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Primary and secondaxy-chlorophosphine2a—g are prepared ica. 70% yield by chemoselective reduction of

the corresponding phosphonic and phosphinic esters with Alki@l are characterized B}P, 1°C, and'H NMR

and by HMRS. They can be kept several weeks in the refrigerator after purification. They lead then to the
corresponding phosphaalken8a—g by HCI elimination. For the volatilex-chlorophosphinea—e HCI
elimination occursn the gas phasen solid potassium carbonate under VGSR conditions (vacuurm sydis!
reactions); the corresponding phosphaalke@ese are characterized by real time HRMS analysis of the gaseous
flow (VGSR/HRMS coupling) and by solid-phase IR spectroscopy after condensation of the gaseous flow on a
KBr window cooled to 77 K. The decomposition of phosphaalkenes at this temperature is monitored by IR
spectroscopy. The-chlorophosphine2a—g undergo a HCI eliminatioin the liquid phasen the presence of

a Lewis base; the formation of the transient phosphaalkenes is monitorfé® BT-NMR. The temperature of

HCI elimination is dependent both upon the IR acidity of the phosphine precursors and the nature of the base.
The 3P NMR data of the simple phosphaalker@zs-g are for the first time reported. They are consistent with

the proposed structure. The stereochemistry of B)e gnd €E)-isomers is established according to thes*

rule”. Phosphaalkene3a—g are also characterized by chemical trapping in solution with various dienes, dipoles,
or thiols. All of these experiments confirm the transient character of these species. The synthetic potential of
this route is evaluated.

time by microwave and photoelectron spectroscopy or by mass
gpectrometn?. A possible application of these derivatives in
organophosphorus chemistry mainly depends upon the develop-
ent of efficient synthetic methods which would notably allow
he introduction of any kind of substituent both at the carbon
and the phosphorus centers. This problem has been solved in
the case of simple phosphaalkynes for which efficient synthetic

Introduction

Considerable efforts have been devoted during the past decad
to the development of the-FC multiple bond derivativek?
Numerous compounds stabilized by bulky substituents have bee
isolated and characterized. Their reactivity was also studied.
It was thus shown that phosphaalkenes react under mild

conditions with various dienes or dipoles yielding to the approaches have been recently described. They involve either

corresponding [4+ 2] and [3 + 2] cycloadducts and with L - .
nucleol?)hiles giv[ing thL Corre[spondi]ng)z/idducts at the phosphoruse“mmat'on of hexamethyldisiloxane from the stable P-silylated

atom. The non-sterically hindered structures are generally phosphaalkene precursdrsthe bis(dehydrochlorination) of

considered as transient species and consequently have beeﬁ-_dichlorophosphineé,_or the b_ase-induced rearrangement of
much less studied. Some of them have been generated in th&rnmary ethynylphosphines.While most of the phosphaalkynes

gas phase using flash vacuum thermolysis (FVT) or vacuum are fairly stable in solution at room temperatgre,simple

gas-solid reaction (VGSR) techniques and characterized in real phosphaa_lkenes are highly unstable and u_nde_rgo self-qo_ndensa—
tion reactions even at low temperatdreThis high reactivity

probably accounts from the fact that only a few IR and NMR
data have been reported to date and that synthetic applications
of such compounds remains challenging. The formation of the
C-nonsubstituted derivatives ,8=P—CH; and HC=P—Ph
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have been reported. It involves a retro-DieAlder reaction Scheme 1
from their corresponding 2-phosphabicyclo[2.2.2]octa-5,7-diene \ I |

. . R R R H R H
precursors in toluene at 4®0 °C followed by chemical =p = —p = C—P—R
trapping of the intermediates by # 2] cycloadditions in the . R’ ‘Cl ‘R R ‘Cl "OR’

presence of dienés.However, the synthesis of the correspond- 3 2 1
ing precursors is convoluted and thus limits the synthetic

applicability of this approach. We have recently prepared these Scheme 2

two compounds by another approach which involves the base-

1 1 1
induced rearrangement of secondary vinylphosphines, readily R/\C,Pﬁm _pociy R\C_P/?o& RMgX R\C*P/"%Et
obtained by a chemoselective reduction of the corresponding " ¢ -0kt H'o o ‘o R
phosphinate® The corresponding [4- 2] cycloadducts have
been isolated in high yield when the rearrangement was carried 1a-b ld-g
out in the presence of dien&s.However, under these condi- la:R'=H ld:R'=H :R=Me
tions, the phosphaalkene intermediate could not be detected by 1b:R'=Me le:R|=Me :R=Me
low-temperaturéP NMR. Rk ko

The dehydrohalogenation &f-halophosphines was one of
the first methods used to prepare the-® multiple bond Scheme 3
derivativesi® Such a reaction occurs under mild conditions only AIHCl,
with compounds that display an activatee-B bond in position R'CH(C)P(O)OEt)R r— R'CH(CI)PHR
o to the phosphorus. However, when the leaving group is la-g or ether 2a-g
bonded to the carbon atom, the HX elimination£XCl, F) is \ o o1
favored. Wéa6.12149nd other&!3have used this approach to ﬁ,%iﬂ A i‘l; ﬁlm?ﬁl ;}1\{@
prepare different phosphaalkenes and phosphaalkynes. In this 2¢:R=H;R'=Et %;f R= ];E ; Ei =H

paper we report a general preparation of primary and secondary
a-chlorophosphines and the subsequent formation of simple )

phosphaalkenes by dehydrochlorination of these compoundsthe @-chlorophosphinatesd—g by use of the reported roufe
either in the gas phase or in the liquid phase. In the former Outlined in Scheme 2. It involves the formation of the
approach, phosphaalkenes are characterized by HRMS and |

rPhosphonochloridate intermediates by treatment of the phos-

whereas in the latter they are identified by low-temperattfre
NMR and by chemical trapping with dienes, dipoles, or
nucleophiles. These reactions further provide useful insight into
the synthetic potential of the=RC double bond species.

Results

The synthesis of phosphaalker@involves, as a key step,
the dehydrochlorination odi-chlorophosphine® which were
previously obtained by a chemoselective reduction of the
corresponding phosphonic or phosphinic estgretrosynthesis,
Scheme 1).

The a-chlorophosphonate precursata—c have been pre-
pared according to literature procedutesiVe have synthesized
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phonic esters with POgfollowed by a selective P-alkylation
with a Grignard reagerif.

Synthesis ofa-Chlorophosphines 2. The preparation of the
nonsubstitutedx-chlorophosphine2a) by thermal dispropor-
tionation of the chloromethylphosphinic acid has been previously
reported® We synthesized this phosphine in a more efficient
manner by a chemoselective reduction of the chloromethylphos-
phonate with AlH and used this approach for the synthesis of
the primarya-chlorophosphinegb,c.152 However, the exten-
sion of this procedure to the preparation of the secondary
o-chlorophosphine&d—g, which involves the reduction of the
corresponding chlorophosphinic estéts-g, was accompanied
by the formation of byproducts resulting from— or C—Cl
bond cleavages. We thought to enhance the selectivity by
increasing the electrophilic character of the phosphorus with a
Lewis acid. Thus, the secondanyschlorophosphine2d—g
were obtained in good yield with only small amounts of
byproducts £5%) by reduction of the phosphinatéd—g at
low temperature with AIHGl as an electrophilic reducing
agent!®® These results encouraged us to revisit our initial work
and to extend the use of this reagent for the preparation of pri-
mary a-chlorophosphinefa—c from their corresponding phos-
phonates: a chemoselectivity, better than that previously re-
ported by using AlH,'52was in each case observed (Scheme 3
and Table 1).

The reduction conditions are dependent upon the nature of
the products. The volatile phosphirs—e are reduced at 10
°C in tetraglyme. This high-boiling solvent allows one to work
under vacuum, to continuously evacuate the phosphines from
the reducing mixture as soon as they are formed, and to
condense them on a cold finger (77 K). The purification is
performed by standard vacuum line techniques (yiekd80%).
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Table 1. NMR Data and Yields ofr-Chlorophosphineg? Scheme 4
o3P 1JpH 1Jcpb VpPH yleld H J_rR
products R R  (ppm) (Hz) Hz) (€€m™Y) (%) w >:P —  HRMS,IR
2a H H -105 201 22 2310 80 Ho R ko, R e
2b H Me —98 198 15 2305 88 Rn%—P\ H
2c H Et —104 198 15.6 2285 92 Cl 5 \ H H R )
2d Me H —60.8 206 26.6 2295 8 Lewis base >:P\ + >:P/ chemical add
2e Me Me —40.0 199 209 2300 73 RoOR rapping 24
-50.1 198 209 2300 73 (THF or ether) ™ 35.¢ 3a-g
2f Ph H  -367 214 266 2300 80 (Z)-isomer  (E)- isomer
29 Ph Me —23.6 215 20.6 2300 80
—25.6 213

) ] . resolution mass spectrometer and by real time analysis of the
aAll the phosphines were prepared by reduction of esters with gaseous flow (VGSR/HRMS couplingi®2 When the tem-

AIHCI; in tetraglyme for the volatile phosphin@s—e or in ether or . . .
THF for the P-phenylphosphine&f—g. ® Coupling constant between perature of the reactor is progressively raised, a decrease of the

P and C(C) Yield in distillated product? Measured by NMR. intensity of both the molecular ion (M and the base peak of
the chlorophosphine precursor is observed for all of the species,

whereas the intensity of the peak corresponding to the desired
phosphaalkene simultaneously increases ¢M36, loss of HCI

as confirmed by HRMS and MS/MS analysis) (Table 2). An
almost total dehydrochlorination of the primary phosphines
"2a—c is observed at approximately 18Q, whereas that of the

This method cannot, however, be applied to the heavier
P-phenylphosphine®f,g. These are synthesized in a low-

boiling solvent (ether or THF); at the end of the reaction the
suspension is filtered on celite to remove aluminium salts, and
the filtrate is concentrated and distilled under reduced pressure

ghe I?Wer ylglds ¢? 4,[5({;]) observe? in these gxper:jmgnts ?r:e secondary phosphin@sl,eoccurs at higher temperatures (350
ue 1o an important decomposition occurring aurnng the 5q, °C). Attempts to extend this study to the phosphaalkenes
distillation. Consequently, the crude solutions are used directly 3f and 3g were unsuccessful, thB-phenylchlorophosphine

after filtration for the following step of the sequen@a.(90% : :
X N . 2 precursor2f and2g being too unstable to be vaporized under
yields, purity higher than 90% as determinated®#y NMR). the experiment conditions.

. ol ; 1
1HC’\rI1II\;|)|r?ophospn|ne§ba asﬁscha;agterlléed b§ﬂtP, C, andTh Solid Phase IR Analysis. The gaseous flow exiting from

VIR as well as by ana by IR Spectroscopy. € the VGSR device can also be condensed on a KBr window
two diastereoisome@eand2g are differentiated by NMR. The cooled to 77 K, and the IR spectra of the phosphaalk8ae®

spectroscopic data, partially listed in Table 1, are in good can thus be immediately recorded at this temperature in order

agreement with the proposed structure. The chlorophosphlnesto minimize the decomposition of the species (see below). From
are not very stable and slowly polymerize at room temperature. theoretical calculation the large band at 850 crh initially

TheP-alkylphosphinea—e can be kept in solution for several attributed to theve_p stretching frequencies @a® must be

weeks in the refrigeratorP-Phenylphosphinegf,g present a - : -
- . - reassigned to the GHbending frequency which has a very
lower stability and consequently must be rapidly used in the strong intensity. After reexamination of the IR specfave

following step. ; o ;
2 . . . attributed the weak band at 1012 cthto the G=P stretching
Caution: Al .Of the reactions apd handling of phosphlnes frequency. This value is in good agreement with the calcula-
should be carried out under an inert atmosphere in a well- tions! and the experimental data determinated by Ohno and
ventilated hood
L . co-workers for CH=P—Cl.22 The data of thesp—c mode of
HtC: '[El(;rr:;]na;uon. t_ln lthEB C;‘oldwhhlt(tah;nd cc:-wor.kerts phosphaalkene3a—e are listed in Table 3 along with the
postulated the formation ot the phosphae as atransien absorptions o8a—c and those of their chlorophosphine precur-

species in the dehydrochlorination of chlorophosplﬁam an sors2a—e observed at the same temperature (77 K). he
aqueous hydroxylic medid. However, only their corresponding stretching frequencies thus assigned are very sensitive to

nucleophilic adducts have been isolated. In the present study,

we have generated the phosphaalkedibg dehydrohalogena- substituent modifications on thesZ core. For example the
tion of the o-chlorophosphineg, both in the gas phasen replacement of the hydrogen atom on the phosphorus by a

potassium carbonate (VGSR, procedure A) amdhe liquid methyl group leads to a shift toward longer wavenumbers of

hasan the oresence of a Lewis b (procedure B). Only th ca. 100 cnr! (33, 1012 cntl; 3d, 1115 cntl). A similar but
phasen Ihe preésence of a Lewls base (procedure b). Y€ |ess important shift488 cnt?) is observed when the carbon
volatile derivatives3a—e can be formed by the former tech-

oo - atom in the positiornx is methylated. Thep—y frequencies of
nique; all of the phosphaalken8a—g can be generated by the 3a—c are less sensitive to the change of substituent on the
second approach.

L . carbon atom. They are observed at shorter wavenumbers than
Gas-phase HCI Elimination (VGSR) of the Volatile : .
a-Chlorophosphines 2a-e. HRMS and IR Analysis of the those of the chlorophosphine precurses-c (shift of ca. 40

cml).
ghct))spgfalkgn?s Asa(_e”?n(t:ir ih?tﬁﬁleﬁtronhsﬂicﬁgfowr of Phosphaalkenes are not stable in the solid state at 77 K. A
foar’me( d ir?(tzﬁe lgj;aes p)Haseeby i;’ng thg v(;iﬂuaa el' d reaec?ioi self-condensation on the KBr window is observed which results
technique (VGSRI® and the dehydrochlorination of the volatile 2 decrease of the intensity of the- andve—, peaks a

-chlorophosphine precurso?Ps—e takes place on solid potas- total disappearence occurring aftet 30 mn.
* prosprine precu P 1ap Attempts to transfer the phosphaalkeBas-e by trap to trap
sium carbonate (Scheme 4).

HRMS Analysis. The HCI elimination conditions are first distillation from the cold trap (77 K) to an NMR tube (solvent

optimized by coupling the VGSR apparatus with a high- (20) For another VGSR/MS coupling, see: Wazneh, L.; Guillemin, J. C;

Guenot, P.; Valle, Y.; Denis, J. MTetrahedron Lett1988 29, 5899.
(19) For other VGSR experiments, see for example (a) Guillemin, J. C.; (21) Kim, S. J.; Hamilton, T. P.; Schaefer, H. F., Il. Phys Chem 1993

Denis, J. M.Synthesisl985 12, 1131. (b) De Corte, B.; Denis, J. 97, 1872.

M.; De Kimpe, N.J. Org. Chem 1987, 52, 1147. (c) Guillemin, J. (22) Cabioch, J. L. Thee de I'Universitede Rennes I, 1989, Order No.
M.; Cabioch, J. L.; Morise, X.; Denis, J. M.; Lacombe, S.; Gombeau, 364.

D.; Pfister-Guillouzo, G.; Guenot, P.; Savignac)irg. Chem 1993 (23) Ohno, K.; Kurita, E.; Kawamura, M.; Matsuura, HAm Chem Soc

32, 5021-5028. 1987 109 5614.
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Table 2. Mass Spectrometry Data fer-Chlorophosphineg and Phosphaalkenés

3 (M — HCIy®
chlorophosphineg M-t (molecular ion oR2) phosphaalkene3® calcd found (HRMS) MS/MS fragmentation
2a 82 H,C=PH 45.9972 45.9975
2b 96 Me(H)C=PH 60.0129 60.0127 45CHy)
2c 110 (Et)HC=PH 74.0285 74.0287
2d 96 H.C=PMe 60.0129 60.0124 45-CHy)
2e 110 Me(H)C=PMe 74.0285 74.0291 59-CHs)

aDeterminated by a VGSR/MS sequence. The temperature of the oven was optimized by real time analysis of the gaseMadmvar ion
of 3.

Table 3. Selected Infrared Data of Chlorophosphirgs-c and Phosphaalken@a—e?

a-chlorophosphines phosphaalkenes
compd vpy (cm™) compd vpn (cm™1) compd ve—c (cm™Y) (calcd)
2a 2310 (s) 3a 2260 (s) 3a 1012 (w) (1017
2b 2305 (s) 3b 2250 (s) 3b 1100 (w)
2c 2280 (s) 3c 2240 (s) 3c 1140 (w)
3d 1115 (w)
3e 1120 (w)
CH,=P—ClI 979.7¢ (w) (980.2y

aSolid phase; 77 K? Intensity: (s) strong, (w) weak.Reference 21¢ Gas phase: Reference 23.

CD,CI/CFChk, T < —120 °C) or a Schlenk flask were  They can however be detected by NMR under special condi-
unsuccessful; the self-condensation occurred either on the coldtions. The NMR tube containing a solution of the chlorophos-
trap or during the transfer, which required a rise in temperature phine precursor and the Lewis base is introduced into the probe
toca —120°C. Therefore, NMR measurements nor chemical at a temperature lower than that of the elimination reaction.
trapping experiments could be performed on the phosphaalkenedJnder continuous scanning, the temperature of the NMR probe
prepared by VGSR. In comparison, it is notable the€+P—CI is slowly raised and then finally stabilized to a value corre-
appeared to be a more stable species or at least a less reactiveponding to the beginning of elimination. The signals of the
one since its transfer under the same conditions, after it wasphosphaalkenes are only observed during the course of the
formed by HCI elimination from CEPCL under flash vacuum  dehydrochlorination. This experiment along with IR monitoring
thermolysis conditions, has been successful, allowing low- (slow decomposition of the species on the KBr window at 77
temperature NMR measurements and chemical trapiihg. K) confirms the transient character of free simple phosphaalk-

Photoelectron Spectra of 3a and 3b.The PE spectra of  €nes.
phosphaalkene8a and 3b have been recorded by the use of The HCl-elimination conditions of the chlorophosphines
the VGSR/PE technique described above. This work has been2a—g are summarized in Table 4, along with the obser’dd
previously published?? Attribution of the verticalzp—c and NMR data of the corresponding phosphalker®es-g. For
np ionization energies (10.3 and 10.7 eV, respectively) were comparison we have added the data concerning the chlorophos-
correlated with those of the corresponding imines and with phine (CH=CH)P(H)CHCI (2h) and those of the correspond-
substituted phosphaalkenes and were confirmed by theoriticaling 2-phosphabutadiene GHCHP=CH, (3h).1** The tem-
calculations. perature of elimination is closely related to the IR acidity of

In conclusion of this section, the tandem VGSR/MS, VGSR/ the chlorophosphine precursors and to the strength of the Lewis
IR, and VGSR/PES are efficient techniques for generating the base. HCI elimination of the primary phosphires-c occurs
transient phosphaalkene&da—e by HCI elimination of the  atlow temperature{25°C) in the presence of DABCO (Table
correspondingx-chlorophosphines under high-dilution condi- 4, entries +3). For the secondarf-methyl(chloromethyl)-
tions and for characterizing them by real time analysis. Yet PhosphinesZd,e), a strong Lewis base such as DBU is required
these species are too reactive to be transferred by classical trao perform the HCI elimination25 °C for 2d (entry 4) and
to trap distillation. The chemical trapping experiments are —80 °C for 2e (entry 5)). For phosphin@d, a rapid self-
consequently unfeasible by this technique. condensation is observed at the elimination temperatds (

Liquid-Phase HCI Elimination of o-Chlorophosphines. °C), confirming the high instability of these structures. In
NMR Analysis and Chemical Trapping Experiments of relation with the h|gh_er PH acidity, th_e HCI elimination of
Phosphaalkenes 2&g (Procedure B). The dehydrohaloge-  the P-phenyl- andP-vinylchlorophosphines2f—h) occurs as
nation of thea-chlorophosphinea—g occurs in solution in ~ €xpected at low temperatureal —80 °C) and even in the
the presence of a Lewis base (Scheme 4). The conditions forPrésence of a weak Lewis base {&x
the elimination are dependent upon both the structure of the The observed'P chemical shift of the parent compouBa
phosphine and the strength of the base. They may also vary(d = 1231 ppm) is relatively close to the one determined by
with the purpose of the reaction. Thus, for NMR experiments, calculations using the IGLO method & +269 ppm)* A
a strong Lewis base is usually chosen so that the reactive specie§omplex ABCX splitting pattern is expected due to the non-
can be generated at a temperature as low as possible in order t§quivalence of the two olefinic protonsaHHg and a larger
minimize the self-condensation processes. However, for chemi-coupling constariJer, for the proton in thesis position relative
cal trapping, the generation of the phosphaalkenes at a temperi0 the lone pair of phosphorugigrulef® (Figure 1). The

ature consistent with the reactivity of the species toward the
reagent is required. (24) Fleischer, U.; Kutzelnigg, W. Phosphorus, Sulfur Sili€eiat Elem
. . 1993 77, 105-108.
NMR Analysis. As we have reported above, the simple (5) Quin, L. D. Phosphorus 31 NMR Spectroscopy in Stereochemical
phosphaalkenes are unstable in solution even at low temperature. ~ Analysis VCH Publishers Inc.: Deerfield Beach, FL, 1987.
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Table 4. Conditions for HCI Elimination of Chlorophosphin@s—h and3P NMR Data of Phosphaalken8a—h

chlorophosphines Lewis base phosphaalkenes
entry 2a—h (elimination temp {C)) 3a—h 0 3P (stered (ppm) pr (H2) 2Jpr (H2)
1 2a DABCO (—50) H,C=P—H 23P 130 29
2 2b DABCO (-50) (Me)CH=P-H 192 @) 130 36
186 E) 136 20
3 2c DABCO (—25) (Et)CH=P—H 179 @) 131 39
181 E) 135 17
4 2d DBU (+25) H,C=P—Me 288 c
5 2e DBU (—80) Me(H)G=P—-Me 238 @) >20
224 E) <20
6 2f EtN (—80) Ha  ph 266 315 29
c=P
He
7 29 EtN (—80) Me(H)G=P-Ph 236 ©)¢ =30
241 E)¢ <20
8 2hn EtN (—10) Ha, 268 29.3;29.2
C=P-CH=CH,

Hg

a Stereochemistry established according to tbis-fule”?. b Calculated 231 pprtf. ¢ A self-condensation is mainly observedCalculated 336
ppm?*€23g. 23p,. 9 Values in good agreement with those obtained by rearrangement &tphenylvinylphosphiné? " Reference 14b.

H H H Scheme 5
/
Lewis Rl R
§:P\ %" N T = b
Hp H Hp R f[ “u T ] o
Figure 1. 2 3 4
. . . EGN |R=H; ! DBU
deceptively simple spectrum (two tripletspy = 130 Hz,2Jpy (- 50°C) | R' = CH, THE ; 50°C B OOHl 0°C
= 29 Hz) can be hardly explained by a rapid inversion at ! ’

H Rl OR

phosphorus since the calculated inversion barrier is too high
(106.6 kJ¥® A mechanism involving a base-induced deproto-
nation/reprotonation of the acidic-fH (too fast to be observed
on the NMR time scale) is proposeédBy this exchange process,

:< Iy

H H
\C: P/ P
/ P-H

Me / o

Me

5a R'=H, R=H 5
5b R' = Me, R=H
5e¢ R'=Me, R=Me

the two olefinic protons are expected to be equivalent, in good
agreement with the observed triplet splitting. However, identical
vinylic 2Jpy coupling constants cannot be ruled out, since similar
coupling constants have already been observed in the literature
for the 2-phosphabutadier@h (Table 4, entry 8§40 formation as transient intermediates. In general, the reaction
Other interesting information can be obtained from the NMR conditions were not optimized. Owing to their easy oxidiz-
data of phosphaalken&a—h (Table 4). The chemical shifts ~ ability, most of the new free phosphines are only analyzed by
for the twoP-phenyl isomers8f (6 = 236 ppm Z-isomer) and 3P NMR. The structural assignment is established by the
0 = 241 ppm E-isomer)) are in good agreement with the value formation and the complete characterization of their phosphine
reported in the literature for an authentic sample obtained by oxide or methiodide phosphonium salt derivatives.
the base-induced rearrangement offhghenylvinylphosphine [4 + 2] Cycloadditions. The dehydrochlorination &fawith
(only one isomer is formed in this processs= 268 ppm)?® At DABCO in THF occurs at-50°C.$ The tetrahydrophosphinine
the elimination temperature of phosphi2e (25 °C), the self-  adductda (6 3'P —88 ppm,'Jpy 190 Hz) is obtained when the
condensation is very fast. The chemical shift of the corre- elimination reaction occurs in the presence of a large excess (5
sponding phosphaalkerssl (0 = 285 ppm) was consequently — equiv) of 2,3-dimethylbutadiene (DBD). Compouddlis then
detected with difficulty. On the other hand, the proximity of ~oxidized to the corresponding phosphine oxidg(0 3P = 22
the chemical shifts foRf and 2h show the similar effects of ~ ppm,*Jpr 460 Hz; overall yield, 12% after chromatography on
substitution at the phosphorus atom by a vinyl or a phenyl group silica). Under nearly identical experimental conditions, the
(entries 6 and 8). The presence of a methyl group in the position formation of self-condensed products is mainly observed in the
a to the phosphorus induces a shielding effectaf40 ppm case of the chloroethylphosphin2b. However, the two
for the G=P derivatives whatever the substituent at phosphorus. expected cycloadduct isomedb are observed by the use of
The determination of the stereochemistry of the phosphaalkenepyridine both as solvent and reagent at 80, The higher
isomers3b, 3¢, 3g and3gis based on thé&Jpy values in relation elimination temperature allows enhancement of the reactivity
with the cis-rule 2 of the phosphaalkene toward the diene (Scheme 5). By this
Chemical Trapping. Stabilized phosphaalkenes are known Method, the phosphine oxidé&b can be isolated by chroma-
to react with various dienes, dipoles, and nucleophiles. By tography on silica. The overall yield is however very poor (9%).
carrying out the HCl-elimination reactions in solution in the The stereochemistry of the two isomers has not been determined
presence of some of these trapping agents, we have successfullfTable 5). CompoundSa and5b are characterized by NMR
obtained the cycloadducts or nucleophilic adducts of the and mass spectrometry. The phosphinine ox&tesnd5b are

phosphaalkene8, giving thus additional evidence of their Slowly oxidized in air into their corresponding cyclic phosphinic
acid.

As was already mentioned above, the dehydrohalogenation
of the P-methylchlorophosphin@e only occurs with a strong

Mainly self-condensation

(26) Francl, M. M.; Pellow, R. C.; Allen, L. CJ. Am Chem Soc 1988
110, 3723-3728.
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Table 5. [4 + 2] Cycloadditions: Experimental Conditions for HCI Elimination and SeleétedNMR Data of the Corresponding Phosphines
4 and5

S (Npr)
chlorophosphineg Lewis base (solvent) ter°C) phosphaalkenes  reagent 4p 5 yield® (%) (ref)
2a DABCO (THF) —50 3a DBD —86 (190)  22(460) 15
2b pyridine (pyridine) +80 3b DBD —75(188)  25°(443) 9
—65 (185)  33°(449)
2e DBU (THF) +20 3e DBD —49 38 <5 (75p
2d DBU (THF) +20 3d CHD —48 28 27 (quant.)
2f EtN (THF) —80 3f CHD -29

aTemperature of HCI eliminatior?. Chemical shift of the free cycloadduct<Chemical shift of phosphine oxidesChemical shift of the methiodide
salts.® Yield of the phosphine oxide or methiodide salt derivativedixture of the two stereoisomers; stereochemistry non-establisieoute
involving the formation of3e by a base-induced rearrangement of vinylphospFificRoute involving the formation o8d, 3f by a retro[4+ 2]
cycladdition; the overall yields were claimed to be virtually quantitative.

Scheme 6 Scheme 7
R. CH H ]
' H  Lewis base © TR € H EN _.7H| N,CHCOEt |[Me__p’
cHP = |CH7P | ——— CH-P{ o IACRLENN el I
R R [ H THF,-50°C |Me N/ CO,Et
Me =N
2d R=Me 3d R=Me 4d R=Me (8 =- 48 ppm) 2b 3b
2f R=Ph 3f R=Ph 4f R=Ph (8 =- 29 ppm)

© Mel u
Y Me _p Me p
R-P @}Cozm 4% ]\:N}—cozm
/
H

I

R

I, CH,
CO,Me Toluene, 40°-50°C MegP H
CO,Me l@ - o
5d R=Me (2 isomers)

base (DBU) at ca. 20C. The phosphaalkene intermedi8e Scheme 8

is trapped with DBD to afford the phosphine adduéts The 1 Lewisbase | H ~ R| 'PiSH :
tetrahydrophosphinine oxide isomé&msare finally isolated after R (CHCHP(HR | c=p |~ RCHPRSPr
oxidation of 4e with BUOOH at—40 °C. The NMR data of R' .

these adducts are similar to those of authentic samples obtained 8e R'= Me. ReMe
when the same transient phosphaalkene is formed by a base- 8g R'=Me, R=Ph
induced rearrangement of tifemethylvinylphosphine in THF . . _ _ .
. . . the cis-rule?®® (Z-isomer6by, 2Jpy = 29.5 Hz,3Jpy = 10 Hz
o~ 9 1 1 I}
at 50°C.°° The yields are, however, dramatically lower in the E-isomer6by, 20 = 7 Hz, 3Jpu = 18 Hz). The regioselectivity

HCl-elimination sequence (yields fote <5% by the HCI is determined by*C NMR: the vinylic carbon gis directly

eliminationvs 75% by rearrangement). . .
The transient phosphaalkeng&d and 3f are formed by HCI ggnieSGt? ;g; ?S‘flipﬂogg stt%rtr)lz Séncciwﬁz I;[)l%r?iibi
1 1 ) ] 1 )

elimination from the chlorophosphin@sl and2f with DABCO 56 Hz)
(20 °C) and EtN (—80 °C), respectively, and are trappéd :
situ by cyclohexadiene (2 equiv). The free phosphine adduct
4d is then transformed into their methiodide derivatbae The
NMR data are identical to those of an authentic safjolened

by a route involving a retro[4+ 2] cycloaddition carried out
under mild conditions (50C) (Scheme 6). The observed overall
yields are, however, lower in the HCl-elimination route (27%
starting from2d) as compared with the virtually quantitative
yields claimed by Quin and co-worketsExperimental condi-
tions for HCI elimination and®P NMR data of the free
phosphines and their derivatives are shown in Table 5.

[3 + 2] Cycloadditions. The [3+ 2] cycloadditions have
been widely used in the literature for the phosphaalkenes
trapping. Therefore we tested the reactivity of the transient
1-phosphapropengb toward ethyl diazoacetate (EDA). The

Aromatization to the azaphospholb is achieved by a
P-chlorination/dehydrochlorination sequence with NCS 30
°C (Scheme 7) in a 17% overall yield (determined after
purification by chromatography on silica). The analoguous
nonmethylated compound has already been obtained byta [3
2] cycloaddition of HG=P with ethyl diazoacetafé2 Conse-
quently, the chlorophosphirgb can be considered as a synthetic
equivalent of CHC=P.

Nucleophilic Additions. The nucleophilic addition of a thiol
in the presence of a Lewis base is one of the most efficient
procedures for phosphaalkene chemical trapping. The adducts
8e and 8g are thus obtained when phosphaalkeBesnd 3g
are generated in the presence '®SH (4 equiv). The
temperature of the reaction is dependent on thedRacidity.

L : ; The adducts are characterized by NMR and HRMS. Compound
HCI elimination of (chloroethyl)phosphingb was induced by 8ehas been identified by compa);ison of the NMR data Wi?h an

EtgN at—50°C in the presence of an excess of EDA (Scheme authentic sampf (Scheme 8). Oxidation of the free phos-

7). The two cycloadduct isomeb; and 6b, formed by a . : L i R
spontaneous hydrogen migration from the primary addUate ghégﬁgl(;inrgii?u(rSUOOH) in mild conditions £10°C) gave

first detected and are characterized without purificatiortHby
13C, and®'P NMR. The stereochemistry is assigned by use of Discussion and Conclusion

(27) Zurmihen, F.; Rschs, M.; Regitz, MZ. Naturforsch B 1995 40, Q'_ChlorOphOSphines- We have previously developed an
1077. efficient route toa-chlorophosphonates anrdchlorophosphi-
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nates that allows us to control the nature of both the C- and the 20 mL of tetraglyme) was fitted on the vacuum line, degassed, and
P-substituent$>1® We show in the present study that these then cooled at-10°C. The chlorophosphonate (Fomol in 5 mL of
compounds can be efficiently used as precursors of primary andtétraglyme) was slowly added (10 min) through a flex needle. The
secondarya-chlorophosphines by a chemoselective reduction phosphine was continuously evacuated from the reducing mixture and
using AIHCb as an electrophilic reducing agent. These two condensed on a cold trap cooled at 77 K. At the end of the transfer,

| f oh hi btained | d vield d the phosphine was purified by classical trap to trap distillation. The
new classes of phosphines are obtained In good yields an ar%roduct was collected in a Schlenk and characterized by spectroscopy.

characterized by different spectroscopic methods. Only SomeThe purity is higher than 90%. The product was stored in a refrigera-

representative derivatives have been chosen as precursors oy

phosphaalkenes in the present work. P-Methyl(chloromethyl)phosphine (2d). Yield, 74%. H NMR
Transient Phosphaalkenes. Phosphaalkenes are obtained (300 MHz, CDC}): 1.28 @Jpy = 3.2 Hz), 3.56 (theJpy coupling

by dehydrochlorination of their correspondingchlorophos- constant was not observed in CREI3.71 €Jpy = 7 Hz). 3P NMR

phines in basic media both in the gas phase on solid potassium(32.38 MHz, ether/gDs): —61.30 {Jpyy = 206 Hz). *C NMR (75.5

carbonate (VGSR) or in solution in the presence of a Lewis MHz, CDCk): 1.91 (Joy = 130.2 Hz), 38.22%0cy = 150 Hz). IR

base. The gas-phase approach concerns only the volatilelC™ ?): ve-n 2300 (F),vc-ci 670 (F). HRMS. Calcd for @1CIP:

a-chlorophosphines. The corresponding phosphaalkenes have>-9896- Found: 95.9899. Rel intens (%): 98 (25), 96 (7). 83 (30),

- . .1 61 (56), 45 (100).
been characterized by HRMS/VGSR coupling and by solid P-Methyl(2-Chloroethyl)phosphine (2e). Mixture of 2 diastereo-

phase IR spectroscopy after condensation of the gaseous flowgomers (yield 73%).3H NMR (300 MHz, CDCY): 1.24 oy = 3
on a KBr window cooled at 77 K. The dehydrohalogenation \, 1 g Hz 33, = 7.1 Hz), 3.65 (théJew coupling constant was not

in solution with a Lewis base is general. We have obtained by opserved in CDG), 4.22 3p = 5.3 Hz, 3w = 7.1 Hz). 3P NMR

this procedure the firs€P NMR data of simple phosphaalkenes.
The chemical trapping experiments (Dielslder and dipolar
cycloadditions or nucleophilic additions) provided additional
evidence of these intermediates. The overall yields of the
adducts are moderated80%), and it is clear that further

(32.8 MHz, ether/@Dg): —40.0 and—50.1 Jpy = 198 Hz). 3C NMR
(75.5 MHz, CDC}): 2.39 (Jcy = 130.1 Hz), 24.220cy = 129.2
Hz), 52.24 ey = 151.4 Hz). IR (cmY): vpy 2295 (F),vp—chci 1455
(F, ve—c)) 652 (F). HRMS. Calcd for @4sCIP: 110.00521. Found:
110.0056.

Preparation of the a-Chlorophosphines 2f,g. General Procedure.
The ethereal solution of AIHGWwas prepared according to the literature
proceduré® The flask containing the reducing mixture (0.46 g, 4.6

synthetic developments would require an optimization of

reaction conditions to increase the yield. Recent literature
9 S

result§® give some reasons to be optimistic. It was chosen 10 mol) in 10 mL of solvent was cooled at80 °C and the

that t_he yields Of_ _adducts are strongly deper_1dent on the chlorophosphinate (2 1072 mol in 5 mL of ether) was slowly added
experimental conditions. Thus, when the transient phospha-,rough a flex needle. After addition, the mixture was slowly warmed
alkenes can be formed in high-dilution conditions at a temper- to room temperature and then filtered on dried celite. The yields of
ature which allows a rapid cycloaddition, the self-condensation crude product3P NMR) are higher than 80%. The-phenylphos-

can be almost avoided and the yields are good and sometimesphines are not very stable, even in solution, and must be rapidly used
excellent. The P-H acidity of the chlorophosphine precursors without further purification. For spectroscopic analysis, a sample was
of phosphaalkenes depends on the nature of substituents. Thé&apidly purified by washing the ethereal solution with degassed water.
HCl-elimination conditions are consequently modified for each The solution was dried, and the product was purified by trap to trap

species. Optimization should be found mainly by changing the
strength of the Lewis base. The present route would play an

interesting role in phosphorus chemistry in the future if good
control of these conditions can be obtained.

Experimental Section

General Procedure. All of the manipulations were performed with

distillation in vacua The 3P, 13C, and'H NMR and mass spectra
were recorded. The spectroscopic data are consistent with the struc-
ture.

P-Phenylmethylphosphine (2f). Yield, ca. 80% (determined by
3P NMR on the crude product) and 46% after trap to trap distillation
in vacuo(40 °C under 102 hPa). 'H NMR (300 MHz, CDC}): 3.81
(3Jpn = 6.3 Hz), 4.52 (théJpn coupling constant was not observed in
CDCly), 7.35, 7.56.31P NMR (32.38 MHz, ether/gDe): —36.7 (Jpn
= 214 Hz). 3C NMR (75.5 MHz, CDC}): 37.9 (Jcy = 151.9 Hz),

standard Schlenck techniques under an atmosphere of dried argon 0A28.62 {Jch = 163 Hz), 129.310cy = 161 Hz), 131.75, 134.4%1cw

nitrogen. The volatile phosphines were distilled and transferred by
standard vacuum line techniques. Solvents were purified by distillation

=161.7 Hz). IR (cm?): 2300 (f,vp_p), 685 (f,vc-c). HRMS. Calcd
for CiHsCIP: 158.0052. Found: 158.0058. Relintens (%): 158 (100),

from an appropriate drying agent. IR spectra of phosphaalkenes were159 (7.99), 160 (32.25), 161 (2.56), 162 (0.09).

recorded on a Perkin-Elmer Model 157 G spectrometer using a KBr
window cooled with liquid nitrogen.*H, 3P, and**C NMR spectra
were recorded on a Brucker AC 300P. Chemical shifts are given in
parts per million relative to internal SiMdor *H and*3C spectra and
H3PQ, for 3P NMR spectra. Chemical shifts upfield from standard

P-Phenyl(2-chloroethyl)phosphine (2g). Mixture of 2 diastereo-
isomers; yieldca. 80% (determined b§'P NMR) and 42% after trap
to trap distillation (50°C under 102 hPa). 'H NMR (300 MHz,
CDCl): 1.63 €Jpn = 12.5 Hz,33uyn = 7 Hz), 4.15 (thé'Jpn coupling
constant was not observed in CQCK.36 @Jpy = 3.4 HZ,3yy = 7

are defined as negative. High-resolution mass spectra were recordedHz), 7.36 7.55. 3P NMR (32.38 MHz, ether/gDe): —23.6 (Jpn =
on a Varian MAT 311 spectrometer. Elemental analyses were obtained215 Hz) and—25.6 (Jpy = 213 Hz). 13C NMR (75.5 MHz, CDCJ):

by the Service de Microanalyse du CNRS (Solaize). All of the

24.04 foy = 129.5 Hz), 51.810cy = 154.9 Hz), 128.554cy =

experiments have been conducted under neutral and dried atmospherel62 Hz), 129.2 {Jcy = 161.8 Hz), 131.25, 135.16) = 162 Hz).

Compounds2a—c were prepared by modification of the literature
procedurg® AIHCI, was used instead of Al

Preparation of Volatile a-Chlorophosphines 2a-2e. General
Procedure. The apparatus already described for the reduction of
o-chlorophosphonates with AjHvas used® Tetraglyme was dried
by refluxing over sodium/benzophenone and then distilled under
reduced pressure (I0hPa). The solution of AIHGlin tetraglyme
was prepared according to the recently reported procedlurbe flask
containing the reducing mixture (4.6 g, 461072 mol of AIHCI; in

(28) Guillemin, J. C.; Le Guennec, M.; Denis, J. M1 Chem Soc, Chem
Commun 1989 989.

IR (cm™): 2295 (f, vp—1), vc—c1 690 (F). HRMS. Calcd for gHio-
CIP: 172.0209. Found: 172.0213.

Formation of the Phosphalkenes 3ae by Gas-Phase HCI
Elimination (VGSR) and Characterization by VGSR/HRMS and
VGSR/IR Experiments. General Procedure (Procedure A). The
VGSR apparatus has been already described in preceding papers.
Powdered and dried 4C0O; (15 g) was introduced into the VGSR
reactor (I= 25 cm; i.d.= 2.5 cm) and then horizontally distributed
between two pads of glass wool 20 cm distant from each other. The
reactor was then fitted onto the ionization chamber of a mass
spectrometer (VGSR/HRMS coupling) or onto a vacuum line equipped
with a KBr window cooled at 77 K (VGSR/IR coupling). Chloro-
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phosphines2a—e were slowly vaporizedn vacuo through the re-
actor.

VGSR/HRMS Experiments. In the VGSR/HRMS experiments,
the gaseous flow coming out of the reactor was analyzed in real time
by mass spectrometry. The temperature of the elimination was
optimized by continuous gas flow analysis. The peak corresponding
to the loss of HCI (M" — 36) increases with the temperature of the
solid base. The temperature was finally maintained until the total dis-

Gaumont et al.

(THF/C:Dg): Z-isomer, 2383Jp1 > 20 Hz); E-isomer, 2249Jp1 < 20
Hz).

P-Phenyl-1-phosphaethene (3f).Prepared according to procedure
B. Elimination temperature=80 °C (EtN). 3P NMR (THF/GDg):
266 (ZJPHB =31 HZ,Z\]PHA =29 HZ)

P-Phenyl-1-phosphapropene (3g)Prepared according to procedure
B (two isomers). Elimination temperature:80°C (EN). 3P NMR
(THF/C;Dg): Z-isomer, 2363Jp1 > 20 Hz); E-isomer, 2419Jp1 < 20

appearance of the molecular ion of the chlorophosphine precursor wasHz).

observed. The HRMS and MS/MS experiments were then performed.
VGSR/IR Experiments. Inthe VGSR/IR experiments, the gaseous
flow was condensed on a KBr window cooled at 77 K. The VGSR/
HRMS coupling has been previously descriB&édrhe temperature of
elimination is that determined by VGSR/HRMS experiments. The IR
spectra of the starting material are first recorded and the self-

Chemical Trapping. General Procedure. For the trapping experi-
ments, the THF or ethereal solution containaeghlorophosphine
and the reagent in a large excess4(equiv) were cooled at a
temperature lower than that corresponding to the temperature of
elimination. The Lewis base was then introduced, and the temperature
was slowly allowed to warm to room temperature. In most cases, the

condensation of the phosphaalkenes is then monitored. Selected IRfree phosphines were only analyzed®y NMR. The corresponding

data are collected in Table 3.

Phosphaethene (3a).Temperature of KCO; for MS and IR ex-
periments: 150C MS, m/z (%): 46 (100), 45 (59), 44 (49), HRMS.
Calcd for CHP: 45.9972. Found: 45.9965, IR (77 K, cit 815
(W), 990 (s), 1012 (Wyc=p), 1410 (S), 2260 (Syp—n), 2990 (W).

1-Phosphapropene (3b). Temperature of KCO; for MS and IR
experiments: 150C, MS, m/z (%): 60 (70), 58 (55), 57 (100), 56
(21). HRMS. Calcd for @HsP: 60.0130. Found: 60.0127. IR (77
K, cm™1): 700 (w), 750-850 (s), 880 (F), 1100 (Wic=p), 1445 (s),
2260 (W,vp—), 2940 (W), 2960 (w).

1-Phosphabutene (3c).Temperature of KCO; for MS and IR ex-
periments: 150C. MS,m/z (%): 74 (64), 57 (40), 48 (25), 46 (25),
44 (46), 41 (100), 39 (30). HRMS. Calcd forgdP: 74.0285.
Found: 74.0287. IR, (77 K, cm): 730 (w), 756-900 (s), 1140 (w,
ve=p), 1450 (S), 2240 (Syp-n), 2880 (w), 2960 (w).

P-Methyl-1-phosphaethene (3d). Temperature of KCO; for MS
and IR experiments: 200C. MS, m/z (%): 44 (100), 60 (40), 96
(12). HRMS (M*). Calcd for GHsP: 60.012 89. Found: 60.0124.
MIKE spectrum (Wz 60): 58. CAD-MIKE spectrumrt/z 60): 58,
45. IR (77 K, cnY): 1260 (f), 1115 (w,vc=p), 862 (vs), 810 (S).

P-Methyl-1-phosphapropene (3e). Temperature of KCO; for MS
and IR experiments: 200C. MSm/z (%): 74 (15), 64, (90), 60 (54),
57 (36), 49 (26), 44 (20), 43 (46), 27 (100). HRMS*(y Calcd for
CsH/P: 74.0285. Found: 74.0284. MIKE spectrum/ 74): 73,
72. CAD-MIKE spectrumifyz74): 73,72,71,59,57,15. IR (77 K,
cm™): 1120 (w,vc=p), 860 (vs), 810 (vs).

Liquid-Phase HCI Elimination of a-Chlorophosphines. 31> NMR
Analysis and Chemical Trapping Experiments of Phosphaalkenes
3a—g (Procedure B). 3P NMR Analysis, General Procedure. A
solution of the chlorophosphine precursor (0.2 mmol, solvent THF/
C;Dsg (3:1 ratio)) was added inta 5 mm NMRtube sealed with a
rubber septum and cooled &80 °C. The required Lewis base (0.2
mmol) was then slowly introduced. The NMR tube was rapidly shaken
and then introduced into a previously cooled NMR prob&@ °C).

oxides were fully characterized.
1,2,5,6-Tetrahydro-3,4-dimethylphosphinine (4a) and Phosphine
Oxide (5a). To a THF/GDg solution (90:10, 5 mL) of (chloromethyl)-
phosphine2a (0.14 g, 1.70 mmol) cooled at50 °C was added 0.22
g (2.67 mmol) of dimethylbutadiene and 0.2 g (1.78 mmol) of
diazabicyclooctane (DABCO). The reaction mixture was stirred at this
temperature fo2 h and then warmed to room temperature and analyzed
by 3P NMR. The observed data are consistent with the proposed
structureda (6p —87 ppm,*Jpy = 190 Hz). After oxygen bubbling
for 2 h, the solvents were evaporatedvacug and the oily residue
chromatographed on silica gel with ethanol as eluent. The pure
phosphine oxide5a was isolated (15% overall yield)3'P NMR
(CsDsN: 22 (Jpry = 4.59 Hz). HRMS. Calcd for @H:3P0; 144.0702.
Found: 144.0704.
6-Methyl-1,2,5,6-tetrahydro-3,4-dimethylphosphinines (4b) and
Phosphine Oxides (5b). The dehydrochlorination of the phosphine
2b (0.48 g, 3.4 mmol) was performed in pyridine as solvent and reagent.
The mixture containin@b and dimethylbutadiene was refluxed for 2
h and cooled at room temperature. The crude free phosphine isomers
4b; and4b, were identified by*'P NMR (THF/GDg): —75 (Jpn =
188 Hz),—64.6 (Jpy = 187.5 Hz). The mixture was then cooled to
—30°C, and a solution dBuOOH was added. The pyridine was then
distillated in vacua After filtration on celite, the oily residue was
chromatographed on silica gel. The mixture of the two phosphine
oxides isomers$h, and 5b, was isolated in 9% overall yield. The
stereochemistry was not precis#P NMR: isomersby, 25 (d,%3Jpn =
443 Hz); isomersh,, 33 (Jpw = 449 Hz). 'H NMR (CDCL) of the
mixture: 1-1.3, 1.67, 1.52.5, 6.5 {Jpy = 450 Hz). HRMS. Calcd
for CgHisOP: 158.085. Found: 158.085. Calcd forHzs0,P:
174.0801. Found: 174.080.
P-Methyl-1,2,5,6-tetrahydro-3,4-dimethylphosphinines (4e) and
Phosphine Oxides (5e). By use of the standard protocol, the
elimination reaction of the phosphi2e occurred in ether at 28C, in
the presence of DBU. Phosphine oxidsswere isolated irca. 9%

The probe was slowly warmed up and the temperature correspondingyield. The free phosphine isomefig and the corresponding oxides
to the formation of the phosphaalkene was established by monitoring derivatives5e were identified by comparison of the NMR data with

the appearance of the characteristie NMR low-field signal. The
temperature was then maintained, and #e NMR spectra were
recorded.

Phosphaethene (3a).Prepared according to procedure B. Elimina-
tion temperature:—50 °C (DABCO). 3P NMR (THF/GDg): 231.0
(3pn = 130 Hz,2Jpn = 29 Hz).

1-Phosphapropene (3b). Prepared according to procedure
(two isomers). Elimination temperature:50°C (DABCO). 3P NMR
(THF/C;Dg): Z-isomer, 192 (diJpn = 130 Hz,2Jpy = 36 Hz,3Jpy =
14 Hz); E-isomer, 186 (d}Jpn = 136 Hz,2Jpny = 20 Hz,3Jpn = 20
Hz).

1-Phosphabutene (3c). Prepared according to procedure
(two isomers). Elimination temperature:25°C (DABCO). 3P NMR
(THF/C;Dg): Z-isomer, 179 (d,"Jpn = 131 Hz, 2Jpy = 39 Hz);
E-isomer, 181 (d}Jpn = 135 Hz,%Jpn = 17 Hz).

P-Methyl-1-phosphaethene (3d).Prepared according to procedure
B. Elimination temperature: 25C (DBU). 3P NMR (THF/GDsg):
285.

P-Methyl-1-phosphapropene (3e).Prepared according to procedure
B (two isomers). Elimination temperature:80°C (DBU). 3P NMR

authentic sample¥.

2-Methyl-2-phosphabicyclo[2.2.2]octa-5-ene (4d) and Phosphine
Oxide (5d). By use of the standard protocol, the transient phospha-
alkene3d was formed by HCI elimination from the chlorophosphine
2d with DABCO (20°C) as the Lewis base and was trapjreditu by
an excess (2 equiv) of cyclohexadiene (CHD). The free bicyclic
phosphinegid, 4f were characterized by their methiodide derivatives
5d, 5f (overall yield 27%). The NMR spectra of these adducts were
identical with those of authentic sampfes.

2-(Ethoxycarbonyl)-5-methyl-3,4-diazaphosphole (7b).By ap-
plication of the standard protocol, the HCI elimination of (chloroethyl)-
phosphine2b was induced by EN at —50 °C. At the end of the
reaction, the solution was filtered and the solvent evaporatedcua
The stereochemistries of the free phosphine isorflers&nd6b, were
established by'P and'*C NMR of the mixture.

Dihydrophosphole 6k (Z-isomer). 3P NMR (THF/GDg): —69
(d, Wpn = 181 Hz,2Jpy = 29.5 Hz,3Jpy = 10 Hz). *C NMR
(CDCly): 14 (g, %cn = 127 Hz), 16.4 (Q}Jch = 129 Hz,2Jpc = 4
Hz), 60 (d,*Jcn = 147 Hz, Jcp = 12 Hz), 61 (dXJch = 145 Hz), 62
(t, Wen = 145 Hz), 164 (s), 167 (KJep = 52 Hz).
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Dihydrophosphole 6k (E-isomer). 3P NMR (THF/GDg): —77 48 h; adducBe was separated by trap to trap distillation (40% yield)

(d, YJpn = 168 Hz,2Jpy = 7 Hz, 3Jpyy = 18 Hz). 13C NMR (CDCk): and identified by comparison with an authentic saniple.

14 (9,%Jch = 127 Hz), 19.5 (dNch = 129 Hz,2Jpc = 34 Hz), 56 (d, Ethylphenyl(isopropylthio)phosphine (8g). By application of the

en = 152 Hz,YJcp = 10 Hz), 62 (t,XJcn = 145 Hz), 164 (s), 174 (d, standard protocol, the HCI elimination of chlorophosphgwas

ep = 56 Hz). induced by EfN in THF, in the presence of 2-propanethiol (4 equiv)
The aromatization of the dihydrophosphols was achieved by at —80 °C. The reaction mixture was then stirred atZDfor 72 h;

low-temperature £30 °C) P-chlorination with N-chlorosuccimide the adducBgwas separated by trap to trap distillation and obtained in

followed by a spontaneous HCI elimination. The reaction mixture was 32% yield. 3P NMR (CDC}): 22.2. 'H NMR (CDCly): 1.1 (t, 3H,
then allowed to warm to room temperature, and the organic layer was 33y = 23 Hz,3J4y = 6.9 Hz), 1.2 (d, 6H3J4y = 6.5 Hz, 1.23 (d, 3H,
filtered off. The solvent was distillateid vacuoand the oily residue 3Jun = 6.5 Hz), 1.7 (m, 2H), 2.95 (oct, 1HJyn ~ 3Jpy = 6.5 Hz), 7.2
chromatographed on silica gel. Phosphotewas obtained in a 17% (m, 3H), 7.5 (m, 2H).3C NMR (CDCk): 6.3 (qdt,"Jcn = 127.2 Hz,
overall yield (four step sequencej*P NMR (THF/GDe): 96 (q).'H 2Jcp= 14 Hz,2Jcy = 4.2 HZz), 24.2 (tdqtdch = 126.2 Hz,Jcp = 15.7
NMR (CDCly/tms): 1.3 (t, 3H 33y = 7 Hz), 2.67 (d, 3H3J4p = 10 Hz, 2Jcy = 4.2 Hz), 25.5 (qd%Jcy = 124.7 Hz 3Jcp = 12.8 HZ), 25.65
Hz), 4.35 (q, 2H). HRMS. Calcd for ¢ElgO,N,P: 172.04016. (qd, Wen = 124.2 Hz,2Jpc = 12.2 Hz), 37.9 (ddheptlcy = 142 Hz,
Found: 172.0391. Anal. Calcd: C, 41.86; H, 5.23; P, 18.02. Found: 2Jcp = 20.9 Hz,2Jcy = 4.6 Hz), 128.3 (ddmJcy = 158.9 Hz,2Jpc =
C, 41.44; H, 5.11; P, 17.68. 6.5 Hz), 128.5 (dm‘Jcy = 167 Hz), 131.5 (ddmiJcy = 154 Hz,%Jcp
Ethylmethyl(isopropylthio)phosphine (8e). By application of the = 20.1 Hz), 139.6 (dmYJcp = 25 Hz). HRMS. Calcd for GH17SP:
standard protocol, the HCI elimination of (chloroethyl)phospi2ee 212.0789. Found: 212.0782.
was induced by DBU in THF, in the presence of 2-propanethiol (4
equiv) at—30°C. The reaction mixture was then stirred at°ZDfor 1C960417Z





