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Uatraet-Bostrycin, a novel tetrahydroanthraquinone pigment’ has been isolated from cultures of 
&w~ryooncmo alpestre cesati. 

Structure I is proposed for this pigment based on chemical and spectroscopic evidence’ and X-ray 
diffraction study.3 

BOSTRYCIN I*, a new red pigment antibiotic which is effective against mainly gram 
positive bacteria, was extractable with chloroform from the broth culture of Bostry- 
conemu alpestre cesati. After purification by recrystallization (pyridinewater). it 
melted at 222-224” (dec) and was poorly soluble in all common organic solvent 4. 

Bostrycin, I, C,6H,,0s (M.W. 336*29), M+ ion m/e 336, exhibited IR (3360, 
1595 cm- ‘) and UV spectra (& 472,505,542 mp) characteristic for the naphthaxarin- 
type nucleus (5,8-dihydroxynaphthoquinone)q (Fig. I). This supported by the NMR 
spectrum of bostrycin I (Fig, II) which shows two H bonded OH groups at 6 = 12.42 
and 13.12 as broad singlets which are exchanged with deuterium oxide.5 

Furthermore the NMR spectrum shows three broad OH groups (S = 4*45,4.70, 
and 516), one OMe group (6 = 390,3H, s) and one aromatic proton (S = 6.41, 1 H, 
s). After being shaken with a little D,O, the broad peaks of three OH groups dis- 
appear and the multiplet for one proton at S = 4.73 (C-4) appears as doublet (J = 4.5) 
coupling with C-3 proton at S = 3.51 (d, J = 4.5) in an AB system. The C-3 and C-4 
protons (S = 3.51 and 4.73 in I) show a pair of lower field doublets at S = 5.02 and 
5.93 (J = 6.0) in the triacetate (II) which was obtained by acetylation with acetic 
anhydride in pyridine. The Me region exhibits only one unsplit 3-proton signal at 
S = 1.23 in I and was little effected by acetylation (6 = 129 in II). The low b-value 
suggests that the Me is attached to quatemary C atom bearing at least one 0 atom. 
Summarizing the information obtained, the partial structme (A) was established. 

A Zproton “singlet *’ at S = 268 in I exhibits an isolated allylic methylene protons.6 
The triacetate II; C12H12011, m.p. 2555-260.5”. shows IR bands at 340,1637 and 

1602 cm-‘, confirming the presence of the H-bonded OH free quinone CO and 
H-bonded quinone CO groups respectively. These a~ in accorded with the UV 

l Symbols a, e, and e’ denote the axial, equatorial and pseudo equatorial confiSuratioa 
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(Fig. I) and NMR spectra which show an H-bonded OH proton (6 = 12.39, lH, broad 
s) a tertiary OH proton (S = 4*95), two alcoholic acetoxyl groups (8 = 2.09 6H, 
s) and one phenolic acetoxyl group (S = 2.16, 3H, s). Consequently, the structure 
II was proposed for the triacetate. 

-C-(OHjCH(OH)-_C(CH,) (OH)- 
one aromatic proton 
one aromatic OMe group 
partial structure (A) 

Bostrycin I consumed about two moles of H, (loo/, Pd-C in pyridine) to give a 
greenish brown compound which was immediately oxidized by air into red desoxy- 
bostrycin III. 

c-a-.-.-*.-----. 
300 400 500 600 

)i max.(mu) 

FIG. 1. Absorption spectra in ethanol of bostrycin I(-) and its tciacctatc II (. . . . ). 

Desoxybostrycin III has the molecular formula C16H160,, according to the analyti- 
cal data and mol wt (320) deduced from it’s mass spectrum. The IR and W spectra 
are similar to those of bostrycin. These data show that the benzylic OH group in I 
was eliminated by hydrogenolysis. In the NMR spectrum of III, the four methylene 
protons at the C-l and C-4 are observed at 2*62-2.80 ppm as broad peaks, and the C-4 
OH proton in I has disappeared. 

The unstable greenish brown compound in pyridine, which could not be isolated, 
was acetylated with acetic anhydride in the absence of air to give leuco-penta-acetate 
IV (amorphous) and a small amount of crystalline product V. 

The NMR spectrum of the pen&acetate Iv (Fig, II) was in accordance with the 
structure IV. The C-3 proton appeared as a triplet at S 5.03 (J = 6.0) coupling with 
Cd methylene protons (S 25O-2.91) which, overlapping with the C-2 methylene pro- 
tons, was &shielded by acetoxy CO groups. Four equivalent acetoxyl groups (C-S, 
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FIG. 2. NMR spectra of(a) bostrycin I in DMSO. (b) pcnta-acetate Iv m CDCl, and (cl diacctate 
VI in CDCI, . 
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C-8, C-9 and C-10 OAc) and one alcoholic acetoxyl group (C-3-OAc) appear as 
singlets at 6 2.36 and 205 ppm respectively, 

The minor white crystalline product V, C2,+Hz601i, m.p. 205-207, exhibited a 
UV spectrum similar to the compound IV, but in the IR spectrum the CO absorption 
at 1745 cm-l, which was seen in IV as a shoulder, had disappeared. The C-3 OH 
proton appeared as doublet at 6 477 (J = 5) coupling with the C-3 proton which was 
seen at 6 3.61 as a multiplet. 

From the above results, the unstable greenish brown compound in pyridine must be 
have the structure IIIa. 

OAc OAc OH 0 OH OH 

* y-f+- 
lV:R =Ac 
V:R=H VI 

6H 6H 

IIIa 

When desoxybostrycin was treated with acetic anhydride in pyridine it gave di- 
acetate VI, C2,,HP009, m.p. 206-2093 which was also obtained by hydrogenolysis of 
the triacetate II in chloroform with Pd-C (10%). In the IR spectrum, the absorptions 
at 3460 and 1712 cm-i in KBr disk are shown at 3670,3580-3400 and 1720 (sh) cm-’ 
in chloroform solution. From these observations, the compound VI must have a OH 
group intramolecularly H-bonded with an acetoxyl group. In the NMR spectrum 
(Fig II). each of the two OMe peaks (6 3.89. 3.96). C-6 proton (6 5.98, 668) and the 
C-8 proton (S 1259, 1296) seemed to be in tautomerism as follow. 

As the intensities of the latter peaks are less than 10%. the molecules of VI must pra 
dominantly exist in the form of Via in chloroform solution. 

Bostrycin I was readily dehydrated by refluxing it in formic acid to yield the anthra- 
quinone derivatives, which were treated with acetic anhydride in pyridine to give three 
acetates: triacetate VII (main product), diacetate (VIII) and tetracetate IX (minor 
product). The IR and NMR data are shown in Table 1. 

VII: R 1 = OAc;R, = H 
VIII: R, = R, = H 

IX:R , = R, = OAc 

In the NMR spectra, the doublet of the C-3 proton in I (315 ppm .I = 4-5 c/s, 
after D,O addition) and triacetate II (5.02 ppm, J = 6a c/s) appear as the triplet in 
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TABLR 1. NMR SPJZCTRA OP ANTHllAQlJlNDNE DERIVATIVES 

c-1 c-2 c-3 c4 c-5 Cd c-7 C-8 

VII 893 230 2.34 7.81 296 692 393 2.46 

VIII 794.4 2.47 794.9. 8% 4 
J = 20 J=7.6,20 J=76 

2.47 691 393 2.47 

IX 798 2.31 2.34 246 290 6% 390 240 

diacetate VI (505 ppm, J = 6-O c/s) and leucopenta acetate IV (5.03 ppm, J = 6-O c/s). 
According to these data, the C-3 proton is shown to have the equatorial and the C-3 
OH group the axial configuration. The chemical shifts of the C-2 Me (l-23 and l-18 
ppm, for I and III respectively) am not effected by the C-3 and C-4 acetoxyl groups 
(1-B and I-25 ppm for II and VI respectively). These data show that the C-2 Me must 
be axial and the C-4 OH a puseudo-equatorial configuration. If the C-4 OH group 
and C-2 Me group has a 1,3diaxial relationship in I, the C-2 Me signal in the triacetate 
II would appear down-field by about 0.2 ppm from the position of the corresponding 
signal in I.’ These are all supported by the X-ray diffraction study of the p-bromo- 
xoate derivative (XI). 

X: R, 

XI: R1 

XIb 

When bostrycin was treated with pbromobenxoylchloride in pyridine, it did not 
give a crystalline product, but IIIa which had very activated OH groups, gave an 
amorphous unstable compound X and yellow material XI,* which was crystallii 
from ethanol as fine needles. Although compounds X and XI were separated by silica- 
gel column chromatography, X was decomposed gradually in methanol solution. 

Compound X was ,further hydrogenated with ia% PdC to give pbromobenxoic 
acid and the yellow material which was identical with XI in all respects. From these 
observations and the result o 

E 
the acetylation of I to IV and V, it seemed that IIIa was 

l We received a private communication from Dr. A. Stoesl that the hydrolysis prcduct of XI was identical 
with aher~lanol B by TLC and in ita W spectrum. 
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Diacetatr VI 
(a) Acetyfotion Qdesoxybostrycin IIL Bostrycin I (2 e) in 140 ml pyridk was hydrogcnatal with 5% 

pd-C (I.5 g). After air oxidation, AcsO (8-4 ml) was added and allowed to stand for 16 hr at room temp. 
Afta removal of the cata@& the reaction mixtum was cottccntratal to 30 ml in uacue, and poured into icc- 
water (500 ml) to @vc 1.957 8 of crude producta By chromatogtrphy on silk gel (100 g)t 384 ntg of VI 
was elutcd with chlorofor&xcctons (4 : 1) as the main product llta diammuv crystaked as yellow 
oecdlcs from a&one/water; m.p. 206209”. (Found: C, 59.46; Ii, 509. Cs,,Hs009 rcquims: C, 59.40; H. 
4.99%) ; c4Y -64.5 (c, l-0, in pyridiue); IR (KBr): 3460.1764,1740,1715 1638,1608 cm- I; IR (CHCl,): 
3670,3580-3400,1765.1737, 1720 (shL 1640,1610 cm-‘; es 1.33 (39 s, C-~-MC), 2% (HI, C-2-OH), 
2*12(3H, s,C-3-OAc),241(3H, s,C-5-OAc),2-72-3-10(4H,C-1-CH,C4CHJ 389 [3%? (3H,C-7-OMe), 
5.05 (HI, t, J = 6a c/s, C-3-H), 598 [668]* (H-I, C-6-H), 1249 112.w. (lH, C-&OH) 

(b) ifydrogenolysis qffriucetote II. Triacctate II (lg) in 60 ml CHCls absorbed about 2 moles Hz upon 
hydrogenation over 5% pdC (1 g) After removal of the catalyst, the solvent was cvaporatal in wcun to 
dryness. Purilicatioo by silica gal chromatography, clutioo with chloroformjacctonc (4: 1X and crystallim- 
tion from acotone/watar gave 300 mg yellow needles which was identical with VI in all respects 

Anthrequinoue dericarices VII. VIII and IX 
Bostrycin (19) was rcfluxed in 50 ml formic acid (98lW/J for 8 hr to give 756 mg crude product which 

was poorly soluble in organic solvent, and treated with Ac,O and pyridioc. The crude acetate (757 mg) was 
chromatographcd oo silica gel (35 g). 

Bcnxcnc/EtOAc (40: 1) eluted 181 mg of the diacctatc VII, which crystallixed as yellow prisms; lap. 
238-243”. (Found: C, 65.25; I-I, 4.31. C&H,eO, requires: C, 65.21; H, 4.38%); IR (KBr) 1770,1675,1597 
cm-’ a”,” 247 (QH, s, C-2-W, C-5.6-OAcL 3.93 (3H, e. C-7-OMeL 691 (HI, 4 C-a-H), 75O(lH, q, J = 7.6, 
24 c/s, Cd-HL 794 (II-I, d I = 2 c/s, C-I-HL 8a5 (HI, d J = 76 c/s C-4-H) 

Bcnzcne/EtOAc (20: 1) subscqucntly elutcd 270 mg of VII which was crystallixcd from CHCl,; m.p. 
238-240’. (Found: C, 6184; H, 428. CllH,sOs requires: C, 6197; II, 4.26%); IR (KBr) 1784 1765,1670, 
1660, 15% 1580 cm- ’ ; 82 2.30 (3H, s, C-Z-CH,), 2.34 (3H. s, C-3-OAc), 2.47 (69 r+ C-5, -8-OAc). 
3.93 (3H. s, C-7-OMe), 6.92 (lH, s, C-6-H), 7.81 (lH, s, C-4-H), 843 (lH, s, C-1-H) 

Benmne/EtOAc (10: 1) elutai 156 mg of 1X which was crystallimd from acctooe-water; mp 2205- 
221”.(Found:C,59*61;F,417.C,,H,,O,, requircs:C,ZQ-5O;H,4-16%); lR(KBr) 1780,1675.1495cm-‘; 
e 2*31(3H. s, C-Z-Me), 2.34 (3I-L s, C-3-OAc), 240 (6H, s, G4,5-OAc), 2.46 (3H, s, C-8-OAcL 390 (3H, s, 
C-7-0Me),6~89(1H,s,C-&H),7~98(1H,s,C-1-H) 

Debenzoote X and nwnobenzoate XI 

After hydrogenation of bostryciu (1 g) in 70 ml pyridinc with 10% W-C (1 gh 377 g p-bromobenzoyl- 
chloride in 50 ml pyridioc was added and the mixture allowed to stand overnight in the absence of air, 
After removal of the catalyst, the filtrate was concentrated to about 10 ml. To this soln 100 ml water was 
addai and extracted with chloroform. The organic layer was washed with NaHCOIaq (50 ml x 2). 

@lN HCl(50 x 2) and dried over Na,SO, and evaporated to dryness to give 1503 8 of crude bcnzoates 
which were chromatographcd on silica gel (42 g) clutcd with CHClJacctons (19:l) to give 850 mg of 
amorphous X; IR (KBr) 3400, 1760, 1740, 1660, 15% cm-‘; e l-21 (3H, s, C-2-Meh428-5.31 (3H, 
C-3,3-09 C-3-H). 820 (4H, d, J = 9 c/s, C-2-H), 7.85 (4H, d, J = 9 C/G C-l’-H) anI 523 mg of XI. The 
yellow XI crystallixcdas occdlcsfrom EtOH; m-p. 193-l%“.(Found: C, 5672; H.4=07; Br, 16.13. C2,HLe.0, 
Br rcquircs: C, 5669; H, 393; Br. 1640%); IR (KBr) 3400,1755,1655,1600 cm-i; en 267 (1-l x 10’). 
278 (9.4 x lo*), 376 mp (e 2.4 x 10’); 6 p l-18 (3H, .s, C-~-MC), s, 4-2.7 (4H. C-1.4-CHJ,3.6 (lH, C-3-H). 
3.95 (3Y s, C-FOMe), 4.49 (lH, s, C-2-OHA 480 (1H. d, J = 4-5 c/s, C-3-OH), 7.30 (lH, d, J = 3 c/s, 
C-6-H), 7.45 (lH, 4 J = 3 c/s, C-8-HL 7.85 (2H, d, J = 9 c/g WI-H), 813 (2H, d, I = 9 c/s, G2’-H). 

Monobenwate XljFom dibenmate X 
The dibcnxoatc (450 mg) in 20 ml pyridine was hydrogenated with 10% PdC (500 mg) and allowed to 

stand overnight in the absence of air. After removal of the catalyst, the. filtrate was concentrated to 3 ml, 
and chromatographed on silica 8cl(15 g) and elutui with chloroform/acetone (IO: 1). From the first fraction 
125~oCtheS~~~rl(x)wSrrsCa~theDWmqolaydlowrrmteriaw~~wreideaticpl 
with XI Was aluted. The last polar fraction was conccntmtal to drynom to give 56 mg of a colorlas product. 
which was idcntial with authantic pbromobanxoic acid ln all mspoctr 

l Thcintenriti~ofcbepclrksinpruenthcaesueabouttenpaomt. 
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