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723 (w), 463 (m) cm-'. Anal. Calcd for Cz4Hz8N4: C, 77.38; H, 
7.58; N, 15.04. Found: C, 77.18; H, 7.59; N, 15.02. 
2-Benzyl-l,4-cyclohexanedione (2g) was prepared from 5 and 

benzyl bromide by the procedure given for 2e, method B. A white, 
crystalline product was obtained directly 94% yield mp 67.5-68.5 
OC; NMR (CD2C12) 6 2.38 (dd, 2 H), 2.68 (br m, 4 H), 2.93 (m, 
1 H), 3.20 (dd, 2 H), 7.18 (br m, 5 H); IR (cast film, CH2C12) 3028 
(m), 2956 (m), 2916 (m), 2852 (m), 1707 (vs), 1496 (m), 1456 (m), 
1418 (m), 1330 (m), 1309 (m), 1278 (m), 1142 (m), 1081 (m), 986 
(m), 914 (m), 829 (m), 755 (s), 733 (s), 698 (s), 630 (m), 595 (m), 
560 (m) cm-l. Anal. Calcd for CI3Hl402: C, 77.20; H, 6.98; 0, 
15.82. Found: C, 77.17; H, 6.92; 0, 15.90. 
l,4-Bis(dicyanomethylene)-2-benzylcyclohexane (3g). A 

mixture of 2.13 g (0.011 mol) of 2g, 1.50 g (0.023 mol) of malo- 
nonitrile, 0.08 g of @-alanine, 10 mL of THF, and 4 mL of water 
was stirred at room temperature for 7 h and then diluted with 
25 mL of water, and the precipitate was collected and washed 
with 200 mL of water followed by 200 mL of ether, giving 1.76 
g (56% yield) of a white, crystalline product: mp 218-219 "C dec; 
NMR (CD,CN) 6 2.8-3.3 (m, 7 H), 3.70 (m, 2 H), 7.32 (d, 2 H), 
7.45 (m, 3 H); IR (KBr) 2959 (sh), 2924 (s), 2854 (m), 2232 (s, 
C=N), 1605 (s), 1497 (m), 1459 (m), 1442 (m), 1420 (m), 976 (m), 
752 (a), 708 (m) cm-'. Anal. Calcd for C19H14N4: C, 76.49; H, 
4.73; N, 18.78. Found: C, 76.33; H, 4.76; N, 18.74. 
Benzyl-TCNQ (4g) was prepared from 3g by the method given 

above for 4e. Rapid filtration through silica gel (CH2C12, some 
decomposition on column apparent) afforded an orange crystalline 
solid: 40% yield; mp 165.5-167 "C; NMR (CDZCl2) 6 4.42 (s, 2 
H), 7.04 (s, 1 H), 7.16 (d, 2 H), 7.4 (m, 4 H), 7.66 (d, 1 H); IR (KBr) 
3060 (w), 2220 vs, C=N), 1609 (vw), 1552 (m), 1533 (s), 1493 (m), 
1453 (m), 875 (m), 808 (s), 764 (m), 708 (s) cm-'. Anal. Calcd 
for ClgHloN4: C, 77.54; H, 3.42; N, 19.04. Found: C, 76.91; H, 
3.48; N, 19.07. 
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One of intriguing problems in the study of solvolytic 
reactivity of organic substrates in nucleophilic substitution 
is the choice of proper rate ratios for various leaving 
groups.' Although some authors claim2y3 that leaving 
group effects in solvolytic reactions are not very sensitive 
to mechanistic changes, these effects often depend on 
various reaction characteristics such as a type of substrate, 

(1) (a) Lowry, T. H.; Richardson, K. S. Mechanism and Theory in 
Organic Chemistry, 2nd ed.; Harper and Row: New York, 1981; pp 
339-342. (b) Stirling, C. J. M. Acc. Chem. Res. 1979, 12, 198 and refer- 
ences cited therein. 

Chem. SOC. 1979, 101, 3295. 

SOC., Perkin Trans. 2 1980, 1244. 

(2) Harris, J. M.; Shafer, S. G.; Moffatt, J. R.; Becker, A. R. J.  Am. 

(3) Bentley, T.  W.; Bowen, C. T.; Parker, W.; Watt, C. I. F. J. Chem. 

Table I. Solvolysis Rate Constants of Various 
2-(Methy1thio)ethyl Substrates, CH3SCH2CH2Y 

Y solventa t ,  O C  k, s'l kwTlkm*: 
OTs 80E 

97T 
I 80E 

97T 
Br 80E 

97T 

c1 96E 
80E 

60A 
97T 

97H 
ODNB 80E 

97T 
OPNB 80E 

97T 

25 
25 
25 
25 
25 
25 
50 
65 
25 
25 
50 
70 
25 
25 
50 
65 
25 
70 
65 
70 
65 

(1.69 f 0.05) X 
(2.74 f 0.05) X lo-' 0.162 
(2.70 A 0.07) X 
(2.63 A 0.05) X 0.974 
(4.48 f 0.05) X 
(3.41 A 0.07) X 0.761 
(2.61 f 0.07) X 
8.52 x 10-36 
(1.02 f 0.02) x 10-4 
(1.97 f 0.02) x 10-4 

5.43 x 1 0 - 3 b  
(1.39 f 0.06) X 

(1.69 f 0.05) X 
(1.69 f 0.01) X 0.858 
(1.36 f 0.01) X 0.978 
4.15 x 10-3b 
(1.91 f 0.07) x 10-4 
(4.05 f 0.06) X 
(3.58 f 0.11) X lo-' 
(1.43 f 0.07) X 
(1.36 f 0.03) X 

"96E = 96 vol % ethanol/water; 80E similarly; 60A = 60 vol % 
acetone/water; 97T = 97 wt % 2,2,2-trifluoroethanol/water; 97H = 
97 wt % 1,1,1,3,3,3-hexafluoro-2-propanol/water. bExtrapolated 
from lower temperatures. 

solvent, temperature,  et^.^ For 2-adamantyl substrates 
the OTs/Br rate ratio of 240 for 97% CF3CH20H (97% 
TFE)3 is similar to the value of 231 for 80% EtOH.5 On 
the contrary, the Br/Cl rate ratios for both tert-butyl 
halides and 2-adamantyl halides in 97% (CF3),CHOH are3 
about 9, whereas these ratios for tert-butyl halides in 97% 
TFE6p7 and EtOH8 are 22 and 50, respectively, indicating 
that the rate ratios in s N 1  reactions have smaller values 
in solvents of low nucleophilicity. Furthermore, while in 
s N 1  reactions sulfonates are usually much better leaving 
groups than halides, in s N 2  reactions sulfonates and halides 
have comparable leaving-group ability and the relative 
reactivities of the leaving groups are considered to be 
dependent on the nucleophile as well as on solvent.l* 
However, the OTs/Br rate ratio is often very low but 
variable (even smaller than unity) for both SN1 and s N 2  
reactions in various ~ o l v e n t s . ~  

Until now leaving group rate ratios for sN2 solvolyses 
have been almost exclusively studied in reactions that 
include the nucleophilic attack of external  nucleophile. 
For intramolecular displacement reactions such rate ratios 
were determined in very few c a s e ~ . ~ - ~ l  In this work we 
report leaving group rate ratios for several common leaving 
groups (halides, sulfonates, and benzoates) in solvolyses 
of compounds with the methylthio group present as an 
internal nucleophile which can interact a t  the reaction 
center in the rate-determining step of solvolysis. For this 

(4) (a) Hoffmann, H. M. R. J. Chem. SOC. 1965, 6753. (b) Hoffmann, 
H. M. R. J. Chem. SOC. 1965,6762. 

(5) Fry, J. L.; Lancelot, C. J.; Lam, L. K. M.; Harris, J. M.; Bingham, 
R. C.; Raber, D. J.; Hall, R. E.; Schleyer, P. v. R. J.  Am. Chem. SOC. 1970, 
92, 2538. 

(6) Shiner, V. J., Jr.; Dowd, W.; Fisher, R. D.; Hartshorn, S. R.; Kes- 
sick, M. A.; Milakofsky, L.; Rapp, M. W. J.  Am. Chem. SOC. 1969, 91, 
4838. 

(7) Scott, F. L. Chem. Ind. (London) 1959, 224. 
(8 )  (a) Fainberg, A. H.; Winstein, S. J.  Am. Chem. SOC. 1956, 78, 2770. 

(b) Fainberg, A. H.; Winstein, S. J. Am. Chem. SOC. 1957, 79, 1602. 
(9) Knipe, A. C.; Stirling, C. J. M. J .  Chem. SOC. B 1968, 67. 
(10) (a) Bird, R.; Knipe, A. C.; Stirling, C. J. M. J .  Chem. SOC., Perkin 

Trans. 2 1973,1215. (b) Bird, R.; Stirling, C. J. M. J .  Chem. SOC., Perkin 
Trans. 2 1973, 1221. 

(11) Bird, R.; Griffiths, G.; Griffiths, G. F.; Stirling, C. J. M. J.  Chem. 
SOC., Perkin Trans. 2 1982, 579. 
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Table  11. Leaving G r o w  Rate Ratios for Various Reactions 
3,5-ODNB/ 

reaction OTs/Br I /Br  Br/Cl Cl/OPNB OPNB 
Aa O.OSd 7.71d 2.02d 305e ~ 2.6F 
Bb 0.3Sd 6.03d 2.27d 38d 2.831 
C' 2.6 X lo3 6.4 14 1.8 x 105 10.58 

"Solvolysis of 2-(methy1thio)ethyl substrates 1 in 97% TFE (this 
work). Solvolysis of 2-(methy1thio)ethyl substrates 1 in 80% 
EtOH (this work). cSolvolysis of 1-phenylethyl substrates 3 in 
80% EtOH (for relative rates of solvolysis of these substrates with 
various leaving groups, see ref 21). dAt  25 "C. eAt  65 "C. fAt  70 
"C. 8Estimated from the ratio of rates for 2-phenyl-2-propyl es- 
ters, C6H5C(CH3),Y, in 80% EtOH at 70 OC (this work); for Y = 
3,5-ODNB, k = (1.51 * 0.01) X lo-, s-l; for Y = OPNB, k = (1.44 f 
0.03) x 10-4 8-1. 

purpose 2-(methy1thio)ethyl derivatives CH3SCH2CH2Y 
(1; OTs, I, Br, C1, 3,5-ODNB, OPNB) were synthesized 
from CH3SCH2CH20H (2) by standard procedures and 
fully characterized by spectral methods and in some cases 
also by elemental analysis. In order to study the solvent 
effect on rate ratios, these substrates were solvolyzed in 
97% TFE and 80% EtOH, whereas the 2-(methy1thio)- 
ethyl chloride (1; Y = C1) was also solvolyzed in various 
other solvents covering a wide range of ionizing power. 
Moderate solvolytic reactivities of these derivatives in 
comparison to analogous alkyl substrates12 enabled rate 
measurements a t  convenient temperatures (25-70 OC).14 
The rate constants, obtained by titrimetric method, are 
listed in Table I. 

In all solvolyses of 1 clear first-order kinetic behavior 
was observed, but the titer of the liberated acid was only 
ca. 30% confirming that the neighboring sulfur partici- 
pation occurs during the ionization of all these sub- 
strates.16 Obviously the high degree of neighboring group 
participation in solvolyses of these compounds was due to 
the excellent participating ability of sulfur16 and occurs 
not only in 97% TFE but also in more nucleophilic 80% 
EtOH. 

For all substrates 1 the ratios of rate constants for 
solvolyses in 97% TFE and 80% EtOH (k97T/k80E) are 
small (Table I). 2-(Methylthio)ethyl chloride (1; Y = C1) 
was solvolyzed in solvents with Y valued7 covering a range 
of almost 4 units, but the rate constant changed within this 
whole range for a factor of only 2. Using the modified form 
of the Grunwald-Winstein equation (l),17J8 the values of 

(1) 

m = 0.13 and 1 = 0.06 were determined for this reactionlg 
confirming its low sensitivity to solvent change due to the 

log ( k / k o )  = mY + 1N 

(12) 1-Butyl triflate, chosen as a suitable reference substrate, solvo- 
lyzes in 80% EtOH at 20 OC with the rate constant k = (8.32 0.06) X 

s-l, For its solvolysis in 97% TFE at 30 'C the rate constant 12 = 
(8.20 f 0.04) X s-l was obtained, which is comparable with the 
reported13 value for 1-propyl triflate. 

(13) Dafforn, G. A.; Streitwieser, A., Jr. Tetrahedron Lett. 1970,3159. 
(14) Sherrod, S. A.; Bergman, R. G.; Gleicher, G. J.; Morris, D. G. J.  

Am. Chem. SOC. 1972,94,4615. These authors showed that data obtained 
with long temperature extrapolations could introduce errors up to 10-fold 
in rate. 

(15) Allred, E. L.; Winstein, S. J.  Am. Chem. SOC. 1967, 89, 4012. 
(16) Capon, B.; McManus, S. P. Neighboring Group Participation; 

Plenum: New York, 1976; Vol. 1. 
(17) Schadt, F. L.; Bentley, T. W.; Schleyer, P. v. R. J .  Am. Chem. SOC. 

1976, 98, 7667. 
(18) (a) Peterson, P. E.; Waller, F. J. J.  Am. Chem. SOC. 1972,94,991. 

(b) Bentley, T. W.; Schadt, F. L.; Schleyer, P. v. R. J. Am. Chem. SOC. 
1972, 94, 992. 
(19) The analogous Grunwald-Winstein equation which includes Yme 

and NOTs constantdB instead of Y and N ,  gives coefficients m = 0.16 and 
I = 0.11 with even a slightly better correlation coefficient ( r  = 0.900) than 
does eq 1, where r = 0.887. 

neighboring sulfur assistance. For the aqueous ethanolysis 
of 2-(phenylseleno)ethyl chloride a plot of log k vs. Y values 
gave a significantly larger m value of 0.40, which was 
considered to be a typical value in nucleophilically assisted 
reactions.20 

The leaving group rate ratios determined in this work 
for substrates 1 were compared with the rate ratios for the 
same leaving groups observed in s N 1  solvolyses of 1- 
phenylethyl substrates 3 in 80% EtOH (Table 11). The 
I/Br rate ratios are almost the same for all three reactions 
(A-C; Table II).22 The rate ratios with all other leaving 
groups (OTs/Br, Br/C1, Cl/OPNB, and 3,5-ODNB/ 
OPNB) for SN2 solvolyses of substrates 1 are almost 
identical in 97% TFE and 80% EtOH (reactions A and 
B) but significantly smaller than the analogous rate ratios 
for s N 1  solvolyses of substrates 3 in 80% EtOH (reaction 
C, Table 11). In some cyclizations larger Br/Cl rate ratios 
were observed,%ll falling within the range of values for 
intermolecular displacement reaction.lob Furthermore, for 
acetolysis of endo-7-norcaranyl halides (which solvolyze 
via the favored mode of disrotatory opening of the cyclo- 
propane ring) the Br/Cl ratio is 28, whereas for the sol- 
volysis of exo-7-norcaranyl halides (which are geometrically 
constrained against complete opening) this ratio is23 only 
1.7. 

In conclusion, the results obtained in this work indicate 
that the leaving group rate ratios are for SN2 reactions 
almost independent of solvent change, but they signifi- 
cantly differ within the spectrum of mechanisms. 
However, we do not believe that these results enable re- 
liable general conclusions to be drawn. Moreover, great 
caution should be exercised when the magnitudes of rate 
ratios for various leaving groups are used in assuming the 
reaction mechanism. Although such rate ratios are often 
reduced if a neighboring group participation occurs during 
the rate-determining step of solvolysis, the magnitude of 
rate ratios cannot serve as a criterion to determine the 
degree of participation. 

Experimental Section 
Infrared spectra were recorded on  a Perkin-Elmer 257 spec- 

trometer. 'H NMR spectra of samples dissolved in tetrachloro- 
methane were recorded on a Varian EM-360 spectrometer, with 
tetramethylsilane as internal standard.  All reported yields are 
isolated yields. 

T h e  2-(methy1thio)ethyl chloride (1; Y = Cl)24 and  2-phenyl- 
2-propyl p-nitrobenzoateE were prepared as previously described. 

2- (Methy1th io)e thyl  tosylate (1; Y = OTs) was prepared 
from alcohol 2 (460 mg, 5.0 mmol) and tosyl chloride (1.90 g, 10 
mmol) in dry  pyridine (20 mL) in a straightforward manner? 
yield, 84.5%; IR (neat) 3090,3055, and 3030 (Ar-H), 1598 (C=C), 
1192 and 1180 cm-' (OSO,); 'H NMR d 2.35 (3 H, s, SCH3), 2.45 
(3 H, s, ArCH3), 2.95 (2 H, t, J = 5 Hz, SCH2), 4.07 (2 H, t, J = 
5 Hz, OCH,), 7.08-7.50 (4 H, AA'BB' pattern,  J = 8 Hz, C,H,). 

(20) McManus, S. P.; Lam, D. H. J. Org. Chem. 1978,43, 650. 
(21) Noyce, D. S.; Virgilio, J. A. J.  Org. Chem. 1972, 37, 2643 and 

references cited therein. 
(22) (a) The rate ratios with I as the leaving group are known to be 

very unreliable because of a possible decomposition of alkyl iodide and 
formation of a more reactive substrate with a I, leaving group. For 
example, see: Cox, B. G.; Maskill, H. J. Chern. Soc., Perkin Trans. 2 1983, 
1901. (b) Recently it was published for the 2-(methy1thio)ethyl deriva- 
tives that the OTs/Cl rate ratio va. 0.42 in 60% EtOH at 25 "C. 
McManus, S. P.; Neamati-Mazieah, N.; Paley, M. S.; Hovanes, B. A.; 
Harris, J. M. Tetrahedron Lett. 1985, 26, 4571. 

(23) Sliwinski, W. F.; Su, T. M.; Schleyer, P. v. R. J.  Am. Chem. SOC. 
1972, 94, 133. 

(24) Kirner, W. R.; Windus, W. Organic Syntheses; Wiley: New York, 
1943; Collect. Vol. 2, p 136. 

(25) Buckson, R. L.; Smith, S. G. J .  Org. Chem. 1967, 32, 634. 
(26) Fieser, L.; Fieser, M. Reagents for  Organic Synthesis; Wiley-In- 

terscience: New York, 1967; Vol. 1, p 1180. 
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Anal. Calcd for ClOHl4S2O3: C, 49.16; H, 4.95; S, 26.25. Found: 
C, 49.52; H, 5.06; S, 25.94. 

2-(Methy1thio)ethyl iodide (1; Y = I) was prepared by the 
standard halide exchangen from 2-(methy1thio)ethyl chloride (1, 
Y = C1)" (2.21 g, 20 mmol) and NaI (4.80 g, 30 m o l )  in anhydrous 
acetone (20 mL) in 61.3% yield: 'H NMR 6 2.40 (3 H, 8, SCH,), 

2-(Methy1thio)ethyl bromide (1; Y = Br) was prepared from 
alcohol 2 (4.60 g, 50 mmol), PBr3 (4.52 g, 17 mmol), and pyridine 
(1.32 g, 17 mmol) in 42.4% yield by the standard procedure? 'H 

(2 H, t, J = 6 Hz, BrCH,). 
%-(Methylthio)ethyl2,5-dinitrobenzoate (1; Y = 3P-ODNB) 

was prepared from alcohol 2 (460 mg, 5.0 mmol) and 3,5-di- 
nitrobenzoyl chloride (3.45 g, 15 mmol) in dry pyridine (20 mL) 
in 86.7% yield by following the standard procedure:29 IR (KBr) 
3090 and 3075 (Ar-H), 1729 (CO-O-C),1630 (C=C), 1542 and 
1347 (NOz), 1285 (C-0), 733 and 725 cm-' (Ar-H); 'H NMR 6 

J = 6 Hz, OCHJ, 9.22 (3 H, s, CeH3). Anal. Calcd for Cl$llN0&3: 
C, 57.41; H, 5.30; N, 6.70; S, 15.33. Found: C, 56.82; H, 5.24; N, 
6.52; S, 15.07. 

2-(Methy1thio)ethyl p-nitrobenzoate (1; Y = OPNB) was 
prepared from alcohol 2 (460 mg, 5.0 mmol) and p-nitrobenzoyl 
chloride (1.90 g, 10 mmol) in dry pyridine (20 mL) in 95.4% yield 
by following our literature procedure:30 IR (KBr) 3110,3085, and 

1282 (C-O), 722 cm-' (APH); 'H NMR 6 2.37 (3 H, s, SCH,), 3.03 

H, s, C6H4). Anal. Calcd for CloHloN204S: C, 47.25; H, 3.97; N, 
11.02; S, 12.61. Found: C, 46.77; H, 4.09; N, 11.21; S, 12.36. 

2-Phenyl-2-propyl 3,5-dinitrobenzoate was prepared from 
2-phenyl-2-propanol (680 mg, 5.0 mmol) and 3,5-dinitrobenzoyl 
chloride (2.30 g, 10 mmol) in dry pyridine (20 mL) in 72.1% yield 
by the standard procedure:% IR (KBr) 3100, 3070, and 3030 
(Ar-H), 1730 (CO-O-C),1630 and 1600 (C=C), 1545 and 1347 
(NO,), 1290 (C-O), 772,740,730, and 702 cm-' (AI-H); 'H NMR 

Kinetic Measurements. Reaction rates were measured by 
continuous automatic potentiometric titration of the liberated 
acid3' by means of a pH-stat (Radiometer, Copenhagen). In each 
measurement ca. 0.03 mmol of the substrate was dissolved in 15 
mL of solvent and the liberated acid titrated with 0.025 M NaOH 
solution in the same solvent. 

Acknowledgment. This work was supported by Grant 
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(SIZ-11). 

3.07 (2 H, t, J 6 Hz, SCHZ), 3.87 (2 H, t, J = 6 Hz, ICHz). 

NMR 6 2.33 (3 H, 8 ,  SCHB), 2.78 (2 H, t, J = 6 Hz, SCHZ), 3.88 

2.47 (3 H, S, SCHS), 3.10 (2 H, t, J = 6 Hz, SCHZ), 4.10 (2 H, t, 

3060 (h-H), 1722 (CO-O-C), 1612 (C=C), 1528 and 1352 (NOz), 

(2 H, t, J = 6 Hz, SCHZ), 4.05 (2 H, t, J 6 Hz, OCHZ), 8.18 (4 

6 1.92 (6 H, 9, CH3), 7.35 (5 H, 9, CGH,~), 9.23 (3 H, 9, CeH3). 

(27) Traynohom, L. J. Am. Chem. SOC. 1984, 70, 2818. 
(28) Paloma, M. H.; Kenetti, A. Chem. Ber. 1931, 64, 797. 
(29) Uebel, J. J.; Milaszewski, R. F.; Arlt, R. E. J. Org. Chem. 1977, 

(30) Ladika, M.; Sunko, D. E. J. Org. Chem. 1985,50, 4544. 
(31) Hiril-StarEeviE, S.; Majerski, 2.; Sunko, D. E. J. Org. Chem. 1980, 

42, 585. 

45, 3388. 
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In 1980, F.J.S. and G.Y. reported the isolation of bur- 
satellin? a metabolite from the sea hare Bursatella leachii 

pleii, and proposed for it structure 1. Recently, the re- 

NCCl-l$bO 9- CH(OR)CH(OR)CH*CN 

1 R - H  
2 R - A c  

A 
NCCb%O Q- C(O)CH(OH)CH2CN 

3 R = H  

search group a t  Naples collected two Mediterranean sea 
hares, Bursatella leachii leachii and Bursatella leachii 
savignyana, and isolated from them a compound that 
exhibited 'H NMR spectral data nearly identical with that 
reported for bursatellin except for one additional low-field 
singlet observed between -7.90 and 8.20 ppm, the precise 
position being solvent dependent. This led the Italian 
workers to suspect the identity of the two compounds but 
also to question the original structural assignment, an 
assessment in which the Oklahoma investigators concurred 
after review of their original spectra. In the original report, 
the molecular formula was assumed from high-resolution 
mass analysis of the highest observable ion; in retrospect, 
this highest mass peak must be assigned an M+ - 18 ion 
status. Similarly, highest mass ions of the derived di- 
acetate 2 and manganese dioxide oxidation product 3 were 
interpreted, then seemingly plausibly but with hindsight 
incorrectly, as M+ - HCN and M+ ions. Operating with 
the incorrect molecular formula led the original workers 
to disregard a low-field singlet (8.08-8.20 ppm singlet) in 
1-3 and also a very broad, medium-intensity infrared ab- 
sorption from 1600 to 1700 cm-'. With the aid of higher 
field 'H NMR and I3C NMR spectra plus some synthetic 
work, a revised structure of bursatellin is now reported. 

Results and Discussion 
Mantles and digestive glands of B. leachii leachii and 

B. leachii savignyana were extracted separately. Bursa- 
tellin was obtained from the mantles of both species, but 
from the digestive glands of only B. leachii savignyana. 
The 500-MHz 'H NMR spectrum /CD,OD) of bursatellin 
from these sources was nearly identical with that reported 
earlier2 with the exception of a slightly broadened singlet 
a t  7.90 ppm. Reexamination of the spectra obtained in 
the earlier work confirmed a similar peak, which had been 
ignored as an artifactual peak due to the assumption of 
an incorrect molecular formula from high-resolution mass 
data. A 13C NMR spectrum (not available in the earlier 
work) (Table I) revealed that this low-field proton singlet 
is due to a formamide group and that there is only one sp3 
carbon that is not deshielded by a heteroatom; hence, the 
structure of bursatellin had to be revised. In particular, 
the dihydroxybutyronitrile moiety of 1 was confirmed to 
be incorrect. 

In light of the evidence for the presence of a formamide 
group, decoupling results combined with chemical shift 
considerations led the Naples group initially to consider 
the revised diastereomeric structures 4 or 5, based on the 

NCCH&bO 9- CH(OH)CH(OH)CH,NHCHO 

4 (Threo isomer) 
5 (Erythro isomer) 
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Potenza, Italy. 

0 1987 American Chemical Societv 0022-3263 /87/ 1952-2301$01.50/0 


