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m.p. 145-163' dec. Alternatively, to a solution of 
silver perchlorate in thiophene was added methyl 
iodide, and the reaction mixture was treated as above. 
Anal. Calcd. for c6H7SPF6: c, 24.7; H, 2.9; s, 
13.2; PF6, 59.6; mol. wt., 244. Found: c, 24.8, 
24.9; H, 2.9, 3.0; S, 14.3, 15.0; PF6, 59.3, 59.4; mol. 
wt. 247. The ultraviolet absorption spectrum showed: 
A:;: 225 (log E 3.49)) 269 mp (2.75); since hexafluoro- 
phosphate anion does not absorb in the 200-400 mp 
region, the spectrum is that of the thiophenium cation. 
The infrared spectrum included peaks at  A::: 3.2 
(assigned to the onium methyl C-H) and 14.0 p 
(aromatic C-H out-of-plane vibration) . z  

The n.m.r. spectrum (DC02D) shows a singlet a t  
6 3.283 which we ascribe to the S-CHs hydrogens 'and a 
singlet with a slightly broadened base a t  6 7.65 (ring 
hydrogens) present in the ratio 4:3.  A weak band a t  
6 3.24 also appears and must be due to the methyl 
deuterioformate formed by alkylation of the solvent by 
the thiophenium salt. In repetitive scans of the sample 
this band showed increasing intensity and the bands at  
6 7.15 and 2.80 decreased (but retained their relative 
intensities) ; a t  the same time, the characteristic mul- 
tiplet of thiophene centered around 6 6.9 (barely dis- 
tinguishable from noise in the first spectrum of the 
series) became more pronounced. 

Hydrogenation of I over palladium yielded a tetra- 
hydro derivative whose infrared spectrum was identical 
with that of the sulfonium fluorophosphate prepared 
from thiophane, methyl iodide, and sodium hexa- 
fluorophosphate. Anal. Calcd. for CsHllSPFe: C, 
24.3; H, 4.5. 

Acknowledgment.-This work was supported in 
part by an institutional grant to New York University 
from the American Cancer Society. We wish to 
thank Mr. John Olsen for technical assistance. 

Found: C, 24.1, 23.9; H, 4.5, 4.5. 

( 2 )  L. J. Bellamy, "The Infrared Spectra of Complex Molecules," 2nd 
E d . ,  John Wiley and Sons, Inc., New York, N. Y . ,  1958, p. 75. 

(3) Since tetramethylsilane reacted with the  methyltbiophenium ion, 
chemical shifts were determined with reference t o  the  metbyl peak of DC02- 
CHa and corrected t o  a T M S  internal standard. 
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Selective Reduction of Polyhalogenated Olefins with 
Sodium Borohydride 

Sir: 
We wish to report that  the reaction of polyhalo- 

genated olefins with sodium borohydride in diglyme a t  
0' provides a selective reduction of vinylic halogen to 
yield monohydropolyhalogenated olefins. 

In this way 1,2-dichlorohexafluorocyclopentene has 
been converted in a yield of 887, to 1-hydro-2-chloro- 
hexafluorocyclopentene, b.p. 77.5' (746 mm.), T L ~ O D  

1.3432, C=C at  1635 c m . ~ ' . ~  The proton magnetic 
(1) I n  contrast t o  t he  formation of olefins in these reactions, Wartik 

and Pearson2 found tha t  the sodium borohydride reduction of vinyl bromide 
and allyl bromide yielded dialkyldiboranes. 

(2 )  T. Wartik and R. K. Pearson, J .  Inorp .  X u d .  C h e m . ,  6 ,  250 (1958). 
(3) J. A. Sedlak, Ph.D. Thesis, Ohio S ta t e  University, 1960, reports b.p. 

75.2-76.9". C=C 1637 cm.-'. 

resonance spectrum4 exhibited a complex multiplet at 
T 3.50 in agreement with the structure containing a 
vinylic proton. In a similar manner, 1,2-dichloro- 
tetrafluorocyclobutene was converted in 83% YiEld to 
1 -hydro-2-chlorotetrafluorocyclobutene, b. p, 59. D (744 
mm.), n P 0 ~  1.3463, C=C 1596 cm.-', vinyl proton 
multiplet a t  r 3.33,5 and octafluorocyclopentene was 
converted in 73y0 yield to 1 -hydroheptafluorocyclo- 
pentene, b.p. 45.5' (748 mm.),  n Z o ~  1.297, C=C 
1695 cm.-', vinyl proton multiplet a t  r 4.07.6 When 
1-chloroheptafluorocyclopentene was subjected to the 
reduction reaction, 1-hydro-2-chlorohexafluorocy- 
clopentene was obtained in 88% yield by the preferen- 
tial reduction of vinylic fluorine. 

The smooth reduction of these olefins by borohydride 
contrasts with similar reported reductions with lithium 
aluminum hydride. Tatlow and co-workers7 have 
reported that the reduction of decafluorocyclohexene 
with lithium aluminum hydride yielded a mixture of 
eight reduction products formed by vinylic reduction 
and subsequent rearrangements of the starting olefin 
and the reduced olefins. Similarly, Sedlak3 has re- 
ported that reduction of 1,2-dichlorohexafluorocyclo- 
pentene with lithium aluminum hydride yielded only 
uncharacterized high boiling material and no simple 
reduction products. In comparison, the mild reduc- 
tion observed with sodium borohydride provides a 
convenient route to polyfluorinated olefins containing 
vinylic hydrogen. Examination of the scope of this 
reaction is continuing. 

The number of hydrides of the borohydride ion active 
in the reduction reaction has been found in these ex- 
amples to be dependent upon the substituents on the 
olefinic bond. The mole ratio of borohydride to olefin 
required to effect optimum conversion of the olefin 
to the monoreduction product was found to be 1 : 1 for 
the olefins containing the -CCl=CCl- grouping, 1 : 2 
for the -CF=CF- grouping, and 1 : 3  for the -CF= 
CC1- grouping. When the mole ratio of borohydride 
to olefin exceeded these ratios, the yield of the mono- 
reduction product decreased. 

In a four-necked 
flask was placed 25 ml. of dry diglyme (distilled from 
LiAlH4) and 22.8 g. (100 mmoles) of l-chlorohepta- 
fluorocyclopentene. This mixture was cooled to 0' 
and 34.3 ml. of 0.97 M sodium borohydride (33.3 m- 
moles) in diglyme was added dropwises keeping the tem- 
perature below 5'. After the addition of the boro- 
hydride was completed, the reaction mixture was 
stirred a t  0' for an additional 0.5 hr. and then cautiously 

The following procedure is typical. 

(4) The  proton magnetic resonance spectra were obtained with a Varian 
A60 spectrometer. T h e  spectra were run on the pure liquids containing 
tetramethylsilane a s  an  internal standard. I n  all cases, the proton resonance 
was observed as a complex multiplet due to  coupling with t h e  fluorines. 
The  reported values are the center position of these multiplets. 

( 5 )  J. D. Park, L. H .  Wilson, and J. R. Lacher, J .  Orp. C h e m . ,  28, 1008 
(19631, reported b.p. 53.8-54' (625 mm.), +OD 1.3452, C=C 1587 cm. -1.  

(6) R. J ,  Heitzman, C. R.  Patrick, R .  Stephens, and J. C.  Tat low,  J .  
Chem.  SOL., 281 (19631, report b.p. 4 6 O ,  C=C 1696cm.- l .  

( 7 )  D. E. M. Evans, W. J .  Feast ,  R. Stephens, and J .  C. Tatlow, ; b i d , ,  
4828 (1963). 

(8) During the  addition of the borohydride solution 12 mmoles (corrected 
to  S.T.P.) of hydrogen was evolved. The source of this hydrogen is not 
readily apparent but  was observed in all these reactions and was most pro- 
nounced in the  reaction of the  olefins containing the -CCI=CCI- grouping 
(33 mmoles of Hz was evolved when 100 mmoles of 1,2-dichlorohexafluoro- 
cyclopentene was treated with 100 mmoles of NaBH4 solution). The  large 
amounts  of hydrogen evolved cannot be due to  the scavenging of water by 
active hydride in the reaction mixture since, in several different reactions. 
the amount  of hydrogen evolved inci-eased in a progressive manner as  the  
reaction was scaled up in size. 
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hydrolyzed by the addition of water.$ After complete 
hydrolysis, the reaction mixture was poured into 50 ml. 
of ice-water and the organic layer was separated. 
Gas chromatographic analysis of the organic phase on a 
silicone rubber column showed the presence of 88 
mmoles ( 8 8 x 8 )  of 1-hydro-2-chlorohexafluorocyclo- 
pentene, 4 mmoles (4$&) of 1,2-dihydrohexafluoro- 
cyclopentene, and 4 mmoles (4%) of unreacted 1- 
chloroheptafluorocyclopentene. The 1-hydro-2-chloro- 
hexafluorocyclopentene was isolated by fractionation 
in a 36-in. spinning-band column. 

Acknowledgment.-This work was supported in part 
by a grant from the Public Health Service (GM 11809- 
01) for which grateful acknowledgment is made. 

(9) In  this reaction only 4 mmoles of hydrogen (corrected to S.T.P.) was 
evolved on hydrolysis. I n  the reactions of the  olefins containing the 
-CF=CF- and the  -CCl=CCI- groupings, much larger amounts of hydrogen 
were generated on hydrolysis, and the addition of water should be carried out  
cautiously 
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A New C-D Ring Cleavage of Dihydrocorynantheine 

Dihydroburnamicine Ring System' 
Derivatives. The Partial Synthesis of the 

Sir : 
Several examples of 2-acylindole alkaloids have 

recently been found and a 2-acylindole alkaloid has 
been suggested as an intermediate in the biogenesis 
of e~hi tamine .*-~  We wish to report a new C-D ring 
cleavage of dihydrocorynantheine which produces the 
2-acylindole chromophore and has been used in the 
partial synthesis of dihydroburnamicine. 

The action of lead tetraacetate in benzene solution 
transforms dihydrocorynantheine to the expected 
7-acetoxy-iH-dihydrocorynantheine, m.p. 180-181°, 
in 23% yield based on unrecovered dihydrocorynan- 
theine.j The acetoxyindolenine afforded the cor- 
responding Nb-methiodide, I, m.p. 206' dec., upon ex- 
posure to methyl iodide. Hydrolysis of 'i-acetoxy- 
7H-dihydrocorynantheine methiodide in refluxing aque- 
ous acetic acid containing sodium acetate afforded in 
55Tc yield the 2-acylindole compound 11, obtained in 
two crystalline modifications from ether solution. One 
form melted a t  153-155' (needles) and the other form 
(prisms) had m.p. 208-209°; they had identical in- 
frared spectra in chloroform solution. 

The structure of I1 is supported by the following 
observations. The ultraviolet spectrum in ether solu- 
tions shows normal 2-acylindole absorption [A:::' 
30T mp ( E  14,800)] which was changed to normal indole 
absorption by the addition of acetic acid. In ethanol 
solution the compound shows only the absorption ex- 
pected for a normal indole and cu-methoxymethylene- 
carbonyl chromophores. This striking solvent effect 

(1) The  authors gratefully acknou-ledge financial support  from the Na- 
tional Science Foundation (Grant GP-2.52) and the Kational Institutes of 
Health (Grant S B  03232-03). 

(2) SI.  F Bartlett  and W. I. Taylor,  J ,  A n i .  Chem. So'., 85, 1203 (1963). 
( 8 )  U.  Iienner. 1) .  -4. Prins. .4. 1.. Burlingame, and K .  Bieman, Helo. 

h l .  P .  Cava ,  S. K Talapatra,  J .  A. U'eishach, C h i w .  .4C/Q, 46, 2186 (1963),  
B L)ouglas. and G 0 I)udek, 7 ' e l r n h e d i o i i  L e i i e r s ,  No. 2,  53 (1963). 

(4) G. F. Smith,  ( h e m  Z i r i f  ( r a n d o n ) .  1120 (1961). 
( 5 )  S Finch, C. Gemeden. I. Hsu. and W 1 Taylor,  J .  A m .  Chern. Sor , 

86, 1.520 (1963) 

OAc 

I A\ 1 
CH30zC ACHOCH3 CHsOzC C H O C G  

11, R = O  
111, R = O H ,  H 

I 

is ascribed to the formation of an ionic species such as 
IV in polar solvents. The infrared spectrum (chloro- 
form solution) of I1 has a strong band a t  1640 cm.-l 
consistent with the 2-acylindole structure. The n.m.r. 
spectrum of I1 exhibits a sharp signal a t  7 8.36 at- 
tributed to the N-methyl group. That the S-methyl 
group should appear a t  such high field is not unex- 
pected since the N-methyl group of protopine appears 
7 8.08.6 Compound I11 has a pK, of 9.02 (50yG aque- 
ous methanol) which is very close to that reported 
for burnamicine.2 

The 3-keto compound, 111, was quite resistant to 
reduction with sodium borohydride in aqueous meth- 
anol. This inertness is ascribed to the formation of 
the ionic species I V  in polar solvents. In accord with 
this hypothesis, I1 is smoothly reduced to the cor- 
responding alcohol, 111, m.p. 179-180', in 1,2-di- 
methoxyethane. The alcohol shows the expected 
infrared and ultraviolet spectra and its n.m.r. spectrum 
shows the N-methyl group shifted downfield to T 7.76. 

130 1198 

h 
TX T n 
L V  

V, R = C H O  
VI, R=CHzOH 

Saponification and acid-catalyzed hydrolysis of the 
2-acyindole I11 was accompanied by decarboxylation 
to give in 60% yield the ketoaldehyde V which was 
used without deliberate purification. The infrared 
spectrum in chloroform solution showed absorptioE 
at 1720 and 1640 cm.-'. The ketoaldehyde was con- 
verted in 50yo yield to dihydrob~rnamicine~ VI by 
the action of sodium borohydride in aqueous methanol. 
The dihydroburnamicine obtained in this manner 
melted a t  101-103° after crystallization from benzene. 
The crystalline material retains benzene which is shown 
by combustion analysis and its n.m.r. spectrum. The 
benzene is removed by extended drying a t  SO' under 
reduced pressure. The ultraviolet spectrum in ether 
shows 2-acylindole absorption [A,,, 307 mp ( e  13,900)] 
changed to a normal indole spectrum upon addition of 
acetic acid. The ultraviolet spectrum in ethanol 

(6) pi. S.  Bhacca, L. F. Johnson, and J. N. Shoolery, " K M R  Spectra 
Catalog," Varian Associates, Palo A l t o ,  Calif., 1962, No. 339 

( 7 )  A direct comparison of our material with the reduction product of 
authentic burnamicine was not possible since no burnamicine remained from 
structural studies.? We wish to thank  l l r .  Taylor for a helpful discussion of 
this problem. I t  is not certain t h a t  dihydroburnamicine prepared from 
dihydrocorynantheine has the same absolute configuration a t  C-18 as 
authentic burnamicine but biogenetic considerations suggest tha t  this 
should be the case 


