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3.5. 7,7-Heptandiamin (2). - MS.: 130 (3, MA), 114 (33, 31 - NHz), 113 (6, M - KH,), 
112 (S), 102 (5), 101 (63), 100 (231, 87 (13), 86 (30) ,  84 (17), 73 (11), 72 (18), 70 (lj), 69 (18), 67 (7), 
59 (15), 58 (7), 57 (7), 56 (loo), 55 (32), 54 (7), 45 (41), 44 (59), 43 (35), 42 (33), 41 (39). 

3.6. 7,8-Octandiarnin (8) .  - MS.: 144, (4, M+) ,  129 (7), 128 (60, M - SWZ), 116 (lo), 115 (81), 
114 (19), 101 ( lo) ,  100 (33), 98 (13), 87 (14), 86 (54), 84 (13), 83 (11), 82 (ll), 81 (8), 77 (ll), 73 (14), 
72 (46), 71 (6), 70 (44), 69 (31), 68 ( lo) ,  67 (13), 59 (28), 58 (lo), 57 (25), 56 (loo), 55 (65), 54 (13), 
53 (lo), 51 (6), 45 (47), 44 (74), 43 (36), 42 (39), 41 (56), 40 (7). 

3.7. 7,9-Nonandiamin (5 ) .  - MS.: 158 (6, AT+), 157 (71, 143 ( 1 4 ,  142 (99, A2 - NHz), 130 ( O ) ,  
129 (99), 128 (25), 115 (13), 114 (45), 112 (8), 101 (8), 100 (58), 98 (G) ,  96 (5), 95 (j), 87 (15), 86 (69), 
84 (22), 83 (21), 82 (12), 81 (ll), 73 (21), 72 (41), 70 (26), 69 (37), 68 (8), 67 (13), 59 (28), 58 (9), 
57 (15), 56 (loo), 55 (71). 54 (11), 53 (B), 47 (5), 45 (83), 44 (95), 43 (49), 42 ( 3 8 ) ,  41 (66), 40 (5). 

3.8. 1,IO-Decandianzin (9). - MS.: 172 (8, M+) ,  171 (8), 157 (ll), 156 (89, M - NHz), 144 (ll), 
143 (88), 142 (30), 129 (ll), 128 (48), 126 (6), 115 (B), 314 (41), 101 (9), 100 (.j9), 98 (13), 97 (13), 
96 (€9, 95 (8), 87 (20), 86 (69), 84 (14), 83 (19), 82 (9), 81 (ll), 77 (H), 73 (ZO) ,  72 (44), 71 (B), 
70 (31), 69 (48), 68 (13), 67 (14), 59 (48), 58 (9), 57 (30) ,  56 (loo),  55 (77), 54 (ll), 53 (ll), 45 (78), 
44 (92), 43 (SO), 42 (33), 41 (77), 40 (6). 

3.9. 1,72-Dodecandiamin (3). -MS.: 200 (13, M+) ,  3.99 (B), 185 (9), 184 (58, 2V.I - NHz), 172 (9), 
171 (67), 170 (21), 157 (8), 156 (58), 143 (7), 142 (45), 129 (6), 128 (43), 115 (7), 114 (28), 112 (5), 
101 (8), 100 (41), 98 (9), 97 (ll), 95 (5), 87 (19), 86 (53), 84 (15), 83 (18), 82 (8), 81 (8), 73 (18), 
72 (38), 71 (S), 70 (23),  69 (36), 68 (8 ) ,  67 (12), 59 (28), 58 (8), 57 (15), 56 (71), 55 (63), 54 (8), 
53 (8), 45 (54), 44 (loo), 43 (40), 42 (18), 41 (65). 
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Summary. The structure and absolute configuration of pseurotin (l) ,  a new rnctabolitc, isolated 
from culture filtrates of Pseudewotaum ovalis STOLK (Ascomycetes), has bcen shown to bc 2-[1’(S), 
2’ (S)-dihydroxyhex-3’-ene-yl]-3-methyl-8(S)-metl~oxy-8-benzoyl-9(R)-hydroxy-(5S) -1-oxa-7-aza- 
spiro[4.4]non-2-ene-4,6-dione (l), by spectral data and chemical transformations, and by X-ray 
analysis of its dibromo derivative 2 111. 
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Some years ago the main metabolite from culture filtrates of the fungus Pseud- 
eurotium ovalis STOLK (Ascomycetes),  ovalicin, was isolated, its structure was elucidated 
[2], and its immunosuppressive activity [3] and its biosyntliesis ~ 41 were studied. 
We now report on the isolationl) and structural determination of a second, minor, 
metabolite of this microorganism, which we name pseurotin (1). 

Pseurotin (1) is characterized by a novel, highly substituted and functionalized 
spirocyclic system containing oxygen and nitrogen atoms. It is a neutral, optically 
active substance ([MI: = - 5" & Z", methanol), m.p. 162-163.5" (colourless rhombic, 
crystals from dichlorometliane/liexane) ; it sliowed no antibacterial or antifungal 
activity3). The molecular formula, CzzH25NO8, was deduced from elemental micro- 
analyses. In  the mass spectrum3) tlie molecular ion was not observed, the first peak 
being at  mje 399 (Mf - 32), due to the loss of methanol (cf. [SJ. The peaks at  m / e  326 
(M+ - 105), 105 and 77 indicated the presence of a benzog,l group. One methoxyl 
group was revealed by a Zeisel determination, and one glycol group was detected by 
periodate titration. I n  the UV., pseurotin exhibited absorption innxima at 253 (4.22) 
and 280 (4.05) nm (log E )  (ethanol). The IR .  spectrum (KRr) showed bands a t  3275 
(OH, NH), 1725 (C=O), 1680-1690, 740 and 705 (benzene ring) cm-1. The 100 &fHz 
1H-NMR. spectrum4) ((CD3)zSO) of 1 indicated the presence of the benzoyl group 
(multiplets a t  8.24 and 7.5 ppm (2 H and 3 H respectively)), of one methoxy group 
(singlet (3 H) at 3.26 ppm) and of an additional methyl group (singlet (3 H) at  3..65 
ppm). On addition of DzO the singlet of an amide proton (at 9.9 ppni) and the 
doublets of three secondary hydroxyl groups disaypearcd. One of these doublets 
(6.12 ppni, J = 7 Hz, C(9)-OH) fornis an  AB-systeni with another doublet at 4.41 
ppni ( J  = 7 Hz, C(9)-H). By spin-spin decoupling experiments all remaining signals 
were assigned to the protons of the side chain from C(10) to C(15) and the two 
remaining hydroxyl groups; the doublets a t  5.68 ppm ( J  = 5 Hz) and 4.78 ppm 
( J  = 4 Hz) correspond to C(10)-OH and C(11)-OH, a multiplet at 4.2-4.6 ppm to 
C(10)-H and C(11)-H respectively. A multiplet a t  5.1-5.7 ppm ( J  = 7 and 11 Hz) 
i s  clue to two vinylic protons at C(12) and C(33), and a pseudoquintet a t  2.07 ppm 
(J  m J' w 7 Hz, 2 H) arid a triplet a t  0.90 ppni ( J  = 7 Hz, 3 H) to an ethyl group 
(C(14) and C(15)) attached to C(13). 

These data reveal the presence of tlie following structural elements in pseurotin (1) : 

-CH(O€-I)-; -OCH3; -CH,; -NHCO-; C,H,CO--; 
CH,CH, CH(0H)-CH(0H)- 

'C&' 
H' '€T 

X C502 residue with four degrees of unsaturation has still to  bc accomodated. The 
following chemical transformations confirmed these conclusions. Ozonolysis of 1 
yielded propionic acid which was identified as its benzliydryl ester. Oxidation of 1 

1) 

2) 

3) 
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with B T ~ I S  = 0 ppm. 
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with HN03 followed by esterification with C H ~ S Z  gave methyl benzoate. Treatment 
of 1 with Rr2 in chloroforni a t  0" led to crystalline 12,13-~lihromopseurotin (2), 
C22H25Br2N08, 1n.p. 154-156", llc(]g = -- 28" 2" (methanol). In the 1H-NMK. 
spectrum of 2 two new signals a t  4-5 pprn (multiplet; J = G Hz) replaced those of tlie 
two vinylic protons. Removal of bromine with Zn in acetic acitl/ether led to the 
original antibiotic 1 (satisfactory overall yield), thus excluding the possibility of un- 
desired secondary reactions during bromination. The isopropylidene derivative 3 
proved to be unstable. Mild acetylation of pseurotin (1) gave a mixture of crystalline 
tri-0-acetyl derivative 4, C28H31NOll; m.p. 126-128", la]? = - 23" 5 2" (methanol), 
and tetraacetyl derivative 5 :is a viscous oil, [K];; = -66" & 2" (methanol), which 
contained. in addition an N-acetyl group. Catalytic Iiydrogenation of 4 with PdjC 
(1 0%) in ethanol produced tlie tetrahydro derivative 9, C'28H35NOll; which was 
characterized by its spectral data. In the IR. spectrum of 9, a new band a t  3600 cm-1 
replaced an absorption a t  1690 cm-1 in 4;  tlie [JV. niaxiniuni at 250 nm liad disap- 
peared. In  the 1H-NMR. spectrum of 9 all aromatic protons appeared as a multiplet 
a t  7.4 ppm; a new singlet at  4.9 ppm was assigned to a benzyl proton; in the range 
of 1 to 1.8 pprn a multiplet of three methylene groups could be seen. L4cetylatioii of 
9 with acetic anhydridejsodium acetate led to the oilv tetra-0-acetyl derivative 11, 
C30H37N012, for which tlie IR.  spectrum showed no liand a t  3600 cm-1 and in the 
1H-NMR. spectrum tlie singlet of the benzylic proton was shifted to G.01 ppm. Oxida- 
tion of 9 with Cr03 gave the ketone 12, C ~ R H ~ ~ N O ~ I ,  as an oil which exhibited all 
spectral data characteristic for the benzoyl group. 

On treatment of pseurotin (1) with HI04 compound 7 and (E)-pent-Z-ene-al ( 6 )  
(2,4-dinitrophenylhydrazone, CllH12N404, rn.p. 159-160") werc obtained due to acid- 
catalyzed isomerization of the genuine 2-double bond. The aldehyde 7 proved to be 
unstable, but by catalytic hydrogenation with PdjC (10%) in ethanol it gave tlie 
somewhat more stable trio1 1 0  (viscous oil), characterized by its IR.  and 1H-NMR. 
spectra. Catalytic hydrogenation of pseurotin (1) itself with PdjC (10%) in ethanol 
led to the stable reduction product 8, C~eH29N08 (viscous oil). Both 8 and 1 0  were 
inseparable mixtures of the substituted epimeric benzyl alcohols, but splitting of 
signals in their 1H-NMR. spectra indicated close proximity of thc CGHSCO-, CH,O-, 
-CH(OH)- and -NHCO- groups in pseurotin (1) : 

-CONH\ ,,COC,H, 
c 

-(HO)CH/ \OCH, 

Such a structural arrangement explains readily the loss o f  methanol in the mass 
spectrum of pseurotin (1) 151, the chemical shift of its amide proton a t  9.9 ppm [6!, 
and its reducing properties. The appearance of an intense red colour and release of 
ammonia on treatment with Ra(OH)2 is consistent wit11 the presence of this structural 
unit, likewise the elimination of llenzoic acid with 5~ NaOH ( c j .  '71). In contrast, 
pseurotin (1) is relatively st;rl,le to cold dilute acids; hot mineral acids lirovoke 
decarboxylation. 

For the final determination of the structure and tlie absolute configuration of 
pseurotin (l), the dibromo derivative 2 proved to be suitable for X-ray diffraction 
analysis. Details of the structure analysis are given in the following paper 111. 
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Summary.  The crystal structure of 12,13-dibromopseurotin has been determined by single 
crystal X-ray analysis. The crystals belong to space group P21 with a = 16.75, b = 9.63, c = 
7.42 A, /3 = 95.9", 2 = 2. The structure was solved by the heavy atom technique and refined to 
R = 0.062 with 819 significant reflexions for 299 parameters. 

The isolation, chemical and spectral characterisation of pseurotin (l), a minor 
metabolite from the culture filtrate of Pseudeurotiunz ovalis STOLK, is reported in the 
preceding paper [l]. Although many of the structural fragments of the molecule were 
identified by spectroscopic data, an X-ray analysis was necessary to reveal the 
complete structure with the unexpected spiro ring-system. Crystals of the 12,13- 
dibromo derivative 2 turned out to be suitable for this purpose (cf. [l]). 
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Crystal Data. - The 12S, 13s-dibromo derivative of pseurotin, CzzHzsBrzNOs, 
M = 591.3, was crystallised from cyclohexane/ethyl acetate 1 : 1. The thin prismatic 
10 


