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acid composition of Aspo.96Proo.99Val2.34Tyro.25Phe1.14Hiso.80Arg1.oo. 
Part of the sample (0.35 g) was then dissolved in 2 ml of TFA. 
Anisole (0.35 ml) was added and the mixture treated with 8 ml of 
anhydrous HF for 60 min at 0°. Removal of the excess acids 
left an oily residue which was taken up in 60 ml of water, washed 
several times with ether, and lyophilized to give 0.17 g of crude 
peptide. It was then purified by countercurrent distribution in a 
solvent system made up from H-BuOH-HOAc-H2O (4:1:5) for 200 
transfers (K = 0.27) followed by gel filtration on a Sephadex G-IO 
column (2.5 X 85 cm) using 0.2 M acetic acid as eluent. The 
material in the major peak was collected and lyophilized to give 56 
mg of pure product. It was shown to be homogeneous on thin 
layer chromatography and paper electrophoresis. On acid hydrol­
ysis, the compound gave the correct amino acid analysis: Aspi.oe-
Pro1.03Val1.93Tyr1.02Phe1.01Hiso.93Arg1.oo. 

Anal. Calcd for C6IH83Ni3Oi9 (1182.3): C, 51.81; H, 7.08; 
N, 15.40. Found: C, 51.84; H, 7.06; N, 15.47. 

Bpoc-Leu-Met-OCHs (XXIV). Bpoc-L-Leu (6.9 g, 18.6 mmol) 
was allowed to react with 3.73 g of Met-OCH3HCl (18.7 mmol) 
and 3.9 g of DCC in 80 ml of CH2Cl2 containing 2.6 ml of triethyl-
amine at 0° for 2 hr. The insoluble by-product formed was filtered 
off and the filtrate washed a few times with water. The solution 
was dried over Na2SO4 and then concentrated to an oil. It was 
dissolved in a small volume of CH2Cl2 and treated with petroleum 
ether. Upon cooling, the product started to crystallized slowly: 
yield, 7.5 g (78%); mp 80-82°; [a]86 D -38.09° (c 1, MeOH). 

Anal. Calcd for C28H38N2O5S (514.7): C, 65.34; H, 7.44; 
N, 5.44. Found: C, 65.73; H, 7.83; N, 5.38. 

Bpoc-Leu-Met-NH2. Ammonolysis of the above compound 
(XXIV, 3 g) in 80 ml of methanol that had been saturated with dry 
ammonia resulted in the formation of the corresponding peptide 
amide (1.96 g, 67%): mp 99-102°; [a]

25D -37.46° (c 1, MeOH). 
Anal. Calcd for Q7H37N3O4S (499.7): C, 64.90; H, 7.46; 

N, 8.41. Found: C, 64.90; H, 7.78; N, 8.27. 
Z-Lys(Z)-Phe-Phe-Gly (XX). Bpoc-Gly-resin XIX (7.0 g, 2.52 

mmol) was placed in the peptide synthesis flask and the solid phase 
synthesis15 carried out with 150-ml portions of solvents using a 2.4-
fold excess of amino acid derivative and DCC in each cycle. As 
outlined in Scheme V, Bpoc-L-Phe (2.42 g), Bpoc-L-Phe (2.42 g), 
and Z-L-Lys(Z) (2.43 g) were sequentially coupled to the resin to 
give 7.5 g of the protected tetrapeptide resin. The peptide was then 
released from the resin by stirring in 150 ml of 50 % TFA for 30 
min. After removing the resin particles and the solvents, the oily 
residue left was treated with 50 ml of ethyl acetate. The solid ob­
tained was dissolved in THF and crystallized by addition of water: 
yield, 1.02 g (60%); mp 220-222°; [a]25D -25.55° (c 1, DMF); 
nmr spectrum consistent with the structure. 

The Reverse Anomeric Effect and the 
Synthesis of a-Glycosides 

Sir: 
One of the classical problems of carbohydrate chem­

istry has been the preparation of a-glycosides—espe­
cially those of cis-1,2 configuration. The problem has 
been difficult since the usual substituents used as leaving 
groups on C-I are electronegative and have a preferred 
axial or a configuration because dipolar interactions 
predominate over the usual steric factors. Therefore, 
when nonparticipating groups are present on C-2 and 
replacement by alkoxyl occurs with inversion, ^-gly­
cosides are usually the preferred product. When par­
ticipating groups are present on C-2, the configuration 
of the resulting glycoside is predominantly determined 
by participation of the C-2 substituent and the product 
is largely trans 1,2. The picture is further complicated 
by the partial carbonium ion character of the interme­
diate, partial inversion of the reagent by negative ion 

Anal. Calcd for C42H47N5O9 (765.9): C, 65.87; H, 6.19; N, 
9.14. Found: C, 65.81; H, 6.19; N, 9.14. 

Z-Lys(Z)-Phe-Phe-Gly-Leu-Met-OCH3 (XXI). Bpoc-Leu-Met-
OCH3 (XXIV) (0.52 g, 1.0 mmol) was dissolved in a mixture of 1 
ml of 2.4 N HCl in ethyl acetate and 47.5 ml of CH2Cl2. After 10-
min standing, the solvents were removed at 25 ° under reduced pres­
sure and the oily residue of the dipeptide hydrochloride was taken 
up in 20 ml of DMF-CH2Cl2 mixture. The solution was cooled to 
0° while 0.77 g of Z-Lys(Z)-Phe-Phe-Gly (1 mmol) was added 
followed immediately by 0.3 ml of iV-methylmorpholine and 0.23 g 
of DCC. The mixture was stirred at 0° overnight. The insoluble 
material formed was filtered off and the filtrate washed a few times 
with water, dried over Na2SO4, and then evaporated to an oil. It 
was dissolved in DMF-CH2Cl2 mixture and precipitated with ether. 
The product was crystallized from THF by slow addition of water: 
yield, 0.85 g (83%), mp 180-184°. 

Anal. Calcd for C64H69N7OnS (1024.3): C, 63.32; H, 6.79; 
N, 9.57. Found: C, 63.87; H, 6.74; N, 9.54. 

Z-Lys(Z)-Phe-Phe-Gly-Leu-Met-NH2 (XXIl). The above com­
pound XXI (0.75 g, 0.73 mmol) was suspended in 100 ml of dry 
methanol and bubbled with dry ammonia gas for 2 hr at 0°. The 
compound became soluble in the solution but started to crystallize 
out slowly during overnight standing at room temperature. The 
product was collected and washed with ether to give 0.58 g of the 
desired compound: mp 238-242 °; [«]%> - 39.28 ° (c 1, DMF). 

Anal. Calcd for C53H68N8OiOS (1009.3): C, 63.08; H, 6.70; 
N, 11.10; S, 3.18. Found: C, 62.79; H, 6.70; N, 11.25; S. 2.90. 

Lys-Phe-Phe-Gly-Leu-Met-NH2 (XXIII). Compound XXIl 
(0.15 g) was dissolved in 10 ml of TFA containing 0.5 ml of mercap-
toethanol as well as 1 ml of anisole. The mixture was warmed at 
80° for 3 hr during which time some white insoluble material came 
out of the solution. It was fitered off and the filtrate was treated 
with a large volume of ether to precipitate the product. The crude 
peptide was then purified by countercurrent distribution in a solvent 
system of «-BuOH-HOAc-pyridine-H20 (8:2:2:9) for 300 transfers 
(K = 2.8) followed by gel filtration on a Sephadex G-10 column (2.5 
X 85 cm) using 0.2 M acetic acid as eluent. The material in the main 
fraction was collected and lyophilized to give 33 mg of pure product. 
It gave correct amino acid analyses upon acid hydrolysis: Glyi.oo-
Meto.93Leui.o5Phe2.nLyso.92. The product was shown to be homo­
geneous on thin layer chromatography and paper electrophoresis. 

Anal. Calcd for C87H58N8O6S-2CH3COOH (861.1): C, 57.19; 
H, 7.49; N, 13.01. Found: C, 57.38; H, 7.61; N, 13.00. 

Acknowledgment. The author wishes to thank Dr. 
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before glycoside formation, steric hindrance, the prob­
able participation of groups on other sites, and the pos­
sibility in some instances of ortho ester formation. 

Variable yields of a-linked glycosides have been pre­
pared in select cases by controlling one or all of the 
above-mentioned factors that influence the stereoselec­
tivity of the reaction employed. One of the more 
promising recent approaches to a-glycoside syntheses 
was originated by Ishikawa and Fletcher1 and is being 
extended by others.2'3 

In these and other examples, a-glycosides have been 
prepared by controlling the possible participation of 
groups on sites other than C-2,2-4 the C-I configura-

(1) T. Ishikawa and H. G. Fletcher, /. Org. Chem., 34, 563 (1969). 
(2) M. Dejter-Juszynski and H. M. Flowers, Carbohyd. Res., 23, 41 

(1972). 
(3) J. M. Frechet and C. Schuerch, J. Amer. Chem. Soc., 94, 604 

(1972). 
(4) P. F. Lloyd, B. Evans, and R. J. Fielder, Carbohyd. Res., 22, 111 

(1972). 
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Table I. Results of Methanolysis of the Reactive Intermediates from Salt-Forming Reactions 

Glucopyranosyl 

TBG» 
TBG 
TBG 
TBG 
TBG 
BTBG6 

BTBG 

Reaction 

I 
I 

II 
II 

III 
IV 
IV 

Nucleophile 

N(GHs)3 

N(GH5)3 

S(CHa)2 

S(CHa)2 

PPh3 

N(GHs)3 

N(C2Hs)3 

C1 salt intermediate 

Ammonium 
Ammonium 
Sulfonium 
Sulfonium 
Phosphonium 
Ammonium 
Ammonium 

Solvent 

N(GH 6 ) , 
0(GHs)2 

S(CHa)2 

0(GHs)2 

0(GHs)2 

N(GHs)3 
0(C2Hs)2 

Methanolysis 
temp, ' 

25 
25 
25 
25 
40 
25 
25 

3C 

% anomeric ratio 
of methyl gluco-

pyranosidesc 

10Oa 
100 a 
86 a/14 /3 
86 a/14 0 

100 a 
100 a 
100 a 

" 2,3,4,6-Tetra-O-benzyl-a-D-glucopyranosyl bromide. b 2,3,4-Tri-0-benzyl-6-0-p-methoxybenzoyl-a-D-glucopyranosyl bromide, 
meric ratio determined as outlined in ref 3. 

: Ano-

tion of the starting glycosyl halide,6-7 the nature of the 
C-I leaving group,8-10 the conditions of the Koenigs-
Knorr reaction,7'8'11-18 and the use of mercuric 
salts.2 '19-22 These methods, however, rarely give very 
high selectivities and do not appear to suggest a general 
approach. 

Since a stereoselective reaction course is most readily 
obtained in reactions occurring with inversion, it ap­
peared advisable to us to search for a C-I leaving group, 
the thermodynamically preferred configuration of 
which would be equatorial. For this, the effect of 
dipolar interaction must support the usual steric factors 
and the substituent must, therefore, be electropositive.23 

The presence of an electropositive leaving group has 
the further advantage of making C-I susceptible to 
nucleophilic attack. 

A typical application of this approach to a glycosyl 
derivative with an electronegative C-I substituent and 
nonparticipating blocking group at C-2 would then in­
volve a double inversion. The first step would be reac­
tion with a neutral nucleophile that could not readily 
lose proton or another positive fragment. The re­
sultant product should be a positively charged sugar 
moiety with the original leaving group as gegenion. 
The next step would be reaction with a second nucleo­
phile (preferably one without strong proton abstracting 
ability) as, for example, an alcoholic function. 

We wish to report four successful examples of this 
reaction scheme. 2,3,4,6-Tetra-O-benzyl-a-D-glucopy-
ranosyl bromide1 (TBGB) (0.34121 g, 5.66 X 1O-4 

(5) R. U. Lemieux and G. Huber, Can. J. Chem., 33, 128 (1955). 
(6) W. Korytnyk and J. A. Mills, J. Chem. Soc, 636 (1959). 
(7) W. J. Hickinbottom, ibid., 1676 (1929). 
(8) A. Klemer, E. Buhe, and R. Kutz, Justus Liebigs Ann. Chem., 739, 

185 (1970). 
(9) Y. Furukawa, K. Kmai, and M. Honjo, Tetrahedron Lett., 4655 

(1968). 
(10) T. G. Bonner, E. J. Bourne, and S. McNaIIy, / . Chem. Soc, 761 

(1962). 
(11) P. J. Pfaffli, S. H. Hipon, and L. Anderson, Carbohyd. Res., 23, 

195 (1972). 
(12) K. Igarashi, T. Honma, and J. Irisawa, ibid., IS, 329 (1972). 
(13) A. Hasegawa, N. Kurihara, D. Nishimura, and N. Nakajima, 

Agr. Biol. Chem., 32, 1123 (1968). 
(14) M. L. Wolfrom, A. Thompson, and D. R. Lineback, J. Org. 

Chem., 28, 860 (1963). 
(15) M. L. Wolfrom, A. O. Pittet, and I. C. Gillam, Proc. Nat. Acad. 

ScL V. S., 47, 700(1961). 
(16) H. Bredereck, A. Wagner, G. Faber, H. Ott, and J. Rauther, 

Chem.Ber.,92, 1135(1959). 
(17) H. J. Jennings, Chem. Commun., 772(1967). 
(18) F. J. Kronzer and C. Schuerch, Carbohyd. Res., in press. 
(19) B. Helferich and W. M. Muller, Naturwissenschaften, 57, 496 

(1970). 
(20) B. Helferich and J. Zirnu, Chem. Ber., 95, 2604 (1962). 
(21) B. Helferich and W. Ost, ibid., 95, 2616 (1962). 
(22) G. Zemplen, Z. Bruckner, and A. Gerecs, ibid., 64, 744 (1931). 
(23) R. U. Lemieux and A. R. Morgan, Can. J. Chem., 43, 2205 

(1965). 

mol) was allowed to react with excess triethylamine 
(3.6275 g, 3.59 X 10 -2 mol) (reaction I) or dimethyl 
sulfide (4.23 g, 6.82 X 1O-2 mol) (reaction II), or an 
anhydrous diethyl ether solution (5 ml) of triphenyl-
phosphine (0.15585 g, 5.93 X 1O-4 mol) (reaction III) 
in evacuated sealed tubes at or near ambient tempera­
ture. Similarly, 2,3,4-tri-O-benzyl-6-0-/>-methoxyben-
zoyl-a-D-glucopyranosyl bromide3 (BTBGB) (0.18918 
g, 2.924 X 10-4 mol) was allowed to react with excess 
triethylamine (3.6275 g, 3.59 X 10"2 mol) (reaction IV). 
In all examples a cloudy solution was observed within 
1 hr of mixing with precipitation occurring after being 
set aside in the dark for 12 hr. Removal of the respec­
tive solvents yielded a syrupy product for reactions I, 
II, and IV, while a white amorphous solid was obtained 
from reaction III. The isolated products are insoluble 
in anhydrous diethyl ether (unlike the initial bromide) 
but soluble in methylene chloride and chloroform. 
All of these intermediates are extremely sensitive to 
moisture and light. Attempts to induce crystalliza­
tion and obtain analytically pure samples for analysis 
failed. However, the more stable products isolated 
from reactions I and III did lend themselves to partial 
characterization. 

The syrup isolated from reaction I was washed with 
anhydrous diethyl ether and anhydrous petroleum 
ether (bp 20-60°) to remove unreacted amine. The 
resulting syrup was dried under high vacuum to a con­
stant weight and had [a]25D -2.75° (c 1.164, chloro­
form). Its 60-MHz nmr spectrum (CDCl3) included 
a broad multiplet at 5 5.52 ppm worth one proton. 
The ratio of aromatic resonances to nonaromatic pro­
ton resonances was consistent with a 1:1 adduct of 
triethylamine to the starting bromide. Similarly, the 
solid isolated from reaction III was washed with anhy­
drous diethyl ether and anhydrous petroleum ether 
(bp 30-60°) to remove the unreacted triphenylphos-
phine and dried under high vacuum to a constant 
weight. The resulting solid had [a]25D +18.53° (c 
1.36, chloroform) and melted at 180-182° with decom­
position. Its 60-MHz nmr spectrum (CDCl3) included 
a doublet (7H ,P = 14 Hz) centered at 5 5.28 ppm worth 
one proton. The ratio of aromatic proton resonances 
to glucoside proton resonances was in agreement with 
a 1:1 adduct of the starting bromide with triphenyl-
phosphine. 

Reaction of any of these intermediates (the anomeric 
configuration being /3) with anhydrous methanol 
(0.7914 g, 2.473 X 10-2 mol) in the presence or absence 
of an excess of the previous nucleophiles or in inert sol­
vent results in the quantitative formation of methyl 
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2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside (from inter­
mediates from reactions I and III; see Table I) and 
methyl 2,3,4-tri-0-benzyl-6-0-/>-methoxybenzoyl-a-D-
glucopyranoside (from reaction IV, Table I). The 
order of reactivity of these three reagents seems to fol­
low sulfonium > ammonium > phosphonium. The 
sulfonium salt (reaction II, Table I) seems to be the 
most unstable and the most loose of the ion pairs for it 
gives lower steric purity in the methanolysis reaction. 
The phosphonium salt, on the other hand, required 
elevated temperature (Table I) in order to obtain com­
plete conversion to the methyl glucopyranoside within 
the same reaction time. However, higher reaction 
temperature did not influence the stereoselective con­
trol of the product isolated from this intermediate. 

At present further studies are being conducted in this 
laboratory to apply these and related nucleophilic re­
agents to the synthesis of a number of more complex 
glycosides. 
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Steganacin and Steganangin, Novel Antileukemic 
Lignan Lactones from Steganotaenia araliaceax~z 

Sir: 

An alcoholic extract of Steganotaenia araliacea 
Hochst.4 was found to show significant activity in vivo 
against the P-388 leukemia in mice and in vitro against 
cells derived from human carcinoma of the nasopharynx 
(KB).5 We report herein the isolation and structural 
elucidation of steganacin (1) and steganangin (2), two 
novel antileukemic6 lignan lactones. These compounds 
and the companion lignans steganone (5) and steganol 
(3) appear to be the first reported bisbenzocyclooctadi-
ene lactones.7 

Fractionation of an ethanol extract, guided by assay 
against KB and P-388, revealed that the inhibitory 
activity was concentrated in the chloroform layer of a 
chloroform-water partition. The chloroform layer 
was partitioned between 10% aqueous methanol and 
Skellysolve B, and the 10% aqueous methanol layer was 
further partitioned between 20% aqueous methanol and 
carbon tetrachloride, which concentrated all of the ac-

(1) Tumor Inhibitors. LXXX. Part LXXIX is ref 2. 
(2) S. M. Kupchan, A. J. Liepa, R. L. Baxter, and H. P. J. Hintz, 

/ . Org. Chem., in press. 
(3) Supported by grants from the National Cancer Institute (CA-

11718 and CA-11760) and American Cancer Society (T-275 and T-541), 
and a contract with the National Cancer Institute (NIH-NCI-C-71-
2099). 

(4) Wood of stems and stem bark were collected in Ethiopia in 
March 1971. We thank Dr. Robert E. Perdue, Jr., U. S. Department of 
Agriculture, Beltsville, Md., for supplying the plant material. 

(5) Cytotoxicity and in vivo activity were assayed as in Cancer Chemo­
ther. Rep., 25, 1 (1962). 

(6) Steganacin and steganangin showed significant antileukemic 
activity against P-388 leukemia in the mouse, and cytotoxicity against a 
KB cell culture at lCT'-lO"3 Mg/ml. 

(7) N. K. Kochetkov, A. Khorlin, O. S. Chizov, and V. I. Sheichenko 
[e.g., Tetrahedron Lett., 730 (1961)] have described the only other rep­
resentatives of the unusual bisbenzocyclooctadiene lignans. 

tivity in the final CCl4 layer. Chromatography of this 
material on silica gel yielded a KB cytotoxic fraction 
(A) upon elution with 5 % ether in benzene, an in vivo 
active fraction (B) on elution with 10 % ether in benzene, 
and a further cytotoxic fraction (C) on elution with 
100 % ether. Preparative tic of fraction A on Chromar 
7GF plates with 10% ether in benzene gave two crystal­
line compounds. The first, steganangin (2, 0.1 %), 
C27H28O9, showed: mp 142.5-143°; Ca]23D -113° 
(c 0.72, CHCl3); uv max (EtOH) 285 (e 5180), 256 (e 
10,600), and 210 nm(endabs); ir (KBr) 5.66, 5.83, 5.88 
(sh), 6.29, 8.20, 8.70, 8.78, and 9.65 n; mass spectrum 
m/e 496 (M+), 396, and 366; nmr (C6D6) r 8.43 (3 H, m, 
angelate a methyl), 8.25 (3 H, br d, J = 7.6 Hz, 
angelate /3 methyl), 6.48, 6.42, 6.26 (9 H, 3 s, 3 OCH3), 
4.49, 4.48 (2 H, 2 d, AB quartet, J = 9 Hz, OCH2O), 
4.33 (1 H, m, angelate vinyl H), 4.27 (1 H, d, J = 10 Hz, 
5-H), 3.68, 3.55 (2 H, 2 s, \-H, 9-H), and 3.13 (1 H, s, 
A-H). The second, steganone (5, 0.1%), C22H20O8, 
showed: mp 155-156°; [a]23D -202° (c0.76, CHCl3); 
uv max (EtOH) 317 (e 5710), 276 (e 9200), 238 (e 
27,600), and 210 nm (end abs); ir (KBr) 5.67, 6.00, 6.21, 
6.30, 6.39, and 8.10 JX; mass spectrum m/e 412 (M4), 
398, 397, 328; nmr (CDCl3) r 6.46 (3 H, s, OCHz), 
6.17 (6 H, s, 2 OCiZ3), 5.71 (1 H, q, B of ABX, U-H), 
5.58 (1 H, q, A of ABX, U-H), 3.98 (2 H, br s, OCHoO), 
3.54,3.44 (2 H, 2 s, \-H, 9-H), and 2.55 (1 H, s, A-H). 

Preparative tic of fraction B on Chromar 7GF using 
10% ether in benzene gave steganacin (1, 0.4%): C24-
H24O9; M23D -114° (c 0.74, CHCl3); uv max (EtOH) 
285 (e 5450), 255 (e 10,700), and 210 nm (end abs); ir 
(KBr) 5.65, 5.78, 6.29, 8.10, 9.63, and 9.84 fx; mass 
spectrum m/e 456 (M+), 396, 366; nmr (CDCl3) r 8.08 
(3 H, s, OCOCiZ3), 6.28, 6.14, 6.10 (9 H, 3 s, 3 OCH3), 
4.19 (1 H, br d, J5,, = 8 Hz, 5-H), 4.00 (2H, s, OCZf2O), 
3.57, 3.42 (2 H, 2 s, \-H, 9-H), and 3.11(1 H, s, A-H). 

Preparative tic of fraction C on silica gel plates with 
1:1 ether-benzene gave steganol (3, 0.001 %): C22H22O8; 
[a]23D -163° (c 0.87, CHCl3); uv max (EtOH) 287 
(e 5600), 255 (e 11,200), and 210 nm (end abs); ir 
(KBr) 2.90, 5.65, 6.28, 8.15, 9.62, and 9.85 M; mass 
spectrum m/e 414 (M+), 396, 330: nmr (CDCl3) r 6.27, 
6.13, 6.09, (9 H, 3 s, 3 OCiZ3), 3.98 (2 H, s, OCiZ2O), 
3.55, 3.43 (2 H, 2 s, 1-iZ, 9-iZ), and 3.22 (1 H, s, 4-iZ). 

MeO OMe 

1, Ri=OAc; R 2 = H 

2, R» = 02C ; R 2 = H 

3, Ri=OH; R2 = H 

4, R' = H; R2 = OH 

OMe 

OMe 

From the spectral data it appeared that all four 
compounds were related and indeed it was shown that: 
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