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THE STRUCTURE OF A NEW ANTIBIOTIC, HYGROLIDIN 

Haruo S&o*, Hiroko Akao, Kazuo Furihata and Noboru &ake 

Institute of Applied Microbiology, The University of Tokyo 

Bunkyo-ku, Tokyo 113, Japan 

Summary. The structure of a new antibiotic, hygrolidin has been 
determined as shown in Fig. 3. 

During the course of our screening program for antitumor antibiotics, we found that 

Streptomyces hygroscopicus D-1166 produced azalomycins B 1) (elaiophylin) 2) and Fba3). Detailed 

analysis of the metabolites of this organism revealed the presence of a minor component active 

against SV-40 transformed C-3H-2K cells 4) . We wish to report herein the structure elucidation 

of this antibiotic named hygrolidin. 

The mycelium of St. hygroscopicus was extracted with aqueous acetone and after removal of - 

the solvent in vacua, the active materials weretransferred to ethyl acetate. Hygrolidin (I) 

was isolated from this fraction by silica gel column chromatography (CHC13:MeOH = 2O:l) 

followed by Sephadex LH-20 chromatography (CHC13). The antibiotic, I could be distinguished 

from azalomycins B and F4a based on its chromatographic behaviors (Rf values on silica gel 

TLC ) CHCl 
3 
:MeCI: = 5:1, 1 C.32, Azalo F<cin B 0.73 and Azalomycin Fka 0.13). 

The physicochemical properties of I were as follows; white amorphous powder, mp. 105lOTo, 

C38H58011' 
FD-MS M' (m/z) 690, m. found: C; 66.67, H; 8.91, 0; 24.41 %, calcd: C; 66.06, 

- -20 
H; 8.46, 0; 25.47 %, [a], +43.3O (c 1.30, CHC13), hi;; 246nm (~28200) and 277 (~11500), 

vzz13 3360, 1720(sh), 1710, 1670, 1645 and 1610 cm-l. 

The l3 C-nmr spectrum of I_ (100 MHz, in CDC13) 5) revealed the following functional groups 

and accounted for 54 protons, CH 
3 

x 9, CH2 X 3, CH x 5, CH30 x 1, CH-0 x 6 ($ 70.3, 71.2, 73.1, 

76.0, 81.2 and 82.61, O-C-O x 1 (99.3), CH= x 7, C= x 3 and -COO- x 3 (163.9, 168.3 and 1720). 

These data suggested the presence of two ring structures and four oxygen-linked protons in I. 

Deuterium induced upfield shift Deuterium induced upfield shift has proved to be useful to 

locate alcohol functions in complicated molecules 6,7) . An application of this technique proved 

the presence of four hydroxy or carboxylic acid functions in 1 _. Thus, in the 13C-nmr spectrum 

taken in CDC13 added with a l/l mixture of CD30D/CD30H, four carbon resonances at 6C 70.3, 

99.3, 81.2 and 168.3 showed upfield shift with the former two being broadened, Therefore, the 

resonances due to the car.bonyl carbon at 6C 168.3, quaternary carbon at 99.3 and two oxymethine 

carbons at 6c 70.3 and 81.2 were assinged to a free carboxylic acid, a hemiketal and two 

alcoholic functions, respectively. It follows that the remaining two carbonyl carbons are 

assigned to ester groups and four oxymethines at 6c 82.6, 76.0, 73.1 and 71.2 are involved in 

the formation of ester or ether functions. 

Analysis of the 400 MHz lH-nmr spectrum 5) of J_ taken in CDC13 could be accomplished by the 

aid of conventional proton spin decoupling, difference spectrum 8) as well as NOE experiments 

to give the following partial structures. 
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Partial structure A 

(13.6) (151) (17.4) (21.5) 

dc (172.0) (122.1) (1466) (134.3) (1446) (367) (812) (39.7) (412) 

(NMR spectral data were obtained in CDC13.) (measured in d5-"yndine) 

The linkage from C-5 to c-8 was straightforwardly revealed by the consecutive 
1 
H spin 

decoupling. Allylic couplings [H-5++CH3(C-4), H-Y-+H-3 and H-WCH3(C-2)] served to extend 

the sequence as far away as to C-2. Thus, simultaneous irradiation of H-3 and CH3(C-4) 

collapsed H-5 to a sharp doublet. In addition, NOE enhancement was observed with H-6 upon 

irradiation of CH3(C-4). In agreement with the downfield chemical shift of H-3 (6B 7.23), 

conjugation of a carbonyl carbon with the double bonds was confirmed by 13 C- 'H long range 

selective proton decoupling (LSPD) irradiating at CH3(C-2), whereupon the ester carbon C-l 

(6C 1'72.0) collapsed to a sharp signal. The C-l resonance further changed to a sharp doublet 

upon irradiation of an oxymethine proton (6H 4.97) which was later assigned to H-15. NOE 

enhancement observed between H-3 and H-5, but not between H-3 and CH3(C-2), together with 

characteristic 3J 
Cl-H3 

(ea. 8 Hz)~) indicated that both the double bonds are in E 

configuration. High order couplings and inadequate separation of H-8 and H-9 signals in the 
1 
H-nmr spectrum of I taken in CDC13 prevented to establish the relationship between these 

protons. In the 'H-nmr spectrum measured in d5-pyridine, however, H-8 and H-9 were observed 

as well separated signals to be analyzed easily (H-7; 6, 3.52, H-8; 2.05, H-9a; 2.27 and H-9b; 

2.17, J7,8=6.0 Hz, J8,9a=11.0, J8,9b=0 and J9a,9b=13.0). 

The presence of an alcohol function at C-7 ("C 81.2) was established by the coupling 

between a hydroxy proton (6H 4.92) and H-7 (3.16) in the ' H-nmr spectrum taken in d6-DMSO as 

well as by the deuterium induced upfield shift of the C-7 signal as exnlained 

Partial structure B 

(20.0) 
The 

(555) , (9.6) (69) 

M---p-L___ 
105Hr 153 90 a5 1.0 10.5 20 

6, (142.7l (125.3) (132.5) (127.4) (02.6) (760) (35.3; (70 3) (41.6) 

sequence H-11 to 

H-17 to CH3(C-18) 

determined 

H-l:, and 

could be 

unambiguously by spin 

decoupling. However, 

almost complete overlapp- 

ini_ of H-16 and H-22 (vide 

in1'ra) in the very crowded 

above. 

+ The assignments of C-16 and C-22 may be ?xchanJed. (measured in CDC13) 
region at $%2.09 made it 

very difficult to connect H-15 and H-17 via H-16. This trouble was overcome by the combined 

use of difference spectrum 8) and triple resonance (Fig. 1). Thus, 

in the difference spectrum [{CH3(C-l6)}-nondecoupledll') 

a broad doublet at 6, 2.09 

obtained by the irradiation of a 

methyl at 6B 0.83 (Fig. 1-B) collapsed to a sharp doublet (J=lO.5 Hz) on the simultaneous 

irradiation of this rnethyi and H-15. Saturation of H-17 instead of H-15 changed the resonance 
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to a broad singlet (Fig. 1-D). Therefore, H-15, H-17 and the methyl at 

&B 0.83 [which must be assigned to CH3(C-16)] are all coupled to H-16. 

It should be noted that the other overlapping signal at the same position, 

which was later shown to be coupled with the methyl at 6, 0.81, was nulled 

under these experimental conditions. Allylic coupling [cH~(c-~o)+-+H-~~] 

and long range coupling through six bonds [CH3(C-lOkH-13, J< 1 Hz] 

enabled to connect C-10 and C-11. NOE enhancement of H-12 on the 

irradiation of CH 
3 
(C-10) and the large coupling constant (15.3 Hz) between 

H-12 and H-13 established the E configurations of both the double bonds. 

The position of CH3-O- was proved to be at C-14 by the NOE enhancement 

observed with H-14 on the irradiation of the methoxy signal. A hydroxy 

function was located at C-17, since a proton at AH lr.64 exchangable with 

D20 was coupled to H-17 in the lH-nmr spectrum of Ltaken in d6-DMSO. 

Again this finding is compatible with the deuterium induced upfield shift 

of c-17 (8C 70.3). 

Partial structure B thus established could be connected to partial 

structure A as follows. In the difference 'Hi-nmr spectrum [CCH3(C-10)} 

-nondecoupled] taken in CDCl 
3' 

H-11 (6, 5.85) showed a small splitting 

(J=1.5 Hz) in addition to the coupling to H-12. This long range coupling 

was removed upon additional irradiation of H-9 (6H 2.15). Thus, C-9 and 
I? 7 

7. A- 10.5Hz 

a. -J-L- 
A. 

h/;/s':li 
-.-_ 1 

2.1 2.0 
A. Nondecoupled 
8. IRR.KH3-31)- None 

C. IRR.(CH3-31,CH-15) 
-KH3-31) 

0. IRR.KH3-31.W17) 
-KH3-311 

Flq.1 Difference spectra 

C-11 must be linked through C-10. Since the long range "C--H coupling between H-15 and C-l 

had been confirmed (vide supra), C-15 must be linked to C-l through an ester oxygen resulting 

in the formation of a 16-membered ring. 

Partial structure C 

I 

c 7.2 , , 4.0 7 ( 

Sequential proton 
(4.9) (1639) (132.9) (1393) (1603) 

o- 16.0 
decoupling resulted in 

this partial structure. 

An AB quartet (H-36; AH 

6.82 and ~-37; 6.90) with 

a large coupling constant 

(~=16 Hz) was ascribed to 

d, oa7) (252) (71.2) (379) (73.1) (34.1) (leacwed ,n CDC13) 
a fumaric acid half ester 

residue. The 'H- and 
13 

C-nmr spectral data of this unit can be compared with literature values 
11,12) . Use of LSPD 

also supported this conclusion; simultaneous irradiation of H-36 and H-37 collapsed two 

carbonyl signals at 6c 163.9 (C-35) and 168.3 (C-38) to a doublet and a singlet, respectively. 

The former signal proved to be further coupled with H-21 (~5~ 5.41) and the position of the half 

ester was thus determined. The presence of a free carboxylic acid function at c-38 has been 

indicated by deuterium induced upfield shift (vide supra). 

The sequence H-20 to H-25 was shown by spin decoupling experiments. The trouble caused 

by the coincidental chemical shifts of H-22 and H-16 has been solved by the technique as 

explained above. 

At this point, only one hemiketal carbon (6c 99.3) remained to be connected. Since no 

more spin coupling were observed for both H-18 and H-20, these two units are linked via this - 
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quaternary carbon, which in turn must be linked to the oxygen at C-23 forming a six-membered 

ring. The long range coupling between one of the methylene protons at C-20 and a hydroxy 

proton of the hemiketal proved the latter proton to be axially oriented 
13) . Therefore, the 

relative stereochemistry of the six membered ring can be illustrated as shown in Fig. 2. It 

is biosynthetically interesting that the partial structure from C-9 to C-25, in particular, 

C-15 to C-23 of I is very similar to the corresponding part of azalomycin B. 

Fig.2 Relative stereochemistry of the 51x membered ring. 
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