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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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(8) Transition metal trifluoromethyl complexes (CF3-M) exhibit strong 
M-C and weak C-F bonds. Clark and Tsai have proposed a hyperconjugation 
argument that employs "no-bond* resonance structures (M=CF2)+F~. See: 
Clark, H. C; Tsai, J. H. J. Organomet. Chem. 1967, 7, 515. Also see: Cotton, 
F. A.; McCleverty, J. A. J. Organomet. Chem. 1965, 4, 490. Cotton, F. A.; 
Wing, R. M. J. Organomet. Chem. 1967, 9, 511. Lichtenberger, D. L.; 
Fenske, R. F. Inorg. Chem. 1974,13, 486. Hall, M. B.; Fenske, R. F. Inorg. 
Chem. 1972, ; / , 768. Brothers, P. J.; Roper, W. R. Chem. Rev. 1988, 88, 
1293. 

(9) C6F5CF2CdX could be readily prepared from the reaction of C6F5C-
F2Br and cadmium in DMF at room temperature. Metathesis of the cadmium 
reagent with CuBr at -35 0C gave a (perfluorobenzyl)copper reagent. "F 
NMR (DMF, vs C6H5CF3) indicated two species of the copper reagent in a 
7:1 ratio: A, -24.1 (t, / = 22.0 Hz, 2 F), -82.8 (m, 2 F), -97.7 (m, 1 F), 
-102.4 (m, 2 F); B, -28.0 (t, / = 22.0 Hz, 2 F), -82.8 (m, 2 F), -97.7 (m, 
1 F), -102.4 (m, 2 F). Addition of allyl bromide to the copper reagent solution 
caused the disappearance of both species and resulted in the formation of 
C6F5CF2CH2CH=CH2. 

(10) The enhanced reactivity of C6F5CF2Cu relative to C6F5Cu correlates 
with the stability of these reagents. C6F5CF2Cu decomposes readily at room 
temperature, whereas C6F5Cu is stable indefinitely at room temperature. 

(11) The insertion process is not specific for C6F5Cu. Other fluorinated 
copper reagents exhibit similar behavior. Preliminary work with P-XC6F4Cu 

(X = H, CH3O) yields P-XC6F4CF2CF2Cu. Similarly, C2F2NC2F2CCu gives 

C2F2NC2F2CCF2CF2Cu and (Z)-CF3CF=CFCu gives (£)-CF3CF= 
CFCF2CF2Cu under similar conditions. In related work,12 (EtO)2P(O)CF2Cu 
inserted CF2 to produce (EtO)2P(O)CF2CF2Cu. 

(12) Work in progress with H. K. Nair. 
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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 

+ University of Texas at Austin. 
'Indiana University. 
(1) Woodward, R. B.; Cava, M. P.; Ollis, W. D.; Hunger, A.; Daeniker, 

H. U.; Schenker, K. J. Am. Chem. Soc. 1954, 76, 4749. Woodward, R. B.; 
Cava, M. P.; Ollis, W. D.; Hunger, A.; Daeniker, H. U.; Schenker, K. Tet­
rahedron 1963, 19, 247. 

(2) Most recent published synthetic approaches: Fevig, J. M.; Marquis, 
R. W., Jr.; Overman, L. E. J. Am. Chem. Soc. 1991,113, 5085. Kuehne, M. 
E.; Frasier, D. A.; Spitzer, T. D. J. Org. Chem. 1991, 56, 2696. Grotjahn, 
D. B.; Vollhardt, K. P. C. / . Am. Chem. Soc. 1990,112, 5653. Kraus, G. A.; 
Thomas, P. J.; Bougie, D.; Chen, L. J. Org. Chem. 1990, 55, 1624. Legseir, 
B.; Henin, J.; Massiot, G.; Vercauteren, J. Tetrahedron Lett. 1987, 28, 3573. 
Bonjoch, J.; Casamitjana, N.; Quirante, J.; Rodriquez, M.; Bosch, J. J. Org. 
Chem. 1987, 52, 267. There are numerous other reports of synthetic en­
deavors, and these are referred to in the following: Massiot, G.; Delaude, C. 
African Strychnos Alkaloids. In The Alkaloids; Brossi, A., Ed.; Academic 
Press: New York, 1988; Vol. 34, p 211. Bosch, J.; Bonjoch, J. Pentacyclic 
Strychnos Alkaloids. In Studies in Natural Products Chemistry; Rahman, 
A., Ed.; Elsevier: Amsterdam, 1988; Vol. 1, p 31. 

(3) Magnus, P.; Katoh, T.; Matthews, I.; Huffman, J. C. J. Am. Chem. 
Soc. 1989, / ; ; , 6707. Magnus, P.; Gallagher, T.; Brown, P. J. Am. Chem. 
Soc. 1984, 106, 2105. Gallagher, T.; Huffman, J. C; Magnus, P. J. Am. 
Chem. Soc. 1983, 105, 2086. Magnus, P.; Gallagher, T.; Brown, P.; Pappa-
lardo, P. Ace. Chem. Res. 1984, 17, 35. 

(4) Magnus, P.; Ladlow, M.; Elliott, J.; Kim, C-S. J. Chem. Soc, Chem. 
Commun. 1989, 518. Ethyl ester of 3: Wenkert, E.; Garratt, S.; Dave, K. 
G. Can. J. Chem. 1964, 42, 489. 
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Scheme I Scheme III 

O' H 
1, Strychnine 

Scheme IF 

2, Relay Compound 
(R = SO2C6H4OMe-P) 

,CO2CH2CCl3 

10 (90%) 
10a(sulfide) 5 (R = Troc, R' = H)(62% from 3) 

6 (R = Troc, R' = CO2Me)(90%) 
7 (R = H, R' = CO2Me)(90%) 

(R = COCH2SPh, R' = C02Me)(69%) 
9 (R = COCH2SOPh, R' = CO2Me)(BOV.) 

13 (R' = CO2Me)(100%) 
14 (R' = H)(92%) 

"(a) TrocCl/CH2Cl2, 4 (38%)/5 (25%). (b) NaOMe/MeOH, 5 
(98%). (c) 50% aqueous NaOH/CH2Cl2/ClC02Me, PTC (90%). (d) 
Zn/AcOH/THF (90%). (e) PhSCH2C02H/BOPCl/Et3N/CH2Cl2 
(69%). (0 MCPBA/CH2Cl2/0

 0C (80%). (g) NaH/THF (90%). (h) 
TFAA/2,6-di-fe«-butyl-4-methylpyridine. (i) HgO/CdC03/THF, 
H2O (81% from 10). (j) BrCH2CH2OH/DBU/toluene (90%). (k) 
BH3-THF (100%). (1) Na2C03/MeOH reflux (92%). (m) Hg-
(OAc)2/AcOH (65%). 

equilibrium with its ketone hydrate. The ketal 12 could be readily 
formed by treatment of 11 with BrCH2CH2OH/DBU/toluene.5 

Reduction of 12 with BH3-THF gave 13, which was hydrolyzed 
to the unprotected indole 14. Remarkably, during purification 
by chromatography (SiO2) 14 was partially converted into the 
cyclized product 15! Dehydrogenation of the tertiary amine 
functionality in 14 can, in principle, give rise to the three iminium 
ions 14a-c, Scheme III. The desired iminium ion 14a is the least 
strained and is endocyclic to both six- and nine-membered rings. 
In a more controlled fashion, treatment of 14 with Hg(OAc)2/ 
AcOH/25 °C gave 15, along with small amounts of the cyclized 
product from 14b and an aryl mercurated derivative of 15 which 
upon reduction (NaBH4) gave 15.6 

(5) Newkome, G. R.; Sauer, J. D.; McClure, G. L. Tetrahedron Lett. 1973, 
1599. 

17 (R = H)(95%) 
18 (R = SO2C|H4OMe-p)(70%) 
18a (derived alcohol)(67%) 

2, Relay Compound 
(R = S02C,H4OMe-p)(55%) 

°(n) Zn/H2S04/MeOH (88%). (o) MeONa/MeOH (95%). (p) 
p-MeOC6H4S02Cl/EtN'Pr2/DMAP/CH2Cl2 (70%). (q) LiBH4/ 
THF/HN(CH2CH2OH)2 (67%). (r) HClO4 (55%). 

Scheme V*» 

OH 
20 (R = H, W-G A) 
21 (R = SO2C6H4OMe-P) 

R H 
2, Relay Compound 

0R = SO2C6H4OMe-P. '(a) OsO4 (cat.)/7V-methylmorpholine N-
oxide/THF-'BuOH-H20 (70-80%). (b) LiBH4/THF (43-56%). (c) 
H5KyCF3CO2H-MeOH-H2O (55-61%). 

We have made both antipodal forms of 11 by coupling 7 with 
(-K)-P-CH3C6H4S(O)CH2CO2H, separating the four diastereomers 
of the cyclized sulfoxide analogue of 10, combining the pairs with 
the same absolute configuration (ORD/CD), and conversion into 
11. 

The 0-aminoacrylate 15 was reduced to the saturated ester 16 
by treatment with Zn/H2S04 /MeOH, Scheme IV. The stere­
ochemistry of 16 (a-C02Me) was evident from the vicinal 1H 
coupling of 4.5 Hz, and this was confirmed by X-ray crystal 
analysis of the N-acetyl derivative 16a. Treatment of 16 with 
NaOMe/MeOH completely epimerized the ester to give 17 
(vicinal 1H coupling of 9.9 Hz), which was protected as the 
p-methoxybenzenesulfonamide derivative 18. Reduction of 18 
with LiBH4/THF gave the corresponding alcohol 18a, with a 
boron hydride moiety attached to the basic amine. Treatment 
of this compound with perchloric acid resulted in reduction of the 
deprotected carbonyl group and the formation of 19 (X-ray). 
Carrying out the LiBH4 reduction followed by treatment with 
diethanolamine removed the boron hydride species, and then the 

(6) This type of dehydrogenation has been used for the synthesis of As-
pidosperma and Strychnos alkaloids. Camerman, A.; Camerman, N.; Kutney, 
J. P.; Piers, E.; Trotter, J. Tetrahedron Lett. 1965, 637. Crawley, G. C; 
Harley-Mason, J. / . Chem. Soc, Chem. Commun. 1971, 685. 
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Scheme VI"» 

1, Strychnine 

"R = SO2C6H4OMe-P. '(a) (EtO)2P(0)CH2CN/KHMDS/THF 
at 25 °C (72%). (b) DIBAL/CH2C12 H3O

+ workup. NaBH4/Me0H 
(31%). (c) 2 N HCl/MeOH (81%). (d) TBDMSOTf/DBU/CH2Cl2, 
-20 0C (60%). (e) S03-C5H5N/DMSO/Et3N (70%). (f) py/HF 
(60%). (g) Na/anthracenide/DME (85%). (h) CH2(C02H)2/Na-
OAc/Ac2O (70%). 

ketal hydrolysis proceeded, as expected, to give the furanoside relay 
compound 2. 

At this stage we decided that 2 might be more readily available 
from degradation of strychnine (1), allowing examination of the 
final stages with substantially more material.7 

The Wieland-Gumlich aldehyde (W-G A) 208 was treated with 
p-MeOC6H4S02Cl/py (70%) followed by catalytic osmylation9 

to give the rearranged glycoside derivative 22 (70-80%) (X-ray). 
Reduction (LiBH4) of 22 gave the tetrol 23 (43-56%), which was 
cleaved (H5IO6) to give the relay compound 2 (55-61%). Using 
this sequence 2 is available in gram quantities in three steps from 
21, Scheme V. 

Treatment of 2 with TIPSOTf/DBU/CH2Cl2 from 0 0C to 
25 0C gave the ketone 24 (69%). When 24 was treated with 
(EtO)2P(0)CH2CN/KHMDS/THF at 25 0C, it was cleanly 
transformed into 25 (72%) as a mixture of geometrical isomers, 
3:2, with the desired E isomer in excess. The stereoisomers 25/25a 
were readily separated, and the desired E isomer was reduced with 
DIBAL followed by NaBH4 to give 26 (31% for two steps). The 
Z isomer could be converted into a mixture of the E and Z 
stereoisomers by irradiation (tungsten) in benzene. In this way 
we could obtain (E)-IS in 52% yield after one cycle. Desilylation 
(2 N HCl/MeOH, 16 h) gave the diol 27 (81%), which was 
identical with the material made by DIBAL reduction (90%) of 
21. Selective protection of the allylic hydroxyl (TBDMSOTf/ 
DBU/CH2Cl2/-20 0C) followed by oxidation (SO3-C5H5N/ 
DMSO/Et3N) gave the aldehyde 29 (42% for two steps). De­
silylation (py/HF) of 29 gave the protected W-G A 21 (60%), 
which was deprotected (Na/anthracenide)10 to give 20 (85%). 

(7) It is amusing to note that strychnine is less expensive than tryptamine! 
(8) Wieland, H.; Gumlich, W. Justus Liebigs Ann. Chem. 1932, 494, 191. 

Wieland, H.; Kaziro, K. Justus Liebigs Ann. Chem. 1933, 506, 60. Deyrup, 
J. A.; Schmid, H.; Karrer, P. HeIv. Chim. Acta 1962, 45, 2266. Hymon, J. 
R.; Schmid, H.; Karrer, P.; Boiler, A.; Els, H.; Fahrni, P.; Fiirst, A. HeIv. 
Chim. Acta 1969, 52, 1564. Anet, F. A. L.; Robinson, R. J. Chem. Soc. 1955, 
2253. 

(9) Van Rheenan, V.; Kelly, R. C; Cha, D. Y. Tetrahedron Lett. 1976, 
1973. 

Since Robinson" has converted 20 into strychnine by treatment 
with CH2(C02H)2/NaOAc/Ac20 (70%), this completes the 
second synthesis of strychnine, and the first of the W-G A, Scheme 
VI. 
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Enantioselective complexation is a very important aspect of the 
field of molecular recognition. Modified crown ethers in particular 
have played fundamental roles as synthetic hosts in this field.1 

Cram and Lehn showed that chiral crown ethers involving 1,1-
dinaphthyl units2 or tartaric acid derivatives,3 respectively, ex­
hibited a high degree of enantioselectivity toward organic am­
monium ions in solution. Many workers have continued to in­
vestigate enantiomeric selectivity with other types of modified 
crown compounds.1'4"6 These selectivities are based upon different 
association constants, rate constants, calorimetric data, etc. To 
date, various detection methods of such diastereomeric complexes 
and their applications have been extensively developed with a 
variety of methods, such as NMR,6'7 UV,8 HPLC,9 and others.10 

However, the application or the applicability of fast atom bom­
bardment mass spectrometry (FABMS) to this has been virtually 
unknown.11"14 We report here the first observation concerning 

(1) For example: Vogtle, F.; Weber, E. In The Chemistry of Ethers, 
Crown Ethers, Hydroxyl Groups and Their Sulphur Analogues; Parai, S., 
Ed.: John Wiley: New York, 1980; Part 1, Chapter 2. 

(2) Kyba, E. B.; Koga, K.; Sousa, L. R.; Siegel, M. G.; Cram, D. J. J. Am. 
Chem. Soc. 1973, 95, 2692. 

(3) Lehn, J.-M.; Sirlin, C. /. Chem. Soc, Chem. Commun. 1978, 949. 
(4) Stoddart, J. F. Chem. Soc. Rev. 1979, 8, 85. 
(5) Chadwick, D. J.; Cliffe, 1. A.; Sutherland, I. O. J. Chem. Soc, Chem. 

Commun. 1981, 992. 
(6) Davidson, R. B.: Bradshaw, J. S.; Jones, B. A.; Dalley, N. K.; Chris-

tensen, J. J.; Izatt, R. M. J. Org. Chem. 1984, 49, 353. 
(7) Wenzel, T. J. NMR Shift Reagents; CRC Press: Boca Raton, FL, 

1987; Chapter 3. 
(8) Kaneda, T.; Hirose, K.; Misumi, S. J. Am. Chem. Soc. 1989, 111, 742. 
(9) Pirkle, W. H.; Pochapsky, T. C. Chem. Rev. 1989, 89, 347. 
(10) Goldberg, I. In The Chemistry of Ethers, Crown Ethers, Hydroxyl 

Groups and Their Sulphur Analogues; Patai, S., Ed.; John Wiley: New York, 
1980; Part 1, Chapter 4. 

(11) Fenselau, C; Cotter, R. J. Chem. Rev. 1987, 87, 501. 
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