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123. W-NMR.-Spectroacopy of the Trichothecane Derivatives 
Verrucarol, Verrucarins A and B and Roridins A, D and H 

by Werner Breitenstein and Christoph T a m m  
Institut fur Organischc Chemic dcr Universitat, 4056 Basel, Schweiz 

(19.111. 75) 

Vcrrucarins and Roridins, 33rd Communication [l] 

Summary. Partial decoupling experimcnts permittcd assignmcnt of carbon magnctic resonance 
spcctra of verrucarins A (1) and B (4), of roridin A (2), D (5), and 1.1 (6), and of verrucarol (9). In 
this connection ncw verrucarol derivativcs were prepared and arc describcd. 

1. Introduction. - W-labelled precursors havc proved to be very useful tools for 
the study of biosynthetic pathways of secondary metabolites [2]. They are comple- 
mentary to methods using labelling by deuterium, i5N and radioactive isotopes. The 
position of incorporated l'C-label can be dcterrnined directly by %-NMR. spxtros- 
copy instead of difficult and time-consuming degradations. However, this deter- 
mination requires correct interpretation of the lX-NMR. spectrum of the compound 
under investigation. In this papcr we report the assignment of the lSC-NMR. spectra 
of verrucarin A (1) and roridin A (2), the major sccondary metabolites of various 
M J J Y O ~ ~ G & M  species [3], and of the minor metabolites verrucarin B (4), roridin D (5), 
and roridin H (6) r3]. These substances are esters of the sesquiterpene alcohol ver- 
rucarol (9). Consequently, the Y-NMR. spcctrum of this trichothecane derivative 
has also been carefully analyzed. For this purpose a series of new transformation 
products were synthesized. A subsequent paper will deal with the incorporation of 
1%-labelled precursors into these antibiotics, and the corroboration of these results 
with those obtained by the utilization of W- and SH-labelled substances [4], 

2. Isolations and Synthesie. - Verrucarins A (1) and B (4) and roridins A (2), D (5) 
and H (6) were isolated from the crude extract') of cultures of the strain S 118 of 
Myothecitm serrzlcaria (ALBERTINI & SCHWEINITZ) DITMAR EX FRIES, as previously 
described [5]. Di-0-acetyl roridin A (3) was prepared by known methods (61. Verrucarol 
(9) was obtained by hydrolysis of verrucarin A (1) with methanolic K&O, [7]. Oxida- 
tion of 9 with CrOb/H,SO, in acetone gave the known keto-aldehydc 10 [SJ, Treatment 
of verrucarol(9) with an excess of acetic anhydride in pyridine yielded the di-0-acetyl 
derivativc 7; reaction with one equivalent of acetyl chloride in pyridine gave primarily 
4-O-acetyl-verrucarol(ll). The latter was transformcd to the aldehyde 12 by oxidaton 
with Cr0,/H,S04 in acetone. Hydrolytic removal of the acetyl group with K&Oa 
in aqueous methanol led to the hydroxy aldehyde 13. The chemical shifts of the pro- 
tons in the 1H-NMR. spectra (see Table 1) of compounds 11,12 and 13 as well as of the 

1) A 500 liter fermentation was carried out in tho microbiological laboratories of Sandos AG., 
Basel, by Dr. E. Hdwi and J .  Bianchi. We are very grateful to them for their kind support. 
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products 14, 15 and 16 described below, are compatible with their structure and 
stereochemistry. Treatment of 4-O-acetyl-verrucarol (1 1) with m-chloroperbenzoic 
acid in chloroform led to the hydroxy-ether 14. This substance is forined by nucleo- 
philic attack of the free 15-hydroxy group at the intermediary 9, lop-epoxide anal- 
ogous to a transformation described earlier [9]. Inspcction of molecular models 
demonstrates that the formation of such an ether bridge is possible without a signifi- 
cant change of the configuration of the trichothecane skeleton. This point is important 
with regard to  the assignment of the laC-NMR. spcctra. In the IR. spectrum of com- 
pound 14 a new absorption band at 3550 cm-l is found in place of the hydroxyl ab- 
sorption of the neopentyl system of 11 at 3620 cm-l. In addition, the 1H-NMR. spec- 
trum of the hydroxy-ether 14 does not show any protons in a-position to an oxirane 
ring other than those of the C(l3)-methylene group. Oxidation of the hydroxy-ether 
14 with CrO9/HBSO4 in acetone and subsequent hydrolysis of the resulting keto-ether 
15 with KJOs in aqueous methanol yielded the hydroxy-keto-ether 16. 
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3. Assignments of UC-NMR. Signals of Verrucarol. - The assignments of 
W-NMR. signals as summarized in Table 2 are based essentially on the comparison 
of the partially decoupled Fowier Transform (FT)-spectra with the spectra obtained 
by proton noise decoupling. Further information was gained by selective proton 
decoupling and by measurement of spectra of the derivatives of verrucarol described 
in the preceeding section. 

Signals in the area of the s$ahybridized carbon atoms, the singlet at 140.4 ppm 
and the doublet at 118.7 ppm are directly assigned to C(9) and C(10) respectively. 
The only singlet in the region of carbon atoms which are attached directly to oxygen 
at 65.6 ppm, corresponds to C(12). The triplet at 47.4 pprn was rccogniked as C(13) 
by selective proton decoupling. As demonstrated by the irradiation of the three 
protons of the 14-methyl group, C(14) is responsiblc for the resonance at 6.8 ppm. 
Hence the second quartet at  22.9 pprn can be assigncd to the allylic 16-methyl group. 
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Table 1. Assignment of the H-Atoms in the IH-NMR.  Spectraa) 

1175 

Compound C ( 2 )  C(4) C(1O)a) C(l1)b) C(13)d) C(14) C(15)c) C(16)a) Ac) 

4-O- Acetyl- ca. 3.8 6.03 5.50d ca, 3.8 2.98 A B  0.83 s ca. 3.7 1.73 s 2.10 s 
verrucarol (1 1) d x d  

Aldehyde 12 3.84d 5.50 5.50 4.38 d 2.98 A B  0.88 s 9.66 s 1.67 s 2.05 s 
(4; 8) (5) (4) 

(5) (4; 8) (5) (4) 

(5) (3.5; 8) (5) (5) (4) 

(4: 8) (5) (4) 

(3.5; 8) (2) (4) 

a x  d 

Hydroxy- 3.86d 4.37 5.53 d 4.29d 2.98 A B  0.98 s 9.64 s 1.68 s 
aldehyde 13 d x d  

Hydroxy-ether ca. 3.8 5.52 3.94d ca. 3.8 2.93 A B  0.62 s 3.82 1.17 s 2.06 s 
14 d x d  

Hydro x y - 4.00 4.42 - 4.20 d 2.93 A B  0.78 s 4.01 1.22 s 
keto-ether 16 d x d  

a) 
b, 
0 )  Sometimes A B  system. 
d, 

These signals often show fine structure. 
Because of long range coupling (J 2: 2 Hz) no sharp signals are observed [9]. 

Distance between doublets 21 0.3 ppm. 
~~~~ 

Table 2. Assignment of the C-Atoms in the *SC-NMR. Spectra of Verrucarol and of its Derivativess) 

Di-0-acetyl- Verrucarol (9) Keto-aldehyde Hydroxy- Hydroxy-keto- 
verrucarol (7) 10 aldehyde 13 ether 16 

C(2) 78.4 d 78.5 d 75.8 d 78.7 d 79.3 db) 

(74) 74.7 d 74.0 d 212.7 s 73.4 d 72.8 db) 
C(5) 48.2 s 48.7 s 53.4 58) 48.8 s 46.1 sa) 

(73) 36.0 t 39.5 t 41.6 t 39.7 t 39.3 t 

C(6) 42.7 s 43.7 s 54.7 sa) 54.0 s 44.7 9) 
C(7) 20.7 t 20.9 t 18.6 t 20.5 t 21.2 t 
C(8) 27.4 t 28.0 t 27.2 t 27.8 t 31.5 t 
C(9) 139.6 s 140.4 s 142.2 s 140.3 s 76.4 s 
C(10) 118.2 d 118.7 d 117.7 d 118.8 d 208.5 s 
C(11) 66.2 d 66.4 d 65.4 d 65.3 d 75.1 db) 

C(13) 47.1 1 47.4 t 49.3 t 46.9 t 46.5 t 
C(14) 5.8 q 6.8 q 5.5 q 6.5 q 6.3 q 
C(15) 63.0 t 62.1 t 199.4 d 202.3 d 66.2 1 
C(16) 22.4q 22.9 q 23.1 q 23.1 q 17.9 q 
CHs(Ac) 20.2 q 

C(12) 64.7 s 65.6 s 64.1 s 64.8 s 64.8 s 

C=O(Ac) 169.6 s 
C=O(Ac) 169.8 s 

8) b) 

a )  

These assignments could be reversed. 

Measured by a Varian A-60, Varian-HA-100D and a Bvuker-WH-90-Spectrometer in CDCl, 
solution. &values in ppm relative to  TMS. The spin-spin coupling constants J (Hz) are noted 
in brackets. 
Determined on a Brukev WH-90 FT spectrometer operating at 22.63 MHz; CDCl, solution 
(0.2-0.8 M); deuterium lock; Bc in ppm from TMS. 

s, 



1176 HELVETICA CEIIMKA ACTA - Vol. 58, Fasc. 4 (1975) - Eir. 123 
Acetylation of verrucarol (9) causes a downfield shift of the triplet at 62.1 ppm 

and of the doublet at 74.0 ppm. Thus these signals are derived from C(15) and C(4) 
respectively. The characteristic change of the position of the triplet at 39.5 ppm which 
is induced by esterification leads to the conclusion that it is the signal of C(3). Thcse 
three assignments are confirmed by the spectrum of the keto-aldehyde 10. 

The singlet at 43.7 ppm of verrucarol(9) undergoes a downfield shift of ca. 10 ppm 
after the selective oxidation of the 15-hydroxy group which leads to compound 13. 
Hence this signal is assigned to C(6) .  Consequently C(5) is responsible for thc singlet 
at 48.7 ppm. The pronounced upfield shift of the doublet at 78.5 ppm which is ob- 
served by the transformation of verrucarol (9) into the keto-aldehyde 10 leads to the 
conclusion that C(2) is responsible for this signal. On the basis of these arguments the 
remaining doublet at 66.4 ppm is to be assigned to C(11). These assignments of C(2) 
and C(11) are confirmed by the observation that the resonance at 66.4 pprn of ver- 
rucarol(9) appears in the keto-ether 16 at a considerable lower field'). The distinction 
of C(7) and C(8) is based on the fact that transformation of verrucarol(9) to the keto- 
ether 16 shifts only one of these two triplets. Therefore C(8) must be responsible for 
the signal at 28.0 pprn and C(7) for the triplet resonance at 20.9 ppm. 

4. Assignments of the W-NMR.  Signals of Vernxcarin A and Verrucarin E. - 
The comparison of the proton noise decoupled lSC-FT-NMR. spectra of vermcarin A 
(1) (Fig. 1) and vemcarin B (4) allows unambiguous assignment for C(i'), since 
the two muconic carbonyl resonances are not shifted. The distinction between C(1") 
and C(6") is not as easy. The resonanccs of C(3") and C(4") are localized by selective 

J -. . _ .  . ..._. I .  . d.. 

w 2w IW m I - 0  

Fig. I. Prolon noise decoupled 18C-FT-spsctrum ofvewucarin A (I) in CDCI, (550 mg in 2.5 ml); 
spectral width 5000 Hz; tipping anglc 20"; pulse interval 6 s; 8400 pulses; 8k/4k data points 

3 Hansm et al. [lo] have proposed the opposite assignment of C(2) and C(11) in the case of 
trichodermol (8). Wc believe that our conclusioes for vcrrucarol (9) arc also valid for tricho- 
dermol (8) and possibly also for other trichothecanes. 
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proton decoupling. However, this method fails for the assignments of the doublets 
derived from C(2") and C(5"). A comparison with analogous data of maleic acid, 
fumaric acid and other similar u,o-unsaturated systems L113 indicates that C(5") is 
responsible for the doublet which appears a t  higher field. The signals of C(2') to C(6') 
are readily assigned for verrucarin A (1) as well as for verrucarin €3 (4) on the basis of 
the splitting patterns and the chemical shifts. 

5. Assignments of the 13C-NMR. Signals of Roridins A, D and H. - The 
localization of the carbonyl carbon atoms is deduced from the comparison of the 
spectra of roridin A (fig. Z ) ,  I) and H. Selective proton decoupling allows the assign- 

LDCI3 

I 

Fig. 2. Protonnoisedecoupled'3C-FT-spectvum o jvor id inA (2) in CDC1, (500 mg in 2.7 ml) : spectral 
width 5000 Hz; tipping angle 25'; pulse interval 6 s ;  12600 pulscs; 8k/4k data points 

ment of the signals of C(7') to C(10') (see Table 3) 5 ) .  The triplet which is present in all 
these metabolites in the region of the non-hetero bonded carbon atoms is undoubtedly 
due to  C(4'). The doublet resonance in the spectrum of roridin A (2 )  at 36.7 ppm has 
to  be assigned to  C(3') because it is present neither in roridin D (5) nor in roridin H 
(6). The unambiguous distinction of the two quartets between 14 and 19 ppm was not 
possible. In the case of roridin A (2 )  the assignment relies mainly on comparison with 
the corresponding signals of roridin D (5). Acetylation of roridin A (2 )  yields the di-0- 
acetyl derivative 3, and shifts only the doublet a t  83.7 pprn of the three doublets 
between 70 and 84 ppm to higher field. Hence C(6') is responsible for this signal. From 
the comparison with the spectrum of roridin D (5) it is concluded that the doublets 
a t  70.4 and 70.5 ppm respectively, originate from C(13'). In analogy to verrucarin B 
(4) the doublet resonance of roridin D (5) a t  57.9 ppm is assigned to C(2'). The assign- 
ment of all remaining signals of roridin A (2 ) ,  roridin D (5) and roridin H (6) is deduced 
from the splitting patterns and the chemical shifts. 

6, Similar a,B,y,&unsaturated systems were recently assigncd in the  13C-SMR. spectra of the  
ansamycin antibiotics rifamycin [12], strcptovaricin [13] and geldanamycin 114:. 
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Table 3. Assignments of the C-Atoms zit  the ' 3 C - N M R .  Spectra of Vevrucariii A and R, Roridim (1, 

n and H3)  

Verr. A (1) Vcrr. B (4) Ror. A (2) Ilcctyl- lior. 1) (5 )  Ror. H (6) 
ror. A (3) 

78.6 d 
34.6 t 
75.3 d 

49.2 s 

43.9 s 

19.7 t 
27.2 t 

140.7 s 

117.7 d 

66.6 d 
64.9 s 

47.4 I 

7.0 q 
63.1 t 
22.9 q 

174.3 s 

73.8 d 
32.9 d 

31.9 t 
60.8 t 
9.8 q 

165.8 sb) 
127.2 d* )  
138.6 d 
138.6 d 
125.5 d * )  
165.1 sb) 

78.7 d 

34.8 t 
75.4 d 
49.0 s 

43.6 s 

19.8 1 

27.4 t 
140.4 s 

118.0 d 

66.9 d 

64.9 s 

47.5 t 
7.3 q 

63.0 I 
22.8 q 

167.4 s 

58.0 d 

61.1 s 

36.9 t 
60.4 t 
15.8 q 

165.8 s b )  
127.2 d a )  

138.0 d 

138.0 d 
125.6 d" )  

164.9 sb) 

78.8 d 

34.6 I 
74.2 d 
49.1 s 

43.6 s 

20.0 t 
27.5 t 

140.4 s 
118.2 d 
66.9 d 
64.9 s 

47.4 t 
7.2 q 

64.2 t 
22.9 q 

174.5 s 

75.3 d 

36.7 d 

33.0 t 
69.5 t 
83.7 d 

C(7') 139 0 d 
C(8') 126.0 d 
C(9') 143.6 d 

C(10') 117.2 d 

C(11') 166.3 s 

C(12') 14.4 q 
C(13') 70.4 d 

C(14') 18.0 q 
CH,(Ac) 

78.8 d b )  
34.6 t 
74.3 d 
49.1 s 

43.7 s 

20.7 t 
27.2 t 

140.7 s 

117.9 dC) 

67.0 d 
64.9 s 

47.4 t 
6.9 q 

63.3 t 
22.9 q 

76.6 d 
32.9 d 

33.7 I 

68.2 t 
79.1 d b )  

p i  

137.6 d 

126.9 d 
142.8 d 
117.6 d c )  
166.3 s 

14.6 q d )  
70.5 d 
14.1 q d )  

20.1 q 

78.8 d 

34.9 t 
74.3 d 
49.0 s 

43.1 s 

20.4 t 
27.4 t 

140.1 s 

118.4 d c )  

66.9 d 
65.1 s 

47.4 t 
6.8 q 

64.3 t 
22.9 q 

167.8 s 

57.9 d 

62.9 s 
39.4 t 
67.3 t 
85.3 d 

138.1 d 

126.2 d 

142.9 d 
117.8 d c )  
166.1 s 

17.2 q d )  

70.5 d 

3 7.9 q d )  

79.0 d 
34.8 t 
74.0 d 
48.9 s 

43.2 s 

20.5 t 
27.6 t 

139.9 s 

118.6 dC) 
67.6 d 
65.3 s 

47.3 t 
7.0 q 

63.0 t 
22.9 q 

166.0 s 

119.0 dC) 
154.4 s 

47.7 t 

100.8 d 
81.9 de)  

134.6 d 
126.2 d 

142.5 r l  
118.9 d C )  

166.0 s 

18.2 q d )  

76.8 de)  

76.3 q d )  

") b) c )  0 )  e) These assignments could be reversed. 
f, C(1') and two acetate carbonyls between 168.9 ppm and 170.3 ppm. 

The support of these investigations by t h e  Schweizerischer Nationalfonds zitr Farderung der 
wzssenschaftlichen Forschung (Project So. 2.0550.73) and by Sa?zdoz .A .G., Basel, is gratefully 
acknowledged. 

Experimental  Part 
1. General Methods. - The Inelting points were determined on a Kofler-block and arc 

correctcd. Elemental analyses were carried out in the micro-analytical laboratories of the In- 
stitute (E .  Thornmen). The infrared (IR.) spectra were recorded with a Perkin-Elmer Model 
125 IR. grating spectrophotornctcr in the spectral laboratories of the Institute (K.  Aegerler). 
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The 100 MHz 1H-NMR. spectra were dctermincd by E.  Wullschleger and R.  WiessZe~ in th.e 
Physikalisch-Chcmisches Institut der Univcrsitgt Hascl on ct Vuriarr HA-100 D spectrometer. The 
spcctral laboratory of our Institute (K .  Aegerlrr) recordcd the 60 MHz lkI-NMK, spectra on a 
Variarr A-60, and the 90 MHz lH-NMH. spectra on a Uruker WH-90 instrument. The 22,63 MHs 
*JC-NMR. spectra were recorded with a BmRw J?T spcctrometcr, equippcd with a 10 mm probe. 
Abbreviations used are: s = singlet; d = doublet; d x d = double doublet, t = triplet; 4 = 
quartet. 

The mass spectrum (MS.) was rneasurcd by A.  Raas in thc Physikalisch-Chemisches Institut 
der Universitlt Basel on an AEI-MS 30 instrument. l'hc optical rotations were measured with a 
Pevkin-Elmer Model 141 polarimeter. For column chromatography, silica gel 0.05-0.2 mm froin 
E. MuvcK A.G., Darmstadt, was employed. Prcparative thin-laycr chromatography (TTC.) was 
camed out on silica gel PF 254 (Msrck). and ordinary TLC. was carried out on silica gel G (MNck). 
Usud work-up means: extraction with thc solvent stated, washing with 2N HCI, 2N NaHCO, 
and water: drying with Na$O,. 

2. Synthemh of hydroxy-aldehyde 13. - 2.1. 4-0-Acrtyl-vewucavol (11). Acetylchloricle 
was added in three 0.01 ml portions at intervals of 2 h to a cooled solution of 106 mg verrucarol (9) 
in 0.8 ml of ah. pyridine. The mixture was kcpt at  25" for 24 h, poured onto icc and cxtractctl 
with methylene chloride. After usual work up, the combined organic extracts were cvaporatetl 
t o  give 120 mg crude product. Preparative TIC. with incthylene chloride/rnethanol 95: 5 yieldctl, 
after crystallization from etherlpctrol ether, pure 11 of m.p. 138-140'. [a];! 1.- -t 7" t_ 1 O (c = 0.97, 
chloroform). - IR. (methylene chloride): hinds at 3620, 3500, 1720 (C=O, broad), 1680 (C=C, 
weak), 1370, 1222, 1085 cm-l. - NMR. (60 MHz, CDClJ : cf. table 1. 

2.2. AZdehydc 12. A solution of 1.21 g 11 in 200 ml of acetone wits treated with 3 ml of Cr03/ 
H,S04 solutions) at for 5 min. After addition of 50 ml CJf H,O. the acetone was rcmovcd 
in VWUO. Usual work up with methylcne chloridc yidded aftcr crystallization from cther 550 mg 
of pure 12 of m.p. 124-126O. [m]g = - 80" f (c  ?.: 1.22, chloroform). - IR. (KRr): bands 
at 1732, 1708, 1672 (C=C, weak), 1238, 1078, 960 c m l .  - NMK. (90 MHz, CDCIJ : c j .  table 1. 

C&I& (306.4) Calc. C 66.65 H 7.24% Found C 66.50 H 7.16% 
2.3. Hydroxy-aldehyde 13. - A solution of 520 mg of 12 in 40 in1 of methanol was stirred with 

a solution of 1.5 g K&OD in 5 ml of H,O at 25" for 14 h. Aftcr dilution with 30 ml of H,O and 
usual work up with methylcne chloride, a colourlcss oil was obtained. l'he crudc product was 
chromatographed on silica gel with methylenc chloride/methanol. Crystallization from aceton(:/ 
etherlpetrol ether yielded 380 mg 13 of m.p. 135-137". [ c z ] ~  ,.A - 112' f 2' (C ;= 1.53, chloro- 
form). - IR. (KBr) : bands at 3460, 1710 (C-0), 1672 (C ; C, weak), 962 crn-1. - NMR. (100 MHz, 
CDCla) : cj.  tablc 1. 

C,H,O, (264,3) Calc. C 68.16 H 7.63% Pound C 67.95 H 7.65% 

3. Synthesie of keto-ether 16. - 3.1. Hydroxy-ether 14. A solution of 1.53 g 11 and 3.02 g 
m-chloroperbenzoic acid in 90 ml of chloroform was stirred at 50" for 30 h. After usual work up, 
the organic phase was evaporated to produce a colourlcss oil. Chromatography on silica gcl with 
methylene chloride/methanol and crystallization from acetone yieldcd 700 mg purc 14 of m.p. 
168-170'. [e]E = - 46' 2" (F = 1.02, chloroform). .. TR. (methylem chloride) : bands at 3550 
(OH). 1735 (C=O), 1232, 968 cm-l. - NMR. (90 MHz, CI')Cl,) : cj.  tablc 1. 

C&s408 (324.4) Calc. C 62.95 €i 7.46% Found C, 63.21. H 7.53% 
3.2. Keto-eUW 15. A solution of 650 mg 14 in 100 ml acctone was treated with 1.5 in1 of 

CrO,/H,SO, solution#) at 25" for 8 min. After addition of 50 1111 of €I,O, the acctone was removcd 
irr vacua Usual work up with methylcne chloride and crystallization from acctone yiclded 350 riig 
15 Of m.p. 249-251". [a]a]z18 = - 12" 2' (c 7 1.28, chloroform). - IH. (methylcne chloridc): 
bands at 1750. 1735, 1080, %8 cm-l. - NMK. (100 MHz, CL)C13): signals at 5.65 ( d x d ,  1 H, 

(s, 3 H, C(16)); 0.69 (s, 3 H, C(14)) ppm. 
C(4). 1 1  = 8 HZ, Js  4 HZ); 2.92 ( A B ,  2 H. C(13), ,Isem = 4 ~ I z ) ;  2.08 (s, 3 H, CHaCO); 1.23 

Cl,H2,Oa (322.4) Calc. C 63.34 kl 6.880/, Found C 63.28 H 7.01% 

2.67 g C Q ,  2.3 ml conc. HBS04 and H,O ad 10 ml. 
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3.3. Hydvoxy-keto-ether 16. A solution of 340 mg of 15 in 30 ml of acetone/mcthanol 1 : 1 was 

stirrcd with a solution of 1.5 g of K,CO, in 5 ml of I&O at 25" for 4 h. After dilution with 20 rnl 
of H,O and usual work up with methylcae chforidc, 290 mg of a colourless product was obtained. 
Crystallization from methylenc chloridelether yielded 250 mg purc 16 of m.p. 234-236". [a# = 
- 14O & 2" (c = 0.71, chloroform). - IR. (mcthylene chloride): bands at 3580, 1750 (C-0), 1075, 
962 cm-I. - NMR. (90 MIIz. CDCl,) : cf. tabllc 1. - MS. : M +  at m(e 280. 

C,,H,O, (280.3) Calc. C 64.27 H 7.19% Found C 63.98 lI 7.27% 
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124. Die Diels-Alder Reaktion von Furan und 2-Methylfuran 
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(24. IV. 75) 

Summary. Diels-Alder reaction bctween furan or 2-mcthylfuran and acrylonitrile furnished 
the expected adducts in good yields. The ratio of thc various products was determined. 

Mit besonders aktivierten Dienophilen wie Malcinsiureanhydrid und Acetylendi- 
carboxylaten 111 geben Furan und seine Derivatc leicht Diels-Alder-Adduktc. Mit 
weniger reaktiven Dienophilen wie Acrolein, Methylvinylketon oder Nitroathylen ist 
der bevorzugte Rcaktionsweg jedoch eine Addition-Substitution rl], wenn das Furan 
selbst nicht durch geeigncte Substituentcn aktiviert wird. So gibt Acrylnitril mit 
3,4-Dimethoxyfuran leicht ein Dids-Alder-Addukt [2] ; rnit Furan und Methylfuran 
hingegen war eine solche Reaktion lange unbekannt [3]. Kurzlich wurde nun berichtet, 
dass sowohl von Furan, wie auch von 2-Methylfuran nach einmonatigem Kochen 
unter Rtickfluss mit Acrylnitril DieZs-AZder-Addukte erhaltlicli sind [4], Irn Falle des 


