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ABSTRACT

Deoxygenation at the carbon atom « to the phosphorus atom of 1,2-0-iso-
propylidene-5-C-(methoxyphenylphosphinyl)-3-O-methyl-a-D-xylofuranose  (7),
prepared from 1,2-O-isopropylidene-3-O-methyl-a-D-xylo-pentodialdo-1,4-fu-
ranose by reaction with methyl phenylphosphinate, was performed by succes-
sively treating 7 with 1.1’-(thiocarbonyl)diimidazole (TCDI) and tributyltin hy-
dride. Treatment of the resulting S5-deoxy-1.2-O-isopropylidene-5-C-(me-
thoxyphenylphosphinyl}-3-O-methyl-a-D-xylofuranose with sodium dihydrobis(2-
methoxyethoxy)aluminate, followed by mineral acid, and then acetic anhydride in
pyridine, gave the four title compounds, which were separated by column
chromatography on silica gel and recrystallization, and characterized by 'H-n.m.r.-
spectral analysis and their optical rotations.

INTRODUCTION

Sugar analogs having phosphorus in the hemiacetal ring are interesting, not
only from the point of view of their chemistry, but also from that of the possible
utility of their biological activities. The synthesis of a few compounds (1-5) of the
pentopyranose type' ', prepared from S-deoxy-5-C-phosphinyl-D-pentofuranose
precursors afforded by the Michaelis—Arbuzov reaction of 5-deoxy-5-halo deriva-
tives with phosphorus compounds (M-A route), has already been reported. Also.
aldoses and glyculoses were treated with dialkyl phosphonate or alkyl phenylphos-
phinate to give, readily, the corresponding sugar analogs containing the HO-C-P
unit® ', but this method for the formation of a C—P bond had not yet been applied
to the synthesis of sugar analogs having phosphorus in the hemiacetal ring, because
deoxygenation of the hydroxyl group on the carbon atom « to the phosphorus atom
could not be caused by the ways usually applicable to organic compounds'’.

Successful deoxygenation of a HO-C-P unit at the terminal carbon atom of
sugars has now been achieved by successively treating such a compound with 1.17-
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(thiocarbonyhdumidazole (TCDI) and then tnibutyltin hydnde’ ™ "', and by this
route, the tour title compounds were synthesized, cach in good yield

The excellent charactensties of this route tor the tormation ot 4 C-P bond,
comparcd with the M -A route, are as tollows. the phosphorus un’npuund\ used as
the substrates are readily obtamned: the formation of the HO-C-P unit and the
deoxygenation thercof are performed fot only a short reaction time under nuld
conditions, and aftord good vields; and processing ot the reaction mivture is sim-
ple. Therefore. this convenient route will evidently be widely used i the future fos
the formation of 4 C-P bond i heat-unstable sugar derivatives such as amino
sugars

RESUT TS AND DISCUSSION

1.2-O-Isopropylidene-3-0-methyl-a-D-vvio-pentodialdo- 1. 4-furanose  (6),
obtamned by glveol-cleavage oadation of 1.2-O-isopropyhdene-3-0) methyvl-a-D-
glucofuranose with sodium metaperiodate'™, was used as the starting material for
this synthesis

The dialdose dervative 6 was treated with methyl phenylphosphinate and
trimethvlamine i a refngerator, to o gne  12-O-isopropy idene-3-C-(me-
thoxvphenyiphosphinyl)-3-0)-methyl-a-D-aviofuranose (7} i quantitative yvield
[z 338 (M ")]. Treatment of 7 with TCDIin |.2-dichlorocthane at 9 (bath) at-
forded syrupy S-O-(imidazol-1-vl-thiocarbonyl)-1.2-O-1sopropy idene-3-C-(me-
thoxvphenylphosphiny)-3-¢ -methyl--D-xvlofuranose (8) 1 897, vicld 8 showed
the characteristie signals (3 H) of the imidazolvl group at 8 6.3 K. 3m the ‘H-nmr
spectrum. and m’'z 468 (M 7). Reductive deoxygeniation of 8 with tnbutyitn hy-
dnde i refluxing toluene aftorded syrupy  S-deowy-1.2-0)-ropropyhdene-3-C-
(methoxvphenylphosphiny )-3-€)-methvl-a-D-xyloturanose (9) in 99 vield: this
showed H-3.5" signals at 8 2 05-2 6.in the ' H num 1. specttum, and m oz 342 (M 7).
The crude 9 was separiated by column chromatography on sthiea gel. usang ethyl
acetate-hexanc as the cluant, into two tractions: 9a. colorless needles Ry 0L54
(EtOAC). 497 |, m.p. 1155 1127, and 9b, colorless prisms [Ry U 46 (FtOAC),
49 . m p. 91.5-92.5 . The precise structure ot 9a or 9b [probably L (R and (5) iso-
mers at the phosphorus atom] could not be determined by 'H-n m r.-spectral
analysis  On reduction of 9a and 9b. the same product was obtammed. Reduction of
9 with SDMA 1n oxolane (tetrahvdrofuran; ‘THF) 1n the usual wayv' ' aftorded
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5-deoxy-1,2-0-isopropylidene-3-O-methyl-5-C-(phenyiphosphinyl)-a-D-xylofura-
nose (10) in 92% yield; this showed an i.r. absorption band at 2340 cm ' (P-H),
and in the 'H-n.m.r. spectrum, half a P-H signal, at  11.60 (disappearing on deut-
eration).

Hydrolysis of 10 with 0.1M hydrochloric acid under nitrogen for 3 h at 110°
(bath), and acetylation of the product (11) with acetic anhydride-pyridine in the
usual way' ™3, afforded a crude mixture (12) consisting of crystals in a syrup (91%
from 10). The crude mixture was separated by recrystallization from ethanol and
ethanol-hexane, into two fractions, A and B. The syrup was separated by column
chromatography on silica gel, using ethyl acetate as the e¢luant, into three major
fractions, which will be referred to as B, C, and D (according to their decreasing
Ry values).

Fractions A, B, C, and D respectively gave colorless needles, m.p. 295-296°;
colorless needles, m.p. 200-200.5°; a colorless syrup; and a colorless syrup; each
exhibited three acetoxyl groups in the 'H-n.m.r. spectrum, and the molecular-ion
peak at m/z 398, corresponding to C,gH;304P, in the high-resolution mass spec-
trum of each, and this formula was supported by the elemental analysis of fractions
A and B. The structural assignments of these compounds were determined by com-
paring the "H-n.m.r. spectra, and the optical rotations, with those of the structur-
ally similar analogs 2, 3, and 5.
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The "H-n.m.r. spectra of fractions C and D showed relatively ligh values of
o for the H-2 and H-4 signals (compared with those of fractions A and B). whereas
the remaining signals were essentially similar for the four fractions. The upficld
shifts of the H-2 and H-4 signals can be explained in terms of the shiclding effect
of the phenyl group linked axially to the ring-P atom. The H-1 signal of the B-ace-
tate 12¢ consisted of a triplet at  5.79. with J, » 0.7 and J, p 10.7 Hz. whereas that
of the & anomer 12d showed a double triplet at § 5.99 with a large /, » (8.0 Hz) and
a small J, 5 (2.5 Hz) value, and, probably. J, s 2.5 Hz. due to the 1.5 W coupling.
These splitting patterns of fractions C and D resembled those of S.6-dideoxy-5-C-
[(R)-phenylphosphinyl]-a- and -B-L-idohexopyranoses'®. and S-deoxy-3-C-[($)-
methoxyphosphinyl]-a- and -B-D-xylopyranoses® The optical rotation of fraction C
was smaller than that of fraction D. Thercfore. fractions C and D were respectively
identified as S-deoxy-5-C-[(S)-phenylphosphinyl]-8-D-xylopyranose (12¢) and 5-
deoxy-5-C-[(S)-phenylphosphinyl}-a-D-xylopvranose (12d). both in the 'C (D) con-
formation.

The shift patterns in the '"H-n.m.r. spectra of fractions A and B were some-
what similar. and showed relatively low & values for the H-2 and H-4 signals. com-
pared with those for 12¢ and 12d. The optical rotation of fraction A was larger than
that of fraction B. Theretfore, fractions A and B were respectively considered to be
S-deoxy-5-C-[(R)-phenylphosphinyl]-a-D-xylopyranose (12a) and 3-deoxy-5-C-
[{R)-phenylphosphinvl]-B-D-xylopyranose (12b), both in the *C (D) conformation.

EXPERIMENTAL

General methods. — Melting points were measured with a micro melting-
point apparatus (Yanagimoto Seisakusho, Japan) and are uncorrected. Column
chromatography was performed by using Merck Lober silica gel. T.1 ¢. was con-
ducted on layers ot sibica G-10 (Nakarai Chemicals, Ltd.. Japan). AH reactions
were monitored by t.lc.. and the products were detected with sulturic aad-
cthanol. or cobalt(I1) chloride-ethanol. Optical rotations were determined with an
Atago-Polax polarimeter (Atago Ltd.. Japan). L.r. spectra were recorded with an
A-3 spectrophotometer (Japan Spectroscopic Co.. Ltd.). "H-N.m.r spectra were
recorded, for solutions in CDCls, with a Hitachi-Perkin—Elmer R-20 (60 MH/) 1n-
strument. Chemical shifts are reported as 8 values, relative 1o tetramethyisilane (8
0.0} as the internal standard. Mass spectra were recorded with a Hitachi
RMU7TMG GS-MS spectrometer.

1,.2-O-Isopropylidene-5-C-(methoxyphenyilphosphinyD)-3-O-methvi-a-nD-xvlo-
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furanose (7). — A mixture of compound 6 (2.21 g), methyl phenylphosphinate (2.5
mL}, and triethylamine (3.0 mL) was kept in a refrigerator for 10 h (as. after ~1
h at room temperature, a partially decomposed mixture is obtained), diluted with
chloroform and aqueous NaHCO; (to decompose the excess of phosphinate), and
the chloroform layer washed with water, dried (Na>S0,), and evaporated in vacuo,
to give 7 in quantitative yield as a colorless syrup; [«]’ —28.6° (¢ 1.70. CHCly):
vXBr3450 ¢em ™! (OH); ‘H-n.m.r. data: & 1.36. 1.53 (2s. 6 H, CMe,). 3.06. 3.40 (2
s, 3 H, OMe-3, overlapping with H-5). 3.56, 3.60. 3.73, 3.79 (4 5. 3 H. P-OMe).
3.83(d. 1 H, J5,2.0Hz, H-3), 4.45(d, 1 H, J; » 3.2 Hz, overlapping with H-4, H-
2), 5.35 (broad. 1 H, disappearing on deuteration, OH), 5.82 (d, 1 H. J, -, 3.2 Hz,
H-1), and 7.05-8.1 (m. 5 H, P-C4Hs); m/z 358 (M™).

5-O-(Imidazol-1-yl-thiocarbonyl)-1,2-O-isopropylidene-5 -C-(methoxyphe-
nylphosphinyl)-3-O-methyl-a-D-xylofuranose (8). — To a solution of 7 (3.81 g) in
1,2-dichloroethane (50 mL) was added TCDI (2.70 g). and the mixture was heated
for 30 min at 90° (bath), cooled, diluted with dichloromethane, washed with cold
dilute HCI, saturated aqueous NaHCO;, and water, dried (Na,SO,), and evapo-
rated in vacuo, to give 8 (4.44 g, 89%) as a syrup; [e]p ~ —0.2° (¢ 1.10, CHCly);
'H-n.m.r. data: § 1.27, 1.36, 1.42 (3 s, 6 H, CMe»), 3.02, 3.34 (2 5, 3 H. OMe-3,
overlapping with H-5), 3.66, 3.84 (2 s, 3 H, overlapping with H-3, P-OMe), 4.46,
4.47 (2 d, | H, J, 3.4 Hz, overlapping with H-4, H-2), 5.75.5.79 (2d. | H, J,,;
3.4 Hz, H-1), and 6.2-8.3 (m, 8 H, P-C,H; and imidazolyl-H-3); m/z 468 (M*).

5-Deoxy-1,2-O-isopropylidene-5-C-(methoxyphenylphosphinyl)-3-O-methyl-
a-D-xylofuranose (9a, 9b). — To a solution of 8 (3.89 g) in toluene (150 mL) was
added tributyltin hydride (3.5 mL), and the mixture was heated for 1.5 h at 120°
(bath), cooled, and evaporated in vacuo. The residue was dissolved in acetonitrile~
hexane, and the layers were separated. The acetonitrile layer was washed with
hexane (to extract the tin compound), and evaporated in vacuo, to give crude mix-
ture 9 as a syrup (2.82 g. 99%). By chromatography on a column of silica gel with
9:1 EtOAc-hexane which was gradually changed to EtOAc, as the eluant, the
crude mixture was separated into 9a, colorless needles (1.40 g, 49%) and 9b, color-
less prisms (1.39 g, 49%).

Compound 9a, Rg 0.54 (EtOAc); m.p. 111.5-112° (after recrystallization
from EtOAc-hexane), [@]}¥ —56.8° (¢ 1.76, CHCl;); 'H-n.m.r. data: § 1.39, 1.45
(2s,6 H, CMe,), 2.41(dd, 2H, J5 p 14.8,J5 5 7.2 Hz, H-5,5), 3.03 (s, 3 H, OMe-
3), 3.58 (d, 3 H, Jp 11.5 Hz, overlapping with H-3, P-OMe), 4.46 (d, 1 H. J, 3.8
Hz, overlapping with H-4, H-2), 5.72 {(d. 1 H, J,; 3.8 Hz, H-1}, and 7.3-8.0 (m,
SH, P-C,Hs); m/z 342 (M").

Anal. Calc. for C1¢H»;O¢P: C, 56.14; H, 6.77. Found: C, 56.08: H, 6.79.

Compound 9b, Ry 0.46 (EtOAc); m.p. 91.5-92.5° (after recrystallization
from EtOAc-hexane), [a]ly —36.8° (¢ 1.90, CHCly); 'H-n.m.r. data: 8 1.36, 1.44
(25, 6 H, CMe,), 2.05-2.6 (m, 2 H, H-5,5"), 3.45 (s, 3 H, OMe-3), 3.61 (d. 3 H,
Jy 11.2 Hz, P-OMe), 3.62 (d, 1 H, J; 4 3.7 Hz, H-3), 4.04.55 (m, 1 H, H-4), 4.48
(d, 1H,J,,3.8 Hz, H-2), 5.72(d, 1 H, J,, 3.8 Hz, H-1), and 7.3-8.0 (m. 5 H, P-
CoHs); miz 342 (M™).
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Anal. Cale. for C, (H-:0,P: C. 3614 H.6.77. Found: C. 56 12: H. 6858

S-Deoxyv-1.2-O-isopropviidene-5-C-{phenviphosphuns D-3-O et da-p-ay -
lofuranose (10). — To a solution of 9 (1 31 gy m THE (30 mLy was added 4 70¢
solution of SDMA (2.5 ¢ 10 bunzene) plus THE (20 mbL) at 0 under nitrogen
After 30 min, a small amount of water containing cone HCE (8.2 ml ¥ was added
at 07 (1o decompose the excess of SDMAY. the muxture hitered  and the tiltrate
evaporated i vacuo. A solution ol the residue m chloretorm was washed with
water, dried (Na,SO ) and evaporated wr vacuo, 10 give 10 (109 ¢, 92 ¢ ) as a col-
orless syrup. The i roand "H-numer. spectra of 10 from 9a and 9b werd respectively
identical; lu}“’“ =20 A D O8C CHOH), o8 2340 em PP -H: Henom el datas 8
128, 1232, ( o HOCMes ) 2 127 0l 2HOHSRE ta7odl 3L l’;, N0 Hz.
P-OMe). 3.55 3S7T2d L T O HA H- D 39 3y gm, 1L FE-dL 4050, 485

FPHOJ o4 PHZ H-Z3 S 778802 do P HUOT, o3 Hz HE-Hy s &.U {m, 5
H. P-C H:), and 1160 (m. ' - H, disappeared on deuteration, P —Hi, e 312 (M)

Hydrolvses of 10 und 1.2 4-1r1-O-aeetvl-3-deoxy-3-Omethvi- 3 C-JURy and (S)-
phenyiphosphinyli-a- and -3-0D-wvlopyranose 112a~d) — Lo a ~oluion of 10 (238
my) m ethanol (5 ml.) was added 0 13t HC (10 mi ) The munture was heated
under mitrogen for 3 hat 110 (bath), the ethanol bemg alfowed to evaporate gradu-
ally, cooled. diluted with water, ind the acid neutrabzed with Amberhite IR-45 jon-
exchange resin: this was then washed with water {20 mi. ¥ 5y and filtered, and the
bltrate and washings were combined. and evaporated m vacuo, o ene syrupy 11
This was treated with acetie anhvdride (4 ml v dry pyodime (15 mib ) the usoal
wav' *to give crude mivture 12 as a white. amorphous material o sviup €275
mg. 917 from 10} on orystallization trom ethanol -hexanc. this was separated mto
colorless needles (96 mg) and g syrup (1560 mg) The covstals were carctully recias-
tallized from cthanol and cthunol-hexane. to give 12a and 12b. The syrup was
separated by chromatography on o column of sitica gel by clution wath F1OAC.
which was gradually changed to S0:1 FtOAc methanol, to give 12b. 12¢, and 12d

S-C-[{R)-Phenviphosphunvl|-a-D-vvlopvranose  dervanmve (12a) Ry 0 36
(ELOAC): colarless needles (32 mg. 177 from 10), m p 295296 (roenystallized
from ethanoly, fa]{f =314 ¢ 223 CHOL): 'Hen mor. datas & 1 86 00, 2033
SCOHOIO0ACH 2 -3 0 am L 2 L FER3S0) 347 (L3 HL OMe-3), s So o P HL L,
= Jyy = 94 Hs, H 2315505 (my 3 HOH-T23 and TS R0 om 3 HLP-
C Hay iz 3OS (M

Anal. Cale., ror CiHaOP: Co34 27 HOS82 Found: CUS4.30: HL 5 79

5-C-{(R)-Phenviphospluny [-B-D-xyvlopyranose  dernanve {12bY. Ky .56
{E1OAC): colorless needles (3T mg. 179 from 10); m.p. 200 200 57 (reenvstathized
cthanol-hexanc). [a]iy —-343.67 (¢ 1.79. CHCL)Y; 'Hen mor dat. 8 1 6601 99,208
(35,9 H.30Ac), 2.25-3. 15 (m. 2 H H-5.5") ?'w”( 3 H. OMe-3), 367 (101 H,
Joa=Jy, =940 Hz H-3), 5 1559 (mo 3 HOH-124), and 7 158 em, S HLP-
CHs):mz 398 (M)

Anal. Cale, tor C(HAOP: Co83.27, 1L 382 Found: CLS3.88, HL 3 K1,

S-C-[(S)-Phenviphosphinvl-B-v-viopyranose  deroamve (12¢y Ry 036



NEW FORMATION OF CARBON-PHOSPHORUS BOND 107

(EtOAc), colorless syrup (25 mg, 8% from 10); [a}i¥ —223.5° (¢ 3.49. CHCl,); 'H-
n.m.r. data: § 1.99, 2.02, 2.08 (35,9 H, 3 0OAc). 2.0-3.2(m, 2 H, H-5,5"). 3.45 (s,
3H, OMe-3), 3.60 (t, 1 H.J» 5 = J; 4 = 8.8 Hz, H-3). 4.7-5.3 (m. 2 H. H-2.4), 5.79
(L1H,J, p=J, 2= 10.7 Hz, H-1), and 7.4-8.1 (m. S H. P-C4Hx): n/z 398 (M ™).

5-C-[(S)-Phenylphosphinyl]-a-D-xylopyranose dervative (12d), Ry 0.21
(EtOAC), colorless syrup (37 mg, 12% from 10); [«|{y —16.6° (¢ 5.13, CHCly); 'H-
n.m.r. data: §2.02,2.10, 2.21 (35,9 H, 3 0Ac), 2.3-3.1 (m, 2 H, H-5.5"), 3.41 (s,
3 H. OMe-3), 3.62 (1. 1 H. J, ; = J5, = 10.0 Hz, H-3), 4.5-5.1 (m. 2 H. H-2,4).
5.99(2t. 1 H.J, p8.0,J, 2.5 Hz. and probably. J, < 2.5 Hz, H-1). and 7.3-8.0 (m.
1 H, P-C Hs): m/z 398 (M*).
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