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C- 13 SUBSTITUENT EFFECTS I N  MULTIFUNCTIONAL 
MARINE NATURAL PRODUCTS 

S. NAYLOR, L.V. MANES, and P. CREWS* 

Tbimann Laboratories and Center for Marine Studies, 
Uniuersity of California, Santa Cruz, California 95064 

ABSTRACT.-halysis of '?C-nmr data using newly developed substituent constants re- 
veals structures 1 and 2 previously assigned for the marine monoterpene plocamenone are incor- 
rect, and structure 3 is now proposed. 

Recently, we demonstrated how substituent regiochemistry can be readily eluci- 
dated in halogenated marine natural products by use of 13C-nmr additivity constants 
(1,2). This strategy employs a,p,  and y increments, which are applied according to the 
degree of substitution at the carbon of interest. Unfortunately, a-effects are always 
overestimated in compounds containing vicinal polar substituents (2). To overcome 
this limitation, we have developed new substituent values, which appear in Table 1. 
The analysis of C = O  shifts also represents an unexplored strategy which we have tested 
by generating a set of polar vicinal p increment values collected in Table 2 .  Many ex- 
perimental chemical shifts can now be accurately reproduced via Tables 1 or 2 ,  and to 
illustrate their use, we have examined two past structures 1 (4) and 2 (5) proposed for 
plocamenone. After comparing available spectroscopic data ( 1,3-5) to calculated 13C- 
nmr shifts along with other arguments, we conclude that structures 1 and 2 are in error 
and suggest 3 as a corrected structure. 

lJy++cl *Cl - ,30,* 191.3 133.0 1 

0 Cl Br 0 Br 0 

1 2 3 

Analyzing the I3C shifts of some 80 vicinal dipolar compounds, the C = O  shifts of 
40 a haloketones, and shifts of more than 50 alkyl and 20 alkenyl ketones provided the 
increments in Tables 1 and 2. One example of the excellent agreement between experi- 
mental shifts and those calculated from these tables comes from inspection of the C = O  
shifts for three poly a-substituted ketones 4 (6) (calc= 188 ppm, expt= 190.9), 5 (7) 
(calc= 186 ppm, expt= 186.2) and 6 (8) (calc= 189 ppm, expt= 188.3). By contrast, 
a substantial difference of 5 pprn in the calculated vs. experimental C = O  shift exists for 
plocamenone (1) (talc= 196) while perfect agreement is observed for its recently revised 
structure 2 ( 5 )  (calc= 191, expt= 191.3). In spite ofthis, we were still uncertain about 
the placement of the halogens at C-4, C-5, and C-6. In particular, assignment of Cl at 
C-4 as shown by 3 also provided a perfect match of its calculated C = O  shift (190) vs. 
the experimental. 

Consideration of other 13C data revealed serious inconsistencies between reported 
chemical shifts and structure 2. First, a calculated value of 88 pprn is obtained for C-4' 
using increments from Table 1, and it along with experimental shifts of85-95 ppm for 
tal vs. expected 13C shift is also apparent for the C-6 methyl. Based upon analogy to the 
a chloro ketones iii, ix, and xiv (Table 3) are vastly different compared to 6 69 previ- 
ously asigned at C-4 in structure 2 (5). Next, a substantial difference in the experimen- 

'C=O shifts were calculated by adding appropriate increments from Table 2 to the following base 
values: 1 -3=2 14 ppm (2-methyl-3-hexanone); 4 , 5 = 2  11 ppm (3-hexanone); 5=209 pprn (2-hexanone). 

'We calculate C-4=88 ppm for 4,4-dichloro-3-decanone by using a basevalue ofC-4=43 ppm for 3- 
decanone (9) and adding appropriate increments from Table 1.  
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TABLE 1. a Additivity Values for X Vicinal to a Polar Substituent 

5 3 3 3 
- CH, 

c1 20+2 25+ 1 2 0 k  1 
Br 1 1 2 1  16? 1 13 
O H  35+  1 26 35 

- 
- 

X 
5 4 

26 30 24 40 
CH, 
CI 
Br 18 28 18 30 
O H  

- - 

- - 3 1  - 

X 
- 2 

CH3 30 x, 39 
OH X, 36 

"Model compound data from Ref. 9, 12, or Table 3; 
bRef. 2, 9, 13, 14, or Table 3; 'Ref. 9; 
dRef. 1, 2, 9, 15; 'Ref. 1, 9; fRef. 16; 
gvalue refers to addition of a second X at a position. 

TABLE 2. p Substituent Effect" of X on C = O  

0 0 

X Increment per X 

O H  
=C (adding conj only) -8b.d 

"Data from Table 3, Refs. 9, 11, or 12; bValue refers to addition 
of a second X at a position; 'Refers to changing from -CR3 to =CR, 
leg. R-C(=O)C=C]; dRefers to C=C-C(=O)-C=C). 
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TABLE 3. Chemical Shifts of a-Substituted Carbonvls. 

P ii' 

0 2 0 2 . v  0 4::k 0 l g 4 ' W  0 202.5 0 

62.8 
70.8 61.9 

c1 c1 c1 c1 c1 c1 i r  'Br 

v i b  

* O I P  
Cl 

xi" 

203.00 66.3 

4TBr 
xv" 

1 9 6 . 0 M  
C l F  195.6 lg5% 

67.5 69.5fl 95.6 
c1 c1 C c1 c1 

xii' 

1 9 2 . 5 '  67.1 

B4T 
"This work 
bRef. 12 

tal vs. expected 13C shift is also apparent for the C-6 methyl. Based upon analogy to the 
preplocamenes and arguments presented therein ( lo), a Z or E C-6 methyl should occur 
at 18 or 13 ppm, respectively, neither of which is close to its reported shift of 26.7 

4 5 6 
The revisions suggested by structure 3 provide a uniform match of all the experi- 

mental nmr data and observed chemical degradation results. Specifically, assignment of 
the 69 ppm singlet at C-6 is within 1 ppm of its expected shift (2). Additional justifica- 
tion for the C1 at C-4 is provided by the observed 13C singlet at 6 129.7 compared to a 
calculated value of 6 134 which is quite different vs. a calculated shift of 6 150 for C1 at 
C-5 in 1. Similarly, the C1 at C-4 is consistent with a coupled INEPT double-double- 

3Experimental data from Ref. 11 of: rruns-hex-3-ene-2-one C-3= 13 1 ppm, C-4= 147 pprn gave base 
values to which wereaddedC=Cincrements: CI(C-a=3.3, C-P=-5.4)Me(C-a= 10.3, C-p=-7.8) to 
yield calculated values shown below. Better agreement is observed between data for 6 and A vs. B. - 

126 
A C 
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quartet observed by Brownlee for plocamenone at Me- 10 (4). Also of importance are the 
13C and 'H C-4 methyl shifts (6 26.7, 6 1.74) which agree with a -C(Me)CI-C(H)Br- 
constellation and a relative R* ,S* stereochemistry ( 1). Unfortunately, attempts to em- 
ploy calculated 'H shifts at C-5 to resolve the double bond stereochemistry were not 
fruitful.4 Lastly, base catalyzed rearrangement of either 2 or 3 by Stierle's mechanism 
predicts identical degradation products. 

EXPERIMENTAL 

GENERAL EXPERIMENTAL PROCEDURES.-Nmr spectra were recorded on a JEoL FX- 100 PFT 
spectrometer operating at 25 .O MHz for 13C and 100 MHz for 'H. Gc-ms data were obtained on a Finni- 
gan 4000 system equipped with a '/s in x 6 ft glass column packed with 3% OV-17 on Chromosorb Q and 
temperature programmed in the range of 130-225" at either 5 or 10" min-'. I3C nmr peak multiplicities 
were determined by obtaining SEFT spectra, (17) using a standard delay time of8  ms. The sources of sam- 
ples used in this work to obtain the data in Table 3 are as follows. Compounds i-a, Vii-xh were prepared 
as described by Wyman and Kaufman, (18) using the appropriate alkyl ketone with sulfuryl chloride. 
Product mixtures were separated by hplc or characterized by gc/ms. The bromo ketones xv and xvi were 
prepared according to the literature (19). 

ACKNOWLEDGMENTS 

This work was partially supported by a grant to PC from NOAA, National Sea Grant College Pro- 
gram, Department of Commerce, University of California project number WMP-33. The U.S. Govern- 
ment is authorized to produce and distribute reprints for governmental purposes. LVM was a Sea Grant 
Trainee. 

LITERATURE CITED 

1. 
2. 

3. 
4.  
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

14. 

15. 
16. 
17. 
18. 
19. 

Received 29 June 1984 

S. Naylor, F. J .  Hanke, L.V. Manes, and P. Crews, Prog. Chem. Org. N a t .  Prod.,  44, 189 (1983). 
P. Crews, S. Naylor, F. J .  Hanke, E.R. Hogue, E. Kho, and R. Braslau, J .  Org. Chem., 49, 137 1 
(1984). 
R. W .  Dunlop, P.T. Murphy, and R.J. Wells, Aust. ]. Chem., 32, 2735 (1979). 
R.T.C. Brownlee, J .G. Hall, and J.A. Reiss, Org. Mug. ReJon., 21, 544 (1983). 
D.B. Stierle and J.J. Sims, TetrahedronLett., 25, 153 (1984). 
A.F. Rose, J.A. Pettus, and J .  J .  Sims, Tetrahedron Lett., 1847 (1977). 
R. Kazluaskas, R.O. Lidgard, and R.J. Wells, Tetrahedron Lett., 3 165 (1978). 
R. Kazlauskas, P.T. Murphy, R.J. Quinn, and R.J. Wells, Tetrahedron Lett., 4451 (1976). 
Catalog ofC-13 NMR Spectra, Sadtler Research Labs, 1982, Philadelphia. 
P. Crews and E. Kho-Wiseman,]. Org. Chem., 42, 2812 (1977). 
D.H.  Marr and J.B. Stothers, C a n . ] .  C h . ,  43, 596 (1965). 
M. Yalpani, B. Modarai, and E. Khoshdel, Org. Mag.  Reson., 12, 254 (1979). 
M.F. Grenier-Loustalot, P. Iratcabal, A. Farchioni, and F. Metrus, Org. Mug. Reson., 8, 544 
(1976). 
J.J. Sims, A.F. Rose, and R.R. hac, in: "Marine Natural Products Chemistry," Ed. by P.J. 
Scheuer, New York: Academic Press, 1978, Vol. 11, Chap. 5. 
H.-V. Schneider and V. Hopper, J .  Org. Chon., 43, 3866 (1978). 
P. Crews and E. Kho-Wiseman, Tetruhedron Lett., 2483 (1978). 
D. W .  Brown, T .T.  Nakashima, and D.L. Rabinstein,]. Mugn. Reson., 45, 302 (1982). 
D.P. Wyman and P.R. Kaufman,]. Org. Chem., 29, 1956 (1964). 
C. W .  Jefford, R. McCreadie, P. Muller, and J .  Pfyfer,]. Chem Ed. ,  50, 18 1 (1973). 

4Trisubstituted double bonds with attached groups including: C=O,  OR. CHX or CHX, usually 
show greater than an 0.5 ppm difference between expt. and calc. proton shifts: (a) S.W. Tobey,]. Org. 
C h . ,  34, 1281 (1969); (b) S. Naylor., unpublished results, UCSC, 1984. 


