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S t r u c t u r e  of  a - D i c a r v e l o n e  

Zinc dus t  reduc t ion  of carvone  (I) in basic med ium x 
gives d ihydroca rvone  (II) ;  however ,  this reduc t ion  is ac- 
companied  by  the  fo rmat ion  of a crysta l l ine  diketone,  
~-dicarvelone,  to  which 2 s t ructures  ( I I I  and IV) were 
assigned. XNALLACH 3, main ly  on the  basis of pos i t ive  halo- 
form reac t ion  on an  uncharac te r ized  keto-ac id  prepared  
by  chromic  acid oxidat ion,  suggested t e n t a t i v e l y  struc- 
tu re  (IV) for a-dicarvelone.  I n  this  communica t ion ,  we 
wish to  r epor t  the  chemica l  and spectroscopic  ev idence  
which establ ish conclus ively  t h a t  the  s t ruc ture  of ~-di- 
carvelone,  w i thou t  s te reochemical  implicat ions,  should be 
represented  by  the  formula  (IV). 

The  molecular  formula  of ¢-dicarvelone was found to 
be C20Hs00~, fur ther  conf i rmed by  h igh  resolut ion mass 
m e a s u r e m e n t  on i ts  several  der iva t ives  (Table I). ~-Di- 
ca rve lone  z, m.p.  150-152 °C (lit. m.p. 148-149 °C) 2 showed 
IR-abso rp t ion  bands  a t  1710 cm -1 (carbonyl  in a 6- 
m e m b e r e d  ring), 888 and 1644 cm - I  ( terminal  methylene) .  
I t  gave  yel low coloura t ion  wi th  t e t r a n i t r o m e t h a n e ;  dis- 
p layed  no charac ter i s t ic  absorp t ion  m a x i m u m  in the  
longer  wave- leng th  region above  210 rim. The  N M R -  
spec t rum (CDC18) exhib i ted  a readi ly  discernible sharp  
6-proton double t  cen t red  a t  9.02 v (,[ = 6 c/s) ind ica t ive  
of t he  presence of 2 secondary  m e t h y l  groups in t he  
molecule,  which obvious ly  makes  s t ruc ture  (III)  un ten-  
able. Fu r the rmore ,  a 6-pro ton  signal a t  8.23 T and a 4- 
p ro ton  s inglet  w i th  fine s t ruc tu re  a t  5.21 T ind ica te  
2 v inyl ic  m e t h y l  and  2 ~ G = C H  2 groups.  

c¢-Dicarvelone conta ins  2 ca rbony l  funct ions  as i t  
readi ly  gives a bis-oxime, m.p.  226-228 °C; I R - s p e c t r u m  : 
ox ime  bands  - 3245 (vOH), 1673 (vC=N) and 936 cm -1 
(vr¢-o); 903 and 1645 cm -1 (N/G=CH2). N M R - s p e c t r u m  
(pyridine-ds) ~: 5.12 (4 H, b roadened  singlet,  two~C=CH~) ,  

P 
8.24 (6H, singlet,  two  CHz-C=CH2), 8.77 (6H, doublet ,  

I 
J = 6.5 c/s, two CHa--CH- ). 

Ca ta ly t i c  hydrogena t ion  of 0~-dicarvelone in e thy l ace t a t e  
(Pd-C or Pt) resul ted in rap id  u p t a k e  of 2 moles of 
hydrogen  y ie ld ing  t e t rahydro-~-d ica rve lone  (V), m.p.  
132 °C; no co loura t ion  wi th  t e t r a n i t r o m e t h a n e ;  absence 
of U V  end absorp t ion ;  I R - s p e c t r u m :  1707 cm -1 (/NC--K)); 
no i sopropenyl  band,  conf i rmed by  its N M R - s p e c t r u m  
(CCIa) which lacked any  resonance in olefinic region. How-  
ever,  i t  f ea tu red  2 pa r t ly  over lapped  double ts  a t  9.04 and 
9.14 z due to  2 secondary  m e t h y l  and 2 isopropyl  groups. 

WOLFF-KISHNER reduc t ion  of ~-dicarvelone afforded 
the  corresponding hydrocarbon ,  c¢-dicarvelane, b.p. 
155-160°C (bath)/2 ram, n ~  1.4945, single spot  on T L C  

film pla te ;  vma x 886 and  1648 cm -1 (N/C=CHz); M.S. :  M+ peak  
a t  m/e  274 (3.43% 2:4t), base peak  a t  m/e  81 (9.07% 2741 ) ; 
N M R  (CCI~) T: 9.06 (6H, doublet ,  ] = 6.3 c/s, two  

I 
C H 3 - C H -  ), 8.32 (6H, singlet,  two  CH3-C=CH2), 5.37 (4H, 
singlet,  two  ~C=CH2).  ~-Dicarvelane  absorbed 2 moles of 

hydrogen  to give a ful ly sa tu ra ted  hydrocarbon,  C20H38, 
M + peak  a t  m / e  278 (2.38% •41). I t s  N M R - s p e c t r u m  
(CC14) exh ib i ted  a double t  a t  9.14 • (18H, ] = 5.5 c/s), 
which  can  be ascr ibed to 2 secondary  m e t h y l  and 2 
isopropyl  units.  

K e y  expe r imen t  in establ ishing the  e n v i r o n m e n t  of 
ca rbony l  group was the  deu te ra t ion  4 of m-dicarvelone (IV) 
in CH3OD/DzO conta in ing  K O D  which led to  t he  in- 
corpora t ion  of 6 deu te r ium atoms.  This  was fu r the r  cor- 
robora ted  by  deu te ra t ion  of  t e t rahydro<t -d ica rve lone  iV). 
(Table I.) 

The  N M R  spec t rum (CDCla) of d6-analog (VI) revea led  
t h a t  the  doublet ,  or iginal ly  present  in the  spec t rum of 
(IV), was no longer  present ;  instead,  there  was a sharp 

i 
6-proton s ingle t  a t  9.05 T due to C H ~ - C D -  system.  These 

I 
facts  conclusively establish t he  presence of C H 3 - C H - C - C H  2- 

6 
m o i e t y  in a -d icarve lone  (IV). Compara t i ve  s t u d y  of the  
N M R - s p e c t r a  of IV, V, VI  and  V I I  enabled  us to in tegra te  
hydrogens  a lpha  to carbonyl ,  which appeared  as a 6- 
p ro ton  mul t ip le t  ranging  f rom (a) 7.50-7.71 T for IV, (b) 
7.53-7.83 ~ for V. Dihydro-  and t e t r ahyd roca rvone  and 
thei r  d3-analogs were  used as mode l  compounds ,  This  was 
fur ther  conf i rmed by  their  h igh resolut ion mass s p e c t r a l  

Table I. Exact masses and composition of ions 

m/e m/e Composition 
observed calculated 

ct-Diearvelone (IV) 302.2247 302.2246 C~0H3001 
d6-Analog (VI) 308.2706 308.2706 C20H24D6Oz 
Tetrahydro-r,-dicarvelone (V) 306.2564 306.2559 C20H340~ 
de-Analog (VII) 312.2935 312.2935 C~0H2sDsO2 
Olefin (X) 274,2664 274.2661 C~0Ha4 

10.  WALLACH, Justus Liebigs Annln Chem. 279, 377 (1894), 
O, WaLLaCU, Justus Liebigs Annln Chem. 403, 79 (1914), 
Melting points are uncorrected. All compounds described herein 
gave satisfactory elemental analyses. Unless otherwise stated, IR- 
spectra were run in KBr pellets on Pcrkin-Elmer Infracord, Model 
337, calibrated with polystyrene film. NMR-spcctra were obtained 
with Varian A-60 spectrometer using TMS as an internal standard. 

4 G. BI3CHI, I~I. S. VON WtTTt~N&U and D. M. "WroTE, J. Am. chem. 
Soc. 81, 1968 (1959). 

s High resolution mass spectra were recorded on an Associated 
Electronic Industries MS-9 double focusing mass spectrometer 
with an apparent resolution of 12,000. Samples were introduced 
through a heated inlet system at 185°C. We sincerely thank Dr. 
HOGG for the spectra. A complete account of the mass spectra of 
these compounds will be published separately. 
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The mass spectrum of e-dicarvelone (IV) featured an 
important  peak at  mJe 95 shown by high mass measure- 
ment  to be due to C8H70+ fragment (b). The shift of 
m]e 95 to m/e 96 in its de-analog (VI) is indicative of its 
formation by stepwise (a --> b) or concerted (c -~ b) 
mechanism 8, initial step being usual e-cleavage v-z0 yield- 
ing (a). (Scheme I.) 

Impor tan t  peaks in the mass spectrmn of e-dicarvelone 
(IV) are summarized in Table I I ;  however, the modes of 
their fragmentation will be discussed at a later date. I t  is 
pert inent  to note that  the mass spectrum of IV in the 
lower mass range is very much similar to that  of dihydro- 
carvone (II). 

Scheme I 

(M +) 

c-4 2+ 
(b) 
role=95 

(c) 

Table II. Important peaks (in order of decreasing abundance) in the 
mass spectrum of 0¢-dicarvetone (IV) 

•/•-•i• 
+ mle Relative abundance % 2J, z 

0 G-0 

~- ~ ~ 151 100.00 13.86 
67 23.09 3.20 
93 21.82 3.02 
41 20.82 2.89 

(a) 302 20.54 2.85 
110 7.09 0.98 

~ 54 2.36 0.33 
o C---0 219 1.09 0.15 

It 

+CH3GH ~ 

(b) 
m/e 95 

6 D. H. WILLIAMS, H. BUDZlKIEWlCZ, Z. PELAH and C. DJERASS[, 
Mh. Chem. 9a, 166 (1964). 
Two types of ~z-cleavage (a) C1-C = (b) C1-C ~ are theoretically 
possible. In dihydrocarvone (II) both processes compete favourably 
whereas, in c~-dicarvelone (IV) process (a) predominates. 

s R. I. REED in Mass Spectrometry o] Organic Ions (Ed. F. W. 
McLAFFERT'¢; Academic Press, N.Y. 1963), p. ~566. 
J. SEIBL and T. G~.UMANN, Z. analyt. Chem. 197, 33 (1963). 

10 K. BIEMANN, Mass Spectrometry (McGraw-Hill Book Comp. Inc., 
N.¥. 1962), p. 101. 
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The  correctness  of the  s t ruc ture  (IV) was fur ther  
verif ied by  the  fol lowing exper iments .  Te t rahydro-a -d i -  
ca rve lone  (V) on reduc t ion  wi th  L A H  as well  as w i th  
N a B H  4 furnished the  diol  (VII I ) ,  m.p.  215-216°C;  vmax 
3330 and 1024 cm -x (hydroxyl) ,  no ca rbonyl  band ;  N M R  
(CDClz) z:  9.04, 9.11 (doublet,  pa r t l y  over lapped ,  two  

f I 
CHa-CH- and  two  CH3-CH-CH3), 8.48 (sharp singlet,  
~ C H O H ,  d isappeared  af ter  exchange  wi th  D20  ). Benzoy-  
la t ion of the  diol (VIII)  in pyr id ine  a t  room t e m p e r a t u r e  
afforded d ibenzoate  (IX), m.p. 199°C; I R - s p e c t r u m :  
1714, 1276 and 1110 cm -1 (aromat ic  ester) ; N M R  (CDC13) 

O 

v: 1.91, 2.46 (10H, mul t ip le t ,  two C~H~-C-), 4.62 (2H, 
! 

broadened  singlet,  two - C H - O - ) ,  9.03 and  9.12 (18H, 
! 

doublet ,  pa r t l y  over lapped ,  two  C H 3 - C H -  and two  
1 

CH~-CH-CH~). Pyrolys is  of d ibenzoate  (IX) a t  280 ~: 10°C 
in a tmosphere  of n i t rogen  yie lded an olefin (X), b.p. 
150- t60°C  (bath)/2 ram;  single spot  on T L C  pla te ;  I R -  
spec t rum (liquid film) : 816 and 1649 cm -~ ( t r isubst i tuted 
double  bond) ;  N M R  (CCI,) v: 4.50 (2H, sharp  singlet, 

I I I I 
two  HC--C-), 8.36 (6H, singlet,  two CHa-C=CH)n , 9.09 
(12H, doublet ,  J = 5.5 c/s, t w o - C H ( C H a ) ~ ) ;  M.S.:  m/e  
274 (3.23% 27~, M+), m/e  164 (9.24% 2:a,, base peak),  
m/e  55 (2.51°/o 2:it). H igh  resolut ion measurements  wi th  
(X) d e m o n s t r a t e  t h a t  t he  ion of mass 55 is a lmos t  due  to  
C, Hr+ and  its fo rmat ion  can  be ra t ional ized by  invoking  
a reverse  DIELS-ALD~R f ragmen ta t ion  of (X) fol lowed by  
e l iminat ion  of a m e t h y l  radical  n .  Thus,  t he  fo rmat ion  of 

t r i subs t i tu ted  olefin (X) coupled wi th  earlier resul ts  

c lear ly  rule ou t  the  s t ruc ture  (III) and establ ish un- 
equ ivoca l ly  the  s t ruc ture  (IV) for x-dicarvelone  whose  
fo rmat ion  can  be sat isfactor i ly  expla ined by  the  p a t h w a y  13 
depic ted  in Char t  I (Scheme II) .  

W e  are  cu r ren t ly  inves t iga t ing  the  s t ruc tu re  of t -  and  
~-isomer repor ted  by  %VALLACH. This  work  a long wi th  
thei r  s t e reochemis t ry  will be  repor ted  in our  n e x t  com-  
munication**. 

Zusammen]assung. Die S t r u k t u r  des Terpens  a-Dicar-  
ve lon  wird endgi i l t ig  aufgeklgr t .  

T. C. JAIN, R. J. STRIHA 
and  ELIZABETH STEWART 

Department o[ Chemistry, University o/ Victoria, 
Victoria (B.C., Canada), 6 September 1967. 

11 K. SUGA, S. WATANAB]*. and K. KAMMA, Can. J. Chem. 45, 933 
(1967). 

lz A. F. TItOMAS and 13. WILLIlALM, Helv. ehim. Acta d7, 475 (1964). 
*s Dimerization of earvone during methylation studies has been 

recently reported. See, D. W. THEOBALD, Tetrahedron 23, 2767 
(1967). 

1~ Financial assistance by the National Research Council of Canada 
and the University of Victoria Research Grant is gratefully 
acknowledged. Vv'e thank Professors D. J. MAcLAURIN and A. J. 
"WOOD for their interest in this work. One of the authors (T.C.J.) 
is especially indebted to Drs. O. E. EDWARD, T. J. KING and 
V. BOEKELHEIDE fox- stimulating discussions. 

A N u m b e r i n g  S y s t e m  f o r  C a m p t o t h e c i n  B a s e d  o n  I t s  B i o g e n e s i s  

The unusua l  pen tacyc l ic  a lkaloid campto thec in  (I), 
isolated by  WALL and co-workers  f rom Cam ptotheca 
acuminata (Nyssaceae) 1, is most  p robab ly  of t r yp tophane -  
te rpene  origin. 

The  quinol ine  sys tem mus t  be formed by  ox ida t ion  of 
an indole  double  bond, fol lowed by  recycl iza t ion  and 
a romat i za t ion  : 

0 

The  remainder  of the  camp to thec in  (I) molecule  in- 
corpora tes  t he  well  recognized 10 carbon moie ty  (here 
represented  by  th ick  lines) which is also present  in 
a jmal ic ine  (II). In  t he  case of the  indole alkaloids, this  10 
carbon f r agment  has been  clearly shown to be  of te rpen-  
oidal origin ~-~. 

0 
9 _ 7 5 ~ U16%. ]7 ~ 6 

1 CH~OOC~ 0 

Fol lowing the  LE MEN-TAYLOR sys tem 7, the  number ing  
sys tem below is therefore  suggested for c amp to thec in  (I), 
in ana logy  wi th  a jmal ic ine  (II). 

The  pyr idone  ca rbonyl  carbon in campto thec in  has  
been  des ignated  16a for convenience,  a l though  this a t o m  
is no t  assigned a n u m b e r  in the  LE M~N-TAYLOR scheme. 

Rdsumd. Un mode  de num6ro ta t ion  pour  la campto-  
thecin  est propose, bas6 sur la biogen~se de cet  alcalo'ide. 

M. SHAMMA 

Department o/ Chemistry, The Pennsylvania 
State University, University Park (Pennsylvania 
16802, USA), 20 November 1967. 
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