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drido-bridged species 5 argues in favor of such a notion.
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Note Added in Proof. The structure of [Rhy(CO)s-

(DPM),], the Rh analogue of compound 4, has recently
been reported (Woodcock, C.; Eisenberg, R. Inorg. Chem.
1985, 24, 1285) and is shown to have an unusual structure,
but one which is closely related to that proposed by us for
compound 4.
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Addition of alkyl dichlorocarbamates to vinylsilanes by either an ionic or a radical mechanism occurs
in an anti-Markownikoff orientation to give alkyl chloro[2-chloro-2-(trialkylsilyl)ethyl]carbamates (3). The
reduction of 3 with agueous sodium sulfite affords the corresponding alkyl [2-chloro-2-(irialkylsilyl)-
ethyl]carbamates (4). N-[2-Chloro-2-(trialkylsilyl)ethyl]-p-toluenesulfonamides were obtained by the radical
addition of N,N-dichloro-p-toluenesulfonamide (5) to trialkylvinylsilanes with subsequent reduction of
the product. Addition of ethyl dichlorocarbamate to trimethylallylsilane (9) yields an equimolar mixture
of 8- and y-adducts, while 5 reacts with 9 to give the Markownikoff adduct 7 regardless of the reaction
mechanism. Intramolecular alkylation of carbamates 4a-c and sulfonamide 7a under solid-liquid
phase-transfer conditions leads to 1-carbalkoxy- and 1-(p-tolylsulfonyl)-2-(trialkylsilyl)aziridines. 1-
(Ethoxycarbonyl)- and 1-(p-tolylsulfonyl)-2-{(trimethylsilyl)methyl}aziridines were synthesized by similar

cyclization. The possibility of intramolecular alkylation in a two-phase system under ultrasonic irradiation

was demonstrated for carbamate 4c.

Introduction

In our preliminary communication! we proposed a new
method for the preparation of silicon-containing aziridines.
The addition of methyl dichlorocarbamate to trimethyl-
vinylsilane was found to give methyl chloro[2-chloro-2-
(trimethylsilyl)ethyl]carbamate whose reduction with so-
dium hydrosulfite led to methyl [2-chloro-2-(trimethyl-
silyl)ethyl]carbamate. The latter was cyclized with sodium
hydroxide powder using solid-liquid phase-transfer cata-
lysis to afford 1-(methoxycarbonyl)-2-(trimethylsilyl)-
aziridine in good yield. Similarly, 1-(ethoxycarbonyl)-2-
[(trimethylsilyl)methyl]jaziridine was prepared from tri-
methylallylsilane and ethyl dichlorocarbamate. The
present communication describes the general applicability
of the above synthetic scheme for the preparation of N-
substituted silicon-containing aziridines.

Results and Discussion

Addition of Pseudohalogens to Alkenylsilanes.
Pseudohalogens, such as alkyl dichlorocarbamates and
N,N-dichloroarenesulfonamides, are known to form ad-
ducts readily with alkenes.?

(1) Lukevics, E.; Dirnens, V. V.; Goldberg, Y. S.; Liepinsh, E. E,;
Kalvinsh, I. Ya.; Shymanska, M. V. J. Organomet. Chem. 1984, 268, C29.
(2) Neale, R. S. Synthesis 1971, 1.
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R
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fa, tc-f 2a,b
R R
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RySICCH,NCOOR" —2—3 "2/ R _SiCCH,NHCOOR"
c o cl a
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a, R=Me, R'=H, R"=Me, b, R= Me, R'=H, R"=Et, ¢, R =Et, R'=H, R"=Et,
d, R=Me, R'=Br, R"-Et, 8, R =Et, R'=Br, R"=Et, f, Rg=Et,Me,
R'=COOMe, R"=Et

Thermal and photochemically induced addition of alkyl
dichlorocarbamates follows a free radical mechanism.?*
N,N-Dichloro-p-toluenesulfonamide reacts with styrene™®
to yield an anti-Markownikoff adduct even when the re-

(3) Foglia, T. A.; Swern, D. J. Org. Chem. 1965, 30, 3625.

(4) Foglia, T. A.; Swern, D. J. Org. Chem. 1968, 33, 766.

(5) Schrage, K. Tetrahedron 1969, 29, 3033, 3039.

(6) Neale, R. S.; Marcus, N. L.; Schepers, R. G. J. Am. Chem. Soc.
1966, 88, 3051.

(7) Seden, T. P.; Turner, R. W. J. Chem. Soc. 1968, 876.

(8) Rybakova, N. A.; Petrovsky, P. V.; Okulevich, P. O.; Freidlina, R.
Kh. Izv. Akad. Nauk SSSR, Ser. Khim. 1970, 1574.
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Addition of Pseudohalogens to Vinyl- and Allylsilanes

Table I. Silicon-Containing Carbamates and Sulfonamides

elemental anal.

bp, °C

yield, (mmHg), or found caled
compd % mp, °C C H N C H N
3a 85  93-94 (2)
3b 80 84-86 (1)
3c 70 138-144

(1.5)

3d 80  123-127 (1)
3e 65 105 (107%
3f 6k 90 (0.2)
4a 80 97-98 40.21 7.68 6.61 40.09 7.63 6.68
4 70 46-48 42.90 8.07 6.30 42.35 8.05 6.26
4c 50  130-135 (1) 49.60 9.08 5.256 49.72 9.04 5.27
4d 80 110-113 (1) 31.84 5.57 4.51 31.75 562 4.63
4e 50 100 (1072 38.76 6.34 4.12 38.33 6.68 4.07
4f 40 85(0.2) 46.03 8.15 4.47 46.23 8.35 4.49
10 +11 40° 96-98 (1) 45.09 8.14 573 45.47 8.42 5.89
7a 53 73 46.93 6.32 4.39 47.14 6.55 4.58
7d 65 128 37.19 4.82 3.57 37.46 4.94 3.64
12 45 67 4841 6.53 4.21 48.83 6.89 4.38

@Total yield of the 10 and 11 mixture.

Table II. 'H NMR Spectra Data for NCI
Silicon-Containing Carbamates®

compd é (J, Hz)

3b  0.16 (9 H, 5, SiMey), 1.29 (3 H, t, OCH,CH,), 3.64 and
413 (L H,dd, J, = 14.0 J, = 3.0, and 1 H, dd, J; =
14.0, J, = 11.0, CH,N), 3.66.(1 H, dd, J; = 11.0, J, =
3.0, CHCI), 4.24 (2 H, q, J = 6.7, OCH,CH,)

3¢ 0.5-1.1(15 H, m, SiEty), 1.80 (3 H, t, J = 6.7,
OCH,CH,), 3.59 and 3.65 (1 H, dd, J; = 14.0, J, = 2.6,
and 1 H, dd, J; = 14.0, J, = 3.0, CH,N), 3.89 (1 H, dd,
Jy = 3.0, J, = 2.6, CHCI), 4,24 (2 H, q, J = 6.7,
OCH,CH,)

3d 032 (9 H, s, SiMey), 1.35 (3 H, t, J = 6.4, OCH,CHy),
4.26 2 H, q, J = 6.4, OCH,CH,), 4.35 and 4.4 (1 H,
and 1 H, AB,, J = 15.0, CH,N)

3¢  0.6-113 (15 H, m, SiEty), 127 3 H, t,J = 6.7,
OCH,CHy), 4.27 (2 H, q, J = 6.7, OCH,CH,), 4.38 (2
H, s, CH;N)

3f  0.18 (3 H, s, SiMe), 0.76 and 0.98 (4 H, m, and 6 H, 7,
SiEt,), 1.27 (3 H, t, J = 6.7, OCH,CHj), 3.78 (3 H, s,
OCHy,), 4.13 and 4.55 (1 H and 1 H, AB,, J = 15.0,
CH,N), 4.20 (2 H, q, J = 6.7, OCH,CH,)

¢For 'H NMR spectrum of 3a see ref 1.

action is run under a nitrogen atmosphere. However, in
the presence of AlCly’ or atmospheric oxygen® the di-
chlorosulfonamide adds to styrene according to the Mar-
kownikoff rule. The observed difference in the adduct
formed in the reaction of pseudohalogens and alkenes may
be determined by the reaction mechanism (ionic or free
radical) which depends on the reaction conditions.”®

We have studied the reaction of trialkylvinylsilanes (1a,
le—-f) and trimethylallylsilane (9) with alkyl dichloro-
carbamates (2a,b) and N,N-dichloro-p-toluenesulfonamide
(5). Trimethylvinylsilane (1a) reacts with N,N-dichloro-
urethane (2b) both in an inert atmosphere and in air. In
both cases ethyl chloro[2-chloro-2-(trimethylsilyl)ethyl]-
carbamate (3b), the anti-Markownikoff adduct, is formed.
(Scheme I).

When equimolar amounts of 1a and 2b were refluxed
in an argon atmosphere for 6 h, chlorocarbamate 3¢ was
obtained (vield 85%). Catalytic amounts of Cu,Cl, initiate
the radical addition of pseudohalogens to alkenes.® In-
troduction of Cu,Cl, into the reaction mixture results in
a significant enhancement of the process: 3c is formed in
95% yield during 1 h. Under similar conditions, several

(9) Markov, V. L.; Doroshenko, V. A. Zh. Org. Khim. 1972, 8, 1251.
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other chlorocarbamates 3 could be obtained in good yield
(Tables I and II).

Vinylsilanes 1 react with 2 in air in the absence of a
catalyst. This suggests an ionic mechanism. The anti-
Markownikoff adduct formed in this case may be explained
by the ability of the silicon atom to stabilize a positive
charge in the §-position of the intermediate carbocation
C resulting from the addition of the CI* ion®® to the vi-
nylsilane.!!

R3SiCHCH,NCOOR"

Cl

RgSICH=CH, ~S1m [R,SiCHCH, | -SNCOOR"
g aQ

c

Hence, the addition of dichlorocarbamates 2 to vinyl-
silanes 1 proceeds regiospecifically irrespective of the re-
action conditions, and both possible mechanisms lead to
anti-Markownikoff adducts.

Silicon-containing @-chloro chlorocarbamates 3% are
readily reduced by an aqueous solution of sodium bisulfite
or sulfite providing the corresponding 8-chloro carbamates
4 in good yield (Tables I, III, and IV).

N,N-Dichloroarenesulfonamides add to alkenes similarly
to give alkyl dichlorocarbamates.!®* The reaction of
N,N-dichloro-p-toluenesulfonamide (5) and trimethyl-
vinylsilane (1a) in the presence of Cu,Cl, with subsequent
treatment of the anti-Markownikoff adduct 6 with aqueous

(10) “Comprehensive Organic Chemistry”; Sutherland, 1. O., Ed.;
Pergamon Press: Oxford, 1979; Vol. 2.

(11) Weber, W. P. “Silicon Reagents for Organic Synthesis”; Spring-
er-Verlag: Berlin, 1983.

(12) Sommer, L. H.; Baily, D. L.; Goldberg, G. H.; Buck, C. E.; Bye,
T. S.; Evans, F. J.; Whitmore, F. C. J. Am. Chem. Soc. 1954, 76, 1613.

(13) Ueno, Y.; Takemura, S.; Ando, Y.; Teranichi, H. Chem. Pharm.
Bull. 1967, 15, 1240.

(14) Takemura, S.; Teranichi, H.; Ando, Y.; Ueno, Y. Chem. Pharm.
Bull. 1967, 15, 1328.
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Table III. 'H NMR Spectra Data for NH
Silicon-Containing Carbamates and Sulfonamides®

compd 8 (J, Hz)

4b  0.17 (9 H, s, SiMe,), 1.27 3 H, t, J = 6.7, OCH,CH,),
3.42 and 3.77 (1 H, m, J; = 11.0, J, = 10.0, J; = 4.0,
and 1 H, m, J; = 11.0, J, = 6.0, J3 = 2.0, CH,N), 3.44
(1H,dd, J;, =10.0,J, = 2.0, CHCI), 4.13 (2H, q, J =
6.7, OCH,CHj), 5.20 (1 H, dd, J, = 6.0, J, = 4.0, NH)

4¢c  0.5-1.2 (15 H, m, SiEt3), 1.22 3 H, t, J = 6.7,
OCH,CH3;), 3.20and 3.73 (1 H, m, J; = 13.0, J; =
10.0,JJ; =4.1and 1 H, m, J, = 13.0, J, = 10.0, J; =
2.0, CH,N), 3.53 (1 H, dd, J; = 10.0, J, = 2.0), 4.11 (2
H, q, J = 6.7, OCH,CHj,), 5.18 (1 H, dd, J; = 10.0, J,
= 4.1, NH)

4d  0.31 (9 H, s, SiMe;), 1.26 (3 H, t, J = 6.7, OCH,CH,),
391 (2H,d, J =52 CH;N), 418 (2 H, q,J = 8.7,
OCH,CHjy), 5.26 (1 H, b s, NH)

de 0.5-1.2 (15 H, m, SiEt,), 1.27 3 H, t, J = 6.7,
OCH,CH;), 3.81 and 3.96 (1 Hand 1 H, AB_, J =
12.9, CH,N), 4.17 (2 H, q, J = 6.7, OCH,CHy), 5.3 (1
H, b s, NH)

4f 0.18 (3 H, s, SiMe), 0.6-1.2 (10 H, m, SiEt,), 1.25 (3 H, t,
J = 6.7, OCH,CHj3), 3.61 and 3.84 (1 H, dd, J; = 14.0,
Jy =17.0,and 1 H, dd, J; = 14.0, J; = 2.0, CH,N), 3.76
(3 H, s, OMe), 4.11 (2 H, q, J = 6.7, OCH,CH;), 5.1 (1
H, b s, NH)

7a  0.11 (9 H, s, SiMe,), 2.44 (3 H, s, C;H,CH,), 3.09 and
343 (1 H,m,J, = 13.5,J, = 10.0, J; = 4.0, and 1 H,
m, Jl = 13.5, J2 = 10.7, Jg = 2.5, CHQN), 3.27 dd, Jl =
10.0, J, = 2.5), 4.93 (1 H, dd, J; = 10.7, J, = 4.0), 7.33
and 7.75 (2 H,d, J = 85, and 2 H, d, J = 8.5, p-CsH,)

7d  0.51 (9 H, s, SiMe;), 2.46 (3 H, s, CgH,CH), 3.66 (2 H, d,
J =6.3, CH,N), 5,0 (1 H, t, J = 5.7, NH), 7.33 and
7.75 2 H,d, J = 8.5, and 2 H, 4, J = 8.5, p-C¢H,)

12 0.00 (9 H, s, SiMe;3), 0.82 and 0.98 (1 H, dd, J; = 14.5, J,
= 7.0, and 1 H, dd, J; = 14.5, J, = 6.8, CH,N), 2.44 (3
H, s, C¢H,CH,;), 3.44 (2 H, m, CH,C)), 3.71 (1 H, m,
CHN), 5.02 (1 H, d, J = 8.0, NH), 7.31 and 7.82 (2 H,
d,J =85 and 2 H, d, J = 85, p-CH,

3For 'H NMR spectra of 4a, 10, and 11 see ref 1.

Na,S0; gives N-[2-chloro-2-(trimethylsilyl)ethyl]-p-
toluenesulfonamide (7a) in 20% yield. (1,2-Dichloro-
ethyl)trimethylsilane (8)!? is also formed in 62% yield
(Scheme II; Tables I, III, and IV). When the reaction is
conducted under an argon atmosphere, the yield of 7a rises
to 53%, while that of 8 drops to 20%.

The reaction of 5 with (a-bromovinyl)silane (1d) under
conditions similar to those described above for la gives
an anti-Markownikoff adduct.

The reaction of trimethylallylsilane (9) and pseudo-
halogens 2 and 5 is not regiospecific (Scheme III; Tables
I, III, and IV). The mixture of products obtained from the
reaction of 9 and dichlorocarbamate 2¢ under inert at-
mosphere, with Cu,Cl, as a radical initiator, is treated with
aqueous sodium sulfite, to give ethyl {2-chloro-3-(tri-
methylsilyl)-2-propyl]carbamate (10) and ethyl [1-chloro-
3-(trimethylsilyl)-2-propyl]carbamate (11) in a 1:1 ratio (‘H
NMR data) in 40% yield.

The formation of this product mixture may be due to
attack on the allylsilane by both C1* and the -N(C1)COOEt
radical (eq 1).

G
+ “N—
St~ [MegSICHaCHCH,C 3 osogce™ M
Me3SICH,CH==CHy —o0e1

9 {MeasiCHzéHCHzNCOOEt] sy 10

‘ Hg0

100]

Ionic or free radical addition of 5 to 9 gives a Markow-
nikoff adduct. After reduction, the only product isolated
from the reaction mixture was N-[1-chloro-3-(trimethyl-

Lukevics et al.

Scheme IV
7 —SRs
R3SiCHCH2NHCOOR" N
Cl COOR"
4a-¢ 13a-¢

\ solid base/solv /
/ N

Me3SICHCH,NHSO,CgH Me- o W—SiMe
3
Cl "
Ta SO,CeH4Me- o
14

silyl)-2-propyl]-p-toluenesulfonamide (12). Apparently,
in this case the reaction proceeds via allyl carbocation A
or allyl radical B, respectively.

+
g MesSICH,CHOH,CI)
MegSICH,CH==CH, __ . A >—‘ 12
9 N [Me3SiCH,CHCH,C 1
B

Synthesis of N-Substituted 2-(Trialkylsilyl)aziri-
dines. Reports on silicon-containing aziridines with a Si-C
bond are very scarce.l5° The reactions of pseudohalogen
addition to alkenylsilanes presented here result in 3-chloro
carbamates. Compounds of this type are known to un-
dergo intramolecular cyclization to aziridines.?

We have studied the possibility of intramolecular al-
kylation of carbamates 4, 7, 10, and 12 to yield the cor-
responding 1-substituted 2-(trialkylsilyl)aziridines using
solid bases in a two-phase catalytic system.20-23

Methyl (2-chloro-2-trimethylsilyl)ethylcarbamate (4a)
under solid-liquid phase transfer conditions in the presence
of catalyst (tetraoctylammonium bromide) at room tem-
perature was transformed in good yield to 1l-ethoxy-
carbonyl-2-trimethylsilylaziridine (13a) (Scheme IV, Table
V-VII). Likewise, intramolecular alkylation of carbamates
4b and 4c leads to the corresponding 2-(trialkylsilyl)azir-
idines (13b and 13c). Arenesulphonamide 7a under similar
conditions is converted to 1-(p-tolylsulphonyl)-2-(tri-
methylsilyl)aziridine (14).

In similar fashion, cyclization of reduced pseudohalogen
and allylsilane adducts (10 + 11, 12) yielded the first
aziridines with the silicon atom separated from the het-
erocycle by a methylene group. The mixture of carbamates
10 and 11 gives 1-carbethoxy-2-[(trimethylsilyl)methyl]-
aziridine (15), while sulfonamide 12 results in 1-(p-tolyl-
sulfonyl)-2-{(trimethylsilyl)methyl]aziridine (16) (Tables
V-VII).

The control experiment conducted with 4b revealed that
the formation of aziridine 13b also occurs, but very slowly,
without catalyst. This prompted us to examine the pos-
sibility of intramolecular alkylation of 4 to 13 using ul-

(15) Andrianov, K. A.; Sidorov, V. 1; Khananashvili, L. M. Dokl. Akad.
Nauk SSSR 1964, 158, 868.

(16) Andrianov, K. A.; Sidorov, V. L; Khananashvili, L. M. Zh. Obshch.
Khim. 1966, 36, 168.

(17) Ettenhuber, E.; Rihlmann, K. Chem. Ber. 1968, 101, 743.

(18) Bassindale, A. R.; Brook, A. G.; Jones, P. F.; Stewart, A. G. J.
Organomet. Chem. 1978, 152, C25.

(19) Duboudin, F. J. Organomet. Chem. 1978, 156, C25,

(20) Vakhrushev, L. P.; Filipov, Ya. F.; Chernov, N. F.; Ageev, V. P.
Zh. Obshch. Khim. 1975, 45, 1908.

(21) Foglia, T. A.; Swern, D. J. Org. Chem. 1967, 32, 75.

(22) Appa Rao, S.; Kumar, A.; Ila, H.; Junjappa, H. Synthesis 1981,
623.
(23) Lantzsch, R. Synthesis 1982, 955.



Addition of Pseudohalogens to Vinyl- and Allylsilanes

Organometallics, Vol. 4, No. 9, 1985 1651

Table V. Synthesis of 1-Substituted 2-(Trialkylsilyl)- and 2-[(Trialkylsilyl)methyl]aziridines under Phase-Transfer

Conditions
carbamate reactn conditns® elemental anal.
or time, mp, yield, found caled
sufonamide solv base h °C product % C H N C H N
4a hexane NaOH 4 25 13a 75% 48417 852 817 48.56 8.67 8.09
4b MeCN NaOH 3.5 25 13b 726 51.14 892 1736 51.34 9.09 7.49
4c hexane NaOH 8.5 25 13¢ 90° 5739 1011 6.03 57.64 1004 6.11
7a hexane-MeCN (3:1) K,CO; 5 25 14 60°¢ 53.86 7.21 5.07 5353 7.06 5.20
10+ 11 hexane NaOH 1 (3)¢ 25 15 20° 53.42 938 6.85 53.73 945 6.9
12 hexane NaOH 2 25 16 50° 55.97 764 516 5512 742 435
¢ Catalyst (CgH;7) N*Br~ (10 mol %). ®Preparative yield. °Determined by GLC using absolute calibration. ¢Catalyst Et;N*CH,PhCI" (10
mol %).
Table VI. 'H NMR Spectra Data for 1-Substituted Silicon-Containing Aziridines®
H . .
A: :SI and HA: :Cstl
compd 6 (J, Hz)
13b —0.08 (9 H, s, SiMege, 1.11 (3 H, t, J = 7.4, OCH,CH,), 1.50 (1 H, dd, J; = 8.0, J, = 5.7, H), 1.90 (1 H, dd, J, = 5.7, J; = 1.3,

H,), 222 1 H,dd, J; = 80, J; = 1.3, Hp), 3.98 2 H, q, J = 7.4, OCH,CHj)

0.4-1.04 (15 H, m, SiEty), 1.24 (3 H, t, J = 6.7, OCH,CHy), 1.59 (1 H, dd, J; = 7.8, J, = 5.2, Ho), 2.1 (1 H, dd, J; = 5.2, J, = 1.1,
-0.09 (9 H, s, SiMey), 1.91 (1 H, dd, J, = 8.4, J, = 5.8, Hc), 2.08 (1 H, dd, J; = 5.8, J, = 1.0, Hy), 2.69 (1 H, dd, J; = 8.4, J; =

13¢

H,), 24 (1H,dd,J, = 78,J, = 1.1, Hg), 4.13 (2 H, q, J = 6.7, OCH,CHj;)
14

1.0, Hp), 2.45 (3 H, s, C;H,CH;), 7.31 and 7.80 (2 H, d, J = 84, and 2 H, d, J = 84, p-CiH,)
16

0.04 (9 H, s, SiMey), 0.64 and 1.04 (1 H, dd, J; = 14.6, J; = 8.0, and 1 H, dd, J; = 14.8, J; = 5.2, SiCH,), 1.94 (1L H, 4, J = 4.0,

H,), 2.6 (1 H,d, J = 6.4, Hp), 2.82 (1 H, m, Hy), 2.44 (3 H, s, C;cH,CH;), 7.33 and 7.82 (2 H, d, J = 84,and 2 H, d, J = 84,
p-CeHy)

3For 'H NMR of aziridines 13a and 15 see ref 1.

Table VIII. Conversions of [2-Chloro-2-bromo-2-(trialkylsilyl)ethyl]carbamates under Phase-Transfer Conditions

reactn conditns

base time, temp, yield?
carbamate solv (molar equiv) cat.? h °C of 18, %
4d light petroleum KOH (1.5) (CgH;7) N*Br~ 2 25 39
4d benzene NaOH (2.0) (CgH;,) N*Br~ 7 25 37
4d benzene K2C03 (2.0) Et3N+CH2PhCI- 42 25 60
4d benzene K,CO; (2.0) 42 25 48
4d benzene Et;N (2.0) 8 80 0
de hexane NaOH (1.0) (CsH17)4N+B1‘- 2 25 50
¢10 mol %. ®Determined by GLC using absolute calibration.
trasonic irradiation.?#?® Indeed, ultrasonication (100 W, Scheme V
55 KHz) of the two-phase system 4b in hexane/solid KOH Br
gives 13b, the yield reaching 45% after 0.5 h (GLC data). NaOH /soly
Further treatment, however, decreases 13b content and R3SICCHNHCOOEt —— =
leads to the appearance of 2-(trimethylsilyl)aziridine (17).1° 4
W‘ SiMes W—SiMes ad. e
Me3SICHCH,NHCOOE  XoH/hasone -y — N '
) ’ ; B CHeHNHCO0E ! —thrCutle o o
cl COOEt 17 o HCHe O0Et =5 Re;soy o BrCH==CH,
4p 13b 18

The results obtained suggest that 1-substituted 2-(tri-
alkylsilyl)-2-haloaziridines may by prepared by intramo-
lecular alkylation of pseudohalogen and (a-bromovinyl)-
silane adducts.

However, the experimental findings were somewhat
unexpected (Scheme V; Tables VII and VIII). Ethyl
[2-chloro-2-bromo-2-(trialkylsilyl)ethyl]carbamates (4d and
4e) in the presence of solid bases and catalyst
((CgH,7) N*Br or Et;N*CH,PhCI) are converted in satis-
factory yields to ethyl (2-chloro-2-bromoethyl)carbamate
(18), identical with that synthesized by the reaction of vinyl

(24) Han, B.-H.; Boudjouk, P. Organometallics 1983, 2, 679.
(25) Yamawaki, J.; Sumi, S.; Ando, T.; Hanafusa, T. Chem. Lett. 1983,
379.

bromide and dichlorocarbamate 2b in the presence of
Cu,Cl, with subsequent reduction with Na,SO; (Scheme
V).

The formation of 18 from 4d and 4e also takes place
without a catalyst (Table VIII).

Hence, the presence of an additional electron-accepting
substituent in the a-position with respect to the silicon
atom alters the conversion direction of such carbamates
in the presence of bases. In fact, carbamate 4f in hexane
upon contact with NaOH in the presence of (CgH;7),N*Br~
is rapidly converted to ethyl [2-chloro-2-(methoxy-
carbonyl)ethyl]carbamate® (19) in 57% yield.

(26) Balyon, Ya. G.; Paranyuk, V. E. Zh. Org. Khim. 1978, 14, 556.
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These results are in agreement with the data of ref 27
demonstrating that the cleavage of Si-C bond by oxy-
gen-containing bases proceeds particularly readily for
molecules containing more than one halogen atom in the
a-position.

Experimental Section

'H NMR spectra were recorded on a Bruker WH-90/DS
spectrometer using CDCl; as solvent and Me,Si and cyclohexane
as internal standards. Mass spectra were obtained on a Kratos
MS-25 GC/MS system (70 eV). GLC analysis was conducted with
a Chrom-42 instrument equipped with FID detector. A 2.4 m
X 3 mm column packed with 10% SE-30 + 2.5% Reoplex-400
on Chromosorb W-AW (60-80 mesh) (A) and 2 1.2 m X 3 mm
column packed with 5% OV-17 on Chromosorb W-HP (80-100
mesh) (B) were used. Preparative HPLC separations were ac-
complished on a 22.4 mm X 25 cm column containing ZORBAX
Sil (Du Pont 880 Prep). UV detection at 215 nm was used.
Melting points were determined with a Fisher “digital melting
point and analyser” and are given without correction.

Trimethyl- and triethylvinylsilane and trimethylallylsilane were
Fluka products. (a-Bromovinyl)triethylsilane,?® alkyl dichloro-
carbamates® and N,N-dichloro-p-toluenesulfonamide® were
prepared by conventional procedures.

Addition of Dichlorocarbamates (2) to Vinylsilanes (1)
(General Procedure). To a solution of 0.1 mol of 1 in CCl, (50
mL) under an argon atmosphere was added 2 (0.1 mol) and Cu,Cl,
(1 g) with stirring. The reaction mixture was heated to 45-50 °C.
After 25-30 min an exothermic reaction started and continued
for 20 min. The mixture was refluxed for another 15 min and
cooled. After filtration and removal of the solvent by distillation,
the residue was distilled under vacuum. The yields of chloro-
carbamates 3 are given in Table I and !H NMR spectra in Table
IL

Reduction of Chlorocarbamates 3 (General Procedure).
To a solution of 3 (0.05 mol) in 50 mL of hexzane cooled to 5-10
°C was added 50 mL of 20% aqueous Na,SOj3, and the mixture
was stirred for 4 h at room temperature. The organic layer was
separated, dried with anhydrous Na,SO,, and filtered and the
solvent distilled off. The residue was distilled under vacuum or
recrystallized. The yields of carbamates 4 are summarized in
Table I, and 'H NMR and mass spectra are presented in Table
III and IV.

Addition of N,N-Dichloro-p-toluenesulfonamide (5) to
Vinylsilanes (1a and 1¢). To a solution of 1a or le¢ (0.1 mol)
in 50 mL of CCl, under an argon atmosphere was added 0.1 mol
of 5 in 50 mL of CCl, and Cu,Cl, (1 g). The reaction mixture was
heated to 45-50 °C. After 25-30 min an exothermal reaction
commenced and continued for 20 min. The mixture was heated
at reflux for another 15 min. After the catalyst was removed by
filtration, the solution was concentrated by evaporation, and
(1,2-dichloroethyl)trimethylsilane (8) was distilled off. The residue
was dissolved in benzene (100 mL), cooled to 5-10 °C, treated
with a 20% aqueous solution of Na,SQ, (70 mL), and stirred for
4 h at room temperature. The organic layer was separated, dried,
and filtered. After the solvent was removed by distillation, the
residue was recrystallized. Sulfonamides 7a and 7c were obtained
(see Tables I, ITI, and IV).

Addition of Ethyl Dichlorocarbamate (2b) to Tri-
methylallylsilane (9). To 0.03 mol of 9 in CCl, (20 mL) was
added 0.03 mol of 2b and Cu,Cl, (1 g) under an argon atmosphere
with stirring. The stirring was continued for 4 h at room tem-
perature. Following solvent removal by distillation, the residue

(27) Chvalovsky, V. Organomet. React. 1972, 3, 191.

(28) Ottolenghi, A.; Fridkin, M.; Zilkha, A. Can. J. Chem. 1963, 41,
2977.

(29) Muth, F. Methoden Org. Chem. (Houben-Weyl), 4th Ed. 19565, 9,
Chapter 19.

Lukevics et al.

was dissolved in hexane (50 mL), cooled to 5-10 °C, and treated
with a 20% aqueous solution of Na,SO, (30 mL). The reaction
mixture was stirred for 4 h at room temperature. The organic
layer was separated and dried with anhydrous Na,SO,. After
removal of the solvent, a mixture of 10 and 11 (1:1) was obtained
(see Tables I, III, and IV) which was resolved by preparative
HPLC (ether-hexane (1:1) was used as eluent).

Addition of N,N-Dichloro-p-toluenesulfonamide (5) to
Trimethylallylsilane (9). To a solution of 9 (0.03 mol) in 20
mL of CCL; cooled to 0—5 °C was added a solution of 5 (0.03 mol)
in CCl; (15 mL) in air with stirring. The stirring was continued
for 4 h at room temperature. After the solvent was removed by
distillation, the residue was dissolved in benzene and then treated
with aqueous Na,SO; as described above. The resulting sulfon-
amide 12 was recrystallized from petroleum ether (see Tables I,
III, and IV). The reaction of 9 and 5 in the presence of Cu,Cl,
was carried out as specified for the addition of 5 to la and le.

Ethyl (2-Bromo-2-chloroethyl)carbamate (18). Carbamate
18 was obtained by reacting vinyl bromide (0.05 mol) and 2b (0.05
mol) in CCl, (50 mL) in the presence of CuyCl, (1 g) as described
above for the reaction of 1 and 2: yield 76%; mp 48 °C; '"H NMR
[, J (Hz)] 1.27 (3 H, t, J = 6.5, OCH,CH,), 3.81 (2 H, m, CH,N),
4.04 (2 H, q,J = 6.5, 0CH,CHjy), 5.24 (1 H, b s, NH), 5.78 (1 H,
t, J = 6, HC(C1)Br); mass spectrum, m/e (relative abundance,
%) 229 (M* (33Cl, ™Br), 1), 184 (M* - OEt, 3), 141 (M* -
NHCOOEL, 10), 102 (100), 58 (11), 45 (16).

1-(Alkoxycarbonyl)- and 1-(p-Tolylsulfonyl)-2-(tri-
alkylsilyl)aziridines (13a—c and 14). To a solution containing
0.0024 mol of carbamate 4a—c or sulfonamide 12 in 30 mL of
appropriate solvent (Table V) supplemented with 0.00024 mol
(10 mol %) of (CgH;7) N*Br~ or Et;N*CH,PhCl™ was added finely
pulverized NaOH or K,CO; (0.0048 mol) (Table V), and the
mixture was stirred at room temperature. The course of the
reaction was monitored by GLC (column A for 4a—e¢ cyclization
and column B for 12 cyclization). As soon as the starting com-
pound had disappeared, the reaction mixture was filtered through
neutral Al,O; and the solvent was removed by distillation under
vacuum to yield aziridines 13a-c and 14 (see Tables V-VII).

1-(Ethoxycarbonyl)-2-[(trimethylsilyl)methyl]aziridine
(15). To a solution containing 0.0033 mol of an equimolar mixture
of 10 and 11 in hexane (30 mL) and (CgH;;) N*Br~ (0.00033 mol)
was added NaOH powder (0.0033 mol), and the mixture was
stirred for 1 h at room temperature (GLC on column A was used
as control). After filtration through neutral Al;0; and removal
of hexane by distillation in vacuo, 15 was obtained at 20% yield
(see Tables V~VII).

1-(p-Tolylsulfonyl)-2-[(trimethylsilyl)methyl]aziridine
(16). A mixture of sulfonamide 12 (0.0025 mol), (CgH,7) N*Br~
(0.00025 mol) and solid NaOH (0.0025 mol) in hexane (30 mL)
was stirred for 2 h at 25 °C (GLC on column B was used as
control). During this time the starting compound 12 completely
disappeared from the solution containing 16 (see Tables V-VII).

Cyclization of Ethyl [2-Chloro-2-(trimethylsilyl)ethyl]-
carbamate (4b) under Ultrasonic Irradiation. A 25 cm?®
pyriform flask containing the solution of 4b (0.6 g) in hexane (10
mL) and KOH powder (0.3 g) was placed in the center of an
ultrasonic cleaner (Branson B-220, 100 W, 55 KHz) and was
irradiated with ultrasound. The course of the reaction was
monitored by GLC analysis (column A).

The amount of aziridine 13b reached its peak (45%) after 0.5
h (see text).

Ethyl (2-Chloro-2-bromoethyl)carbamate (18) from Ethyl
[2-Chloro-2-bromo-2-(trialkylsilyl)ethyl]Jcarbamate (4d and
4e). To a solution of 4d or 4e in an appropriate solvent was added
finely pulverized base and catalyst (see Table VIII). The mixture
was stirred at room temperature until the starting substance 4d
or 4e disappeared from the reaction mixture (GLC on column A
was used as control). The reaction time and yield of 18 are given
in Table VIII. The resulting product was identical (:H NMR,
mass spectroscopy data, and GLC retention time) to carbamate
18 obtained by the addition of N,N-dichlorourethane to vinyl
bromide (see Tables III and IV).

Ethyl [2-Chloro-2-(methoxycarbonyl)ethyl]carbamate (19)
from Ethyl [2-Chloro-2-(methoxycarbonyl)-2-(diethyl-
methylsilyl)ethyl]carbamate (4f). To a solution of 4f (0.0024
mol) and (CgH;7)N*Br~ (0.00024 mol) was added NaOH powder
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(0.0048 mol), and the mixture was stirred at room temperature
for 2 h (GLC on column B was used as control). After standard
workup, there was obtained 19, which was identical with that
prepared from N,N-dichlorourethane and methyl acrylate: yield
57% (GLC data).

Registry No. la, 754-05-2; 1¢, 1112-54-5; 1d, 13683-41-5; le,
18276-17-0; 1f, 97042-85-8; 2a, 16487-46-0; 2b, 13698-16-3; 3a,
91935-98-7; 3b, 97042-67-6; 3¢, 97042-68-7; 3d, 97042-69-8; 3e,
97042-70-1; 3f, 97042-71-2; 4a, 91935-99-8; 4b, 97042-72-3; 4c,

97042-73-4; 4d, 97042-74-5; 4e, 97059-47-7; 4f, 97042-75-6; 5,
473-34-7; Ta, 97042-76-7; Tc, 97042-84-7; 7d, 97042-77-8; 9, 762-72-1;
10, 91936-03-7; 11, 91936-04-8; 12, 97042-78-9; 13a, 91936-00-4;
13b, 97042-79-0; 13¢, 97042-80-3; 14, 97042-81-4; 15, 91936-05-9;
16, 97042-82-5; 18, 97042-83-6; 19, 13698-14-1; CH,~CHBr,
593-60-2.

Supplementary Material Available: Tables IV and VII,
mass spectra (3 pages). Ordering information is given on any
current masthead page.
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The reaction of iron vapor with naphthalene and 1-methylnaphthalene was studied by metal atom matrix
optical spectroscopy in the temperature range 30-290 K. Two different products were obtained, which
have been assigned to a highly unstable, 16-electron bis(s*naphthalene)iron(0) and a room-tempera-
ture-stable, 20-electron bis(n®-naphthalene)iron(0) species. The former is observed in the range 30-77 K,
while the latter forms at T = 150 K. Assignments for these complexes were based on an extensive study
involving iron atoms and selected arene ligands, also including cyclohexadiene as a model for #*-binding.

Introduction

The versatility of arene ligands in their mode of coor-
dination to transition metals represents a fundamental
concept in the current understanding of homogeneous! and
heterogeneous® catalytic processes involving aromatic
molecules. Interest in such systems has resulted in an
extensive research effort directed toward the structural,
electronic, and catalytic properties of (arene)metal com-
plexes.® Our studies have recently focused on the inter-
action of iron atoms with aromatic molecules, the primary
motivation being our interest in the ligand properties of
fused rings such as naphthalene.* In addition, we® and
others® have shown that thermally unstable complexes,
specifically bis(toluene)iron, provide valuable precursors
for the preparation of supported metal particles. The need
to obtain precisely defined materials by reproducible
doping procedures has prompted us to pose several
questions regarding the nature and behavior of the prod-
ucts formed when iron atoms are allowed to react with
aromatic ligands at low temperature.

It is perhaps surprising that, in spite of the considerable
attention the Fe/arene system has received, the identity
of the initially formed species remains unresolved. Al-
though the product can be intercepted at low temperature
by stabilizing ligands, such as phosphine, phosphite, or
selected dienes,” resulting in the isolation of complexes of
the form (y%-arene)FelL,, its poor thermal stability has
prevented its definitive characterization in macroscale
metal vapor reactions.

Attempts to elucidate the nature of the product by
matrix-isolation spectroscopic studies have led so far to
differing conclusions. It has been reported,® on the basis
of infrared spectroscopy, that iron reacts with benzene in

tFor part 1 of this series, see: Morand, P. D.; Francis, C. G. Inorg.
Chem. 1985, 24, 56.
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CeHg/Ar matrices at 10-12 K and in pure CgHg matrices
at 77 K to yield a monoarene species, (n5-CsH¢)Fe. How-
ever, other workers have expressed their preference for a
bis(arene)iron formulation.%® Indeed, it could be argued
that one would not anticipate a monoarene complex to be
favored in neat CgHg matrices. The reaction of iron with
toluene in solution-phase experiments at 150 K,!! as ob-
served by UV-visible spectroscopy, reveals the formation
of a single species, suggested to be (n-CcH;CHj)Fe(n*-
CeH;CH,), but two species on cocondensation at 77 K, viz.,
the #%7* complex and another species of uncertain com-
position. Keeping in mind the existence of (n-CsMeg),Fe,!?

(1) Parshall, G. W. “Homogeneous Catalysis”; Wiley-Interscience:
New York, 1980,
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