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Although numerous kinetically stabilized arsaalkenes' and one
arsaalkyne? have been prepared, few examples of unstabilized
molecules containing an arsenic atom are known. However,
primary vinylarsines,® and among them the parent compound,
were recently synthesized and the first primary alk-1-ynylarsine
has been described; the latter led via a base-induced rearrange-
ment to the first unstabilized arsaalkyne isolated up to now,
the ethylidynearsine CH;C==As.* The potential of allenylarsines
and alkynylarsines as ligands in organometallic chemistry or
as precursors of carbon—arsenic multiple-bond compounds
prompted us to develop a general approach. We report here
the preparation of allenylchloroarsines and their chemoselective
reduction to the corresponding primary and secondary alleny-
larsines, a new class of compounds. Also described are the
preparation of C- or As-substituted alk-1-ynylarsines and the
study of the base-induced rearrangement of the primary deriva-
tives into the corresponding arsaalkynes.

Experimental Section

Caution! Arsines are toxic compounds. All reactions and handling
should be carried out in a well-ventilated hood.

Materials. Arsenic trichloride was purchased from Strem or
prepared by reaction of aqueous hydrochloric acid on As;Os;° n-dibutyl
ether, 2,2"-azobis(2-methylpropionitrile) (AIBN), and duroquinone were
purchased from Acros Chimica; galvinoxyl was purchased from Aldrich.
All chemicals were used without further purification. Tributylstannane,®
allenyltributylstannane 17 and alkynyliributylstannanes 2a—d’»® were
prepared as previously reported.

General Methods. 'H and '*C NMR spectra were recorded on
Bruker spectrometers (AC300P and ARX400), and HRMS (high-
resolution mass spectrometry) experiments were performed on a Varian
MAT 311 instrument. To record the mass spectrum, alkynyl- and
allenylarsines were directly introduced from a cooled cell into the
ionization chamber of the spectrometer. The yields of the allenyl- and
alkynylarsines were determined by 'H NMR with an internal reference.

Allenylchloroarsines (3a—c). General Procedure. Into a 25 mL
two-necked round-bottomed flask equipped with a nitrogen gas inlet
were introduced arsenic trichloride, methyl- or ethylarsinous dichloride
(10 mmol), propadienyltributylstannane 1 (3,3 g, 10 mmol), and
catalytic amounts of AIBN. The mixture was stirred for 30 min at 60
°C. Purification by distillation in vacuo gave propadienylchloroarsines
3a—c. Compounds 3a—c were obtained in the presence of AsCls,
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MeAsCl,, and EtAsCl, respectively, and, due to their instability, crude
products were used in the following step without further purification.
Allenylchloroarsines 3a—c can be kept in a freezer.

Propadienylarsinous Dichloride (3a). This compound was pre-
pared from arsenic trichloride (1.8 g, 10 mmol) and propadienyltribu-
tylstannane 1 (3.3 g, 10 mmol): bpe; =~ 30 °C; yield 75%; 'H NMR
(CDCl3) 6 5.15 (d, 2H, CH,, *Juy = 6.7 Hz), 6.30 (1, 1H, CH, *Jugn =
6.7 Hz); '*C NMR (CDCl3) 6 77.9 (td, CH,, 'Jeu = 170.9 Hz, 3Jcp =
7.4 Hz), 96.7 (dt, CH, 'Jcu = 186.8 Hz, 3Jcy = 7.4 Hz), 208.5 (br s,
H,C=C=CH).

Propadienylmethylarsinous Chloride (3b). This compound was
prepared from methylarsinous dichloride (1.6 g, 10 mmol) and
propadienyltributylstannane 1 (3.3 g, 10 mmol): bpg; = 25 °C; yield
52%; "H NMR (CDCl3) 6 1.71 (s, 3H, CHs), 4.85 (d, 2H, CHa, “Jun =
6.9 Hz), 5.93 (t, I1H, CH, “Juys = 6.9 Hz); ¥C NMR (CDCl;) 6 19.4
(g, CH3, Jcy = 135.1 Hz), 74.0 (td, CHz, 'Jeu = 169.2 Hz, 2Jcy = 8.0
Hz), 89.6 (dm, CH, 'Jey = 183.1 Hz), 208.4 (br s, H,C=C==CH).

Propadienylethylarsinous Chloride (3c). This compound was
prepared from ethylarsinous dichloride (1.75 g, 10 mmol) and propa-
dienyltributylstannane 1 (3.3 g, 10 mmol): bpo; =~ 30 °C; yield 49%;
'H NMR (CDCl3) 6 1.28 (1, 3H, CH,, 3y = 7.6 Hz), 2.08 (q, 2H,
CH>, *Jun = 7.6 Hz), 4.85 (d, 2H, CH,, “Juy = 6.7 Hz), 5.89 (1, 1H,
CH, 4.]1-[1-[ =6.7 HZ); BC NMR (CDCI]) o 8.9 (q, CH;, ]JCH = 1278
Hz), 28.7 (t, CH,, ey = 135.6 Hz), 73.7 (td, CH,, oy = 169.3 Hz,
3Jenw = 7.7 Hz), 88.2 (dm, CH, 'Jey = 178.3 Hz); 209.2 (br s,
H,C=C=CH).

Alkynylchloroarsines (4a—e). General Procedure. In a 25 mL
two-necked round-bottomed flask equipped with a nitrogen gas inlet
was placed arsenic trichloride (2 g, 11 mmol). The reagent was frozen
at —60 °C, and the appropriate alkynyltributylstannane (2a—d) (10
mmol) was added. The solution was then vigorously stirred and allowed
to warm to room temperature over 10 min. Purification by trap-to-
trap distillation gave pure alkynyldichloroarsine (4a—d). The products
must be kept at low temperature (—40 °C). To prepare de, a similar
experiment was performed by starting from ethylarsinous dichloride
and ethynyltributylstannane 2a; the mixture was heated for 20 min at
50 °C before distillation.

Prop-1-ynylarsinous Dichloride (4a). This compound was prepared
from arsenic trichloride (2.0 g, 11 mmol) and prop-1-ynyltributylstan-
nane 2a (3.29 g, 10 mmol): bpg; = 30 °C, yield 60%; 'H NMR (CDCl;)
6 2.13 (s, 3H, CH;); '*C NMR (CDCls) 8 5.8 (g, CH3, Jen = 132.0
Hz), 84.1 (q, CAs, 3Jcy = 5.0 Hz), 113.8 (g, CH:C=C, YJen = 9.5
Hz).

Pent-1-ynylarsinous Dichloride (4b). This compound was prepared
from arsenic trichloride (2.0 g, 11 mmol) and pent-1-ynyltributylstan-
nane 2b (3.56 g, 10 mmol): bpy; =~ 40 °C; yield 58%; 'H NMR
(CDCl3) 6 1.00 (t, 3H, CH3, 3Juny = 7.3 Hz), 1.62 (1q, 2H, CH;CH>,
3Juu = *Jun = 7.3 Hz), 2.43 (t, 2H, CH.C=C, *Jyy = 7.3 Hz); °C
NMR (CDCls) 6 13.8 (q, CHs, Jen = 125.6 Hz), 21.3 (t, CHa, e =
129.6 Hz), 22.3 (t, CHy, Jey = 126.0 Hz), 85.1 (1, CAs, 3Jcy =
5.4 Hz), 117.4 (tt, CH.C=C, %Jcy = 9.8 Hz, *Jcy = 6.0 Hz).

((Trimethylsilyl)ethynyl)arsinous Dichloride (4c). This compound
was prepared from arsenic trichloride (2.0 g, 11 mmol) and (2-
(trimethylsilyl)eth-1-ynyl)tributylstannane 2¢ (3.86 g, 10 mmol): bpo,
~ 45 °C; yield 53%; '"H NMR (CDCls) 6 0.18 (s, 9H, (CH3)3Si); 1°C
NMR (CDCl3) 8 0.07 (q, (CH3)3), UJen = 120.0 Hz), 108.2 (s, CAs),
122.8 (m, SiC, 3Jcy = 2.2 Hz).

(3-Methoxyprop-1-ynyDarsinous Dichloride (4d). This compound
was prepared from arsenic trichloride (2.0 g, 11 mmol) and (3-
methoxyprop-1-ynyljtributylstannane 2d (3.59 g, 10 mmol): bpo; =
50 °C; yield 43%; '"H NMR (CDCl;) 6 3.43 (s, 3H, CH3;), 4.31 (s, 2H,
CH>); *C NMR (CDCl3) 8 58.6 (q, CHs, 'Jcu = 148.9 Hz), 60.3 (t,
CHa, YJeu = 1427 Hz), 909 (1, CAs, 3Jey = 5.5 Hz), 1087 (1,
CH,C, ¥y = 6.3 Hz).

Ethynylethylarsinous Chloride (4e). This compound was prepared
from ethylarsenic dichloride (1.93 g, 11 mmol) and ethynyltributyl-
stannane 2a (3.15 g, 10 mmol). Distillation in vacuo of the volatile
compounds gave a mixture containing ethynylethylarsinous chloride
4e (yield (crude product): 35%) in the presence of impurities: EtAsCl,
(40%), EtAs(C=CH), (20%). Purification of 4e by trap-to-trap
distillation led to a significant loss of product: bpg; = 25 °C; '"H NMR
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(CDCivy 4 1.39 (1, 3H. CH,, “Jyy = 7.6 Hz), 2.18 (q. CH». 2H, ‘JHH =
7.6 Hz). 3.12 (s, HC. 1H); "*C NMR (CDCly) 8 9.3 (q, CH,, Yoy =
128.2 Hz). 29.6 (1. CHa, I.’CH = (36.3 112), 84.4 (di, As—C=, 2J(:H =
443 Hz, Yow = 4.6 Hz), 97.8 (L =CIL ey = 286.9 Hz).

Allenylarsines (3a—c¢) and Alkynylarsines (6a—c.e). General
Procedure.” In a 25 mL wwo-necked flask were introduced the
ributylstannane (4.2 g, 15 mmol) and small amounts of a free-radical
inhibitor {galvinoxyl or duroquinone). The Mask was fitted on a vacuum
line equipped with a stopeock, a cold trap, and a cold linger (Figure
). The flask was cooled (~20 °C) and degussed. the appropriate
chloroarsine (3a—c, 4a—c¢.e) (4 mmol) was then slowly introduced with
a mucrosyringe or a flexible needle. To Timit oligomerizalion, (he
propadienylarsine (5a—c¢) or alkynylarsine (6a—c.e) was distilled off
in racwo from the reaction mixture during the course of (he addition
of 3 or 4, respectively. High-builing impurities were selectively
condensced in 1 cold trap (—60 >C), and arsine 5 or 6 was condensed
with a cosolvent on the cold finger (—196 °C). After disconnection
from the vacuum line, the apparatus was filled with dry nitrogen and
the cold finger was allowed to warm 1 room temperature. Compuound
§ or 6 wax collecled in a Schienk flask or in an NMR wbe and way
kept al Jow lemperature (-~ 50 °C). Low-temperaiure analysis showed
Lhe presence with the expecied allenylarsine (Sa—c) of propyne (<10%),
the corresponding prop- I-ynylarsine isomer (=10%), and the corre-
sponding arsine (=20%) (AsHy, MeAsH:. or EtAsty. respectively).
EtAsH: (225%) was also obscrved with 6e. Purification of § and 6
by trap-to-(rap distillalion led 1o the pure compound with a significant
lusy of product. Attempts to prepare {3-methoxyprop- [ -ynyljarsine 6d
by this approach were unsuccessiul.

Propadienylarsine (5a): bp,, & —95 °C: yield 61%; 'H NMR
(CDCly, =35 °C) § 3.12 (d1, 2H. AsH: Myp = S.1 Hz, Shyy = 3.2
Hz). 4.52 (di, 2H. CH>. *Jyyr = 6.7 Hz, i == 3.2 Hz). 5.39 (u. 1H,
CH. *Juy = 5.1 Hz, ‘4 = 6.7 Hz): "C NMR (CDCl,. —35 °C) &
70.1 (d, CHx. Jen = 169.1 Hz, Yoy = 7.6 Huy, 71.) (id. CHy, Yoy =
168.3 Hz, 2y = 7.6 Kz), 210.8 (br s. H:C=(=CH); HRMS (M"*)
caled for CaHsAx 115.9607, found 115.961; m/z (%) 117 (1.1), 116
(43.2). 115 (21.8), 114 (14.0), 113 (21.3). 112 (17.9). 101 (61.1), 90
(16.8). 89 (26.7). 88 (21.4), 78 (10.7), 76 (13.6), 75 (13.0), 35 (82.9),

Propadienylmethylarsine (5b): bpes = —80 °C, vield 33%: 'H
NMR (CDCla. =35 °C) & 1.14 td, 31, Ci1, *hy = 7.0 Hz), 3.26 (qdl.
|H. AsH, "J"H =70 Hl. ‘J”” =44 ”7_\ '(J]{H =36 HZ). 4.58 (ddA 2H.
CHy. Yun = 6.8 Hz SJuy = 3.6 Hz), 545 (ud. IH. CH, *Jiyy; = 6.8 Ho.
Vi = 4.4 Hz): "C NMR (CDCly, =35 °C) 8 1.0) {q. CH\, 'Jen =
134.2 Hz), 69.3 (dm, CH, YJeu = 1722 12), 7.7 (1d. CH;, ey =
168.4 Hz, 2Jiay = 9.1 Hz), 208.0 (br s, H;C=C=CH); HRMS (M"*)
caled for CsHyAs 129.9764, found 129.977; m/z (%) 130 (3R.9), 129
(16.1), 116 (17.3), 115 (95.3). 114 (17.6), 113 (25.2). 112 (16.3), 102

(9) Similar experiments have already been described 10 prepare reactive
specics: (a) Cabioch, ). L.; Denis, J. M. J. Urganomet. Chem. 1989,
377.227-233. (b) Guillermin, J. C.; Savignac, P.. Denis. J. M. Inorg,
Chem. 1991, 30. 2170—2173.
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(49.2), 10Y (45.5), 90 (23.0), 89 (67.8). 8& (13.8). 87 (17.1). 75 (9.3),
19 (35.9). 38 (10.0), 37 (10.3).

Propadienylethylarsine (S¢): bpy) = --70 °C; yield 21%; '"H NMR
(CDCla, —35°C) 6 1.28 (1. 3H. CHs, *Jyw = 7.7 Hx). 174 (yd. 2H,
CILCHL. My = 7.7 Hz Yun = 4.4 Hz), 3.03 (rdr, 1H, AsH, '\Juu =
5.2 Hz. ¥y = 4.4 He, SJun = 3.0 Hz), 4.54 (dd. 2H, C=CH,, "/yu =
6.7 Hy. “Jun = 3.0 Hz), 5.43 (1d, 1H, C=CH, Yy = 6.7 Hz, Sy =
5.2 1423, 'C NMR (CDCly. —35°C) 6 10.9 (t, CHa. Jep = 130.8 Hy),
13.9 (g, CHx, 'Jew = 126.0 Hz), 69.4 (dm, CH, Yoy = 170 Hy), 71.2
(d, CHs, Jen = 167.7 Hz, Yoy = 7.9 H7), 209.0 (br s. HaC=C=CH);
HRMS (M*“) caled Yor CsHoAs 143.9920, found 143.992; m/z (%) 144
(11.2), 129 (8.6), 116 (39.4), 115 (30.7). 114 (18.8), 113 (10.4), 112
(6.6). 104 (31.3), 103 (17.3), 102 (9.8). 101 (21.4), 89 (18.0), 39 (16.7).
28 (100).

Prop-L-ynylarsine (6a)! bpsy = —100 °C; yicld 25%: '"H NMR
(CDCly, ~35 °Cy 4 1.89 (1, 3H, CHs. “Fur = 2.7 Hr), 3.30 (q. 2H.
AS’I}. SJHH =27 HZ): I\C NMR (CDC]\. _35 0(_‘) [o) 5.6 (q. al_\. 1.’(‘“
= 126.5 Hz). 63.4 (s, CAs), 101.6 (s. CH3;C); HRMS (M**) calcd for
CiHAs 115.9607: found 115961 m/z (%) 116 (26.3). 115 (4.6). 113
(5.3), 112 (5.1), 101 (14.4), 89 (7.4). 77 (24.5), 75 (72.8). 36 (15.5).

Pent-1-ynylarsine (6b): bpoy = =70 °C: yield 19%. 'H NMR
(CDCL ~35°C) & 095 (1, 3H. T Yy = 7.3 Hz), 1.53 (1. 211,
CHCH: Y = “Juw = 7.3 H2). 219 (m, 2H, CH,C=C., "}y = 13
Hz, <Ju|| =10 1[7_). 3.33 (t, 2H. AsH>, ‘.’"“ = 1.0 H.Z), "C NMR
((:DCll. =35 OC) 0 |38 (q. CHa. 'J('u = 125.6 HZ), 205 (l. CH:, I.lrn
= 123.9 Hz), 22.1 (1. CHa. Jew = 125.6 H2), 63.8 (5. CAs), 106.) (br
5. CHy—=C): HRMS (M) caled for CsHgAx 143.9920; found 143.992:
miz (%) 144 (5.0), 129 (4.0), 116 (8.0), 115 (5.8), 102 (5.3), 101 (6.3),
89 (3N, T8 (67.9). 77 (15.9). 76 (100), 75 (23.3). 67 (7.0). 43 (5.6),
42 (12.7). 4) (20.7), 39 (11.4).

(Trimethylsilyl)ethynylarsine (6¢): bpy| =~ ~65 °C: yield 19%;
*H NMR (CDCly, =35 °Cy 8 0.17 (s. 9H. (C#)). 3.45 (5, 2H, AsHy):
I'C NMR (CDCl;, —35 °C) & —0.02 (q. (CHy» Yen = 119.4 Hz),
93.3 (5, Si0), 113.3 (br 3, CAs). Atlempts 16 isolare compound 6¢ in
pure form (o record jts mass spectrum resulted in the formation of
brown, arsenic-containing decomposition products and arsenic mirrors
on (he wall of the cell.

Ethynylethylarsine (6e): bpy), =2 —80 °C; yield 19%: 'H NMR
(CDCly, =35 *C) 4 1.40 (1, 3H, CH\. Unn = 7.6 Hz). 1.8) (qd. 2H.
CH> 3y = 1.6 Hz, ‘i = 5.0 Hz), 2.51 (d, 1H, HC=C, *Jyy = 2.7
Hz). 3.61 (1d, |1H, As#, ].’}-m = 5.0 He, ‘Jm[ = 2.7 Hz); C NMR
(CDC. =35 °C) 109 (1, CHz. Jeu = 1323 H2), 12.9 (q, CHy, Yen
= 126.0 Hz). 779 (s. CAs). 92.5 (d. HC=C, Joy = 245.1 Hz);
HRMS (M"+) caled for CsH=As 129.9764, found 129.977; m/z (%) 130
(45.5), 104 (14.3). 102 (26.3), 101 (52.5), 10O {100), 75 (9.2), 29 (15.8).
28 (13.2), 27 (16.7). 20 (6.6).

Propylidynearsine (7a). The reaction was performed under VGSR
conditions.’  Powdered and dried sodium carbonale (15 g) was
mtroduced into a VGSR reactor (! = 30 cm, i.d. = 3.5 cm Pyrex wbe)

Culd bath Collector
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Figure 2.

and then horizontally distributed between two pads of glass wool 20
cm apart. This reactor was fitted onto a vacuum line equipped with a
cold trap and a cold finger (Figure 2). Propynylarsine 6a (0.57 ¢, §
mmol) diluted in dibutyl ether (10 mL) and cooled at —70 °C was
fitted on the vacoum line. Pure propynylarsine was slowly vaporized
in vacuo through the reactor heated at 80 °C. Propylidynearsine 7a
and a cosolvent were condensed on the cold finger (—196 °C). After
disconnection from the vacunn line, (he apparatus was filled with dry
nitrogen and the cold finger was allowed to warm 10 room temperature,
Compound 7a was collected in a Schlenk flask or in an NMR tube
and was kept at low temperature (—60 °C): bpy, = —100 °C; yield
15%; 'H NMR (CDCl;, =35 °C) 8 1.18 (1. 3H. CH\, iy = 7.4 Hz).
2.33 (q. 2H, CH,, *Jun = 7.4 Hz); "*C NMR (CDCl;, —35°C) 6 15.0
(q. CHy, 'Jen = 129.3 Hz), 31.6 (t, CHy, "Jep = 126.8 Hz), 204.2 (tm,
C=As, Yoy = 11.6 Hz).

Results and Discussion

No allenylchloroarsine and only one alk-1-ynylchloroarsine*
containing simple substituents have been described up to pow.!!
The preparaton of allenylchloroarsines 3a—c was performed
by addition at roora temperature of allenyltributylstannane 17
to arsenic trichloride or methyl- or ethyldichloroarsine, followed
by 30 min of stirring at 60 °C. Low-temperature distillation in
vacuo led to allenylchloroarsines 3a—c¢ in yields ranging from
49 to 75%, which are stable when kept in a freezer (Scheme
1). Pure alkynyldichloroarsines 4a—d were easily and quickly
prepared by stirring cooled arseric trichloride with 0.9 equiv
of alkynyltributylstannane 2a—d. From ethyldichloroarsine and
2a, crude compound 4e was obtained in a moderate yield
{Scheme 1). The presence of a radical inhibitor in the reaction
mixture led to the recovery of the starting materials; this result
seems to indicate that the reactions proceed vie a radical
reaction. Structures of 3a—c and 4a—e were determined by
'H and "*C NMR spectra. The spectra are characteristic of
allenyl and acetylenic derivatives, respectively.

The chemoselective reduction of chloroarsines 3 and 4 to the
corresponding allenyl- § and alkynylarsines 6 was a difficult
step: the reducing agent must reduce the As—Cl bopd but not
react with the carbon—carbon multiple bond of precursors (3,
4) or products (5, 6). The use of tributylstannane'? as reducing
agent had given good results in the preparation of vinylarsines?

(10) For a review on vacoum gas—solid reaction (VGSR) experiments,
see: Billups, W. E.; McCord, D. J. Angew. Chem., Int. £d. £ngl. 1994,
33.1332-1343.

(11) Some allenyl- and alkynylchloroarsines bearing bulky substituents have
been described. Markl, G.: Reithinger. S. Tetrahedron Lett. 1990,
31, 6331—-6334. Yagudeev, T. A.; Dzbakivaev, G. M.; Nurgalieva,
A. N.: Godovikov, N. N. Izu. Akad. Nauk SSSR, Ser. Khim. 1982,
933—935. Chem. Abstr. 1982, 97, 55935s.

‘\ Na,CO,

Notes
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nitrogen N\
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- —>Vacunm
Cosolvent \
Collector
Scheme 1
H H H
AAsCl; + ==X —_— =
H snBu; (- BusSnCl H As(RYCI
1s 8¢
8a:R=0Cl
3b:R=Me
3c:A=€l
RAsCl, + R'—==—S8nBy —_— == R)CI
g ° (- Bu;Sn0) As(R)
2nd 4a-0
2a: R =Ms 4 A=C,A'=Me
2b.R =Pr 4db R=CI,R=Pr
2¢:RA'=TMS 4c:A=Ci,R"=T™MS
2d: R = Me-O-CH, 4d: A =Ci, A = Me-O-CK,
@:RA=ELR=H

and of ethynylarsine.* In the same way, we can synthesize
allenylarsine 5a in a 35% yield by reduction of 3a with Bus-
SnH. However, attempts to prepare allenylarsines Sh—c¢ and
substituted alkynylarsines 6a—e by a similar approach were
unsuccessful and only led to the observation of races of product,
arsine (AsHy (6a—d), MeAsH: (5b), or EtAsH; (5S¢, 6e)), and
the corresponding alkyne. The breaking of a carbon—hetero-
atom bond is usually performed by stannanes in the presence
of radical activation (AIBN, UV),'** and this reaction has
largely been used to break C—Se'? and C—S bonds.!* A simiar
radical reaction probably occurred with the a-unsaturated
chloroarsines in the presence of tributylstannane and promoted
the formation of byproducts.'

We have observed that the addition of small amounts of a
radical inhibitor (galvinoxyl or duroquinone) to BuzSnH inhib-
ited the breaking of the C—As bond and led to the formation
of the allenylarsines Sa—c and alkynylarsines 6a—c,e in

(12) We recently reported the use of this reducing agent to prepare
o-unsaturated beterocompounds: Janadi, T.; Guillemin, . C.; Soufi-
aoui, M. J. Organomet. Chem. 1995, 486, 57—62 and refs 3 and 4.

(13) Clive, D. L. 1.; Chittattu, G. J.; Farina, V.; Kiel, W. A.; Menchen, S.
M.; Russell, C. G.; Singh, A.; Wong, C. K.; Curtis, N. J. J. Am. Chem,
Soc. 1980, 102, 4438—4447.

(14) Meclntosch, ). M.; Schram, C. K. Can. J. Chem. 1977, 55, 3755—
3757.

(15) Using BuySnH, similar breaking of spi- or sp-carbon—hetercatom
bonds has already been observed in the preparation of a-unsaturated
stannanes and stibines: Lassalle, L.; Janati, T.; Guillemin, J. C. J.
Chem. Soc., Chem. Commun. 1995, 699—700. Legoupy. S.; Lassalle,
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Scheme 2
1) BusSnH, rad. inhib, M H
3a-c —_— Fo%
2) Cold trap, -70 °C H As(R)H
S5a-c
Sa:R=H
5b: R =Me
Sc:R'=Et

1) BuaSnH, rad. inhib.
4a-c,6 ————— R'—=—=—As(R"H
2) Coid trap, -60 °C

6a-c,e

8a:R' =Mg R"'=H
6b:R'=Pr,R"=H

6c:R'=TMS,R"'=H
B8e:R'=H, R"=Et

reasonable yields (19—61%) (Scheme 2). However, from 4d,
under these conditions, only the methoxypropyne was observed;
this result can be explained by the presence of the ether function,
which could promote the formation of radicals. To limit
oligomerization, compounds Sa—c¢ and 6a—c,e were distilled
off in vacuo from the cooled reaction mixture (—20 °C) during
the course of the addition of 3a—c¢ and 4a—c,e and separated
from less volatile compounds by a cold trap (—70 °C) before
condensation (—196 °C). Except for 6¢, further purification
by trap-to-trap distillation could then be performed to remove
the corresponding alkynes and arsines (AsHj;, MeAsH,, or
EtAsH,).

Arsines 5 and 6 have been characterized on the basis of their
spectral data (low-temperature (—35 °C) 'H and )C NMR
spectroscopy and mass spectrometry). The 'H and '3C NMR
data observed for 5a—c and 6a—c,e are similar to those reported
for the corresponding alkynyl- and allenylphosphines.”>'® Only
the hydrogen(s) on the arsenic atom presents (present) a signal
at higher field and a 3Juyn coupling constant lower than those
of the corresponding phosphorus derivatives. This can be
attributed to the difference in covalent radius and electronega-
tivity between the arsenic and phosphorus heteroatoms.!”

We have studied the rearrangement of the alkynylarsines
6a—c into the corresponding arsaalkynes. The propylidynears-
ine 7a was obtained in a 15% yield by base-induced rearrange-
ment of the propynylarsine 6a on solid sodium carbonate under
VGSR conditions (Scheme 3).! Characteristic is the '*C NMR
signal for the carbon of the As=C bond (d: 204.2 ppm), which
by its position at very low field reflects the sp hybridization of
the carbon and the effect of the neighboring arsenic.'® Com-
pound 7a is the third arsaalkyne isolated up to now. However,

(16) Guillemin, J. C.; Janati, T.; Denis, J. M.; Guenot, P.; Savignac, P.
Tetrahedron Lett. 1994, 35, 245—248.

(17) Sanderson, R. T. J. Am. Chem. Soc. 1983, 105, 2259—2261.

(18) Schifer, W.; Schweig, A.; Dimroth, K.; Kanter, H. J. Am. Chem. Soc.
1976, 98, 4410—4418.
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Scheme 3
A=Me [Me
—| ,C=C=As-H|—= CHy-CH,Cmas
H
N8,CO, 7a
R—=—AsH,
80°C
Ba-¢
L+  R—CH C=As
A =Pr, TMS 7bc

this approach is not general and all attempts to prepare
pentylidynearsine 7b and (trimethylsilyl)ethylidynearsine 7¢
under similar conditions failed (Scheme 3). Numerous bases
(Li,COs, K>CO3, NaOH, KOH, ...) were used but only oligo-
meric compounds were obtained when the products condensed
with CDCl; as cosolvent on the cold finger were allowed to
warm (~—50 °C). This result cannot be explained by the kinetic
instability of the products since pentylidynearsine 7b and
(trimethylsilyl)ethylidynearsine 7¢ are probably more stable than
the less substituted derivatives 7a and CH;C=As"* we obtained.
A plausible mechanism for the rearrangement 6 — 7 involves
the corresponding arsaallene as intermediate; the highly reactive
arsaallene could be present in a higher ratio in the rearrange-
ment products of the substituted derivatives 7b,c¢ and promote
the oligomerization we observed. The lower yield of 7a relative
to ethylidynearsine* and the presence of insoluble brown
materials are consistent with this hypothesis.

The arsines Sa—c, 6a—c,e and 7a exhibit low stability even
when kept under nitrogen at room temperature in deuteriochlo-
roform (71: 30 min) and are not significantly more stable in
the presence of a radical inhibitor. An insoluble red or brown
arsenic-containing material was slowly formed under these
conditions.

In summary, the synthesis of volatile allenyl- and alkyny-
larsines can be performed by the chemoselective reduction of
the corresponding chloroarsines. The primary alk-1-ynylarsines
are potential precursors of the corresponding arsaalkynes.
However, the synthesis of the latter by this approach seems to
be limited to the more volatile compounds. In comparison with
the preparation of the easily available corresponding phosphorus
derivatives,'® the synthesis of unstabilized carbon—arsenic
multiple-bond compounds is still a challenge.
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