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and natural abundance R-Il (poly(S*/i?*-II) and poly(S*/./?-
II)).12 13C CP MAS NMR spectra of poly(S*/.R*-II) and 
PoIy(S* /R-Il) gave imine carbon resonances (165 ppm) with 
widths at half-height at 493 and 327 Hz, respectively. This peak 
narrowing can be attributed to a reduction in the 13C-13C di-
pole-dipole relaxation mechanism in the singly labeled sample 
as opposed to the doubly labeled sample due to 13C spin dilution 
along the individual polymer chains.17 Hence, the singly labeled 
sample must have 13C (S) carbons bound to 12C (R) carbons, 
demonstrating that polyCR/S-II) is, in fact, a stereocopolymer. 

Contrary to reports in the literature, we have shown that ste
reoselectivity is realized only to a limited degree in the polym
erizations of II and III, with the AAG* values obtained repre
senting an upper limit to this process. In light of the fact that 
poly(II) is the most widely studied polyisocyanide18 and often 
serves as a point of reference for other polyisocyanides,1119 the 
absence of absolute stereoselectivity in polymerizations of II places 
the universally presumed absolute stereoselectivity of less sterically 
encumbered polyisocyanides in serious doubt. 
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(Trifluoromethyl)copper has been demonstrated to be one of 
the most important reagents for the introduction of a trifluoro
methyl group into organic molecules.1 Previous preparations of 
this copper reagent have been achieved via the reaction of tri
fluoromethyl iodide, (trifluoromethyl)mercury, or iododifluoro-
methane sulfonyl fluoride with copper, but these methods have 
either employed expensive reagents or required high temperatures. 
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Recently, we reported a low-temperature pregenerative route to 
(trifluoromethyl)copper by the in situ metathesis of (trifluoro-
methyl)cadmium or -zinc reagents with cuprous halides.2 The 
requisite cadmium and zinc reagents were prepared from the 
reaction of difluorodihalomethane with cadmium or zinc.3 Al
though two different copper species can be formed in DMF so
lution, both slowly decompose at room temperature to afford 
(pentafluoroethyl)copper in quantitative yield.2'4 The mechanism 
of the decomposition reaction has not been investigated in detail, 
but it is obvious that a CF2 unit inserts into the carbon-copper 
bond. Since (trifluoromethyl)copper appeared to be a CF2 transfer 
reagent, we were interested in determining whether (trifluoro-
methyl)copper could insert CF2 units into other organometallic 
reagents or only insert into itself. 

We report herein the preliminary results of a novel and efficient 
double insertion reaction of CF2 into the carbon-copper bond of 
C6F5Cu generated from the metathesis of C6F5CdX with CuBr 
at room temperature. When a DMF solution of (pentafluoro-
phenyl)copper was added to a DMF solution of (trifluoro-
methyl)copper at -30 0C and the resulting mixture was warmed 
to room temperature with stirring, C6F5CF2CF2Cu5 was formed 
in 70-80% yields by 19F NMR analysis of the reaction mixture. 
Since the exchange reaction of (perfluoroorgano)cadmium or -zinc 
reagents with cuprous halides occurs rapidly,2 this insertion re
action could be simplified by in situ generation of the copper 
reagents. Thus, when 2 equiv of the (trifluoromethyl)cadmium 
or -zinc reagent and 1 equiv of C6F5CdX6 were stirred with 3 equiv 
of CuBr in DMF at room temperature for 40 min, C6F5CF2CF2Cu 
was observed in 70-80% yields. 

C6F5Cu + 2CF3Cu .„._, • C6F5CF2CF2Cu 
-30 C to RT 70-80% 

CuBr 
C6F5CdX + 2CF3MX — - C6F5CF2CF2Cu 

M = Cd, Zn RT 70-80% 
Multiple insertion of CF2 units into C6F5Cu was not observed 

even when a large excess of CF3Cu was utilized. When 3-9 equiv 
of CF3Cu was slowly added to a solution of C6F5Cu, only C6-
F5CF2CF2Cu and CF3CF2Cu were formed; no C6F5(CF2)„Cu (n 
> 2) was detected by 19F NMR analysis of the reaction mixture. 
Insertion of CF2 into the primary copper reagent, C6F5CF2CF2Cu, 
is slower than insertion into the more reactive CF3Cu. 

Previous reports have demonstrated that the formation of 
(trifluoromethyl)cadmium or -zinc reagents from difluorohalo-
methane involved difluorocarbene as an intermediate,3 and (C-
F3)2Cd has been used to produce difluorocarbene which can be 
trapped by alkenes.7 Although the product was formed, ap
parently from the double insertion of difluoromethylene into the 
carbon-copper bond, no evidence was obtained for a free di-
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fluorocarbene intermediate. When the insertion reaction was 
carried out in the presence of an excess of tetramethylethylene, 
the sole product was C6F5CF2CF2Cu; no difluorocyclopropane 
derivative was observed. We propose that CF3Cu is in equilibrium 
with a copper difluorocarbenoid complex,8 followed by insertion 
into the C-Cu bond of C6F5Cu to form C6F5CF2Cu, which is more 
reactive toward insertion than C6F5Cu. Consequently, only the 
double insertion product was formed. When the stoichiometry 
OfC6F5Cu and CF3Cu was 1:1, C6F5CF2CF2Cu was formed in 
55% yield and 45% of C6F5Cu remained. In the case of the 
addition of pregenerated C6F5CF2CdX9 to a solution of CF3CdX 
in the presence of CuBr, C6F5CF2CF2Cu10 was observed by 19F 
NMR analysis. 

CF3Cu — CF 2=CuF 

slow _ _ _ 

C6F5Cu + CF 2 =CuF • C6F5CF2Cu 

C6F5CF2Cu + CF 2=CuF -^* C6F5CF2CF2Cu 

C6F5CF2CF2Cu exhibits good thermal stability from room 
temperature to 55 0C. At higher temperatures (>85 0C) it 
undergoes decomposition. 

Typical reactions of the (perfluoro-2-phenylethyl)copper reagent 
formed in situ are illustrated in Scheme I. 

In conclusion, this work demonstrates that (trifluoromethyl)-
copper can be used for the insertion of CF2 units into the car
bon-copper bond of (pentafluorophenyl)copper and provides an 
unequivocal route to the (perfluoro-2-phenylethyl)copper reagent.11 

This reagent is also produced in high yield in situ from the 
(trifluoromethyl)cadmium or -zinc reagents and the (penta-
fluorophenyl)cadmium reagent in the presence of cuprous halide 
under mild conditions. Future work will focus on the applicability 
and generality of this novel difluoromethylene insertion process. 
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The synthesis of strychnine (1) by Woodward1 not only con
firmed its structure but also was the first total synthesis of a 
complicated natural product. Considering the extensive synthetic 
efforts devoted to indole alkaloids, the original Woodward report 
(1953) still stands as the only synthesis of strychnine.2 

As part of our studies on the synthesis of heptacyclic indole 
alkaloids,3 we report the synthesis of the hexacyclic relay com
pound 2, Scheme I, which has been correlated by degradation of 
strychnine, and its conversion into strychnine. 

The tetracyclic amine 34 (Scheme II) was treated with /?,/3,j3-
trichloroethyl chloroformate to give a mixture of 4 (38%) and 5 
(25%). Exposure of 4 to NaOMe/MeOH gave 5 (62% from 3). 
Protection of the indole nitrogen and reductive removal of the 
ftft/S-trichloroethyl carbamate (Zn/AcOH/THF) gave the sec
ondary amine 7. Acetylation of 7 with PhSCH2C02H/BOPCl 
gave the amide 8, which was directly oxidized to the diastereomeric 
sulfoxides 9. Treatment of 9 with NaH/THF resulted in intra
molecular conjugate addition to give the tetracyclic lactam 10 (as 
a mixture of stereoisomers at the C-S and S-O bonds). Similarly 
the sulfide 8 gave the corresponding tetracyclic lactam sulfide 10a 
(X-ray). The mixture of sulfoxides 10 was subjected to Pum-
merer-type conditions followed by mercuric ion assisted hydrolysis 
to give the dione 11 as a single stereoisomer which exists in 
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