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ABSTRACT 

Addition of the sodium salts of five branched-chain nitromethyl sugars in 
N,N-dimethylformamide to aqueous solutions of titanium(III) chloride (at pH 1) 
produced the respective, C-formyl, branched-chain carbohydrate derivatives 3-C- 

formyl-I,2 : 5,6-di-O-isopropylidene-rl-D-glucofuranose, 5-O-acetyl-3-deoxy3-C-for- 
myl- 1,2-0-isopropylidene-a-D-ribofuranose, methyl 4,6-O-benzylidene-2,3-dideoxy- 
3-C-formyl-cr-D-r&o-hexopyranoside (6), benzyl 2-acetamido-4,6-0-benzylidene-2,3- 
dideoxy-3-C-formyl-c-D-allopyranoside (9), and benzyl 2-acetamido-4,6-O-benzyli- 
dene-2,3-dideoxy-3-C-formyl-cr-D-er~tlrro-hex-2-enopyranoside. The axial formyl 
groups in 6 and 9 were equilibrated under mild conditions to give the equatorial 
3-C-formyl epimers methyl 4,6-0-benzylidene-2,3-dideoxy-3-C-formyl-a-D-arabino- 
hexopyranoside and benzyl 2-acetamido-4,6-O-benzylidene-2,3-dideoxy-3-C-formyl- 
a-D-glucopyranoside (lo), respectively_ The branched chain in 10 was readily elongated 
by using ethyl 2-(diethoxyphosphoryl)propionate, to give benzyl 2-acetamido-4,6-0- 
benzylidene-2,3-dideoxy-3-C-(2-ethoxycarbonyl)prop-l-enyl-cr-D-glucopyranoside. 

INTRODUCTION 

A large number of naturally occurring, branched-chain carbohydrates contain 
a C-formyl group2. genz-Hydroxy-formyl branched-chain derivatives have been 
obtained by the permanganate oxidation of exocyclic cyanomethylene groups3. 
Addition of vinyl-Grignard reagents4 or 2-lithio-1,3-dithiane5.6 to keto-sugars gave 
derivatives that could also be converted into gein-hydroxy-formyl branched-chain 
carbohydrates. Nucleophilic scission of sugar epoxides with unsaturated organo- 
lithium reagents’ or with the dithianyl anion’ gave products suitable for conversion 
into C-deoxy-C-formyl derivatives. Some C-formyl branched-chain sugars have been 

*Taken in part from the Ph.D. dissertation of J.J.N., submitted to the University of South Africa. 
Part of this work has been published as a preliminary communication’. 
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obtained by the oxidation of nitromethyl groups with aqueous permanganateg~‘o. 
Nitromethyl branched-chain carbohydrates may be obtained by the conden- 

sation of nitromethane with suitably protected glycosiduloses”. Dehydration and 
subsequent reduction of the intermediate nitro-olefin may afford the deoxynitromethy1 
derivatives’ ‘_ Nitromethyl groups in a variety of structural envirbnments have been 
successfully converted into carbonyl groups with titanium(II1) ions in aqueous 
solution’2-‘*_ This facile process, in combination with the nitcomethane reaction 
on keto-sugars, provides a convenient route to a variety of C-for&y1 branched-chain 
carbohydmtes, examples of which are described below. 

RESULTS AND DISCUSSION 

A solution of the sodium salt of thege~n-hydroxy-nitromethyl-glucofuranose’5 I 
was prepared in NJ’-dimethylformamide with sodium hydride! This solution was 
added to an aqueous solution of titanium(IIi) chloride buffered at pH 1. This pH 
provided optimum conditions for the reaction; at the originally suggested” pH of 5, 
the titanium(III) solution appeared to be unstable and could not be used to effect 
conversion of the nitromethyl groups. Under the conditions employed, reduction 
of the nitronate occurred immediateIy and before protonation! of the anion could 
take place. The resulting imine was rapidly hydrolysed under the acidic conditions, 
to give the aldehyde, 3-C-formyl-I ,2 I 5,6-di-O-isopropylidene-&-glucofuranose3 (2; 
singlet at 6 9.77): which was isolated in 83% yield. 

CHzOAc 

1 R = CH,NO, 

2R = cno 

ti 6-kMe2 

3R= CH,NO-, 

4R= CHO 

Similarly, treatment of the deoxy-C-nitromethyl-ribofuranosei6 3 with tita- 
nium(M) chloride produced 5-0-acetyl-3-deoxy-3-C-formyl-I,2-O-isopropylidene-~- 
D-ribofuranose (4) in S20! yield. The n.m.r_ spectrum of 4 showed a singlet (S 9.80) 
for the aldehyde proton. If the Karplus relationship is valid, the dihedral angle of 
the aldehyde proton and the vicinal H-3 should be approxim$ely 90” for minimal 
couplings 7, which would require the carbonyl group to be almost eclipsed by C-2 
or C-4 The preferred rotamer for simple aldehydes is consiidered to be” that in 
which the carbonyl group is eclipsed by a neighbouring alkyl substituent. Other 
rotamers would produce a d&al coupling constant larger than zero. 

Addition of the sodium salt of the deoxy-C-nitromethyl derivative” 5, prepared 
in N,N-dimethylformamide with sodium hydride, to aqueous: titanium(I1I) chloride 
(at pH 1) produced methyl 4,6-0-benzylidene-2,3-dideo~y-3-C-formyl-cr-D-ribo- 
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NHAc CH3 0921 

5 R’ = Me.RZ = H.R3= CH,NO,.R” = H II R = CH2N0, 14 

6 R’ = Me,RZ = H.R3= CHO.R~ = ” 12 R = CHO 

7 R’ = Me.R’= H-R’= H.R4= C”0 13 R = CHaOH 

8 R’ = Bzl. RZ = NHAc.R’= CHZNOZ,RS = H 

9 R’ = Bzl.R’= NHAc_R’= CH0.R4= H 

10 RI = 6zl.R’ = NHAc.R’ = HI RJ = CHO 

hexopyranoside (6) in 71% yield. The n.m.r_ spectrum of 6 showed a one-proton 
doublet at S 10.15 (J3,3. 2.5 Hz) for the aldehyde proton. The ribo configuration 
was assigned on the basis of a J3,4 value of 4.5 Hz, indicating a synclinal relationship. 
Treatment of 6 with methanolic sodium methoxide caused equilibration to the 
nrbilzo-epimer 7 in 40% isolable yield. This was evident from the upfield shift to 
8 9.85 (J3.3. 1.5 Hz) of the signal for the aldehyde proton of 7; the proton signals 
for equatorial formyl groups usually occur” at higher field than those for axial 
formyl groups. 

Application of the titanium(II1) reduction to the benzyl 3-C-nitromethyl- 
allopyranoside” 8 produced a mixture of epimers (9 and 10) in a ratio of -4: 1 as 
judged by the signals for aldehyde protons at 6 10.07 and 9.62. Equilibration of this 
mixture with potassium carbonate in moist benzene produced benzyl2-acetamido-4,6- 
O-benzylidene-2,3-dideoxy-3-C-formyl-a-D-glucopyranoside (10) in 73 % yield (ovcr- 
all from 8). The n.m.r. signal of the formyl proton of 10 was a doublet at 5 9.62 

(J,.,+ 4.8 Hz). 
Similarly, x$-unsaturated aldehydes may also be prepared by the titanium(II1) 

reduction of appropriate nitromethyl sugar derivatives. Treatment of the sodium 
salt of the 3-C-nitromethyl-hex-2-enopyranoside” 11 with aqueous titanium(II1) 
chloride (at pH 1) produced the conjugated aldehyde benzyl 2-acetamido-4,6-O- 
benzylidene-2,3-dideoxy-3-C-formyl-r-D-e (12) in 98 % 
yield. The aldehyde group of 12 could be reduced with lithium a!uminium hydride in 
tetrahydrofuran or with sodium borohydride in pyridine, to give benzyl2-acetamido- 
4,6-0-benzylidene-2,3-dideoxy-3-C-hydroxymethyl-~-D-e~~fI~~o-hex-2-enopyranoside 

(13). Attempts to hydrogenate the conjugated double-bond in 13 catalytically resulted 
in removal of protecting groups. 

Elongation of the branched chain is possible_ Addition of the ethyl 2-(diethoxy- 
phosphoryl)propionate carbanion2’ to the aldehyde 10 in NJ-dimethylformamide 
produced the conjugated ester benzyl 2-acetamido-4,6-0-benzyhdene-2,3-dideoxy3- 
C-(2-ethoxycarbonyl)prop-l-enyl-a-D-glucopyranoside (14) in 67 “/, yield. Since the 
frarzs isomer generally preponderatesto under the conditions of the Wadsworth- 
Emmons reaction”, it is assumed that the configuration of the double bond in ester 
14 is tram. 
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The conversion of carbohydrate nitromethyl groups into formyl groups with 
aqueous titanium(II1) chloride is of importance in general cafbohydrate chemistry. 
It should be possible to prepare C-formy branched-chain derivhtives of both general 

I I i 
types (R-C-OH and R-C-H) from a common keto-sugar precu$or. The introduction 

I I 
of the branch proceeds in a stereochemically predetermined m@nerl’, and either of 
the possible epimers of a deoxy-C-formyl branched-chain sugai can be prepared. 

I 
I 

EXPERIMENTAL : 

1 Gcncral. - Melting points were taken in capillary tub rs in a Biichi silicone 
oil-bath apparatus and are uncorrected. 1-r. spectra of solids wiere recorded for KBr 
disks with a Perkin-Elmer 257 grating spectrophotometer; for ‘liquids, films on KBr 
disks were used. N-m-r. spectra were recorded with a Varian d :M-360 spectrometer, 
with tetramethylsilane as internal standard. Optical rotations kere determined with 

a Perkin-Elmer 141 polarimeter. TLC. was performed on Silica Gel F (precoated 
plates, Merck) with detection by U.V. light or with 0.5% KM&, in hr NaOH. Mass 
spectra were recorded with an A.E.I. MS-9 spectrometer. Mi J 

i 
roanalyses were per- 

formed by Dr. Franz Pascher (Bonn, West Germany). 
Aqueous titanizmn(lII) chloride (pH I). - A solution of!titanium(III) ions in 

aqueous hydrochloric acid at pH 1 was prepared by the caut?rus addition of 35% 
aqueous ammonium acetate (10 ml) to a solution of titanium t;richloride (10 mmol) 
in 4% hydrochloric acid (10 ml)_ The solution was freshly prepsred before each reac- 
tion. t 

i 

for 2. i 

o give 2 as a homo- 
10 I I), colorless 0iI (I ‘0 mg, 83 %); Yztid 

‘_ N-m-r. data: 6 1.23, 1.33, and 1.60 (3 s, 12 H, 4 Me), 3.80 (bs, 1 H, OH; 
exchangeable with DzO), 4.04.6 (m, 4 H), 4.43 (d, 1 H, J,, 3.4 Hz, H-2), 5.97 
(d, 1 H, H-l), and 9.77 (s, 1 H, CHO). These data correspond with those reported3 

3-C-Fol-t11_1+i, 2 : S,6-di-O-isopl-op~.Ii~~~~~e-~-~-g~~~co~~~-a~tos~3 (2). - To a solu- 
tion of I,2 : 5,6-di-0-isopropylidene-3-C-nitromethyl-a-D-glut bfuranose” (1; 229 
mg, 0.75 mmol) in anhydrous NJ’-dimethylformamide (2 ml at 0” was added a 

1 dispersion of sodium hydride in mineral oil (60%; 30 mg, 0.7-l mmol), and stirring 
was continued until gas evolution ceased (-30 min). The sol tion was added to a 
well-stirred, buffered solution of titanium(III) chloride (pH 1, 20 ml). Stirring was 
continued for 2 min and the mixture was poured into dichl romethane (50 ml). 
The organic phase was washed with saturated, aqueous sodiu I hydrogencarbonate 
(5 ml) and water (15 ml), dried (Na,SO,), and concentrated, 
geneous (t.1.c; benzene-ethyl acetate, 
1725 cm- 

5-0-Acet~l-3-~eo_~y-3-C-fornl~~t-I,2-O-isopropyli~ei~e-cr-D-l ibofiwatzose I (4). - 
To a solution of 5-O-acetyl-3-deoxy-l,2-O-isopropylidene-3-C-flitromethyl-a-~-ribo- 

furanosei6 (3; 200 mg, 0.73 mmol) in anhydrous N,N-dimetlliylformamide (3 ml) 
at - 10” was added sodium hydride (60 % dispersion in miniral oil; 30 mg 0.75 

t 
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mmol). Stirring was continued at - 10” until gas evolution ceased (-20 min), and 
the mixture was then added at - 1 drop/set. to a buffered solution of titanium(II1) 
chloride (pH 1) kept at 0”. Stirring was continued for 45 min at room temperature. 

The mixture was worked-up, as described for 2, to leave a syrup that was eluted from 
a column of silica gel 60 (70-230 mesh, Merck) with chloroform, to give 4 as a color- 
less syrup (146 mg, 82 %), [m]k3 +49’ (c 0.5, chloroform): ~2::~~ 2760, 1750, 1735, 
and 1465 cm-‘. N.m.r. data: 6 1.33 and 1.42 (2 s, 6 H, Me,C), 2.05 (s, 3 H, AcO), 
2.90 (dd, 1 H, J3.Q 9.7 Hz, H-3). -4.27 (m, 2 H, H-5,5’), 4.67 (m, 1 H, H-4), 5.10 

(dd, 1 H, J2.3 6 Hz, H-2), 5.90 (d, 1 H, J, .z 4 Hz, H-l), and 9.80 (unresolved d, 
J 3.3’ -c 1 Hz, CHO). Mass spectrum: m/e 229 [M’ - 151 (Found: 229.070783. 
C,oH,306 talc.: 229.071205). 

The semicarbazone of 4 had m-p. 182-l 53” (from ethyl acetate-light petroleum). 
Anal. Calc. for C,,H,,N,O,: C, 47.54; H, 6.36: N, 13.95. Found: C, 47.62; 

H, 6.36; N, 13.94. 

- A solution of methyl 4,6-0-benzylidene-2,3-dideoxy-3-C-nitromethyl-~-o-~ibo- 
hexopyranoside” (5: 773 mg, 2.5 rnmol) in anhydrous A’,N-dimethylformamide 
(10 ml) at 0” was treated with sodium hydride (6076 dispersion in mineral oil; 100 rns, 
2.5 mmol) as described above. The solution was added dropwise during 3 min to a 
solution of buffered titanium(II1) chloride (pH 1, 50 ml) at O”, which was stirred 
for another 3 min and then poured into dichloromethane (250 ml). After work-up, 

as described for 2, the resulting oil, which gave one spot in t.1.c. (benzene-ethyl 
acetate, 10 : I), crystallised spontaneously (492 mg, 71 T/,). Recrystallisation from 
ether-light petroleum gave needles of 6 (440 mg), m-p. 119-120” (dec.). b]A” + 147” 
(c 0.7, chloroform); vmnr 2850 and 1725 cm- ‘_ N-m-r. data: S 2.10 (m, 2 H, H-2,2’), 

2.74 (ddd, I H, H-3), 3.34 (s, 3 H, MeO), 3.85 (dd, 1 H, J-L_3 4.5, Jses 8 Hz, H-4), 

3.7-4.45 (m, 3 H). 4.6s (m, 1 H, H-l), 5.55 (s, 1 H, PhCH), 7.40 (m, 5, Ph), and 10.15 

(d, 1 H, J3.3, 2.5 Hz, CHO). 
Anal. Calc. for C,,H1805: C, 64.74; H, 6.52. Found: C, 64.87; H, 6.74. 

MetlqI 4,6-0-be~~~~-lidene-~,3-~i~eo_~~~~-3-C-for~~~~I-~-o-arabino-hesop~t-~~~~oside 

(7). - To a solu:ion of 6 (50 mg, 0. IS mmol) in methanol (2 ml) at 0” was added 

sodium methoxide (10 mg, 0.5 rnmol). The mixture was stirred for 30 min, added 

to 1 y0 aqueous acetic acid (50 ml), and extracted with dichloromethane (10 ml). 

and the extract was washed with saturated, aqueous sodium hydrogencarbonate 
(2 ml) and water (4 ml), dried (Na2S0,). and concentrated_ The residual oil (20 mg. 

40%), after washing with light petroleum to remove traces of benzaldehyde, gave a 
single spot in t.1.c. (benzene-ethyl acetate, 10: 1). N.rn.r. data: S 2.05 (m, 2 H, H-2,2’), 

3.20 (m, 1 H, H-3), 3.37 (s, 3 H, MeO), 3.6-4.4 (m, 4 H), 4.77 (m, 1 H, H-l), 5.57 
(s, 1 H, PhCH), 7.40 (m, 5 H, Ph), and 9.85 (d, 1 H, J,_,t 1.5 Hz, CHO). Mass 
spectrum: m/c> 278 [M’] (Found: 278.115425. C,SH,,O,- talc.: 278.115414). 

Betrzyl 2-acetat~~ido-4,6-0-be~r~~Iidet~e-2,3-dideo_~~-3-C-forn~~~-~-~-girrcop~ra- 

ttoside (10). - A solution of benzyl 2-acetamido-4,QU-benzylidene-2,3-dideoxy3-C- 
nitromethyl-x-D-allopyranoside’ ’ (8; 442 mg, 1 mmol) in anhydrous N,N-dimethyl- 
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formamide (10 ml) at 0” was treated with sodium hydride (60% iiispersion in mineral 
oil; 40 mg, 1 mmol). After gas evolution had ceased (-30 min), the solution was 
added dropwise during 5 min to a well-stirred solution of tifanium(II1) chloride 
(pH 1, 50 ml). Work-up after 15 min, as described for 2, gave a$ epimeric mixture of 
9 and 10 (330 mg). N.m.r. data: 6 1.87 (s, 0.2 H, AcN, glrrco-epimer), 1.95 (s, 0.8 H, 
AcN, allo-epimer), 2.90 (m, 1 H, H-3), 5.68 (d, 0.2 H, NH, glrrco-epimer), 6.30 (d, 
0.8 H, NH, a/lo-epimer), 9.62 (d, 0.2 H, CHO, glnco-epimer), and 10.07 (m, 0.8 H, 
CHO, &lo-epimer). 

The mixture of epimers was treated with boiling, moist benzene (IO ml con- 
taining 2 drops of water) together with powdered potassium carbonate (300 mg) 
for 12 h. The solvent was removed in vamo and the residue was partitioned between 
chloroform (100 ml) and water (20 ml). The organic layer was separated, washed with 
water (10 ml), dried (Na,SO,), and concentrated. Recrystalli%ation of the residue 
from acetone-light petroleum gave 10 (300 mg, 73”/“) as colorless needles, showing 
one spot in t.1.c. (chloroform-p-dioxane, 95:5); m.p. 262-264” (dec.), [ZIP +63” 
(c I, chloroform); I’,,, 3300, 2750, 1735, 1660, and 1565 cm-‘. N.m.r. data: 6 1.87 
(s, 1 H, AcN), 2.93 (m, 1 H, H-3), 3.7-4.4 (m, 4 H), 4.63 (dd, 2 H, JeAB 11 Hz, d1lAR 
4 Hz, PhCN,O), 4.55 (d, I H, J, ,? 3.9 Hz, H-l), 5.55 (s, 1 H, PhGY), 5.75 (d, 1 H, 
J NE1,2 9.4 Hz, NH), 7.33 (m, 10 H, 2 Ph), and 9.62 (d, 1 H, JXV3. 4.8 Hz, CHO). 

Anal. Calc. for Cz3Hr5N06: C, 67.14; H, 6.12; N, 3.40. Found: C, 66.93; 
H, 6.13; N, 3.45. 

Beti~~V 2-acetarnido-4,6-0-~et~~~Iidet~e-2,3-dideo_~~-3-C-fort~~~~i-~-~-erythro-/~c~_~- 
2+trop_vrattoside (12). - To a solution of benzyl 2-acetamido-4_6-O-benzylidene-2,3- 
dideoxy-3-C-nitromethyl-~-D-et~t/zro-hex-2-enopyranoside1’ (11; 2S4 mg, 0.65 mmol) 

in anhydrous N,N-dimethylformamide (3 ml) at -10” was added sodium hydride 
(60% dispersion in mineral oil; 26 mg, 0.65 mmol), and stirrilig was continued for 
45 min at this temperature. Treatment of the mixture with titan&m(III) chloride and 
work-up, as described for 2, gave a colorless solid (260 mg, 9s o/0) that showed a single 

spot in t.1.c. (chloroform), but crystallised in low yield (h 100 mg) from chloroform- 
ethyl acetate, to give 12, m-p. 18 l-182”, [a]2 f34” (c 1, chloroform); vmnx 2900, 
1750(w), 1720(s), 1670, and 1610 cm- I_ N-m-r. data: 6 2.15 (s, 3 H, AcN), 3.8-4.3 

(m, 3 H), 4.58 (d, 1 H, f_p_5 8 Nzt H-4), 4.78 (s, 2 H, PhCH,O), 5.65 (s, 1 H, PhCHO& 
6.35 (s, 1 H, H-l), 7.35 (m, 10 H, 2 Ph), 9.65 (s, 1 i-I, CHO), and 11.77 (bs, 1 H, NH). 

Anal. Calc. for G3HZ3N06: C, 67.47; I-I, 5.66; N, 3.42. Found: C, 67.30; 
H, 5.65; N, 3.40. 

Ben@ 2-acetatwido-4,6-O-i7ct~~~~idctle-2,3-dideo_~~-3-C-I~~.dro_~~~t?~e~l~~~-~-D-ery- 
thro-Ire_\--2-etlop~v-attoside (13). - (a) Witll litllirm alwnitrimn Ilydride. To a stirred 
solution of 12 (150 mg, 0.37 mmol) in anhydrous tetrahydrofuran (5 ml) was added 
lithium aluminium hydride (15 mg, 0.41 mmol). Stirring was continued at room 
temperature for 2 h _ Excess of hydride was then decomposed with ice (N 50 mg), the 
mixture was filtered through Celite, and the residue was washed with chloroform 
(IO ml). The organic phase was then washed with water (5 ml), dried (Na,SO,), 
and concentrated. The residue crystallised from ethyl acetate-light petroleum, to 
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give needles (120 mg, 80%) of 13, m-p. 188-189”. N_m.r_ data: 6 1.92 (s, 3 H, AcN). 
3.23 (bs, 1 H, OH; exchangeable with D,O), 3.7-4.5 (m, 4 H), 4.13 (s, 2 H, HOCH?), 
4-63 (dd, 2 H, JAB 11.8 Hz, d vAB 16.6 Hz, PhCHzO), 5.13 (s, 1 H, H-l), 5.53 (s, 
1 H, PhCH02), 6.83 (bs, 1 H, NH), and 7.2-7.5 (m, 10 H, 2 Ph). 

Anal. Calc. for C,3H2.jNOg: C, 67.14; H, 6.12; N, 3.40. Found: C, 67.27: 

H, 6.23; N, 3.46. 
(b) With sodium hoi-olqdt-ide itI py-idine. To a stirred solution of 12 (150 mg, 

0.37 mmol) in freshly distilled, anhydrous pyridine (5 ml) was added sodium boro- 
hydride (20 mg, 0.53 mmol). Stirring was continued at room temperature for 5 h, 

and the mixture was then poured into ice-water (50 ml). Excess of borohydride was 
decomposed with acetic acid (-0.3 ml), and the product was extracted with dichloro- 
methane (50 ml)_ The organic phase was washed in succession with ice-cold St:;, 
hydrochloric acid (50 ml), saturated, aqueous sodium hydrogencarbonate (10 ml),’ 
and water (20 ml), dried (Na,SOS), and concentrated. The residue was crystallised 

from ethyl acetate-light petroleum, to give 13 (100 mg, 67%), m-p. and mixture 
m.p_ 183-I 85 O_ 

Benz_vI ~-ac~t~mi~o-4,6-O-betr~~Ii~~tre-2,3-~i~~~~o_~~~-3-C-(2-c~tho_~~~.~a~borl~l~p~op- 

i-efz~l-_*-D-g/lrcup~/-a/zosicie (14). - To a stirred solution of ethyl 2-(diethoxyphos- 
phoryl)propionate2’ (100 mg, 0.42 mmol) in anhydrous N,N-dimethylformamide 
(1.5 ml) at 0” was added sodium hydride (60% dispersion in mineral oil: 18 mg. 
O-45 mmol), and stirring was continued until gas evolution ceased (-40 min). This 
solution was added dropwise durin g 3 min to a stirred solution of 10 (150 mg, 0.36 
mmol) in anhydrous fI’,N-dimethylformamide (3 ml). Stirring was continued for 2 h 
and the mixture was then poured into 1% acetic acid (30 ml). The product was 
extracted with dichloromethane (20 ml). The organic phase was washed with satu- 
rated, aqueous sodium hydrogencarbonate (5 ml) and water (10 ml), dried (NalSOI), 
and concentrated. The residue was crystallised from ethanol, to give 14 (121 mg, 
67 “/,) as colorless crystals which gzii*e one spot in t.1.c. (chloroform-p-dioxane, 95 : 5) 
and had m-p. 223-224”: vmtlx 3300, 17 15, and 1660 cm-‘. N_m.r. data: S 1.25 (t, 
3 H, JAx 6.8 Hz, CH,CH,O), 1.85 (s, 6 H, AcN and MeC), -3.93 (m, 1 H, H-3). 
3.1-4.4 (m, 5 H), 4.15 (dd, 2 H, CH,CH20), 4.63 (dd, 2 H, JAB 11.2 Hz, LI \sAB 18.5 Hz. 
PhCH,O), 5.47 (d, 1 H, .I,.,,_, 9.2 Hz, NH), 5.47 (s, 1 H, PhCHO,), 6.43 (m, 1 H, 
H-3’), and 7.2-7.5 (m, 10 H, 2 Ph). 

Anal. Calc. for C28H33N07: C, 67.86; H, 6.71; N, 2.83. Found: C, 67.58; 
H, 6.70; N, 2.79. 
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