-3.80 [m. 2.  2 H-51: 2.20-1.60 [m. 2. 2 H-41: 2.15 

and 2.05 [2s. 6. 2 OAcl. 

Anal. Calcd for  C1 1H1607: C. 50.77: H. 6.15. Found: C. 51.05: H. 

6.22. 

1.2.3-tri-O-acetylleoxy- a - end 6 -0L-threa-pentopyrenose [ 141: 

yield 65 % [5.7 gl: R f  0.70 [ethyl acetate-hexane 1: l l :  mp [mixture] 52 'C: 

IR [KBr] 1750 [CO] and 1240 cm-l  [OAcl; l H  NMR [CDC1316 6.33 [d. 1. H-1 B 
J1.2 - 3.30 Hzl; 5.77 [d. 1. H-1 a , J1.2 - 6.7 Hzl: 5.35-4.75 [m. 2. H-2 and 

H-31: 4.25-3.45 [m. 2. 2 H-51: 2.07 and 1.98 [Zs. 6. 2 OAcl: 2.30-1.50 [m. 2. 

2 H-41. 

Anal. [mixture]  Calcd for C l l H 1 6 0 7 :  C, 50.77; H, 6.15. Found: c. 
50.82: H. 6.26. 

Procedure for the synthesis of 5 and 15 by ezidation of 4 end 19. respec- 

tively. To a mixture of  9 or 14 [5 mmoll in dichloromethane [5 mL1 and trime- 

thylsilyl azide l0.8 mL1 was added a solution of stannic chloride [0.7 mL1 
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5 14 GROUILLER E T  AL. 

in anhydrous dichloromethane [26 mL1. The m ix tu re  was s t i r red  a t  room tempe- 

ra tu re  for  4 h. washed w i t h  water [ 30 mL1. saturated aqueous hydrogen carbo- 

nate [26 mL1 and wa te r  [26 mL1. dr ied [MgSOql and concentrated. The result ing 

yel low syrup was pu r i f i ed  by column chromatography t o  y ie ld 5 or 15 as a 

colourless oil. 

2.3-di-O-acetyl-4-deoxy- a and f3 -0L-erythro-pentopyranosyI azide 

[51: yield 83 % (1.01 gl: R f  0.8 [ethyl  acetate-hexane 1:11: IR  [ f i l m ]  2125 “31 

and 1750 cm- l  [COI: l H  N M R  [350 MHz. CDC131 5a 65.27 [dd, 1, H-2. J2.1 - 1.5 Hz. J2.3 3.1 Hz1: 5.04 [m. 1, H-3. J3,4a - 7.0 Ht. J3,qe - 4.5 Hzl: 
4.66 [d. I .  H-11: 4.18 and 3.64 [2m. 2. 2 H-5. J5e,5a - 12.6 Hz, Jse,qa - J5e ,~e  

4.2 Hz. J5a,4a - 10.5 Hzl: 2.21 and 2.00 [ZS. 6. 2 OAcI: 1.95-1.90 and 1.75- 

1.70 [2m. 2..2 H-41. 5 f3 6 5.27 [m. 1. H-3. J3.2 - 3.5 Hz. J3,qa - 8.4 Hz. 

Jg,qe - 4.2 Hzl: 5.19 [d, 1. H-I. J1.2 - 4.3 Hzl: 4.87 [t. 1. H-21: 4.00 [m. I .  

H-5a. Jsa,se - 12.6 Hz. Jsa,qa - 8.4 Hz. Jsa,qe = 3.1 Hzl: 3.90 [m. 1. H-5e. 

Jge,qe - 4.2 Hz, Jse, 4a - 5.6 Hzl: 2.14 and 2.05 [2s. 6. 2 OAcl: 2.05-2.0 and 

1.88-1.80 [Zm. 2, 2 H-41. 

Anal. Calcd fo r  CgH13N305: C, 44.56; H. 5.25: N. 17.28. Found: C, 

44.78: H. 5.41: N. 17.18. 

2.3-di-O-acetyl-4-deoxy- a -DL-threo-pentopyrenosyl ezide [ 151: yield 

90 % [l.OCl gl: Rf  0.77 [e thy l  acetate-hexane 1 : l l :  m p  57 OC [cyclohexane- 

diethyl  etherl: IR  [KBr l  2140 “31 and 1740 cm- l  [COl. l H  NMR [350 MHz. 

CDC131 6 4.95 [m, 1. H-3. J3.2 - 6.4 Hz. J3,4e - 4.9 Hz. J3,4a - 10.1 Hzl: 

4.62 [dd, 1. H-21: 4.55 [d, 1, H-1, J1.2 - 7.7 Hzl: 4.12 [m. 1. H-5e. J5e,5a - 
11.9 Hz, J5e,4a - 4.2 Hz, J5e,4e - 2.8 Hzl: 3.62 fm, 1. H-5a. Jga,qa - 11.7 

Hz, J5a,4e - 2.8 Hzl: 2.12 and 2.05 [Zs. 6. 2 OAcl: 2.13 and 1.80 [Zm. 2. 2 

H-41. 

Anal. Calcd fo r  CgH13N305: C, 44.56: H. 5.25: N. 17.28. Found: C. 

44.44: H. 5.35: N. 17.26. 

Procedure for the synthesis of 6. 19 and 3212 by reduction of 5. 18 

and 31. respectively. Compound 5, 18 or  31 [8.2 rnmoll in methanol  [ZOO mL1 

was reduced w i th  hydrogen under atmospheric pressure a t  room temperature 

in the  presence o f  Adam’s ca ta lys t  [0.2 91. The hydrogenation was conducted 

fo r  6 h. until no azide absorption a t  2100 cm- l  was observed in the react ion 

mix tu re  IR spectrum, The ca ta lys t  was then f i l te red  o f f  through Celi te. and 

the Fi l t rate concentrated t o  an o i l  which was pur i f ied  by column 

chromatography on si l ica gel. 
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SYNTHESIS OF AMINO-DIDEOXY-DL-PENTOPYRANOSES 515 

2.34-0-acetyl-ledeoxy- B -0L-erythrqentopyranosylamine [6 B I: 
yield 87 % (1.55 gl: R f  0.62 [chloroform-methanol 5: l l :  IR  [f i lm) 3330 “H21 

and 1730 cm- l  [CO]: l H  N M R  [CDC131 6 5.10 [d. 1. H-1. J1.2 = 1.5 Hz]: 4.92 

[s* 2* NH21: 3.90-3.0 [m. 4, H-2. H-3 and 2 H-51: 2.0 and 1.9 [Zs. 6, 2 OAcl: 

2.10-1.70 [m. 2. 2 H-41. 

Anal. Calcd fo r  CgH15N05: C. 49.77: H. 6.91: N. 6.45. Found: C, 49.50: 

H. 6.67: N. 6.60. 

2.3-di-O-t. butyldirnethylsilyl-4-deoxy- a -0L-threo-pentopyranosyl- 

amine [lgl: yield 70 % C2.07 gl: R f  0.80 [chloroforml: IR  [f i lm] 3400 “H21 

and 2980-2860 cm- l  [TBDMSI: I H  N M R  [CDCICJI 6 4.45 [d. I .  H-1. J1,2 - 
1.25 Hzl :  3.90 [m, 1, H-31: 3.75 [m, 2, H-2 and H-5el: 3.45 [m. I .  H-5al: 1.95 

[s. 2, NH21: 1.90-1.15 [m, 2. 2 H-41: 0.90 [s. 18. 2 t-CqHgSil: 0.10 [s. 12. 2 

Si[CH3121. 
- 

Anal. Ca lcd  fo r  C17H3gN03Si2: C. 56.51: H. 10.80: N. 3.88. Found: 

C. 56.77: H. 11.09: N. 3.58. 

M e t h y l  3.4-dideoxy-3-p-toluenesulfonamido- a -0L-erythro-pentopy- 

ranoside [El. To a s t i r red  solut ion o f  compound 1 [5 g, 43.8 mmoll in ch lo ro fo rm 

[220 mL1 were successively added a solut ion o f  osmium tetraoxide [55 mg. 

0.2 mmoll in te r t -bu ty l  alcohol ( 1  1 mL1. chloramine T t r ihydra te  [15.5 g, 

55 mmoll. benzyl t r iethylammonium chlor ide [0.5 g. 2.2 mmoll and dist i l led 

water  [220 mL1. The m ix tu re  was heated a t  60 OC. The progress o f  the react ion 

was mon i to red  by  fo l lowing the disappearance o f  o lef in by TLC. When the  

reac t ion  was completed a f te r  4 h. sodium b isu l f i te  [4.6 g, 44 m m o l l  was added. 

The m i x t u r e  was ref luxed fo r  8 h and then st i r red overnight a t  room 

temperature. The t w o  phases were separated. The organic phase was washed 

w i th  saturated br ine containing 1 % sodium hydroxyde [ZOO mL1 and then 

w i t h  saturated br ine [300 mL1 and water  [ l o 0  mL1. The organic layer was 

dr ied  IMgSOqI and concentrated. The resul t ing brown o i l  was pur i f ied  by  column 

chromatography using 10:4: 1 e thy l  acetate-chloroform-methanol t o  give 8 

as an o i l  which crystal l izes f r o m  cold methanol: y ie ld 68 % [9 gl: R f  0.44 

[chloroform-methanol g: lk mp  156 OC: IR [ K B r l  3520 [OHI. 3200 INHI. 1600 

[CeHqI  and 1440 cm- l  [S021: l H  N M R  [350 MHz. DMSO-dgl 6 7.85 and 7.40 

[Zd, 4. C6H41: 6.75 [d. 1, NHI: 4.52 [d. 1. OH]: 4.45 [d. 1. H-I. J1.2 1.5 HzI: 

3.60-3.30 [m, 4, H-2. 3. 51: 3.25 [s, 3, OCH31: 2.42 [s. 3. ArCH31: 1.95-1.75 

[m. I .  H-4el: 1.35-1.15 Cm.1. H-4al. 
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516 GROUILLER ET AL. 

Anal. Calcd fo r  C13HigNOgS: C. 51.83: H. 6.31: N. 4.65: S, 10:63. 

Found: C. 51.88: H. 6.37: N. 4.46: S, 10.64. 

Methyl 3-amino-3.4-dideoxy- a -0L-erythro-pentopyranoside [gl. To 

a solut ion of 8 [340 mg. 1.1 mmo l l  in anhydrous l iquid ammonia [ I 5  mL1 was 

added sodium meta l  in thin slices until a g e e n  color developed. Solid ammonium 

acetate was added until the green co lo r  disappeared. A f te r  evaporation o f  

ammonia under a rapid stream o f  nitrogen. the  dry whi te residue was taken 

up in water [6 mL1. The aqueous solut ion was extracted w i th  ether and the  

ether extract  separated and concentrated. The residue was dissolved in a 

minimum amount o f  methanol and the precipi tated salts were f i l tered. The 

f i l t r a te  was concentrated t o  dryness leaving pure [91 mg. 56 %I. the 

characterist ics of which were in agreement w i th  those described in the 

I iterature.12 

3-O-Acetyl-kIeoxy- 8 -DL-threo-pentopyranosyl acetarnide [ 161. 

Compound 15 (1.7 g, 7 m m o l l  in -- N.N-dimethylformamide 150 mL1 was 

hydrogenated under atmospheric pressure w i t h  5 % palladium-on-carbon (0.3 

gl as the catalyst fo r  24 h a t  25 "C. A f t e r  removal o f  the catalyst and solvent. 

the resultant o i l  was applied t o  a column o f  si l ica gel w i th  5:l [ v /v l  chloroform- 

methanol as eluent t o  a f fo rd  pure 16 which crystal l ized f rom diether ether 

[1.06 g, 70 %I: Rf  0.73 [chloroform-methanol 5:ll: mp 102 " C  : IR  [KBr l  3420 

[OH], 3350 "HI, 1740 [COI, 1680 [NHCOI and 1240 cm- l  [ace ty l  C-01: IH  

N M R  (350 MHz, DMSO-db16 7.25 [d, 1 ,  NH. JNHJ - 9.1 Hzl: 5.36 [d. 1. H- 

1. J1.2 - 1.1 Hzl: 5.05 [m. 1. H-3. J3.2 - 2.8 Hz. J3,ge - = 2.5 Hzl: 4.20 

[m. 1 ,  OH]: 3.85 [m, 2. 2 H-51: 3.60 [dd. 1.  H-21: 2.15 [m. 1. H-4a. Jqa,qe - 
14.7 Hzl: 2.10 and 2.05 [2s. 6. Acl:  1.57 [m. I .  H-4e). 

Anal. Calcd for CgH15N05:C. 49.77: H. 6.91: N. 6.45. Found: C. 49.81: 

H. 6.90: N. 6.46. 

Weoxy-a -DL-threo-pentopyranosyl azide [171. A solut ion o f  15 [ l g ,  

4.1 mmo l l  in methanol [22 mL1 was heated w i th  t r iethylamine ( 1 1  mL1 a t  

75 OC fo r  6 h. Upon removal  o f  t he  solvent. the  result ing hygroscopic o i l  

was subjected to  column chromatography [eluent 3:l chloroform-methanol) 

t o  y ie ld pure 17 [0.49 g, 75 % I  which was d i rec t l y  used in the fu r ther  step. 

Anal. Calcd fo r  CgHgN303: C. 37.74: H. 5.66: N. 26.41. Found: C. 

37.94: H. 5.67: N. 26.25. 

2.3-0i-O-t-butyldirnethyIsilyI-44eoxy- a -OL-threo-pentopyrenosyl 

azide [ I B I .  To a st i r red solut ion containing 17 [0.45 g, 2.80 mmo l l  and imidazole 

[1.5 g. 22 mmo l l  in dry E , I -d imethy l fo rmamide [5 mL1 was added 
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SYNTHESIS OF AMINO-DIDEOXY-DL-PENTOPYRANOSES 517 

- tert-butyldimethyls i ly l  chlor ide l1.35 g, 9 m m o l l  under a ni t rogen atmosphere. 

The react ion was monitored b y  TLC. A f t e r  s t i r r ing  the reac t ion  m ix tu re  a t  

room temperature fo r  15 h. water  was added. The aqueous phase was extracted 

w i th  diethyl  ether. The combined ether extracts were dried and concentrated 

leaving an o i l  which was chromatographed on a column w i t h  ch lo ro fo rm as 

eluent giving 1.07 g [98 % I  of 18 as a colourless oil: R f  0.85 [chloroforml: 

IR  [film) 2980-2860 [TBDMSI and 2125 cm- l  “31. lH N M R  [CDC131 6 4.80 

[d. 1. H-1. J1.2 - 6.5 Hzl: 4.07-3.63 [m. 3. H-3 and 2 H-51: 3.43 [dd. 1. H-2, 

J2,3 - 6.8 Hzl: 2.31-1.62 [m. 2.  2 H-41: 0.90 [s. 18. 2-tert-CqHgSil: - 0.10 [s, 

12, 2 Si(CH3121. 

Anal. Calcd. for  C17H37N303Si2: C. 52.71: H. 9.56: N. 10.65. Found: 

C. 52.95: H. 9.78: N. 10.73. 

Procedure for the synthesis of 23 and 24. A mix tu re  o f  cis oxiran 116 

(1.3 g, 10 m m o l l  and the appropriate amine [ l o 9  mL o f  35 % methylamine 

in water  o r  50 mL 2-methoxyethylamine in 50 mL of methanol respectively] 

was s t i r red  and heated a t  100 OC fo r  2 h. The react ion m ix tu re  was 

concentrated under reduced pressure a f fo rd ing  a yel low o i l  which crystal l ized 

a t  room temperature as an amorphous powder in nearly quant i tat ive y ie ld  

and was used in the next step without any pur i f icat ion.  

Methyl 3.4-dideoxy-3 methylamino- B-DL-threo-pentopyranoside [231: 

y ie ld 88 % C1.42 gl: R f  0.3 [chloroform-methanol 5:ll: mp  81 ‘C: IR  [KBr l  

3400 [OH1 and 3320 cm-l  “HI: l H  N M R  [CDC1316 4.72 [d. 1. H-1. J1.2 - 
3.3 Hzl: 3.70-3.30 [m, 4, H-2. H-3 and 2 H-51: 3.42 [s, 3. OCH31: 2.94 [s. 2. 

O H  and NHI: 2.43 [s. 3. NCH31: 1.90-1 2 0  [m. 2.  2 H-41. 

Methyl 3.4-dideoxy-3-(2-methoxyethyll amino- 8 -0L-threo-pentopyra- 

noside [PI]: yield 81 % [1.7 gl: R f  0.5 [chloroform-methanol 5:ll: I R  [ f i lm] 

3400 [OH1 and 3300 cm-1 “HI: l H  N M R  [CDCI31 6 4.76 [d. 1. H-1. J1.2 - 
3.3 Hzl: 3.80-3.30 [m, 6, H-2, H-3, 2 H-5 and CH201: 3.41 and 3.35 [Zs. 6. 

OCH31: 3.26 [s, 2. O H  and NHI: 2.90-2.60 [m. 2.NCH21: 1.90-1.30 [m. 2. 2 

H-41. 

Methyl 3-azido-3.4-dideoxy- 8 -DL-erythro-pentopyranoside [3 11. A 

solut ion o f  2915.18 [O.B g, 2.5 mmo l l  and sodium acetate [1.3 g l  in 20 % aqueous 

methoxyethanol  [50 mL1 was heated a t  100 OC fo r  2 h and then cooled. A f t e r  

evaporation o f  the solvent under reduced pressure. the residue was pur i f ied  

by s i l i ca  gel column chromatography using 1 : l  ethyl  acetate-hexane t o  give 

31 [0.3 g, 72 %I as an o i l  ident ical  w i t h  an authentic sample prepared by  a 

d i f f e ren t  route.2 
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518 GROUILLER ET A L .  

Procedure for t he  methanesulfonylat ion of 2Ba and 28 8 .  To a s t i r red  

solut ion o f  28 a or  B C1.5 g, 8.7 m m o l l  and tr iethylamine [1.95 mL1 in  

dichloromethane (45 mL1 was added dropwise. a t  -5 OC. freshly dist i l led mesyl 

chlor ide lO.9 mL. 11.6 rnmol): The m i x t u r e  was st i r red a t  room temperature 

for  4h and then poured in to  ice-water. The organic layer was separated, washed 

w i t h  aqueous sodium hydrogen carbonate (30 mL1 and water [20 mL1, dr ied  

[MgSOql and concentrated yielding semicrystal l ine solids which were pur i f ied  

by recrys ta l  I i zat  ion. 

M e t  h y I 3-azido-3.4-dideoxy-2-O-me t h y Isu I f on y I- a -DL-t hreo-pen to- 

pyranoside [ 3 0 a  1. Y ie ld  79 % 11.7 g]: R f  0.40 [ethyl  acetate-hexane 1:ll: 

mp 70 " C  [diethyl  ether];  IR [ K B r l  2140 "31. 1350 and 1180 cm- l  [SO$: IH  

N M R  [CDC131 6 4.31 [s. 1 .  H-I. J1.2 p 6.4 Hzl; 4.22 [d. 1. H-2. J2.3 - 8.4 
Hzl: 4.17-3.86 [m. 1, H-31: 3.70-3.30 [rn. 2, 2 H-51: 3.50 [s. 3. OCH31: 3.12 

[s. 3. SO2CH31: 2.30-1.50 [rn. 2. 2 H-41. 

Anal. Calcd f o r  C ~ H I ~ N ~ O ~ S :  C. 33.46: H. 5.16: N. 16.73: S. 12.75. 

Found: C. 33.45: H. 5.26: N. 16.77: S. 12.62. 

Methy l  3-azido-3.4-dideoxy-2-O-rnethylsulfonyl- B -DL-threo-pentopy- 

ranoside [30 B 1. Y ie ld  1.1 g, 51 %: R f  0.52 [e thy l  acetate-hexane 1 : l l :  mp 

76 OC [ethyl acetate-hexanel: I R  [ K B r l  3080-2800 [CHI. 2120 "31. 1360 and 

1170 cm-l  [S031: lH  N M R  [CDC1316 4.92 Id. 1. H-1. J1.2 - 3 Hzl: 4.40 Idd. 

1. H-2. J2.3 - 9.5 Hzl ;  4.08 [m. I .  H-3. J3,4a - 10 Hzl: 3.70 [m. 2. 2 H51: 3.45 

[s. 3. OCH31: 3.25 [s.3. S02CH31: 2.30-1.50 [m. 2. 2 H-41. 

Anal. Calcd f o r  C ~ H I ~ N ~ O ~ S :  C. 33.46: H. 5.18: N. 16.73: S. 12.75. 

Found: C. 33.31; H. 5.15: N. 16.64: S. 12.62. 

Methy l  2.3-epirnino-2.3.4-trideoxy- a-DL-erythro-pentopyranoside [361. 

A solution o f  30 a [lg, 39 mmoll in diethyl  ether [250 rnL1 was added dropwise. 

a t  0 "C.  t o  a suspension o f  L iA IH4  [0.27 g, 7 rnmol l  in d ie thy l  ether [I00 rnL1. 

A f t e r  the react ion was shown t o  be complete by  TLC. excess hydride was 

decomposed by  the  addi t ion of water. The solut ion was f i l te red  and 

concentrated and t h e  residual o i l  was subjected t o  column chromatography 

[eluent 3:l chloroform-methanol] to  a f fo rd  pure 36 [0.35 g. 69 %I. characterised 

by i t s  l - b e n z o y l  der iva t ive  prepared according t o  the  fo l lowing process. TO 

a st i r red solut ion containing 36 [60 mg. 0.5 m m o l l  and tr iethylamine f0.35 

mL1 in chloroform [5 mL1 was added a t  0 " C  benzoyl chlor ide [0.05 rnL. 0.5 

mmoll. Stirr ing was continued fo r  2 h a t  0 OC. The reac t ion  m ix tu re  was poured 

, in to  ice-water and ex t rac ted  w i t h  chloroform. The e x t r a c t  was concentrated. 
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SYNTHESIS OF AMINO-DIDEOXY-DL-PENTOPYRANOSES 519 

The salts were prec ip i ta ted  w i t h  diethyl  ether and co l lec ted  by  f i l t rat ion.  

The f i l t r a te  was concentrated t o  dryness and the residue was eluted f rom 

a si l ica gel column using 1 : l  e thy l  acetate-hexane t o  give the syrupy N-benzoyl 

der ivat ive o f  36 [60 mg. 55 XI: R f  0.45 [ethyl  acetate-hexane 1 : l l :  IR [f i lm] 

1725 [N-COI. 1600 and 1520 cm- l  [ C ~ H S ] :  ’H N M R  [CDCI3168.35-8.00 and 

7.55-7.25 /2m. 5. Arl: 5.00 [d. 1. H-1. J1.2 - 4 Hzl: 4.25-3.30 [m. 2. 2 H-51: 

3.15 [dd. I .  H-2. J2.3 - 6.5 Hzl:3.05-2.80 [m, 1. H-31: 2.20-1.85 [m. 2, 2 H- 

41. 
Anal. Calcd fo r  C i ~ H 1 5 N 0 3 :  C. 66.95; H. 6.43: N. 6.01. Found: C, 

67.22: H. 6.20: N. 6.24. 

Me thy l  2.4-dideoxy-2-trif luoroacetarnido- 8 i l l - th recepentopyrano-  

side [371. To an ice-cold solut ion o f  36 l0.62 9, 4.8 mmo l l  in dichloromethane 

[43 mL1 was added dropwise a solut ion o f  t r i f luoroacet ic anhydride [0.9 mL. 

6.05 m m o l l  in dichloromethane [4.5 mL1 and the mix tu re  was s t i r red  overnight 

a t  room temperature. A f t e r  addi t ion o f  a saturated solution o f  sodium hydrogen 

carbonate [22 mL1 a t  0 ‘C, the m ix tu re  was s t i r red  for  a fu r ther  4 h a t  room 

temperature. The organic phase was separated, the aqueous phase was back 

ex t rac ted  w i th  dichloromethane [22 mL1. and the combined organic layers 

were concentrated. The residue was applied t o  a column o f  s i l i ca  gel and 

eluted w i t h  2:l ethyl  acetate-hexane af fording solid 37 which was recyrstal l ized 

f rom the mixed solvent e thy l  acetate-hexane: yield 61 % [0.67 gl: R f  0.58 

(ethyl  acetate-hexane 2:ll: m p  110 OC [ethyl  acetate-hexanel: I R  [KBrl  3390 

[OH]. 3320 “HI. 1710 [COI  and 1560 cm- l  [NHCOI: ‘ lH N M R  [DMSOdgl 6 9.30 

ld.1. NH. JNH,~ = 9.5 Hzl: 4.85 [d. 1. OH. J  OH,^ - 7 Hzl; 4.66 [d. I .  H-1. 

J1.2 - 2.8 Hzl: 3.90-3.79 [m. 1. H-3. J2.3 - 9.8 Hz. Jg,4a = 9.8 Hz. J3,4e - 
5.6 Hzl: 3.65 [q, 1, H-21: 3.62-3.50 [m. 2. 2 H-51: 3.22 [s. 3. OCH31: 1 .88-1.52 

[m. 2. 2 H-41. 

Anal. Calcd. f o r  CgH120qF3: C. 39.55: H. 4.94: N. 5.77: F. 23.36. 

Found: C, 39.66: H, 4.88: N. 5.69: F. 23.25. 

Me thy l  2-arnino-2.4-dideoxy- 8 -DL-threo-pentopyranoside [381. A 

solut ion o f  37 [0.82 g, 3.6 m m o l l  in methanolic ammonia [saturated a t  0 “C. 

50 mL1 was s t i r red  for 3 days a t  room temperature in a stoppered f lask and 

then concentrated t o  dryness in vacuo t o  a f fo rd  pure 38 l0.44 g. 92 XI. the 

physical data of which were in agreement w i t h  those repor ted  in the 

literature.18 

Me thy l  2.3.4-trideoxy-2.34-triphenylphosphonioepirnino a -erythro 

or 8 -threo-DL-pentopyranoside hydroxide [34 a I or [34 8 1. To a solution 
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GROUILLER ET AL. 520 

of triphenylphosphine [0.76 9. 2.89 mrnol l  in d ry  diethyl  ether [15 mL1 was 

added the  azide 26 a or 28 [0.5 9, 2.89 mrnoll. The mix tu re  was protected 

f rom moisture and s t i r red  overnight a t  room temperature. Compound 34 a was 

obtained pure as an o i l  by evaporat ing the solvent and coevaporating the 

residue w i th  dry diethyl  ether. 34 B was isolated by  concentrat ing the  solution 

t o  deposit crystals which were f i l t e red  of f .  washed w i th  cold e ther  and dried 

over P2O5 in a vacuum dessicator. 

34 a : yield 69 % [0.81 91: IR [film] 3600-3390 [OH]. 1440 and 750-700 

crn-l [ A r k  IH  NMR [CDC131 6 8.0-7.5 [rn. 15. Ar l :  4.21 [d. 1. H-1. J1.2 - 
7.3 Hzl :  3.90-3.10 [m. 5. H-2. H-3, 2 H-5 and OH]: 3.60 [s, 3, OCH31: 2.01.40 

[rn. 2. 2 H-41. 

34 B : yield 80 % [0.94 91: m p  190 O C :  IR [KBr l  3500-3400 [OH]. 1430 

and 740-700 cm- l  [ A r k  l H  NMR (CDC131 6 7.90-7.40 [rn. 15. Ar l :  4.85 [d. 

1 .  H-1. J1.2 - 3.8 Hzl: 3.75-3.40 [m. 4, H-2. H-3. 2 H-5 and OH]: 3.36 [s. 3. 

OCH3l: 1.90-1.40 [rn. 2. 2 H-41. 

Anal. Calcd fo r  C ~ Q H ~ ~ N O ~ P :  C, 70.76: H, 6.39: N, 3.44: P. 7.62. Found: 

C. 70.82:H. 6.45: N. 3.42: P. 7.54. 

Methyl 3.9-dideoxy-3-trif luoroecetamido- a or B -DL-threo-pentopy- 

ranoside [35 a I or [35 

according t o  the procedure described fo r  t he  synthesis o f  37. 

I. These compounds were prepared f o r m  34 a or  34 8 

35 a [90 XI: rnp 109 "C: IR [ K B r l  3420 [OH], 3300 "HI. 1700 [CO) 

end 1560 cm- l  [NHCOI: )H  N M R  [DMSO-d6] 6 9.30 [d, I .  NH. JNH,~ - 8 Hzl: 

5.35 [d, 1, OH, JoH,~  - 5 Hzl: 4.15 [d, 1, H-1. J1.2 - 6.6 Hzl: 4.10-3.70 [rn. 

4, H-2, H-3 and 2 H-51: 3.45 [s. 3. OCH31: 2.00-1.65 [m. 2. 2 H-41. 

Anal. Calcd fo r  CgH1204F3: C, 39.55: H, 4.94: N. 5.77: F. 23.36. Found: 

C. 39.30: H. 5.01: N. 5.73: F. 23.27. 

35 B [71 %I: m p  152 'C: IR [ K B r l  3440 [OH], 3310 "HI. 1700 [COl 

and 1560 cm- l  [NHCOI: IH  [350 MHz. DMSO-dgl6 8.95 [d. 1. NH. JNH,~ 

- 7.5 Hzl: 4.80 [d. 1, OH, JoH,~ = 5.6 Hzl: 4.59 [d. 1. H-I, Jt.2 = 3.5 Hzl: 

3.99 [rn. 1 ,  H-3, 

3.49 [dd. 1. H-2. J2.3 - 8.8 Hzl: 3.29 [s. 3. OCH31: 1.70-1.50 [m. 2. 2 H-41. 

- 10.5 Hz, J3,qe - 4.4 Hzl: 3.64-3.50 [m. 2. 2 H-51: 

Anal. Calcd for C ~ H l 2 0 4 F 3 :  C, 39.55: H, 4A4: N, 5.77: F. 23.36. Found: 

C. 39.77: H. 4.79: N. 5.73: F. 23.25 

Procedure for the preparation of the u r e a  7. 10. 20. 25. 26. 27. 33 

and 39. To a s t i r red  solut ion o f  each amine 6, 9, 19, 22, 23. 24. 32 and 38 

[15 mrno l l  in dry N.N-dimethylforrnamide [60 rnL1 was added dropwise a t  
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SYNTHESIS OF AMINO-DIDEOXY-DL-PENTOPYRANOSES 521 

TABLE 1 

Element Analysis of the Ureas 7. 10. 20. 25. 26. 27, 33 and 39 

N O  Anal .  for  Ca I cd Found 

C H N C I  C H N C I  

7 

10 

20 

25 a 

25 8 

28 

27 

33 

39 

C l 2 H l  gN20gC I 44.65 

CgH17N20qCI 42.85 

C ~ O H ~ ~ N ~ O ~ C  I Si2 5 1 .23 

CgH17N204CI 42.85 

CgH 17N204C I 42.85 

C1 oH igN20qC I 45.03 

C 12H23N205C I 46.38 

CgH 17N204C I 42.85 

CgH17N20qCI 42.85 

5.89 8.68 

6.74 1 1 . 1 1  

9.18 5.98 

6.74 1 1 . 1 1  

6.74 1 1 . 1 1  

7.13 10.51 

7.41 9.02 

6.74 1 1 . 1 1  

6.74 1 1 . 1 1  

11.01 44.g6 5.91 9.03 11.46 

14.07 42.80 6.94 10.97 14.36 

7.58 51.40 9.11 6.12 7.88 

14.07 42.56 6.59 11.15 13.88 

14.07 42.92 6.46 10.97 14.07 

13.32 45.23 7.05 10.75 13.64 

11.43 46.26 7.66 8.84 1 1 . 1 1  

14.07 43.04 6.70 11.06 13.72 

14.07 42.64 6.82 11.00 13.88 

0 " C  a solution of  chloroethylisocyanate (1.4 mL. 16.5 mmol l  in dry DMF 

D.3 mL1. The mixture was stirred for l h  a t  0 " C  and set aside overnight a t  

room temperature. A f te r  removal of the solvent, the residue was coevaporated 

wi th  n-butanol and purif ied by column chromatography on silica gel using 

chloroform-methanol as eluent. The urea obtained was crystallized f rom 

the solvent indicated in the Table 2. 

1 -C2-Chloroethylk3-(lhleoxy- a -DL-threo-pentopyranosy Ihrea  [2 1 1. 

The urea 20 (0.35 g, 0.75 mmol l  was treated wi th  0.1 N methanolic hydrochloric 

acid [7 mL1 for 90 min at  room temperature. A f t e r  removal of  the solvent, 

the residue was coevaporated wi th  methanol and purif ied by column 

chromatography [eluent 7 3 .  v/v ch I oroform-methanol1 to  yield 21 [0.13 g, 

73 X I .  the physical data of  which are summarized in the Table 2. 
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