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The relative catalytic activities of Ni group metals in the reactions of perfluoroalkyl and polyfluoroalkyl iodides
with tertiary amines to give enamines were compared, giving a reactivity order Ni > Pd > Pt, which parallels
the order of the first ionization potential of the three metals. In comparing the Ni-catalyzed reaction of iodide
1 with tertiary amines containing zero to three methyl groups, it was found that in the case of trimethylamine
only the reduced product 4 was formed, while the other three types of tertiary amines produced enamines (19,
21, 23) as well as 4. The chemoselectivity of this reaction was studied. A mechanism is proposed for the reaction.
Acid hydrolysis of (fluoroalkyl)enamines afforded enaminones or aldehydes depending upon the presence or absence

of an alkyl group at the 3-carbon.

It is well-known that fluoroalkyl halides (RpX: Ry =
perfluoro- or polyfluoroalkyl; X = Cl, Br, I), unlike the
alkyl halides, are not able to form quarternary ammonium
salts. Pullin et al.! reported that perfluoroalkyl halides
react with tertiary amines to form 1:1 acceptor/donor
adducts:

RpI-NR4

Since then, few reports have appeared in the literature
concerning this reaction.

Our discovery of the formation of enamines in the Pd-
catalyzed reactions of perfluoro- and polyfluoroalkyl iod-
ides with tertiary amines® led us to study this novel re-
action in detail. The following is the general equation of
this reaction

9R;CF,I + SRCH,CH,NRIR?
n-Lellyy

RpCF,C(R)=CHNR!R? + RzCF.,H +
2(RCH,CH,)NR!R%HI
where Rp = CF4(CF,),, CICF,(CF,),; R = H, alkyl; R, R?
= alkyl; M = Ni, Pd, Pt; and L = PPh,.

Results and Discussion
Relative Reactivities of the Catalysts. In a com-

ML,

(1) (a) Cheetham, N. F.; Pullin, A. G. E. Aust. J. Chem. 1971, 24, 479.
(b) Mishra, A.; Pullin, A. G. E. Aust. J. Chem. 1971, 24, 2497. (c¢)
Cheetham, N. F.; McNaught, L. J.; Pullin, A. G. E. Aust. J. Chem. 1974,
27, 987. (d) McNaught, I. J.; Pullin, A. G. E. Aust. J. Chem. 1974, 27,
1009.

(2) (a) Huang, Y. Z.; Zhou, Q. L.; Li, J. S. Youji Huaxue 1985, 332. (b)
Huang, Y. Z.; Zhou, Q. L. Tetrahedron Lett. 1986, 27, 2397.
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Scheme I

ML
CHUCF2)5CFaI + (RCH2CH2)3-,N(CHa)y —=

1 2
R (CH3),
CHCFp5CFaC==CHN(CHyCHaR)p_, + CI(CF,)5CFH +
3 4
HI *N(CHg)»(CHzCH2 R)a—p
R = H, CHg, CaHg: 7= 0-2: M = Ni, Pd, Pt; L = PPhg

Table I, Relative Reactivities of the Catalysts in the
Reactions of 1 with Various Amines

yield,” %

amine catalyst temp, °C/time,h 3 4
(CH;CH,)sN Ni(PPhg), room temp/0.5 50 50
(CH3;CH,y)3N Pd(PPhy), 60/0.5 50 50
(CH,CH,);N Pt(PPhy),  60/0.5 48 52
(n-Pr);N Ni(PPhy), room temp/0.5 50 50
(n-Pr);N Pd(PPhg),  60/0.5 45 55
(n-Pr);N Pt(PPhy), 60/0.5 50 50
(CH3CH,;),NCH; Ni(PPh,), room temp/0.5 35 65
(CH;CH,),NCH;, Pd(PPhg), 60/0.5 36 65
(CH;3;CH,),NCH; Pt(PPhy), 70/2 tr 89
(n-Pr)N(CH,), Ni(PPhy), room temp/2 15 85
(n-Pr)N(CH,), Pd(PPhy),  70/1 7 83
(n-Pr)N(CH,), Pt(PPhs), 70/2 tr 90

*Conditions for complete reaction of 1. ®Determined by F
NMR.

parison of the relative activity of Ni group metals (Scheme
D), it was found that in the reaction of iodide 1 with tri-

© 1987 American Chemical Society
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ethylamine and tri-n-propylamine catalyzed by 0.5 mol %
M(PPh,), (M = Ni, Pd, Pt) the Ni species possesses the
highest reactivity as evidenced by the fact that it is able
to catalyze the reaction at 0 °C or room temperature, while
the other two metal complexes require higher temperatures
(50-60 °C) to induce the reaction. Table I shows the
results. Although different temperatures are required for
the reactions with the various catalysts, the final yields of
the enamines 3 (45-50% based on iodide) and the reduced
products 4 (50%) are similar.

The relative reactivities of three kinds of catalysts in the
reactions of 1 with diethylmethylamine and n-propyldi-
methylamine have been compared; the results are shown
in Table L.

The relative catalytic activity of the three metal catalysts
is in the order Ni > Pd > Pt, which parallels the order of
the first ionization potentials of the metal (Ni 7.63, Pd 8.33,
Pt 9.0 eV). The reactivity of Ni(cod), is nearly the same
as that of Ni(PPhy),, and that of Pd(dppe); is nearly the
same as that of Pd(PPhy),. PdCl,(PPhy), is inactive.
These observations indicate that the kind and the oxida-
tion state of the metal in the complexes play an important
role.

Mechanism. It was found that light is not needed in
the reaction, initiators other than ML, such as AIBN and
peroxides do not initiate the reaction, and the reaction is
completely inhibited on adding a free-radical scavenger,
p-dinitrobenzene or hydroquinone. On the basis of these
facts, in our previous paper we proposed a simple two-step
mechanism.

RyCF,I + RCH,CH,NRIR? —
RCH—CHNR'R? + R;CF,H + HI

RyCF,I + RCH=CHNRIR? ——
RyCF,C(R)=CHNRIR? + HI

Here we suggest the more detailed mechanism shown in
Scheme II.

Scheme 11
RyCF,I + Pd — RgCF, + -Pdl 1)

RyCF, + RCH,CH,N< — RyCF, + RCH,CH,N*<
(2)

RCH,CH,N*< + R;CF,” — RCH,CHN< + R;CF,H

(3)

RCH,CHN< + .PdI - RCH=CHN< + HPdI  (4)
HPdI — HI + Pd

Equation 1 involves the formation of the perfluoroalkyl
radical RgCF,-. It is well-known that perfluoroalkyl iodides
undergo ready oxidative addition reactions with the Ni
group metal complexes. Kochi,® Osborn,* and Parshall®
and their co-workers have shown that the oxidative ad-
dition of active alkyl halides with d'°® metal complexes
might involve, at least in part, a single-electron transfer
(SET) or a radical-chain process. However, owing to the
reported stability of RgCF,PdIL,® it seems unlikely that

(3) (a) Tsou, T. T.; Kochi, J. K. J. Am. Chem. Soc. 1979, 101, 6319.
(b) Kochi, J. K. Pure Appl. Chem. 1980, 52, 571. (c) Foa, M.; Cassar, L.
J. Chem. Soc., Dalton Trans. 1975, 2572. (d) Fahey, D. R.; Mahan, J. E.
J. Am. Chem. Soc. 1977, 99, 2501.

(4) (a) Kramer, A. V.; Labinger, J. A.; Bradley, J. S.; Osborn, J. A. J.
Am, Chem. Soc. 1974, 96, 7145. (b) Kramer, A. V.; Osborn, J. A. J. Am.
Chem. Soc. 1974, 96, 7832. (c) Fitten, P.; Rich, E. A. J. Organomet.
Chem. 1971, 28, 287. (d) Osborn, A. J. In Organotransition Metal
Chemistry; Ishi, Y., Tsutsui, M., Eds.; Plenum: New York, 1975; p 65.

(5) Parshall, G. W. J. Am. Chem. Soc. 1974, 96, 2360.
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Scheme III
T
\ . RgCFzI
RECF2+ + RCH=CHN< -~ RpCFaCHEHNS ———2o
-ReCFz
9
R I R

[ |
RpCFCHCHN< -_P'rI ReCFC=CHN<
10 n

dissociation of a covalent complex can induce the observed
reaction. In fact, an authentic sample of RyCF,PdI(PPhy),
does not induce the reaction between 1 and a tertiary
amine, even in the presence of excess PPh;.

The second step (eq 2) involves the transfer of an
electron from the nitrogen atom to form the aminium
radical. This process resembles the electron transfers from
nitrogen in the chemical oxidations,” photochemical oxi-
dations,® and electrochemical oxidations® of amines, which
have been well established. Abstraction of a proton from
the a-carbon of the aminium intermediate by RyCF,
produces the reduced product 4 and the highly stabilized
a-aminoalkyl radical (eq 3). Abstraction of a 8-hydrogen
atom by ‘PdI finally produces an enamine and HPdI,
which undergoes reductive elimination to regenerate the
zerovalent metal catalyst. Another possibility is the ab-
straction of @ hydrogen directly by Ry, if so, the reaction
will not stop at one alkyl group in the case of a tertiary
amine. This is in contradiction with the experimental
facts.

An alternative to steps 3 and 4 is the sequence shown
in eq 5 and 6. Evidence has been obtained for the for-
mation of iminium ion intermediates and will be presented
later.

RCH.CH,N**< + .Pdl — RCH,CH=N*< + HPdI
(5)
RCH20H=N+< + RFCth - .
In order to prove that an enamine RCH=CHNR!R?

might be an intermediate in the reaction, the following
reaction was carried out

{ \ Pd { \
CICF2)5CFI + 2 — CRa(CF2)5CI +
N NW

1 NN 7
5 (70%)
CI(CF2)5CF2H
8 (5%)

(6) (a) Empsall, H. D.; Green, M.; Stone, F. G. A. J. Chem. Soc.,
Dalton Trans. 1972, 96. (b) Rosevear, D. T.; Stone, F. G. A. J. Chem.
Soc. A 1968, 164. (c) Mukhedkar, A. J.; Green, M.; Stone, F. G. A. J.
Chem. Soc. A 1969, 3023.

(7) (a) Audeh, C. A; Lindsay Smith, J. R. J. Chem. Soc. B 1970, 1280.
(b) Audeh, C. A.; Lindsay Smith, J. R. J. Chem. Soc. B. 1971, 1741. (c)
Audeh, C. A.; Lindsay Smith, J. R. J. Chem. Soc. B. 1971, 1745. (d)
Lindsay Smith, J. R.; Mead, L. A. V. J. Chem. Soc., Perkin Trans. 2 1973,
206. (e) Lindsay Smith, J. R.; Sadd, J. S. J. Chem. Soc., Perkin Trans.
21976, 741. (f) Rosenblatt, D. H.; Hull, L. A.; De Luca, D. C.; Davis, G.
T.; Weglein, R. C.; Williams, H. K. R. J. Am. Chem. Soc. 1967, 89, 11568.
(z) Hull, L. A,; Davis, G. T.; Rosenblatt, D. H.; Williams, H. K. R,;
Weglein, R. C. J. Am. Chem. Soc. 1967, 89, 1163. (h) Hull, L. A; Davis,
G. T.; Rosenblatt, D. H. J. Am. Chem. Soc. 1969, 91, 6247.

{8) (a) Lewis, F. D.; Ho Tong-Ing J. Am. Chem. Soc. 1977, 99, 7991.
(b) Lewis, F. D.; Ho Tong-Ing J. Am. Chem. Soc. 1980, 102, 1751. (c)
Lewis, F. D.; Simpson, J. T. J. Am. Chem. Soc. 1980, 102, 7593. (d) Lewis,
F. D.; Ho Tong-Ing; Simpson, J. T. J. Org. Chem. 1981, 46, 1077. (e)
Lewis, F. D.; Simpson, J. T. J. Am. Chem. Soc. 1982, 104, 1924.

(9) (a) Smith, P. J.; Mann, C. K. J. Org. Chem. 1969, 34, 1821. (b)
Portis, L. C.; Bhat, V. V.; Mann, C. K. J. Org. Chem. 1970, 35, 2175. (c)
Lindsay Smith, J. R.; Msheder, D. J. Chem. Soc., Perkin Trans. 2 1976,
47. (d) Hull, L. A,; Davis, G. T.; Rosenblatt, D. H.; Mann, C. K. J. Phys.
Chem. 1969, 73, 2142. (e) Hull, L. A.; Giordano, W. P.; Rosenblatt, D.
H.; Davis, G. T.; Mann, C. K.; Milliken, S. B. J. Phys. Chem. 1969, 73,
2147, (f) Mann, C. K. Anal. Chem. 1964, 36, 2424.
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Scheme IV
\/\N/
T O N SN
RFCF2 I | ~ 2L
PdlLg4 T RpCFoPdI RpCFoPdI —

| -2L
L

| I aL |
RFCFCHCHN < :L— RpCFCH=C—N< — RpCFC—=CHN< +

PdIL, HPAI
PdlLs + HI

and it was observed that the ratio of 5 in the products
increased to 93 %, instead of lower than 50% of enamine
formed starting from the tertiary amines. In addition, in
the reaction of 1 with diisobutylmethylamine catalyzed by
Pd, enamine 7 and the iminium ion 8 were formed, the
latter being obviously the addition product of RzCF,I and
enamine 7. Acid hydrolysis of 8 afforded the corresponding
aldehyde. Lewis et al.®*® and Mann et al.?® have also
shown that the photochemical and electrochemical oxi-
dation of tertiary amines proceeds through the enamine
intermediates.

Pd
[(CHg)}CHCHa12NCH; + RgCFoI —
CHa CH3

(CH3 )»C==CHNCHoCH(CHg)2 + RFCFZC(CH3)QCH=ECH2CH(CH3)2

7 8

Alternatively, the RgCFy can interact with the enamine
to form the stabilized polyfluoroalkyl-substituted free
radical 9, which reacts with RgCF,I to form 10 and a po-
lyfluorcalkyl radical. Elimination of HI from 10 gives the
enamine 111° (Scheme III).

Another alternative is that the reaction might proceed
via the mechanism shown in Scheme IV. In order to
support our suggestion that the reaction proceeded ac-
cording to Scheme III and not Scheme IV (like the Heck
reaction) we carried out the following reaction:

CI(CF2)5CFoI + | )

+ {(/-PrigNMe —

NW
[} CFalCFsCI + CICF2)sCRoH
N\)\/ 18
s
12

Yields were as follows: with no catalyst, 17% 12 and 10%
13; with RzCF,PdI(PPh;),, 18% 12 and 21% 13; with
Pd(PPhy),, 70% 12 and 20% 13.

The results show that when RzCF,PdI(PPh,), was used,
the yield of product 12 did not increase, as compared with
the reaction in the absence of catalyst (this result differs
from that reported in the literature,'® which showed that
ultraviolet light is necessary to induce the reaction). On
the contrary, when Pd(PPh;), was used, the yield of 12
increased greatly. This suggests that it is likely that the
reaction proceeds according to Scheme IIL

Reactions with Secondary Amines. In the previous
paper? we reported that the reaction of RzCF,I with sec-
ondary amines did not give RgCF,CR—CHNHR! when an
excess of the secondary amine was used. When an excess
of RyCF,l was allowed to react with diethylamine or di-

(10) (a) Cantacuzene, D.; Wakselman, C.; Dorme, R. J. Chem. Soc.,
Perkin Trans. 1 1977, 1365. (b) Wakselman, C.; Cantacuzene, D. Inf.
Chim. 1978, 175, 153.
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Scheme V

P
RECFaI + —NHCH2CH2R —%
[—NHCHCHaR + +PdI] —= —N==CHCHsR

T RFCFZI\ /

—NHCH=CCF2Rg =—— —NHCH=—=CHR

Scheme VI
CHCFsCFaI + (RCHzCHp)a-,NMe, —=
1 18, n=0
20.n=1
22, n=2
R Me,

l |
CIHCF2)§CF 3 C==CHN(CH,CHR)2-, + CHCFaleH

19, 7=0 4
21, n=1
23, n=2

8. R=H:b, R=CHsg €. R=CzHs
Scheme VII

|
RGH,CHpNCH3

) |

RCHzéHTCHa s RCHECHZTH'CH;; e HCHchzf\'léHg
-H

Table I1. Reaction of Iodide 1 with Amines 18, 20, and 22

yield, %
amine R 19¢ 21 23
a H 50 (0.5)° 35 (1) 23 (2)
b CH, 50 (0.5) 36 (1.5) 15 (2)
c C.Hs 48 (0.5) 30 (2.5) 20 (2)

¢ Determined by °F NMR. ®Time (hours) required for complete
conversion of iodide 1 in parentheses.

n-butylamine, products 14 and 15 and 16 and 17 were
formed, respectively (*based upon the amine used).

CHCF2)3CF2I + (CoHslaNH —= CICF2)aCF2CH==CHNHCaHs +
14 (10%)
CH3CH==NC3Hs
15
CaHs
CIUCF2)3CF2I + (A-BuaNH —m CI(CFa)aCFaC==CHNH(Bu-n) +
16 (7%)

n-PrCH=N(Bu-n)
17

These facts indicate that, in the cases of secondary
amines, enamine and imine formed concurrently, and the
former could easily be in equilibrium with the imine."
However, in the presence of an excess of the RgCF,1, the
intermediate enamine is trapped (Scheme V).

Reactivity of Tertiary Amines. In comparing the
catalyzed reaction of iodide 1 with tertiary amines con-
taining zero to three methyl groups, it was found that in
the case of trimethylamine only the reduced product 4 was
formed, while for the other tertiary amines enamines were
formed as well as 4 (Scheme VI).

Table II shows the yields of enamines 19, 21, and 23
formed in the reactions of iodide 1 with 18, 20, and 22

(11) Optiz, G.; Hellmann, H.; Schubert, H. W. Justus Liebigs Ann.
Chem. 1959, 623, 117.
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catalyzed by 5 mol % Ni(PPh,), at 20 °C.

The yields of the enamines 19, 21, and 23 derived from
the tertiary amines 18, 20, and 22 are in the order
(RCH,CH,);N > (RCH,CH,),NCH, > RCH,CH,N(CHj),.
These data show that two pathways (a and b) for ab-
straction of a-hydrogen of the aminium radical are possible
(Scheme VII). If a-hydrogen abstraction is a random
process, the yields of the three kinds of enamines 19, 21,
and 23 should be 50%, 36%, and 20% (based on iodide)
with complete consumption of the iodide, which are in
agreement with our results.

Chemoselectivity of Reaction. In order to assess the
chemoselectivity within a tertiary amine containing ethyl
and propyl groups, we carried out the following reactions.

CHCF13CF,1/Pd
nitatlib et babiba
yield 48%
2425250
CaHyg CHs

|
CI(CFp)3CF3 CH==CHN(CgH7-n) + CIi(CF2)3CF2 C=CHN(C2Hs)2

(CH3CHaCHpINIC o Hs )2

24 25
3aNC oH CI(CF2)aCF2I/Pd
(CH3CHaCH2)2NC2Hs yield 50%
26227 = 1317

CHz CgzHs
|
CUCF,)3CFa CH=CHN(CgHz-m, + CI(CF)}3CF;C=CHN(C3H7-m
26 27

The results indicate that abstraction of hydrogen from an
ethyl group is favored slightly over the n-propyl group,
presumably due to steric effects.

In order to evaluate the effect of double substitution at
the a-carbon the reactions of RfCF,I with diisopropyl-
methylamine and isopropyldimethylamine were carried
out. No (polyfluoroalkyl)enamine was obtained; only the
reduced product was isolated. With isopropyldiethylamine
and cyclohexyldiethylamine only 28 and 29 were obtained,
indicating that only the ethyl group reacts.

CHCF)3CFaT + (CHa)aCHN(CoHglp —e
2Hs
CI{CF2)3CF2 CH==CHN(CaH7 )
28 (30%)

N
CI(CF2)3CF2I + QN(CQHs)Q LU
<|32H5
CI(CF2)30F20H=CHN—<:>

29 (34%)

Many earlier reports’d8t49a and our observations indi-
cate that the oxidation of tertiary amines occurs selectively
at the a-carbon with the fewest substituents. The mech-
anism of deprotonation of the a-carbon of the aminium
radical is somewhat like the mechanism of the E1 elimi-
nation,®® which requires at least partial overlap of the
half-vacant p orbital of nitrogen with the developing
carbon radical p orbital. Two conformations of the ami-
nium radical required for the loss of the two types of
protons in diisopropylmethylamine are shown in the
Newman projections a and b. Clearly, the steric interac-
tions are greater in b than in a. Therefore, the depro-
tonation at methyl is preferable to isopropyl.

In the comparison of the chemoselectivity between the
cyclic and acyclic groups in N-substituted piperidines, it
was found that the reactivity of N-methylpiperidine is
somewhat like that of di-n-propylmethylamine. In the case
of ethylpiperidine, the reactivity at the site of ring is almost
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the same as at the site of the ethyl group; while in the case
of n-butylpiperidine, the reactivity at the site of ring is
preferred over that of n-butyl group. These results are in
agreement with the earlier observation that the reactivity
of the ethyl group is greater than that of the n-propyl
group.

CFa(CF2)3ClI

CHCF2)3CF T + NGCHg < NCH3

30 (33%)
CFa(CF2)3ClI

CI{CF)3CFaT + ¢ NCaHg — ( NCzHs +

31 (31%)

{  NCH==CHCF3(CF,)4ClI

32 (15%)
CF2(CF2)3CI

CI(CF2IgCF2T + ¢ N(Bu-n) — ; N(Bu-n) +

33 (30%)
CF2(CF2)3ClI

I
( NCH==CCzHs

34 (9%)

Hydrolysis of (Perfluoroalkyl)enamines. In our
previous paper we reported that the behavior of the en-
amine can be ascribed to resonance by conjugation of the
unshared pair of electrons of the nitrogen atom with the
w-electrons of the double bond.

R—C=(C—N¢ =— R—C—C=N%
o
A B

Hydrolysis of an enamine, in general, affords carbonyl
compounds through iminium ion intermediates. However,
when the R group in the above formula is RfCF,, form B
predominates due to the stabilization of the anionic center,
and the elimination of fluoride ion occurs, forming ulti-
mately an enaminone.?»'?  When both RzCF, and alkyl
group are present at the 8-carbon of the enamine, the usual
hydrolysis product, an aldehyde, is obtained. Thus, the
hydrolysis of compound 35 forms aldehyde 36 or en-
aminone 37, depending on the nature of the R group
present. Table III shows the results of the hydrolysis of
the various (fluoroalkyl)enamines.

The acid hydrolysis of N-alkyl-8-(polyfluoroalkyl)-
A%f-piperidine 88, however, afforded the enaminone 39
exclusively. This may be rationalized by the following

(12) (a) Nield, E.; Tatlow, J. C. Tetrahedron 1960, 8, 38. (b) Sweeney,
R. F.; Veldhuis, B.; Gilbert, E. E.; Anello, L. G.; DuBois, R. J.; Cun-
ningham, W. J. J. Org. Chem. 1966, 31, 3174, (c) Park, J. D.; Frank, W.
C. J. Org. Chem. 1967, 32, 1336. (d) Park, J. D.; Cohen, S.; Lacher, J. R.
J. Am. Chem. Soc. 1962, 84, 2919. (e) Blanc, M. Le.; Santini, G.; Riess,
d. G. Tetrahedron Lett. 1975, 47, 4151.
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;
RFCF2CHCHO

36. R = alkyl
R y

l H30’
ReCF2C==CHNR'R?

35

ReCOCH==CHNR'R?
37.R=H

mechanism in which the aldehyde 40 is in equilibrium with
38 which proceeds irreversibly to 39.

RFCFQCT/j L\R;c&@ b RFco—-[j
OHC 2 N N

CHja CHj CHs
40 38 39

The configuration of the double bonds in all enaminones
are trans as shown by the coupling constant of two olefinic
hydrogens (11-13 Hz) except for 41, the hydrolyzed
product of enamine 14, in which the coupling constant
between the two olefinic hydrogens is 6.1 Hz. The cis
configuration in 41 is undoubtedly favored by the existence
of intramolecular hydrogen bonding as shown in 41,

O oH
CUCF2)sCZ  NCH, CHg
>C=C__

H H
41

Conclusion

Since Stork and co-workers!? reported the first example
of alkylation of an enamine, enamine chemistry has
progressed very rapidly and has become a very active area
of organic chemistry.!* Many methods have been de-
veloped for the synthesis of enamines. However, few
methods for the synthesis of enamines directly from ter-
tiary amines have appeared in the literature,! especially
catalyzed by transition-metal complexes. Our reaction is
an one-step reaction that directly produces a double bond
in saturated tertiary amines followed by introduction of
a fluoroalkyl group. The reaction conditions are very mild,
the manipulations are simple, and the yields are good.
Therefore, it provides a new, facile method for the syn-
thesis of fluoroalkyl-substituted enamines and enaminones.

Experimental Section

Catalysts Ni(PPhy),, Pd(PPh,),, and Pt(PPhy), were prepared
according to the literature.'® Perfluoroalkyl and polyfluoroalkyl
iodides was redistilled prior to use. Tertiary amines were pur-
chased, the methyl group containing amines were prepared ac-
cording to Eschweiler-Clarke’s method, and all amines were

(13) Stork, G.; Terrel, R.; Szmuszkovicz, J. J. Am. Chem. Soc. 1954,
76, 2029.

(14) (a) Cook, A. G. Enamines, Synthesis, Structure and Reactions;
Marcel Dekker: New York, 1969. (b) Dyke, S. F. The Chemistry of
Enamines; Cambridge University: London, 1973. (¢) Hickmott, P. W.;
Suschitzky, H. Chem. Ind. (London) 1970, 1188. (d) Huenig, H.; Hoch,
H. Fortschr. Chem. Forsch. 1970, 14, 235. (e) Hickmott, P. W. Chem. Ind.
(London) 1974, 7181. (f) Kuehne, M. E. Synthesis 1970, 510. (g) Cervinka,
O.; Fabryova, A. Chem. Listy 1976, 70, 1266; Chem. Abstr. 1977, 86,
70958.

(16) (a) Leonard, N. L.; Hay, A. S.; Fulmer, R. W; Gash, V. W. J. Am.
Chem. Soc. 1956, 77, 439. (b) Leonard, N. L.; Fulmer, R. W.; Hay, A. S.
J. Am. Chem. Soc. 1956, 78, 3457. (c) Leonard, N. J.; Miller, L. A.;
Thomas, P. D. J. Am. Chem. Soc. 1956, 78, 3463.

(16) (a) Schunn, R. A. Inorg. Synth. 1972, 13, 124. (b) Coulson, D. R.
Inorg. Synth. 1972, 13, 121. (c) Ugo, R.; Cariati, F.; Monica, G. La. Inorg.
Synth. 1968, 11, 105.
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treated with metallic sodium before use. All the experiments were
carried out under N, atmosphere. NMR spectra were recorded
on EM-360A, IR recorded on IR-440, and MS recorded on MS-
4021 spectrometers.

Procedure. [2-(Perfluoro-n-butyl)vinyl]diethylamine (I)
and [2-(Perfluoro-n-butyryl)vinyl]diethylamine (II). A
mixture of 346 mg (1 mmol) of CF3(CF,),CF,l, 200 mg (2 mmol)
of NEtg, and 57 mg (0.05 mmol) of Pd(PPh;), in 5 mL of hexane
was stirred at 60 °C for 30 min (Pt catalyst 60 °C, 30 min; Ni
catalyst room temperature, 1 h). °F NMR showed that the iodide
has converted completely, and the yields of I and CF4(CF,),CF,H
were 456% and 55% (based on iodide), respectively. After the solid,
solvent, and excess amine were removed, I (yellow liquid) was
obtained: IR 1652 (C=C), 1100-1300 (C—F) cm™!; TH NMR
(CCly) 66.48(d,1H,J =12Hz), 3.95 (q, 1 H, Jyy = 12 Hz, Jyy
=11Hz),3.12(q,4H,J = 7THz), 1.14 (t, 6 H, J = 7 Hz); F NMR
(CCI4/CFCI3 ext) §81.2 (t, 3 F, J =10 HZ), 104.2 (q, 2 F, JHF =
11 Hz, Jpp = 12 Hz), 123.9 (m, 2 F), 125.5 (m, 2 F).

I was treated with 5 mL of 2 M HCl at 40 °C for 1 h and then
neutralized with dilute NaOH and extracted with ether. The
extract was washed with H,O and dried with Na,SO,. After
removal of the solvent and chromatography on silica gel (eluted
with 2:1 petroleum ether/ethyl acetate), 122 mg (92% based on
I) of II was obtained. Recrystallization with methanol gave pure
product: mp 30-32 °C; IR 1665 (C=0), 1580 (C=C), 1100-1300
(C—F) cm™; 'TH NMR (CCl,) 6 7.82 (d, 1 H, J = 12 Hz), 5.18 (d,
1H,J=12Hz3.36(q,2H,J =7Hz),3.22(q,2H, J=7Hz),
1.22 (t, 3 H, J = 7 Hz), 1.15 (t, 3 H, J = 7 Hz); YF NMR
(CCly/CFClgext) 6 79.3 (t,3F,J = 10 Hz), 119.8 (£, 2 F, J = 10
Hz), 125.9 (s, 2 F); MS, m/z 296, 295, 276, 169, 126 (100), 69. Anal.
Caled for C,H,F;NO: C, 40.68; H, 4.07; F, 45.05; N, 4.75. Found:
C, 40.63 H, 4.21; F, 44.55; N, 4.61.

[2-(Perfluoro-n-caproyl)vinyl]diethylamine: mp 45-47 °C;
IR 1670 (C==0), 1582 (C=C), 1100-1300 (C—F) cm™L; 'H NMR
(CCly 6771 (d,1H,J =12 Hz),5.16 (d, 1 H, J = 12 Hz), 3.30
(q,2H,J=7THz),827(q,2H,J=7Hz),1.22 t,3H,J =7
Hz), 1.16 (t, 3 H, J = 7 Hz); F NMR (CCl,/CFCl; ext) 4 79.6
(t,3F,J =10Hz),1183 (m,2F), 1214 (m, 2 F), 1251 (m, 2 F);
MS, m/z 397, 396, 395, 376, 126 (100), 69. Anal. Calcd for
Cy;H,FNO: C, 36.46; H, 3.04; F, 52.91; N, 3.54. Found: C, 36.60;
H, 3.12; F, 52.64; N, 3.51.

[2-(Chlorodifluoroacetyl)vinyl]diethylamine: mp 20-21
°C; IR 1670 (C==0), 1581 (C=C), 1100-1300 (C—F) em™; 'H
NMR (CCl,) 6 7.71 (d, 1 H, J = 12 Hz), 5.12 (d, 1 H, J = 12 Hz),
3.40(q,2H,J=7Hz),327(q,2H,J =7Hz),1.28 (t,3H, J
= 7 Hz), 1.21 (t, 3 H, J = 7 Hz); '°F NMR (CCl,/CFCl; ext) 5
63 (m, 2 F); MS, m/z 213, 212, 211, 126 (100), 85. Anal. Caled
for CgH,,CIF,NO: C, 45.80; H, 5.69; Cl, 16.59; N, 6.64. Found:
C, 46.03; H, 5.67; Cl 16.66; N, 6.54.

[2-(w-Chlorohexafluoro-n-butyryl)vinyl}diethylamine: mp
42-43 °C; IR 1670 (C=0), 1580 (C==C), 1100-1300 (C—F) em™;
'HNMR (CCl,) 67.78 (d,1 H,J = 12.5 Hz), 516 (d, 1 H, J =
12.56 Hz), 3.36 (q, 2 H, J = 7 Hz), 3.19 (q, 2 H, J = 7 Hz), 1.20
(t,3H,J = 7Hz), 1.15 (t, 3 H, J = 7 Hz); I°F NMR (CCl,/CFCl,
ext) 665.6 (t,2F,J =11 Hz),1184 (t,2 F,J = 11 Hz), 119.9 (s,
2F); MS, m/z 313, 312 311, 276, 126 (100), 85. Anal. Calcd for
C,oH,;,CIFgNO: C, 38.46; H, 3.85; Cl, 11.22; F, 36.54; N, 4.48.
Found: C, 38.03; H, 3.85; Cl, 10.97; F, 37.07; N, 4.40.

[2-(w-Chlorohexafluoro-n-butyryl)vinyl]-n-propylethyl-
amine: mp 44-45 °C IR 1660 (C==0), 1570 (C==C), 1080-1300
(C—F) em™; 'H NMR (CCl,) 6 7.86 (d, 1 H, J = 11.3 Hz), 5.21
(d,1 H, J = 11.3 Hz), 3.66-3.01 (m, 4 H), 2.00-1.45 (m, 2 H), 1.26
(t,3H,J = 7Hz),0.95 (t, 3 H, J = 7 Hz); F NMR (CCl,/CFCl,
ext) 6657 (t,2 F,J = 11.2 Hz), 117.7 (¢, 2 F, J = 11.2 Hz), 119
(s, 2 F); MS, m/z 327, 326, 325, 306, 290, 140 (100), 56. Anal. Caled
for Cy;H,,CIFENO: C, 40.55; H, 4.30; Cl, 10.91; F, 35.02; N, 4.30.
Found: C, 40.75; H, 4.31; Cl, 10.93; F, 34.83; N, 4.29.

[2-(w-Chlorohexafluoro-n-butyryl)vinyl]di-n -propyl-
amine: mp 48-49 °C; IR 1655 (C==0), 1575 (C==C), 1060-1300
(C—F) em™}; TH NMR (CCly) 6 7.90 (d, 1 H, J = 11.2 Hz), 5.22
(d, 1H, J = 11.2 Hz), 3.50-2.92 (m, 4 H), 2.04-1.30 (m, 4 H), 0.97
(t, 8 H, J = 6.5 Hz); 1°F NMR (CCl,/CFCl; ext) 6 65.3 (t, 2 F,
J =12 Hz), 117.5 (t, 2 F, J = 12 Hz), 119 (s, 2 F); MS, m/z 341,
340, 339, 320, 304, 155, 154 (100), 70, 43. Anal. Calcd for
C1,HsCIFENO: C, 42.48; H, 4.72; Cl, 10.47; F, 33.63; N, 4.23.
Found: C, 42.50; H, 4.84; Cl, 10.36; F, 33.53; N, 3.93.
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Table IIL Hydrolysis of (Fluoroalkyl)vinylamines

enamine product yield,® %
CF,(CF,),CF,CH=CHNE', CF;(CF,),COCH=CHNEt, 92
CF,4(CF,),CF,CH=CHNE, CF;(CF,),COCH=CHNEL, 86
CICF,CF,CH=CHNEt, CICF,COCH=CHNE?, 95
CI(CF,y);CF,CH=CHNE, CI(CF,);COCH=—CHNEL, 83
CH(CF,)sCF,CH=CH(Et)N(Pr-n) CI(CF;);COCH=CH(Et)N(Pr-n) 85
CI(CF,)sCF,CH=CHN(Pr-n), CI(CF;);COCH=CHN(Pr-n), 94

T;c E" 84
Cl(CFz)sCFgCH=CHN‘<:> CI(CF2 )sCOCH=CHN—C>
CI(CF,);CF,CH=CHNE, CI(CF,);COCH=CHNE, 95
CI(CF,);CF,CH=CHN(CH,)Et CI(CF,);COCH=CHN(CH,)Et 89
CI{CF,),CF,CH=CHN(CHj,), CIl(CF,);COCH=CHN(CHj,), 96
CI(CF),CF,CH=CHNE, CI(CF,);,COCH=CHNE, 93
CI(CF;);CFy(CH3)C=CHN(Pr-n), CI(CF,)sCF,CH(CH3;)CHO 69 (91)°
CI(CF,);CF,(CHy)C=CH(CHy)N(C;H;-n) CI{CF,);CF,CH(CH,)CHO 60 (87)
CI(CF,);CF,(CH3)C=CHN(CHjy), CI(CF,);CF,CH(CH3)CHO (83)
CI(CF,);CFy(Et)C=CHN(Bu-n), CI(CF,);CF,CH(Et)CHO 46 (87)
Cl(CF,)sCF,(Et)C=CHN(CH,), C1(CF,);CF,CH(Et)CHO 52 (73)
CI(CF,);CF4(Et)C=CHN(CHj,), CI(CF,);CF,CH(Et)CHO (60)

82

cucm,cr,@
N

cucsz),co@

CHa

cucsz)scsz@

N
Et

CICF, ),ca@
N

By-n

N
CHy
cuccmaco—@ 90
N
Et
cuca)sco@ 93

N
Bu-7

sTsolated yield (based on enamine). ®Figures in parentheses denote the yields determined by °F NMR.

[2-(w-Chlorohexafluoro-n -butyryl)vinyllethyleyclo-
hexylamine: mp 68-70 °C; IR 1650 (C=0), 1570 (C=C),
1040-1300 (C—F) ecm™; tH NMR (CCl,) 6 7.83 (d,1 H,J = 11.5
Hz),5.25(d,1H,J = 11.5 Hz), 3.31 (q, 2 H, J = 6.2 Hz), 3.62-2.97
(m, 1 H), 2.50-0.70 (m, 10 H), 1.25 (t, 3 H, J = 6.2 Hz); °F NMR
(CCL,/CFCl; ext) 6 65.8 (t,2F,J = 11.2 Hz, 117.7 (t, 2 F, J =
11.2 Hz), 119 (s, 2 F); MS, m/z 367, 366, 365, 284, 181, 180, 98,
82, 56, 55 (100). Anal. Caled for C; H;sCIF{NO: C, 46.03; H,
4.93;Cl,9.73; F, 31.23; N, 3.84. Found: C, 45.89; H, 5.00; C], 9.63;
F, 31.71; N, 3.68.

[2-(w-Chlorododecafluoro-n-hexyl)vinyl]diethylamine: bp
60 °C (2 mmHg); IR 1650 (C=C), 1100-1300 (C—F) cm™; 'H
NMR (CCly) 66.49(d,1H,J = 125 Hz2),3.90 (d, 1 H, Jyy = 125
Hz, Jyy = 11.8 Hz), 3.03 (q, 4 H,J = THz), 1.06 (t, 6 H,J = 7
Hz); ¥F NMR (CCl,/CFC]; ext) § 65.8 (t, 2 F, J = 12 Hz), 101.8
(q, 2 F, Jyr = 11.8 Hz, Jpy = 12 Hz), 118.7 (m, 2 F), 119.8 (m,
4 F), 121.4 (m, 2 F); MS, m/z 435, 434, 433, 414, 398, 148 (100),
98, 85. Anal. Caled for C;,H,CIF,N: C, 33.25; H, 2.77; Cl, 8.06;
F, 52.66; N, 3.23. Found: C, 33.06; H, 2.70; Cl, 7.86; F, 52.70; N,
3.16.

[2-(w-Chlorodecafluoro-n-caproyl)vinylldiethylamine: mp
50-52 °C; IR 1670 (C=0), 1580 (C=C), 11001300 (C—F) cm™;
H NMR (CCl,) 67.92(d, 1 H,J =12.5Hz),528(d,1H,J =
12.5 Hz), 3.48 (g, 2 H,J = 7T Hz), 3.32 (g, 2 H, J = 7 Hz), 1.28
(t,3H,J = 7Hz), 1.23 (t, 3 H, J = 7 Hz); 1°F NMR (CCl,/CFCl,
ext) 666.1 (t,2 F, J = 12 Hz), 118.9 (m, 6 F), 121.4 (m, 2 F); MS,
m/z 413, 412, 411, 376, 126 (100), 85. Anal. Caled for
CsH CIF,(NO: C, 35.00; H, 2.91; Cl, 8.4; F, 46.10; N, 3.39. Found:
C, 35.16; H, 2.90; Cl, 7.94; F, 46.12; N, 3.28.

[2-(w-Chlorodecafluoro-n-caproyl)vinylJmethylethyl-
amine: mp 4042 °C; IR 1672 (C=0), 1585 (C=C), 1100-1300
(C—F) cm™; 'H NMR (CCl,) 6 7.72 (d, 1 H, J = 12 Hz), 5.09 (d,
1H,J =12 Hz), 3.30 (q, 2 H, J = 7 Hz), 2.81 (s, 3 H), 1.20 (t,
3 H,J =7 Hz); 1 F NMR (CCL/CFCl, ext) 6 66.2 (t,2F,J =
12.5 Hz), 118.7 (m, 6 F), 121.3 (m, 2 F); MS, m/z 399, 398, 397,
378, 362, 112 (I(X)), 85. Anal. Caled for CunClFloNO: C, 33.25;
H, 2.52; Cl, 8.94; F, 47.86; N, 3.53. Found: C, 33.10; H, 2.63; Cl,
8.81; F, 48.28; N, 3.47.

[2-(«w-Chlorodecafluoro-n -caproyl)vinyl]dimethylamine:
mp 45-47 °C; IR 1670 (C=0), 1585 (C=C), 1100-1300 (C—F)
cm™; 'TH NMR (CCly) 6 7.82 (d, 1 H, J = 12 Hz), 5.15 (d, 1 H,
J =12 Hz), 3.20 (s, 3 H), 2.89 (s, 3 H); F NMR (CCl,/CFCl;

ext) 6 66.3 (t,2 F, J = 12.5 Hz), 118.7 (m, 6 F), 121.3 (m, 2 F);
MS, m/z 385, 384, 383, 364, 348, 98 (100), 85. Anal. Calcd for
C,oHgCIF(NO: C, 31.23; H, 2.17; C1,9.27; F, 49.61; N, 3.66. Found:
C, 31.47; H, 2.26; Cl, 9.25; F, 49.30; N, 3.59.

[2-(w-Chlorotetradecafluoro-n -capryloyl)vinyl]diethyl-
amine: mp 53-54 °C; IR 1665 (C==0), 1580 (C=C), 1100-1300
(C—F) em™; 'H NMR (CCl,) 6 7.78 (d, 1 H, J = 12 Hz), 5.17 (d,
1H,J=12Hz),3.40(q,2H,J =7Hz),3.25 (q,2 H,J = 7 Hz),
1.22 (t, 3 H, J = 7 Hz), 1.16 (t, 3 H, J = 7 Hz); F NMR
(CCly/CFCl; ext) 366.4 (t,2 F,J = 12,5 Hz), 118.8 (m, 4 F), 120.2
(m, 6 F), 121.1 (m, 2 F); MS, m/z 513, 512, 511, 492, 476, 126 (100),
98, 85. Anal. Calced for CMHHCIFMNO: C, 32.88; H, 2.35; Cl,
6.85; F, 52.05; N, 2.74. Found: C, 33.22; H, 2.37; C], 6.78; F, 51.64;
N, 2.70.

[2-Methyl-2-(w-chlorododecafluoro-n-hexyl)vinyl]di-n -
propylamine: bp 75 °C (2 mmHg); IR 1650 (C=C), 1100-1300
(C—F) cm™; 'H NMR (CCl,) 66.35 (s, 1 H),3.17 (t,4 H,J =7
Hz), 1.93 (s, 3 H), 1.60 (m, 4 H), 1.01 (t, 6 H); *F NMR
(CCl;/CFCl; ext) 6 66.5 (t, 2 F, J = 12.5 Hz), 107.1 (t,2 F, J =
12.5 Hz), 119.2 (m, 2 F), 120.2 (m, 6 F); MS, m/z 477, 476, 475,
456, 440, 190, 85, 43 (100). Anal. Caled for C15H1801F12N: C,
37.89; H, 3.79 Cl, 7.37; F, 48.00; N, 2.95. Found: C, 37.73; H, 3.89;
Cl, 7.08; F, 47.63; N, 3.07.

2-Methyl-3,3,4,4,5,5,6,6,7,7,8,8-dodecafluoro-8-chlorooctanal:
bp 70-72 °C (15 mmHg); IR 1742 (C=0), 1100-1300 (C—F) cm™;
H NMR (CCl,) 6 9.55 (s, 1 H), 3.70-2.50 (m, 1 H), 1.24 (d, 3 H,
J =7 Hz); F NMR (CCl,/CFCl; ext) 6 67 (t, 2 F, J = 12 Hz),
114 (m, 2 F), 119.3 (m, 2 F), 120.1 (m, 6 F); MS, m/z 393, 392,
391 (100). Anal. Caled for CgHiCIF,,0: C, 27.55; H, 1.28; Cl,
890; F, 58.16; N, 3.58. Found: C, 27.80; H, 1.32; C], 9.15; F, 58.05;
N, 3.45.

[2-Methyl-2-(w-chlorododecafluoro-n -hexyl)vinyl]-n-
propylmethylamine: bp 80 °C (5 mmHg); IR 1660 (C=C),
1100-1300 (C—F) cm™}; 'H NMR (CCl,) 6 6.26 (s, 1 H), 2.96 (s,
3.H), 237 (t,2H,J =6 Hz), 1.88 (s, 3 H), 1.80-1.25 (m, 2 H),
0.90 (t, 3 H, J = 6 Hz); 1°F NMR (CCl,/CFCl; ext) § 67.0 (t, 2
F,J=12Hz),107.5 (t,2 F, J = 12 Hz), 119.6 (m, 2 F), 120.6 (m,
68 F); MS, m/z 449, 448, 447, 412, 85, 42 (100). Anal. Calcd for
C13H]4C1F12N: C, 34-90; H, 3.13; Cl, 7.83; F, 51.01; N, 3.13. Found:
C, 35.35; H, 2.97; Cl, 7.77; F, 50.67; N, 3.05.

2-Ethyl-3,3,4,4,5,5,6,6,7,7,8,8-dodecafluoro-8-chlorooctanal:
bp 68-70 °C (8 mmHg); IR 1738 (C=0), 1100-1300 (C—F) cm;
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'H NMR (CCl,) 6 9.62 (s, 1 H), 3.46-2.50 (m, 1 H), 2.28-1.70 (m,
2 H), 1.04 (t, 3 H, J = 7 Hz); °F NMR (CCl,/CFCl; ext) 5 67.2
(t,2F,J = 12.5 Hz), 113.7 (m, 2 F), 120.2 (m, 2 F), 120.8 (m, 6
F); MS, m/z 409, 407 (100), 405, 387. Anal. Calcd for
CH:CIF,0: C, 29.56; H, 1.72; Cl, 9.74; F, 56.16. Found: C, 29.66;
H, 1.91; Cl, 9.65; F, 55.57.

N -Methyl-A*#-2-(w-chlorohexafluoro-n -butyryl)-
piperidine: bp 92-94 °C (2 mmHg); IR 1580 (0=C—C=C),
1100~1300 (C—F) em™; '"H NMR (CCl,) 5 7.43 (s, 1 H), 3.17 (t,
2H,J = 5.7 Hz), 3.10 (s, 3 H), 2.27 (t, 2 H, J = 5.6 Hz), 2.07-1.60
(m, 2 H); F NMR (CCl,/CFCl, ext)  65.4 (t, 2 F, J = 11.4 Hz),
108.3 (t, 2 F,J = 11.5 Hz), 118.1 (s, 2 F); MS, m/z 311, 310, 309,
290, 274, 125, 124 (100). Anal. Caled for C;oH(CIF,NO: C, 38.83;
H, 3.24; Ci, 11.49; F, 36.89; N, 4.53. Found: C, 38.46; H, 3.39;
Cl, 11.01; F, 36.80; N, 4.50.

N-Ethyl-A%%.2-(w-chlorohexafluoro-n-butyryl)piperidine:
bp 76-78 °C (0.2 mmHg); IR 1580 (0=C—C==C), 1060-1300
(C—F) em™; *H NMR (CCl,) 6 7.50 (s, 1 H), 8.33 (q, 2 H,J =
6.5 Hz), 3.27 (t,2 H,J = 6 Hz), 2.28 (t, 2 H, J = 5.5 Hz), 2.10-1.60
(m, 2 H), 1.24 (t, 3 H, J = 6.5 Hz); F NMR (CCl,/CFCl, ext)
6655 (t,2F,J =11.2 Hz), 108.5 (m, 2 F), 118.4 (m, 2 F); MS,
m/z 325, 324, 323, 288, 139, 138 (100). Anal. Caled for
CH,,CIF,NO: C, 40.87; H, 3.72; Cl, 10.99; F, 35.29; N, 4.33.
Found: C, 40.70; H, 3.74; Cl, 10.93; F, 34.82; N, 4.22.

N-n-Butyl-A®#-2-(w-chlorohexafluoro-n -butyryl)-
piperidine: bp 75-78 °C (0.1 mmHg); IR 1575 (0=C—C=C),
1060~1300 (C—F) em™; 'H NMR (CCl,) 6 7.46 (s, 1 H), 3.52-2.97
(m, 4 He, 2.30 (t, 2 H, J = 5.7 Hz), 2.10-1.15 (m, 6 H), 0.95 (t,
3 H,J = 5.4 Hz); %F NMR (CCl,/CFCl; ext) 6 65.4 (t,2 F,J =
11.3 Hz), 108.1 (m, 2 F), 118.2 (s, 2 F); MS, m/z 353, 352, 351,
332, 3186, 166 (100). Anal. Calcd for C;3HcCIF,NO: C, 44.44;
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Insect sex pheromones 1-4 which contain a Z,E conjugated diene were synthesized by using a new formyl-
olefination method, followed by a Wittig reaction. Thus, the aldehydes 6a-c reacted with (formylmethyl)tri-
phenylarsonium bromide (5) in THF-ether (trace H,0) in the presence of K,CO; at room temperature to give
E-a,5-unsaturated aldehydes 7a—c. These reacted with alkylidene phosphorane generated with n-BuLi in
THF-HMPA to afford (Z,E)-diene derivatives 1-4 in good overall yield and high stereoselectivity.

Conjugated diene compounds are an important class of
sex attractants for insects. Among the four geometrical
isomers, a great number of dienes with Z,E configuration
have already been identified as the components of sex
pheromones; for example, (3Z,5E)-3,5-tetradecadien-1-ol
acetate (1) for the Carpenterworm moth (Prionoxystus
robiniae),! (5Z,7E)-5,7-dodecadien-1-ol (2) for Dendrolimus
spectabilis,® (5Z,1E)-5,7-dodecadien-1-0l acetate (3) for
Dendrolimus punctatus,® and (5E,7Z)-5,7-dodecadienal (4)
for Malacosoma californicum.* Compounds 1, 2, and 4
have been synthesized®® by nonstereoselective Wittig

tThis is paper 54 in the series on the application of organic com-
pounds substituted with elements of groups 15 and 16 in organic
synthesis.!!

Scheme I°

[Ph;AsCH,CHO}*Br- + RCHO 1. RCH=—CHCHO (E isomer,

>98%)
5 6a 78, R = CH3(CH2)7
b b, R = CHy(CH,);
c ¢, R = THPO(CH,),

yields: 75-90%
a (i) Et,0-THF (7:3), trace Hy0/K;CO,, 20 °C, 18-24 h.

reactions. Recently, compound 3 was obtained with 85%
stereoselectivity and in 31% overall yield.” In our previous

(1) Doolittle, R. E.; Roelofs, W. L.; Solomon, J. D.; Carde, R. T.;
Beroza, M. J. Chem. Ecol. 1976, 2, 399.
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