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ABsrRAcT 

l,Z-O-Cyclohexylidene- and 1,2-O-isopropylidene-a-D-glucofuranose react 
with hexa-alkylphosphorous triamides to give the corresponding 3,5,6_phosphites. 
Treatment of the latter compounds with chlorine and bromine affords 1,2-substituted 
6-deoxy-6-halogeno-a-D-glucofuranose 3,5-phosphorohalogenidates. Replacement of 
halogen at phosphorus by hydroxyl and amino groups has been investigated. Cyclic 
phosphorohalogenidates isomer& in ~V,Aklimethylformamide. The stereochemistry 
of the compounds investigated was established by using ‘H- and “C-n.m.r. data. 

INTRODUCTION 

This paper is concerned with the synthesis and stereochemical investigation of 
a new type of sugar derivative, namely sugar phospbites, which are easily formed by 
treatment of 1,2- O-cyclohexylidene-a-D-glucofuranose (1) and 1,2- O-isopropylidene- 
a-n-glucofuranose (2) with hexaethylphosphorous triamide. 

RESULTS AND DISCUSSION 

Reaction of 1' and 2 with hexaethylphosphorous triamide proceeds smoothly 
to give the corresponding crystalline phosphites 3 and 4 in yields of 80-85%. Due to 
the geometry of the molecules, 3 and 4 are unreactive towards electropbilic reagents. 
For example, they could not be oxldised to the respective phosphates and did not 
undergo an Arbuzov reaction with alkyl halides. Treatment of 3 and 4 with chlorine 
selectively opened the five-membered phosphorus-containing ring to give the cor- 
responding phosphorochloridates 5 and 6. These reactions probably do not follow 
the conventional Arbuzov scheme via a quasiphosphonium salt, but involve pen% 
covalent phosphorus. This assumption is favoured by the fact that the 3’P-n.m.r. 
spectrum of each reaction mixture at -75” contains a signal at 24.5 $.p.m. cor- 
responding to pentacovalent phosphorus. This signal disappears on increasing the 
temperature, with concomitant, pronounced enhancements of the intensity of the 
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halogen phosphate signal. The phosphorochloridates 5 and 6 are reactive and the 
phosphorus halogen is smoothly displaced by various nucleophiies. Thus, 6-bromo (7) 
and 6-chloro-6-deoxy-l,2-O-isopropylidene-c-~ucofuranose 3,SphosphoropiperG 
didate (9), ~chloro-l,Z-O-cyclohexylidene-6-deoxy~-D-gIucofuranose 3,Sphosphoro- 
piperididate (8) and 3,5_phosphoramidate (lo), and 6-chlorod-deoxy-1,2-O-isopro- 
pylidene-a-D-glucofuranose 3,bphosphate (11) were prepared. Removal of the 
cyclohexylidene or isopropylidene groups of 8a or 9 with trifluoroacetic acid gave 
6-chioro-6-deoxy-D-glucofuranose 3,Sphosphoropiperididate (12). 
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The foregoing phosphorochloridates tended to isomerize. Thus, 5, obtained as 
the stereoisomer 5a c3 ‘I?. 6 + 8.0 p-p-m.), gave a new isomer Sb (” ‘P, 6 + 17.0 p.p.m.) 
on dissolution in N,N-dimethylformamide. The rate and degree of the isomerization 
was concentration-dependent. In a saturated solution, isomerization was complete 
within 1 h to give Sa and 5b in the ratio 1:2. In dilute solution, the transformation of 
5a into 5b was almost complete, Addition of piperidine then gave Sb, which is the 
geometrical isomer of 8a. These data confirm earlier results’ for Schloro-2-oxo- 
f,3,2~~~a~h~~~~~a~=s. 

The structure and stereochemistry of. the foregoing compounds were in- 
vestigated by n-m-r. spectroscopy. The resulting ‘3C-n.m.r. data may be of general 
value in the stereochemical analysis of other carbohydrates which possess cyclic 
p&q~.&&&. 
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‘H-N.m.r. spectra were sufficiently simple for first-order analysis. In order to 
identify the P-H coupling constants, 1H/3iP double-resonance was used. Fig. 1 
shows the 1EI/31P mono- and double-resonance spectra of 3. The appropriate data 

H-6 

II H-l H-2 

E H-3 , 

6.0 5.8 5.6 5.4 5.2 5.0 48 4.5 4.4 4.2 4.0 

Fig. 1. Partial ‘H-n.m.r. spectrum (100 MHz) of 3 in chloroform solution: A normal spectrum; 
B spectrum measured with simultaneous irradiation at the 31P-resonance frequency. 

are listed in Table I, together with that for the model compound 2,7,8-trioxa-l- 
phosphabicyclo[3_2_1]octane (X3), for which the six-membered ring has a chair 
conformation3. A comparison of the H-H and P-H coupling constants for 3 and 13 
showed agreement of the parameters for H-4,5,6,6’. Thus, the geometry of the 
five-membered ring of 3 resembles that of 13. The differences in the coupling constants 
involving H-3 were used to estimate the change of the conformation of the six- 
membered ring in 3. Using a Karplus-like dependence of the coupling constant 
3J(POCH) on the dihedral angle3’4, a decrease of the H-3/P coupling of 3 to -0 Hz 
(cJ 3.5 Hz in 13) demonstrates an increase in P-O-C-H-3 dihedral angle of up to 90”. 
This results in an almost planar distribution of O-3, C-3, C-4, and C-5 with non- 
parallel C-5-O and C-3-O bonds and a twist conformation of the six-membered ring. 
The H-C-C-H and H-C-O-P dihedral an@es measured from Dreiding models are 
in good agreement with the values found from Karplus-like depend&ices and confirm 

the proposed twist conformation of 3. 

The J1.2, Jz.~, J3+ and J4.5 values for 5a and 5b were similar to those of-3. 
Thus, the geometry of the carbohydrate part of 5a and 5b was unchanged and there 
is no inversion of the six-membered ring (Scheme 1, A$%); for the inverted ring, 
& must be l&12 Hz (ax-ax orientation). Hence, the chloromethyl group is axial 
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TABLE1 

‘Ha- AND 3 lPb-XM.R DATA AND DIHOXtAL ANGLES 

3 5a St 8a 13 

6 Dihedral angles H-C!-GH and H-C-O-P 6 6 6 8 

Dreiding model from Karplus 
equation 

H-l 6.07 - - 6.02 5.61 6.05 - 
H-2 4.51 - - 4.76 4.28 4.10 - 
H-3ax 4.57 - - 5.08 4.45 4.10 4.21 
H-4eq 4.09 - - 4.54 3.97 4.47 -- 
H-5eq 4.82 - - 3.88 4.12 4.76 4.64 
H-6 4.28 - - 3.88 3.62 3.80 4.32 
H-6 3.91 - - 3.88 3.62 3.80 3.86 

J 1.2 3.6 40” 3.7 3.7 3.5 - 
J z.1 0 100” 

;iO a 
0 0 0 - 

J zhx*.%cu 3.0 50” 57” 2.9 2.7 3.3 4.0 
J3ax.P 0 loo0 90” 6.0 1.7 5.6 3.5 
J 4cp.SCP 2.7 80" 58" 2.9 3.3 3.6 2.8 
J 44.P 3.9 - - 2.3 3.6 1.4 3.8 
154,6 0.7 9o” 93” 4.4 6.2 3.6 0.7 
J 5ca.P 9.8 165” 170° 8.2 12.5 3.6 9.6 
J6.6. 9.2 - - - - - 8.8 

::lb. 4.5 1.6 135” 100” - - - - - - - - 4.4 1.7 
b(“P) - 117.0 + 8.0 -I-17.4 0.0 - 

“In p.p.m. with respect to MedSi; solutions, 10% in CHC13 (3, Sa, 8a, 13) and 10% in N,N-dimethyl- 
formamide (5b). *In p.pm. with respect to HsPO 4; solutions, 10% in N,N-diiethylformamide 
(§a, 5b) and 10% in CHzClz (3, 8a); 8b 6(31P) + 10.1 p.p.m. 

and the isomerization is accounted for by differences in the phosphorus moiety 
(Scheme 1, A+B). 

To establish the conformation of the phosphorus-containing ring, the 13C- 
n.m.r. data shown in Table 11 were used. The signals were assigned on *the basis of the 
additivity of the parameters of the various substituents. Unequivocal assignment of 
the signais for 3 and 5 was performed by means of selective ’ 3C/1H double-resonance, 
together with the use of p.m.r. data. 

3J(1H-3 r P) spin-coup hng constants are widely used in conformational 
analysis, in conjunction with the Karplus-Iike equation3B4. Likewise, we have used 
V(W- 31P) spin-coup i g 1 II constants. A correlation with dihedral angle was first 
established by using the results for 4,4,6-trimethyl-2N-2-oxo-1,3,2-dioxa- 
phosphorinanes5 and 4-ethyl-2,6,7-trioxa- 1 - 0x0 - 1 -phosphabicyclo[2.2.2]octane6 
(Table I?I, Fig. 2)_ On this b&s, the values Jczp 6.0, Jus 5.8*, and JU9 4.8 Hz 

*The dihedral angle is determined by dividing the constant into two, in accordanti with the number 
of ways of spin-spin interaction. 
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8b R’ = 0. R2:= 

Scheme 1 

correspond to the dihedral angIes 147, W, and 46”, respectiveIy, which are consistent 
with a chair form having the chloromethyl group axial. This result is confMned by the 
analysis of the JI_3,p and JH-5,p values on the basis of the known dependence4. 

The correspondin, u dihedral angles of 163”, 46”, and 32” for 5a indicate a 

flattening of the six-membered ring at the phosphorus end, or the presence of a 
conformational equilibrium between chair snd boat forms; the boat form of 
1,3,2dioxaphosphorinanes is associated with only 1 kcal/mol more energy than that 
of the chair form’. Likewise, the data for Sa and 8b reveal the similarity of the 
conformations 5a and 8a, and 5b and Sb. 

We have also used these constants to determine the cotiguration at phosphorus. 
This- method has been employed to determine the configuration at phosphorus in 
some isomers of 2@)4plethyl-1,3,2-dioxaphosphorinanesg, and reference data for 



T
A

B
LE

 I
I 

’ 

&
L?

 ‘$
c 
C
H
E
M
I
C
A
L
 S
H
I
F
T
S
"
A
N
D
 '
3
C
-
3
'
P
S
P
I
N
-
 C
O
U
P
L
I
N
G
 C
O
N
S
T
A
N
T
S
b
 

1 
3 

4 
sn

 
5b

 
8a

 
8b

 
13

 
- 

6 
s 

I 
6 

J 
6 

J 
6 

J 
s 

J 
6 

J 
6 

J 

10
5.

45
 

10
6.

00
 

co
.6

 
10

6.
10

 
<

O
h 

10
4.

87
 

<
0,

6 
10

5.
31

 
<

0.
6 

10
5.

39
 

<O
.G

 
10

4.
99

 
<

0.
6 

- 
- 

85
.4

1 
*8

4.
30

 
co

.6
 

84
.2

1 
<

0.
6 

81
.3

7 
8.

2 
79

.7
0 

60
0 

82
,9

8 
68

9 
83

.7
6 

4.
3 

- 
- 

03
 

75
10

2 
73

.8
0 

2.
6 

73
,3

2 
2.

5 
85

.4
0 

8,
2 

84
.3

2 
12

.1
 

84
.7

2 
8.

3 
84

.1
8 

10
.0

 
59

.5
6 

1.
4 

W
 

~ 
81

.2
1 

78
.1

0 
4.

4 
77

.7
1 

4.
4 

75
.7

8 
g-

7 
75

.7
6 

5.
8 

76
.7

5 
7,

9 
74

.6
0 

4.
4 

32
.6

0 
5.

2 

C
T

*5
 

70
.0

0 
71

.9
8 

4.
5 

71
.4

0 
4.

5 
84

.0
2 

98
1 

81
.7

2 
5.

2 
77

.3
8 

5.
4 

75
.6

0 
4.

5 
72

.2
0 

3.
8 

C
d6

 
’ 

65
.0

3 
67

.4
6 

6.
0 

67
.0

1 
6.

0 
44

.9
1 

8-
6 

44
.2

2 
4.

8 
46

.1
0 

29
7 

45
.5

4 
4.

2 
68

.6
4 

5.
9 

,C
W

l’
, 

31
3.

38
 

11
3.

19
 

0 
12

9.
0 

0 
11

4.
43

 
0 

11
4.

10
 

0 
11

4.
25

 
0 

11
4.

12
 

0 
- 

- 

,C
w

2’
, 

36
.0

2 
36

.3
0 

0 
26

.4
 

0 
36

,2
3 

0 
36

.8
6 

0 
36

.7
2 

0 
36

.8
9 

0 
- 

--
 

C
-3

’ 
24

.2
3 

* 
24

.1
8 

0 
26

.4
 

0 
24

.0
9 

0 
25

.2
8 

0 
25

.1
7 

0 
25

02
7 

0 
- 

- 

C
A

’ 
25

.3
8 

25
.4

4 
0 

- 
- 

25
.2

9 
0 

24
44

1 
0 

24
.4

0 
0 

24
.4

0 
0 

- 
- 

c*
5’

 
24

:3
9 

24
.5

2 
0 

- 
- 

24
.4

4 
0 

24
.0

7 
0 

24
01

0 
0 

24
.1

0 
0 

- 
- 

C
w

6’
 

36
.8

0 
37

.1
2 

0 
- 

- 
36

.8
7 

0 
36

.2
0 

0 
36

,1
5 

0 
36

.1
5 

0 
- 

- 

.2
: 

“O
he

n 
in

 p
.p

.m
. 

db
w

nf
ie

ld
 f

ro
m

 i
nt

er
na

l 
M

e,
$i

; 
ac

cu
ra

cy
 r

tO
.0

5 
p.

p.
m

. 
So

lu
tio

ns
: 

1 
20

%
 i

n 
py

ri
di

nc
; 

3,
 4

, 
5a

, 8
8,

 8
b,

 a
nd

 1
3 

20
%

 i
n 

C
H

2C
Iz

 ; 
8b

 2
0%

 
in

 N
,N

~d
ir

nO
th

yl
fo

~m
am

id
e.

 b
G

iv
en

 i
n 

H
z;

 a
cc

ur
ac

y 
kO

.1
 H

z.
 

p 8 
.’

 
1 8 2 R

 



PHOSPHORUS DERIVATIVES 227 

TABLE III 

DIHEDRAL ANGLE DEPENLXSKE OF 3J(‘3c-31P) 

8 J Pa Ref. Type of atom 

0” a 12.2b 6 CH, 
55.5” = 3.08 5 5-CHZ 

1000 m 1.8 5 6-CHS= 
140” = 5.9 5 - 6- CHSLQ 
178” = 8.9 5 4- CHSeq 

‘The value of the angle is determined by the symmetry of tbe moIecule. %e experimental value of 
3J(f3C-31P) is divided into three, in accordance wit3 the number of ways of spin-spin interaction. 
CX-Ray data7. qhe experimental value of 3J(13C- 31P) is divided into two, in accordance with the 
number of ways of spin-spin interaction. =From Dreiding models_ 

I I 
0 20 40 60 80 100 120 140 160 180 

Dihedml angle (degrees) 

Fig. 2. Plot of coupling constants against dihedral angle. 

the cis and trans isomers of 4-methyl-2-chloro-2-oxo- (14a,lb) and 4-methy:-2-c& 

ethylamino-2-oxo-1,3,2-dioxaphosphorinanes (15a,b) are recorded in Table IV; the 
conf$nration at phosphorus in these compounds has been established’oB1l. Data 
are also included for the tram phosphorochloridate 16 (the product of ring-scission 
of 13 by chlorine), the stereochemistry of which is determined by the route of synthesis. 

Comparison of the Jc-5,p value of cis- and tram-14 with the JUp values of 5a 
and 5b (Table II) reveals an ,identical configuration at phosphorus for the pairs 
5b/tran.s-14 and 5a/cis-14. Comparison of the bhosphoramidates reveals an identical 
configuration for the pairs Sa/cis-15 and Sb/trans-15. Hence, 5a and Ware- the cis 
isomers and 5b and Sa are trans isomers. Thus, replacement of chlorine by piperidine 
Ieads to inversion of conliguration at -phosphorus, which accords With the data 
obtained on the mechanism of nucleophihc substitution for 2-chloro-2-0x0-1,3,2- 
dioxaphosphorinanes2*10*rz and phosphorochloridates of carbohydrates’ 3. 
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The comparison of 3 ‘P-chemical shifts for the isomers of 5 and 8 with those for 
the model compounds 14 and 15 shows that there is a high-field shift of the resonance 
signals of > 10 p.p.m., which is accompanied by a reversal of the chemical shifts for 
each pair of isomers. These facts may be accounted for by non-bonded interactions 
between the phosphorus atom and the substituents at positions 3 and 5. This inter- 
action (y-effect) is well-known in 13C-n.m.r. spectral4 and has also been observed in, 
3fP-n.m.r. spectra’ 5. The reversal of- chemical shifts is explained by a weaker non- 
bonded interaction for 5a and 8a, in the conformation of which the boat form plays 
an important role. 

EXPERIMENTAL 

N.m.r. spectra were determined with a Varian XL-100 instrument. Optic& 
rotations were measuredwith a Perkin-Elmer 141 polarimeter on sohrtions in dichloro-. 
methane unless stated otherwise. Melting points were determined on a Leitz micro- 
scope heating-stage and are corrected. All the experiments with trivalent phosphorus 
compounds were carried out under argon. T.1.c. was performed on Silica Gel L 
100/250, using A benzene or B 3:l benzene-p-dioxane, and detection by charring with 
sulphuric acid. .- 

I,2-O-Cyclohexylidene-ct-D-glucofuranose 3,5&phosphite (3). - A mixture of 1 
(10.4 g) and hexaethylphosphorous triamide (9.8 g) was heated for 2 h at 8&90” 
with distillation of the Iiberated dietbylamine. The mixture was then kept at 10 mmHg 
for 0.5 h at the same temperature. Crystaliization of the residue from tetrahydrofuran 
gave 3 (9.8 g, 85%), m-p. 169-170”, [alr$’ +30.5” (c 0.3, chloroform); lit.’ m-p. 169- 
170”. 

1,2-0-Isopropylde~e-a-D-glucofiranose 3,-, C 6-phosphife (4). - In a manner 
similar to that for 1, 2 (11 g) and hexaethylphosphorous triamide (12.4 g) reacted to 
give, after crystallisation from toluene, 4 (9.6 g, 81%), m-p. 155-156”, [#li” +45” 
(co.3)*. 

Anal. Calc. for CSH,,OsP: C, 43.5; H, 5.3; P, 12.5. Found: C, 43.8; H, 5.2; 
P, 12.3. 

6-Chloro-1,2-0-cyclohexylidene-6-deoxy-case 3,5-?hosphoro- 
chloridbfe (5a,b). - A stream of chlorine was passed at -25” through a solution of 3 
(1.4 g) in dichloromethane (25 ml) until a green colour appeared. The temperature 
was then sIowly increased to room temperature, the mixture was stirred for 0.5 h, 
the soIvent was then evaporated, and the residue was crystaliized from ’ carbon 
tetrachloride to give 5a (1.6 g, 90%), m.p. 150-I 51”, [diJg” -l-36” (c 0.04). 

AnaL CaIc. for C,,H,,CI,OBP: C, 40.1; H, 4.7; Ci, 19.8; P, 8.8. Found: 
C, 40.4; I-I, 4.7; Cl, 20.0; P, 8.7. 

*Editor’s footnote: S. Inokawa, K. Sea, H. Yoshida, and T. Ogata, Bull. Chem. Sue. Jap., 44 (1971) 
1431, described the preparation of compound 4, m.p. 155”, [aJD -24.3” (NJV-dimethylforniamide), 
“4 ad&%Feiit W&e. 
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9Vhen t-he reaction was carried out using tetrahydrofurau as sclvent and the 
product was crystallised from chloroform, then §b (20%) was obtained; m.p. 180- 
181“, [aID +42” (c 0.05). 

Anai. Found: C, 40.2; H, 4.7; Cl, 19.9; P, 8.7. 

6-Chloro-6-deoxy-1,2-O-isopropylidene-a-~-glucof~r~ose 3,5-phosphoro- 
chloridate (6). - In a manner similar to that for 3, 4 (1.24 g) reacted with chlorine 
to give 6 (1.4g, 92%), m.p. 116-117”, [a];* f32” (c 0.15). 

Anal. Calc. for C9H&1206P: C, 33.9; H, 4.1; Cl, 22.3; P, 9.7. Found: C, 33.7; 
H, 4.1; Cl, 21.9; P, 9.9. 

6-Bromo-1,2-O-cyclohexyii~ne-6-deoxy-a-D-glucofuran 3,5-phosphoro- 
piperididate (7)_ -A solution of bromine (0.8 g) in dichloromethane (10 ml) was added 
to a solution of 3 (1.44 g) in the same solvent (20 ml) at -2O”, with vigorous stirring. 
The temperature was slowly increased to room temperature and piperidine (0.86 g) 
was added. After stirring for 1 h, the solvent was evaporated; the residue was then 
washed with 0.1~ HCl and water, and crystallized from carbon tetrachloride to give 7 
(1.5 g, 65%), m.p. 168-169”, [a]; f42” (c 0.02); &O-06 (solvent A) and 0.65 
(solvent B). 

Anal. Calc. for C17H,,BrN06P: C, 41.5; H, 5.9; Br, 12.9; N, 3.9; P, 6.7. 
Found: C, 41.1; H, 5.7; Br, 12.5; N, 3.9; P, 6.8. 

6- Chloro - I,2 - 0 - cyclohexylidene -6-deoxy- a - D -glucofuranose 3,5-phosphor0 - 
piperididate (Sa,b). - Freshly distiIled piperidine (0.86 g) was added at 0”, with 
vigorous stirring, to a solution of 5a (1.8 g) in dry tetrahydrofuran (15 ml). The 
mixture was stirred for 1 h at room temperature, the solvent was then evaporated, and 
tie residue was washed with 0.1~ HCl and water, and crystallized from carbon 
tetrachloride to give Sa (1.4 g, 72%), m.p. X4-155”, [a];* f37.5” (c 0.02), RF 0.07 
(solvent A) and 0.67 (solvent B). 

Anal. Calc. for C,,H2,C1NOsP: C, 49.7; H, 6.6; Cl, 8.7; N, 3.4; P, 7.6. Found: 
C, 49.6; H, 6.6; Cl, 8.8; N, 3.3; P, 7.5. 

In a similar manner, 5b (1.8 g) was converted into Sb (1.3 g, 72%), m-p. 125- 
126”, [a]$’ f30” (c 0.02). Addition of piperidine to a 10% solution of 5a in N,N- 
dimethylformanu ‘de also gave Sb. N.m.r. data (31P): + 10.1 p.p.m. 

Anal. Found: C, 49.6; H, 6.6; CI, 8.8; N, 3.23; P, 7.5. 
6-Chloro-6-d~oxy-I,2-O-isopro~ylidene-cr_D 3,5-phosphoro- 

piperididate (9). - In a manner similar to that described for Sa, 6 (1.24 g) gave 9 
(1.5 g, 75%), m-p. 138-140”, [a]:* -1-32” (c 0.15), R, 0.1 (solvent A) and 0.86 
(solvent B). 

Anal. Calc. for C14H2,ClN0,P: C, 45.6; H, 6.5; Cl, 10.0; N, 3.7; P, 8.4. Found: 
C, 45.8; H, 6.6; Cl, 10.2; N, 3.7; P, 8.8. 

6- Chloro- 1,2-O-cyciohexyiidentr-6-deoxy-a-D-glucofuranose 3,5-phosphoro- 
amidate (10). - Gaseous ammonia was passed through a soIution of 5 (1.8 g) in dry 
tetrahydrofnran (15 ml) _at 0” for 1 h. The solvent was then evaporated, and the 
residue was washed with water and crystallized from carbon tetrachloride to give 10 
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(1.2 g, 56%), m.p. 148-149”, [a]$’ +49.5” (c O-01), RF 0.08 (solvent A) and 0.75 
(solvent B). 

Anal. C&J. for Ci2H1&1N06P: C, 42.4; H, 5.6; N, 4.2; P, 9.1. Found: C, 41.9; 
H, 5.7; N, 4.1; P, 9.2. 

6-Ch!oro-6-deoxy-1,2-O-isopropylidene-a-D-giucofur~o~e 3,S-phosphate (11). - 
Water (0.02 g) was added to 2 solution of 6 (0.3 g) and triethykmine (0.1 g) in 
tetrahydrofuran (15 ml). The mixture was boiled under retlux for 0.5 h, cooled, 
filtered, and then concentrated, and the residue was dried at 0.1 mmHg for 1 h to 
give 11 as a colourless oil (0.12 g, 65%), [a]r f25” (c 0.02). 

Anal. Calc. for C19H1407P: C, 53.8; H, 5.8; Cl, 18.4; P, 20.8. Found: C, 53.5; 
ET, 5.7; Cl, 19.0; P, 20.4. 

6-CMoro-6-deoxy-D-gIucofuranose 3,5-phosphoroprperididate (12). - A solution 
of Sa (0.2 g) in 90% trifluoroacetic acid was stirred for 10 ruin and then concentrated 
at IO mmHg. The residue was triturated to crystallisation with dry ether to give 12 
(0.15 g, 90%), [a]$“ +3” (c 0.05, NJWimethylformamide). 

Similar treatment of 9 also gave 12. 
Anal. Calc. for C,,H,,ClNP: C, 31.2; H, 4.5; N, 3.3; P, 7.3. Found: C, 31.0; 

H, 4.5; N, 3.3; P, 7.4. 
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