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N-Ethoxycarbonyliminodjalkylsulfuranes, a new class of iminosulfuranes, are obtained in good yield by the
reaction of N-monochlorourethane with dimethyl and diethyl sulfides, followed by treatment of the intermedi-
ate sulfonium salts with triethylamine. Mass spectral fragmentation and thermolysis of the ylides and their
precursor salts have been studied and some similarities have been observed in the decomposition pathways.
Spectral and reactivity information indicate that the iminosulfuranes exist largely as charge-delocalized
species. They are unreactive toward the electrophiles acrylonitrile, ethyl acrylate, p-nitrobenzaldehyde, and
styrene oxide. An iminophosphorane, N-ethoxycarbonyliminotriphenylphosphorane, structurally related to the
iminosulfuranes reported, was also prepared; it too was unreactive toward benzaldehyde and styrene oxide.

Iminosulfuranes® are resonance hybrids of the general
structure 1 in which the R groups are organic (and occa-
sionally inorganic) groups of numerous structural types.*
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The best known 1 are N-sulfonyliminosulfuranes (2), and
a vast body of literature exists on their preparation, prop-
erties, and reactions. They are the first types of 1 re-
ported®7 and they appear to be the most stable. The
strongly electron-withdrawing sulfonyl group attached to
nitrogen effectively delocalizes its negative charge, thus
resulting in enhanced stability of 2 toward hydrolysis, and
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permits laboratory manipulation and storage without spe-
cial precautions. In contrast, when the group attached to
nitrogen is electron donating or hydrogen (3), the com-
pounds are extremely reactive, moisture sensitive, and
difficult to store and handle; it is not absolutely certain
whether examples of analytically pure 3 have yet been
prepared owing to their lability .8-10

In two previous papers,'1:12 we described the prepara-
tion, properties, and reactions of 1 in which the group at-
tached to nitrogen is acyl (moderately electron withdraw-
ing). These iminosulfuranes can be readily obtained in
good yields from dialkyl sulfides and N-halo amides in
mixed solvents at moderate temperatures (0°) without
special precautions. In this paper we describe the prepara-
tion, properties, and thermolysis reactions of a new class
of iminosulfuranes, N-ethoxycarbonyliminodialkylsul-
furanes (5), and their precursor sulfonium chlorides (4)
from dialkyl sulfides and ethyl N-chlorocarbamate (N-
monochlorourethane, 6) (eq 1). Ir, nmr, uv, mass spec-

CHC]; or CCl,
R,S + CINHCO,CH, ————

0 to -20°
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R = CH,;,C,H;
+ . (CyHg),N + -
[R,S—NHCO,C,H,]C1™ R,S—NCO,CH, (1)
4 5

trometry, and elemental analysis were used to substan-
tiate the structures of 4 and 5 and their thermolysis prod-
ucts.

Results and Discussion

Preparation of Ylide Salts and Ylides. Reaction of
ethyl N-chlorocarbamate (6) with dimethyl sulfide in dry
chloroform at 0-5° affords a 55% yield of analytically pure
N-ethoxycarbonyliminodimethylsulfonium chloride (8), a
white, crystalline, hygroscopic solid, stable at room tem-
perature but decomposing at its melting point, 121.5°.
{The salt must be thoroughly dry to obtain the reported
melting point.)

The homologous N-ethoxycarbonyliminodiethylsulfon-
ium chloride (10} is obtained in 60% yield from diethyl
sulfide and 6 at —15 to —20° in dry carbon tetrachloride.
The salt is also a crystalline, hygroscopic solid that de-
composes rapidly at its melting point, 98-99°, and slowly
in chloroform at room temperature. We have had occa-
sional difficulties in preparing 10 in chloroform at low
temperatures and no success with hexane or benzene as
reaction solvents. The successful preparation of 10 in car-
bon tetrachloride is attributed to the insolubility of the
salt, resulting in precipitation as it forms. 10 is stable in
water and dimethyl sulfoxide solutions.

Diisopropyl, di-tert-butyl, and dipheny! sulfides do not
form sulfonium salts under similar reaction conditions.
We do not understand why diisopropyl sulfide fails to
react normally with 6, as it reacts readily with N-halo
amides.!? It is assumed that di-tert-butyl sulfide fails to
react as anticipated for steric reasons. In diphenyl sulfide
the lone-pair electrons on sulfur are presumably so well
delocalized into the aromatic rings that they are unavail-
able for displacement of halogen from 6. The only prod-
ucts obtained from the reaction of 6 with diphenyl sulfide
are ethyl carbamate and diphenyl sulfoxide; from diiso-
propyl and di-tert-butyl sulfides only ethyl carbamate
(99-100%) is isolated.

Treatment of 8 and 10 with a small excess of triethyl-
amine in chloroform or methylene chloride, respectively,
at 0-5° furnishes the corresponding pure iminosulfuranes,
N-ethoxycarbonyliminodimethylsulfurane (9) and N-
ethoxycarbonyliminodiethylsulfurane (11), as colorless (or
slightly yellow), viscous liquids in 85-90% yields. They are
considerably more stable than their precursor salts and
can be distilled in a Kugelrohr apparatus below 150° with-
out decomposition, although distillation is unnecessary if
one uses pure salts in the ylide preparations. Particular
caution must be exercised in distilling 11, as it readily de-
composes at or above 150° to ethylene and ethyl N-(ethyl-
thio)carbamate (see later discussion).

Spectra of Ylide Salts and Ylides. Ir spectra of 8 and
10 (KBr disks) show bands in the secondary amine region
at 3420-3465 (m-w) and carbonyl {(s) at 1735-1740 cm~1.
In contrast, the ir spectra of neat 9 and 11 show no bands
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at 3420-3465 ecm~! and the carbonyl absorptions shift to
1620-1630 cm~—1, a frequency reduction of over 100 cm~1.
The shift of the carbonyl absorption is analogous to that
observed in converting carboxylic acids to carboxylate ions
and suggests that the iminosulfuranes have the ionic
structure C shown below rather than the double-bond
structure A. The uv spectra of 9 and 11, however, show a
maximum at about 219 nm with emax of about 2200-2350
(Beer-Lambert law not followed), indicating that struc-
ture A must also be making a contribution. The low value
of emax suggests that structure A, involving 3d-2p overlap
between sulfur and nitrogen, is a minor contributor; the
large reduction in the carbonyl frequency from ylide salt
to ylide suggests that C is a major contributor,

I
RS=N—C—OCH, <~
A
0 -0
+ - " +
RS—N—C—O0CH, <> RS—N=C—O0C}H,
B C

Structure B must also be a significant canonical form,
as shown by comparing the nmr spectra of the salts (8, 10)
with those of the ylides (9, 11). A noteworthy feature of
the nmr spectra is the substantial upfield shift (0.6 and
1.2 ppm, respectively) in the signals of the methyl
[-S(CH3)2*] and methylene [-S(CH;CHgs)s*] protons at-
tached to sulfur in the ylides. In the ylides, the positive
charge on sulfur must be partially neutralized by the neg-
ative charge on nitrogen (B), thus resulting in less de-
shielding (upfield signals), whereas in the salts there is a
full formal positive charge on sulfur which exerts a larger
deshielding effect (downfield signals). The same conclu-
sion would be reached if A were a major canonical form,
but the low value of emayx argues against such a proposal.

Thermolysis of N-Ethoxycarbonyliminodimethylsul-
fonium Chloride (8). Heating salt 8 under nitrogen first
to 100-155° until gas evolution ceases and then to 160° to
remove volatile species yields three major products and a
minor one: bis(methylthio)methane (12), 1,1-bis(N-ethox-
ycarbonylimino)methane (13), hydrogen chloride, and
ethyl carbamate (7) (yields are based on the assumed stoi-
chiometry shown). The products were identified by spec-

1. 100-115°
R m——

+
2{(CH):S—NHCO,CH;JCI™ ~——

8

(CHS),CH, + CH{NHCO,C,H;), +
12(50%) 13(25=50%)

tral and analytical measurements and, where necessary
(12 and 13), by comparison with authentic samples. In
control experiments, products 12 and 13 were shown to be
stable under the thermolysis conditions. '
Thermolysis of N-Ethoxycarbonyliminodiethylsulfon-
ium Chloride (10). Thermolysis of 10 at 95-100° under ni-
trogen until gas evolution ceases yields three major prod-
ucts and a minor one: diethyl sulfide, ethyl carbamate

2HCl
20—35%

+ H,NCO,C,H;
7(1-5%)

+ o
[(C,H,),S—NHCO,C,HJc- 229,
10
(CH)S + NHCOGH, + HC +
40% 7(50%) 30%

(C,H;0CONH),CHCH(NHCO,C,H;),
14 (8%)
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(7), hydrogen chloride, and 1,1,2,2-tetrakis(N-ethoxycar-
bonylimino)ethane (14)1° (yields are based on the as-
sumed stoichiometry shown). Thermolysis of 10 must fol-
low a totally different pathway from that of 8 because the
product types and their distribution are significantly dif-
ferent. The initial step cannot be formation of ylide 11, as
thermolysis of that compound (see below) follows a differ-
ent decomposition pathway from that of salt. Although
multistep pathways can be written to rationalize the ther-
molysis of 10, especially for the formation of 14, no evi-
dence or precedents appear to be available; therefore, no
speculations will be offered until further experimental
data are collected.

In chloroform solution at room temperature for 48 hr, 10
decomposes to a mixture of products of which ethyl carba-
mate is the major one (75%).

Thermolysis of N-Ethoxycarbonyliminodiethylsul-
furane (11). Thermolysis of 11 at 150° until gas evolution
ceases yields ethylene and ethyl N-(ethylthio)carbamate
(15) as the major products; ethyl carbamate, 1,1-bis(N-
ethoxycarbonylimino)ethane,22-28 and various unidentified
compounds are minor products. The thermolytic decom-

0
o=
CHBCHZ———SJ’\—N}— COC,H,
/- A

CHQ H e
N/ i
CH,

i

CH,==CH, + CH,CH,SNHCO,C;H, +
8—-35% 15 (45—60%)

NH,CO,C.H; + CH,CH(NHCO,C,Hy),
15% 5%

position- of 11 exactly parallels that observed with N-
acetyliminodialkylsulfuranes previously reported by us.!?
The key structural requirement in the ylide is the pres-
ence of at least one 3-hydrogen atom in the alkyl group
attached to sulfur. A five-center cyclic concerted mecha-
nism readily accounts for the formation of alkene and 15.
In the thermolysis of N-p-toluenesulfonyliminoethylphen-
ylsulfurane, Oae and coworkers?* have reported a similar
decomposition. They showed that the reaction is first
order in ylide and a substantial kinetic isotope effect
ku/kp is observed, consistent with the proposed mecha-
nism. The thermolysis of ylides, such as 11, is a conve-
nient way to prepare N-alkylthiocarbamates.

Mass Spectral Fragmentation of 8 and 9. The mass
spectral fragmentation patterns of ylide salt 8 and ylide 9
are very similar; they are summarized in a superimposed,
condensed form in Scheme I. The primary fragmentation
of ylide salt 8 is loss of HCI to yield iminosulfurane 9. A
subsequent prototropic shift yields the sulfurane, which
loses methylene to yield ethyl N-(methylthio)carbamate,
m/e 135, or undergoes a Stevens-type rearrangement to
ethyl N-(methylthiomethyl)carbamate, m/e 149. No peaks
due to 1,1-bis(N-ethoxycarbonylimino)methane (13) or
bis(methylthio)methane (12) are observed either from salt
or ylide (contrast with thermolysis of 8 discussed earlier).

Loss of methylene is an unusual process in mass spec-
trometry and the ease with which it occurs in this case is
strong evidence that the iminosulfurane rearranges proto-
tropically to the sulfurane (Scheme I). An analogous 1,3-
prototropic shift and subsequent loss of methylene has
been reported by Robson, Speakman, and Stewart,2% who
found that the high-resolution mass spectrum of dimeth-
ylsulfonium 1-dodecylsulfonylmethylide (17) shows a mo-
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The physical data were obrained as follows: mel:ing points (uncorrected)

with s

maa-Hoover melting point apparatus; ir spectra wish a Perkin Elmer

225 or 1373} uv spectra with a Perkin ilmer 202, anr spectra with s Varian A-50h
ox, occasionally, XL-100-15 using tetrerethylsilane as {nternal standard (¢ = £.00);
mass spectra ©Ath an .51, HS-9 double focusing mass spectrometar by direct
insertien at 70 ev (Batcelle Memorisl Institute, Columbus, Ohis), Elemental
analyses were performed by Micro-anaiysis, Inc., Wiimfngtar, Delavsre. Tlc and

3lc assessnents of pu

were conducted with appropriately cestgned systems

s

ard cperating sonditicns s dessvibed uncer the specific cases, ALL sol

A3

were dried and ireshly distilled b use.

re

e

£

B sakerecarbanate. LN tenestloronre y

reonenA® Propared in approxinarely
30% yield by passing gaseous chlorine through a vigcrously stirred 20% aqueous
so1ution of athyl carsarate (urechane) (7} ac 0-5° (wolar racfs i3l Lil)
fallowed by vecuun dlatillation at low temperatuze; bp 44-i57 (0.2 sore).** 4
superfor precadure, develepad teward the erd of thls stady, is the disproportion=

stion reactisn between 7 and ethyl N,¥-cZch (¥, N-dichl ane)

at roor temparatura
15

the dark; yialds of § are assertially cuantizative without

distilietion.

theRERERRTY LT vikeutiondun, Salordd

3 2L (Bl & solucion of §
(13.4 2, 3,11 rol, 52% pure by iodometry) in dry chlovoferm (15 ml) was
adéed dropuise with stirring to a solution of direthyl sulfide (7.5 g, 0.12
aal, 100% pure by gle) in dry chloroforn (200 mi) at 2-4° over 70 min. Reaztion
was continued for an additional 33 min at 1-2° and the volatiles were taen
vemoved using a rotary evapors:or (vater fath at 28°), Ether (200 ml) was
added to the restdue and the mixture was agitated for 30 min on & mechanical

shaker. The whize salid residue was collected by filtrarion and drie¢ to constant

20Ce26ul
8 0,12 mok) i redistilled carbon tstrachloride (240 wl} ac -15 to -20° over
65 min. The reaction was slightly exotaermic and a precipitate began to appear

after about 50 min from the start of the reaction, Ihe reactdon mixture was

stirred at =15 to =20° for an additional 30 min after the addicion of § was
complece and the white precipitats (1)) was then filtered off and drfed under
vacuum to congtaac weight at 20-25% (14,3 g) The erude salt (1)) was shaken

vigoroualy for 30 mir with redistille¢ carbon in a mechant

L shaker
and filtered. After drying to constant welght under vacuun at 20-25°, fure J0
was obtained (13.1 g, 6%, wp 98-99° ¢ec). Saelt 1) *a hygroscopic.

Ir (KBr disc) 3420 (m) (-R stratch), 1735 (2) (C=0 strecen), 1440 (m),
1216 (s) (-0 strecch), 839, 762 e * (w) (SN strazch); mar (ED015) & 434 (g,
2y 0 % 7 cps, GHCH,0), .15, 4410 (ewo quaztets, 4, J = 7 ops, (caacgz);s],

2,70 (concentration dependent) (broad s, I, W), 1.35 (t, 6, J = 7 cps,

+

[(CH,CH,) o8, 1,33 (£, 3, 3 = 7 cpay GH0Hy0)+ A€ 60 HHz, the signal due to
+ .

(CHyTH,) ;5 appeared to be two overlapping quarteta but at 200 Miiz in DHEO=dy,

the signal consisted of 14 lines symmetrical about ¢ 3.81.

Anal. caled. for CoH)CINO,S (4R): G, 39.3% K, 7,55, CL, 16.59; N, 6.55;

8, 15.00. Found: C, 39.55 H, 7,44} C1, 16.X

N, 6,38 §, 15.31,

Mass Spectrum (19) (direct insertion at 60°): mfe 177, (6), M-HCI, C,H)NO,8
0.3 pomdi 149, (24), m/a 177 = CpH;, Cg) N0, (1.2 ppm); 148, (1), a/e 177 =
Cyfiss CHyo¥0,8 (8.7 ppmd; 132, (40), mfe 177 = 06, Cgi)gN05 (4.8 pom) 116,
C4y, m/e 177 « BES, GE; N0, (7.1 ppmds 104, {12), w/e 132 - CoH,, O4H.H08 (10.7
AN
CyHgN0, (9.7 ppm) 77, (20}, wle 149 - (COy + Cyf,), GpH,NE (0.1 ppm); 76, (200,

PEm)i 103, (7, vfe 149 = ELGH, GLHSNOS (0.6 pemdi 50, (100), nfa 149 - C

n/e 104 - 0, GRS (2.6 pom); 62, (16), w/e 90 = CoH,, CH,NO, (15.Gppm)
62, (22), wfe 77 - CHy, CH,

S (3.7 pam); 61, (42), m/e 104 - RNCO, CpligS (13.6

3m2bn7

100-115° in & nitrogen atmesphere votil gas evoluricn ceased (30-75 min). The

bath temperacure was then ralsed to 16C° to remove velatiles, Nitrogen was
passed through the flask as it cooled down, and for an adéicienal hour to &id in
the removal of residual volatiles, The triethylamine-chlovoform solutdon, vaed
a8 a hydrogen chloride trap, was eveporated to ¢yrnese and the vesidus waa
wahad with cold ather. Trietnylamine hydrochloride was obrained ss an insoluble
waite solid (20-35% yleld, i varfous runs). The contents of he dry fce

trap consisted of tue layers, watsr and a foul smelling oli, Initialiy the oil
was subjected to preparative gle (12X Aplezcn L om 60/80 Argxrom AES, zolumn &'
x 3/8", zolumn temperature 130°)} the predominant compoment consisced of 5is-
(nethylchio)mechane (12) (sse below for prapavabion of authentic sample).

n subsequent thernoiyses, 12 was purified by micrediacillacicn st atmospheric

pressure, by 153°; its yield was about SO%. X

3 (CDl'.lz) $ 2,17 (s, 6 C_}_il), 3.67
G, 2, GHy)

Anal. caled. for C i8S

A8y (42

) 33.29; K, 7.63; €, 59,26, Found: €, 33.32;
¥, 7.45: 5, 38.88.

The thermolyais residue, a Light brovt sclid, was digsalved 21 hot n=
hexane and the solution was cooled to 0°. The white erystalline precipitate (30%
Jield), mp 127-127.5%, wes recryatallized from p-hexane; the solid wss identified
a8 bis(N~ethcxycarbonylinino)methane (13), mp 130°) by ir, nmr and rass
apectra and mixture melting poiat vith an authentic specimen, mp 131°, prepared
from ethyl carbanate ané fornaidenyde.’’

Ir (Br dies) 3360 (s) (N streten), 300C () (C-# evereh), 1690 (s)
(cn0) stretch), 1520 (a) (N-K deformatior), 1240 (s)(C-0 strerch), 1030 (3)
(G-l stracch), 1120 (m), 927 (1) and 790 en’ (w); mar (CGLy) 8 5.92 (braad,

90 2, M), 4068 (6, 2, NGEN), 410 (a, 4, CHCH), 120 (5, 6, CH,CH;).

t & 5.32 (position of aignal is concentraticn dependant) cisappeared

The

broad singler

on treatzent of the CICL, solution of L3 with D,D contalning a trace of CF,COpK.

JeCa2be2
vsight in & vacuun destccator at voom tomperature to giva the crude salt (§)
(34.9 8, 74%, mp 114.5° dac). 4 porcien (1.5 g) of tha crude product was
dissolved fn methanol-ather (150 ml, 1:4) at room temparature snd laft ac 0°
for 2 days. The white crystalline solid was f1ltered and dried under vacwum
st room vemperature to give pure § (1.1 g, mp 121,5* dec, 558). The salt ()
is hygrescoplc and aust be thoroughly dry te obtain the veported np, Drying
should be conducted at Toom temperature or below to evold thermolyric decomposition.
Ir (KBr disc) 3465 (u) (N-H serecch), 1740 (a) (Gwd stretch), 1445 (s},

1220 (s) (0-0 stretch), 991 (a), 639, 754 cu> (m) (5-% stretch); nor (DMSO-dg)

6 8,10 (concentration dependenc) (s, 1, MH}

423 00 2, 3 = 7 eps, CHCR,0),
N
337 (s, By (CHy)y8), 1.27 (&, 3, J = 7 cps, CHaCH, D)

Anal. caled, for G ,CINO,S (8

€, 32.54; W, 8.51; €1, 19.10; ¥, 7,545
s, 17.27. Found:

€, 32.12; H, 6.26; €1, 19,31; K, 7.52; S, 17.08.

Mase Spectran (8) (divect imsereion at 100):'% n/e 149, (9), ¥

o1, Ggy 1808

(6,9 ppm); 135, (20, M-(HCL & 1CHy}, C,BN0,8 (4.6 ppm); 136, (1), M-(HCL + CHy,
CkgN0,8 (6.4 ppEY; 121, (3), m/e 189 = C,H,, C,8,N0,5 (9.7 ppm)i 204, (100), mie lui~
OEt, C{HNOS (3.2 ppu); 202, (1), m/e 169 = CH,S, CjHMO, (6.1 ppm) 90, (1), a/e 104
iClyy G, NOS (8.3 ppr; 89, (9), w/e 135 ~EeOH, C,H.NOS (0.8 ppmdy 74 (2), mfe 121 -
GHyS,y O Hy)

5 (5+1 ppa); 63, (3) m/e 135 - (©o, + CH,)s CHgNS (3B.3 ppm); 62, (72),
ale 104 - 100, SRS (3.4 ppmds 62, (3}, wle 13 - COLEE, OHNE (48,7 ppmdi 47, (16),
CH38 (10,3 ppm); 45, (8), CHS (191 pemd; 38, (15), W01 (22.6 pmy; 36 (iB), H3S

€29:9 ppm)s 30, (&), CH,B (3.6 ppm); 29, (18), CpHg (9.8 ppm).

% A

A salution of dry vedistilled
triethylanine (7.1 g, 0.071 mol) in dry chlovoforn was added dropwise with

stireing €0 a suspension of § (10.5 g, 0,059 mel) in dry chlovoform (250 &1)

at 0-5° over 60 min, snd stirring was continued for an additional 10 min,

JOCw2EmE
pem)i 60, (17), m/e 77 - N3, CpH,8 (15.7 ppmd; 59, (12), mle 76 = Ny, CpHgs

(15:8 pprd; 49 (343, w/e 77 - Gy, KNS (0.3 ppm)s 48, (24), mie 76 - CyH,,

NS (4.4 ppm); 38, an, ¥ (25.0 ppm); 38, (51).53531 (29.4 ppm); 29,

(80), CpHy, (5.5 ppm): 28, (40), CyH, (16,1 ppm).

Ny, LARtnedberiy b A2l Dry redistilled triechylamine
(1.14 g, 0.011 rol) was added dropwise with stirring to a solution of

10 (2.0 8, 0.009 mol) in dry rathylene chloride (3 ml) at 0-4° over 0 min. When
addicton was complete, ether (35 ml) was added end the precipitate of criethylanine
hydrochloride (L.27 g, 93%, mp 257-259') was filterad, The filtrate was
avaporated {n & votary evaporater (water bath 27°) to give a pale yellow liquid
(1.7 g, 100%) waich could ba distilled in a Kugelrohr apparatus below 150°
without sny apparen: decompogition. The pracuct [1,48 g, 95X, by 135-24g° (0.05
torr)] was a colorless 1iquidi tlc analyais shawad one major spot, &, 0.84

and one extremely faine apoc, Ry C.38 (siliza gel 0,25 ma, develaped with acetone

and dezected with Zodine vapcr). Distillation is not required for purification,
bue nerely improves tae colox; 1f the distillacion tapezacurs is ot properly
controlied thermolycic decomposition occurs (see below).

Ir (licuic filn) 1630 () (CMO strecch), 1260 () (G=0 streteh), 1097 (n),
826, 782 ca”l () (8- suretch); wv (€

M,

107 mo1/1) (the abserpticn did not follow the Beer~Lambert law over the

g P95 UM, e 2350 (486 x

concentration range 2-6 x 207¢ mol/L)i mir (COCLy) 4.06 (@i J = 7 eps, CHyCH,0),

+ +
293 (qu 4, T = B cpa, (BHy0H,),S), 1.35 (&, 6, J = B cpa, (CHyCHy))5), L.24

(6, 3, J % 7 ops, GHyGH,0)

dnal. caled. for C M, (N0,6 (I): €, 47.42; H, 8.53; N, 7.305 0, 18.05)
S, 18,09, Found: C, 47.12; H, B.57; X 8.08; 0, 16.17; 8, 18.23.

Mass spectrur (31} (divect inserrico at 100°): n/e 177, (13}, molecular fon

J00-26-8

Anal, calcd. for C,H, 4,0, €, 44,465 H, 7003,

20 ¢, 46,203 H, .42,

G Found:
The hexene filtrates were evaporaced co dryness; the dark residue consiated
largely of (13) and ethy} carbamate (]) (gle), Treatment of che rasidue
with chlotoform yielded 4 small quentity of an unidentified insolusle solid,
mp ca. 280° dec. It was shown independently that (13) and athyl carbamate sre

stebla to 16C°, the maximun temperature in thie thewmolysis.

Maga speccrum of (13) (direct insertion at 60°): /e 190, (0.8), moleculer iea

Cofghy0,
. - "
(2.7 9pm)s 117, (56), n/a 161 = €05, C/HN,0, (12.4 pprli 102, (59),

Gy N0, (155 ppmd; 161, (34), M-Ee, (8.3 ppau); 145, (0.2), u-ORt,

CsflgFals
nfe 127 - N, C,HNO, (10,0 ppr)i 90, (4), me 117 = HCH, Cjgi0, (0.3 ppm)i 89,

(11), /e 117 = Ty, ZHA0,

(12.0 ppm); 74, (5), mfe 88 - N, € N0, (13.8 ppm);
62, (12), m/s 90 = CH,, CHNO, (15.2 pprd; 38, (7), m/e 120 = 6O, C N
(1177830 56, (8), ©/e 102 - EROR, C KO (12,1 ppmdi 45 (14), w/a 89 -

€0y CHN, (4.2 pom)

30, (100), mfe 74 ~ CO,, CHN (13.9 ppm)s 28, (36),
g (0.9 Fomdi 28, (11}, mfe 45 - NH;, CRX (6.0 spr).

R 2t

[ A AVERERES
aethyl sulfide (9.7 g, 0.10 mol) was added with stirting to water (5¢ ml} at

Chioromethyl

4-6° over 35 min. 3as evolutton was observed, The reaction mixture was alloved
to warm to raom Cemperature snd the product was extracted with ether (3 x 30 rl
portions), The combined ether extracts were washed sequentially with 10%
sodiur bicarbonate solution {2 x 50 ml) and wacer (2 x 50 ml), aad dried

over xhydrous ¥gs0,. Filtrazion and aolvent evaporation

i a rotary avaperator
(water bath 35°) left a clear brown iiquid restdus (5.3 g, 30X), Distillation
through a 7 en minilab Vigreux solumn at atmospheric pressure yiaidad pure 3
(2.9 g, 27%, bp 133°),

TR R AL

wag thermolyzed at 95-100° undar nitzogen uncil gas evolution ceased (ea, L hr.),

The pure salt (5.76 g, 0.027 wol), op 98-99° dec,

Whitfield, Beilan, Saika, and Swern

¥ IEm 26,
The volatiles were removed using a rotary svaporator (water bath at 40°) 2
and ether (100 wl) was added to the residue. The precipitatad criethylamine
hydrochloride (8.2 3, 100%) was separated by filtration and the filtrate
was evaporazed. A pale yellow oil ves cbiained which vas drfed to constant
uetght at voom temperature undet vacuumi tle emaiysis shoved only one spot, By
0,70 (ailica gel 0.25 mn, davelopad with merhanol snd detected with iodine
vaper). It was shown co he analytieally pure § wishout further Sreatment
(1.7 5, 88, o> 1.4995).
Ir (liquid £Alw) 1620 (s) (G=C stretch), 1275 () (C-0 stretch), 1087 (),

1 o
980 (m), 821, 782 em © (m) (5-N straten); wv (CHLOR) o, 219 mo, o . 220C
(5,25 % 107 n01/1) (the absorpeion did mot follow the Beer-Lambert law over the

conceyeration range 1,05-10,5 x 107 mol/1)s mnr (DC1y) § 4,06 (, 2, 4 = 7 cp,

*
CHiCR,00y 2,70 (8) € (Q3),9), 1.24 (5, 3, J = 7 cps, i, CH

0.

Anaz, caled. for OoHy\KO,8 (901 €, 40.25i Ky 7.03; N, 9.39; 5, 21.44,

Found!

Gy 40,005 K, 7.27; ¥, 9.1ii S, 21,48,

Maga Spectrum (9)(direcc insevtion at 100°): w/a 149, (10), molacular ion,
CH)pN0R8 (5.3 ppmdi 135, (23, M- 10Hy, CHNO)S (7.1 ppm); 121, (2), a/e

149 = €l CyEoNOoS (0.7 ppm); 104, (100), m/e 149 - ORE, CHCNOS (15,6 ppe);
102, (2, w/e 149 - Citys; 89, (), mie 135 - ECOH, G H,NOS (2.2 ppmd; 74,

(2)y /e 121 - CHaS, €0 N0, (6.3 ppm)s 63, (2), m/e 135 - (00, + Gy,
CHNS (24,0 ppm); 62, (80), m/e 104 - NGO, G,H,S (13.5 ppu); 62, (14), n/e
135 - CO,Ec, CH,NS (139.0 ppm}; 47, (18), CH38 (11.6 ppm)i 45, (11), CHS

(3.7 ppuls 30, (S), CHN (5.7 ppm); 29, (200, G,H; (14,8 ppu).

ayl

LEon s, £oloxiss,

A2 A solution of f
(4235 g, 0.10 mol, 99.5% pure by iodometzy) in redtstiiled carbon tetrachloride

{40 m1) was added dropwisa with atirring to a golucion of diethyl sulfide (10.8

J90n26-6
QM 30,5 (0 ppmdi 149, (13), M<CyH,s OgR) 30,8 (5.4 pEm); 148, (4), WeEt,

CyHy 0,8 (8.6 ppm); 132, (85), M-OEE, CgH; YOS (0 ppudi 121, (2), m/e 149 -

Cylfyn CH R0,S (14,3 ppm); 116, (1.5) M-Eus, CgH,oN0p (11,7 ppr); 104, (24),
He(0EE + CoH,), CANDS (5.9 ppm); 90, (92), mfe 146 - Spy5. Gyigh0,

PP 77, (13), nfe 1A% = (C)H, + CCy)y CyHNS (11.4 ppmdi 76, (M), n/e 149 -

Qs.7

CayEe and m/e 104 - €O, CHANS (5.1 ppm}s 75, (6), mfe 121 - ExOH, CHNOS (3.6

ppmy; 62, (15}, m/e 90-C,H,, GH.NO, (29.3 9pm)i 6L, (62}, n/e 104 - WNCO,

S (9.4 ppndi 59, (10), C,H,8 (27.4 pomdi 49, (18), m/e 77 = Ok, and mfe

.3
121 = (€O + Gyl ). BoNS (7.2 ppn); 48, (19), =/e 121 - €0,E¢ and m/a 76 -
SyH, NS (2.6 pem)i 29, (50}, C,Hg (4.3 ppmd; 28, (25), CpH, (19.2 ppm);

18, (100), Hy0 (0 ppr).

Reaebienof EEh. Nomh e AL A QENSE Sub iR, & solucion of f

(6.2 g, 0.05 mol) ‘tn dry cikoroforr. (25 ni) was added with stirring to a selution
of dig-butyl sulfide (11 g, 0.075 mol) in chlovoforn (75 ml) at 0% over 100
min (exotherric reaction}. Evaporacion of volatiles in a rotary evaporator
yielded a white sclid restdue that was recrystallized from n-hexane-ether; 1t vas
1dentified by mp and nr as etbyl carbamate (4.4 g, 99%).

Analogous reacticn of § with diisoprapyl sulfice in carbor tetrachioride
at -15° yieided only ethyl carbamate (4.5 g, 100%) as an insoluble precipitate
forned during the rescelcn. Diphenyl sulfide alao failed to yield the expested
sulfontun sale; ethyl carbamate and some diphersl sulfoxlds were formed but

nost of the dipheayl sulfide was recovered unchasgad,

Thernobiats.of, 3. A sanple of §(5.22 3, 0,0282 nol) was placed tna &

with a nitrogen gas inlet tube and an outler whizh led first to 8 dry ice-acecone

aak fitted

trap and then to a trap concaining & chlovoforn solution (50-100 ml) of triethyl-
amine (5.5 g, D.056 mol), Nitrogen was passed chyough the spparatus for 15 min

to purge 1t of alr and the fiagk contents weve then heated in sn oil bath at

JOZ26-9

as described sbove for DASC (8) except that neat triecthylamine vas uged to trap

HCl, Three thermelysis fractions were obrained: (a) cold trap condenaata,

RERR R ¢

then alloved to warn alowly

)

praciptests i criethylaming trap, aud () por residus, This

was & clear liquid with a strong odor of HCl, 1t wa
to room temperature and the evolved vapors were passed thyough triechylanine;
& white precipitate formad. The residue (1.00 g) wse exanined by glc (6' x
1/4" Apiezon L on Anakrow ABS column, column temperature 30°). The major

ccmponent (35%) (retention time 3") was shown by peak enhancement and comparisen
of its nmr spectrum with that of an authentic ssmple tc be diethyl sulfide {(38%).
Hekan 2 SR

pracipitate from the workup of (a) were combined and coid ether

The coatencs of the triathylamine trap and the

plus
(50 wl) was sdded.
Tha precipitate wss filsered, washed with cold ether and dried. It was shown to
be triethylsnine nydrechlaride (1.18 g, mp 253-256°).
i Hepkun.ef el

caloroforn (35 ml) to give & brown solution ané an ineoluble walfe solid, mp

The yield of ECl was
The pot rasidue (3.66 g}, a black 30lic, was shaken with
270° dec, (0,36 g) (raferre¢ to later as ¢), The solvert wae removed from the
solution uaing & rotary evaporator [40° {20 tort)] to give 2 viecous brown cily
residue (2.94 g). Tic revealed the presence of one major cempouent (P.F 0.65)

and four winar components (silica gel 0.25 m developed with benzene and detectad
with iodine vapor). Tre ma‘or component was isolated by short path distillation
of & portion of tha broun oil (1.47 g); it was shown tc be ethyl carbaware (527)
Horkkeof-A0

The white solid was Lnsaluble in chlovoform, scezome, ethanol, ethar, nitromechane,

by tle, gle, ir and kar comparison with an authentic sample.

dinethyl sulfoxide and water; it was very slightly soluble in kot nicromethara.

4 portion of the white solid (0.29 g) was recryarallized from nitramecaame to

givs & white featnery solzd, mp 288° dec (0.16 g, 8%). It was ldertified as

1,2, 2-tatra(carbetnoxyanino)athane (14} by ir, mnr and chemical fonizacion

9

cass specteal conpariscn with an svthantsc sample’® and elenencal analysis.
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J00=26=10

RRRR. 2 (0L An bioaefern. The salt (2.0 g,

0,0093 wol) was dissolved in chloroform (20 ml) and stirred at .24° for 48 hra.
Evaporavion of volatiles [30° (77 torr)] yielded a brown liquid residue.
Addition of ether (30 ml) precipitated & small quantity of mauve solid (0.12 )
which was not studied further and a brown solucion which yielded a browp restdue
(1.4 g} on evaporation, Tle revealed the pregence of one mejor and five minor
components (silice gal 0,25 fm, developed wich benzene and detectad with iodine
vapor). Kugelrohr distillation of the brovn residue ylelded a colorless liquid
yhich solidiffed, Tt was identified as ethyl carbamate (75%) by tle, gle, ir
and nmr comparison with an authentic sample.

TReTRRlIRbREHy A sample of [Lvas heated to 150° for 120 win in & slew nitrogen
stream; the extt gases wera passed through a solution of bromine in carbon
tetracnloride (1 g Br,/25 ml). Gas evolution started almoat imnedistely and
was complete in about 90 min; aftar about 40 min the colorlese starting material
‘had turned dark brown. The residue was short-path distilled [bp 73-90° (0.05

torr)] to yleld a dark brown residus and a pale yellow odoriferous diseiilste.

J00-26+1)
and 780 on”™); oo (CDGL,) ¢ 5,85 (broad a, L, M), 4.17 (4, 2, CHyGH,0, J = 7 cpa),
2.7 (@ 2, CHyCHS, 3 = 7 cped, LB (x, 3, CHaOH,0, T % 7 cpe), 167 (z,

3, GHyCH,8, J = 7 cps). The broad singlet a¢ & 3.85 dlsappeared on traatment
of the nmr solution with DZO containing a race of triflucroacetie acid.

Angl. caled. for CgH| NO,5: C, 40.25; ¥, 7.43; ¥, 9,391 5, 2L.4s,
Founds T, 40.03; H, 7.28; N, 9.58; §, 2L.71.

The salution wee fractionally dlatilled. After

ramoval of excass bromine and carbon tetrachloride, the resicue was subjactad

to gl analyeis (5' x 3/8" 12 % Apiazon L on 60/80 Anakrom ABS columa, helium flow
rate 60 ml/min, eolumn tamperature 110°). The major component (ca, BOX) wes identified
as 1,2-dibromoethane by comparison of its ir and mmr spectra with those of an
authentic sample, Thus the gas evolved in the thermolysis of L1 is ethylene;

yields of ethylene rrapped ranged from 8-35%.

SHEORRAL RALER, 1 S5 Ehegtispbiten, A mixture of EES (3.5 g, 0.02 mol) and
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for 24 houra. Ne shift was cbserved in the catdonyl sbsorprion of § at

1620 cn”Y; penicrobenzaldehyde was recoversd unchanged.
nanner
Actanpced reaction of § wich ethyl acrylate and styrena oxide, in the aame |

described above for 11, resulted in complete recovery of the electrophiles.

o4 A46) A solution

of triphenylphosphine (13.2 g, 0.05 01) in benzens (50 ml) was added éropwiae
With stirring to a suspension of the sodiun salt of ethyl Fchloocarbanste

(5)* (7.3 5, 0.05 pol) in benzene (50 K1) ar 25-40° over 30 min. The resction
wixture was stirred until 8 test for posirive halogan ves negative (total

reaction time, about 2 hours). The white insoluble solid was f{lterad; it

vas showm to be sotun chloride (2.3 B, 96% yleld). The Filirate was evaporated

to dryness in a rotary evaporator yleldinl a whits solid residue of crude

(167, = 100-122° (27,1 ). 1t vas purified by recrystsllizatien from ether at 59

(KBx diss)

the product hed mp 136-7* (ovaratl yield 70%) (140202 1356, 1367, 1r | o,
ol

1640 (C=D stretch), 1600 (CuC), 1445,.137%, 1280, 2130, 1100, 880, 800, 728 and 695}

93¢ analysis (5' % 3/8" 12% Apiezon L on 60/80 Anakrom 43S celumn, helium flow

rate 60 ml/min, column temperature 140°) shawed the presence of six components 1

en"t becems less intense with time and virtuslly dissppeared and & new cazbonyl

in the distillate of which the two major ones wara identified as etnyl carbamate band appeared at 1730 cnt.

(retention time 1.6", 11.6%) and a previously uaraported compound, athyl

N-(ethylthiv)carbamate {}3) (retention time B,1", 70%). (Based on A1, the

acrylenitrile (1,6 g, 0,03 mol) was refluxed under nitregen for 48 hours; the

reaction was monitorsd by ir, The original carbonyl absorption of ZES at 1630

Micro-dtsrillation of the reaction mixture resulted

in almost complets racovery of the merylonitrile; the preduct isolated fro the

nar (G0CLy) ¢ 1,23 (5, 3, CH;CH;0), 4412 (3, 2, GHyER)0), 7.65 (m, 15, aromstic).

ALESRRERE ROARERR R (REL AR FLeStRREbtARg . A solucion of 1p (3.5 g,
0.01 nol) and benzaldehyde (1.5 g, 0,015 mol)) tn THF (S0 nl) was refluxed
for 24 hours. The sclvent was removed by vacuun eveporation and the residue

was filtered. The white salid was washed with a small quantity of cold sther}

vesidue wag ethyl X

yields (gle) of ethyl carbamate and 13 were 13 and 44%,respectively.] They (o0 sbovs)

were separated by preparative glc {condirions as above), Ethyl carbazate was
identified by =p and mixture mp, and spactral comparison with an authentic
sanple. Compound 1f was & colorless liquid with an unpleasant, pungent odor; nchanged,

it van short-path redist{llad [bp 90-100° (0.1 terr)] to remove'a emall quantity

Apternted ReRshion.of 92 MAER

45 the

Tdentical results were obtstned an reflysing 11 with ethyl scrylate or aryrene

oxide; 15 was tha product isolatad and the ocher comporents were recavered
s

product of L it was identified aa unreacted EP? (3.4 8, 97% recovery) by mixture malting

point and ir,

4 solution of 16 (3,5 g, 0,01 nol) and styrane oxide (2.4 g, 0.02 nol)
in DHF (50 ml) was refluxed for 24 hours. The solution was concentrated under
vacuum to about 1/4 its valume and thea cooled to 0°, The white prectipitats

was filtered off and washed with a awall quantity of cold ether; ic was identified

of srarionary phasa with which it was contaminated. Ir (liquid film) 3370

(1.3 §, 0.00% mol) and p-nitrpbenzaldehyde (1.3 5, 0,009 mol} fn chloroform

(), 1730 (0=0 sexacch), 1450 (CMy and CH, deformation), 1220 (C-0 streteh), B3 (100 m1) was heated under reflux

Scheme I¢
—ORL CH,SCH,NHCO*
. o
e . Oi TNCT. CHgSCHs
Me,S—N—CO* mfe 62 ra 72 (ys); 80 (y)
mfe 104 ra 100 (ys and y) '
T -NCO,E
b -HC) =
Me,S——NHCO,Et-* — MeS—N-—CO,Et-*
a mfe 149 ra 9 (ys); 10 (y)
mle 187 ra 0 5

: f

CH,

—— Stevens-t; +
CHSCHNHCO.Et" o 2% “SSNHCO,Et*
rearrangement ~CH. d
mle 149 2
l—:CH!
no'l—CgH‘
CH,SNHCO,Et"*
¥ A+
CH,SCH;NHCO;H mje 135 ra 2 (y8 + v)
mfe 121 ra 3 (ys); 2 (v) _
1 | TEOH . mfe 89 ra 9 (ys); 7 (%)
—(00; +
| 63 H
. _C,ﬁ:)—) mle 63 ra 3 (ys); 2 (y)
b——— CH,=SH COF
~CO,Er
mie 47 12 16 (ys); 18 (y) L2 s mfe 62 ra 13 (ys); 14 (y)

a ys = ylide salt 8; y = ylide 9; ra = relative abundance.

lecular ion at m/e 308 and the primary fragmentation pro-
cess is initial loss of methylene to give an ion (19) with
m/e 294. The intermediacy of the sulfurane 18 was in-
volved to rationalize the results (Scheme II).

Scheme 11

CH, CH,

. -
S——CHSO0,C;;Hyy —> SCH,S0,Cy;H,;

cmé “CH,
\H 18
17, m/e 308 -=0Hzl
CH,SCH,S0,Ci;Hys
19, m/e 294

Mass Spectral Fragmentation of 10 and 11. The mass
spectral fragmentation patterns of ylide salt 10 and ylide
11 are also very similar; they are summarized in a super-

A#y: 4 aolution of g

as unrescted 46 (3.1 5, 91% recovery)

imposed, condensed version in Scheme III. As with 8
(Scheme 1), primary fragmentation of 10 is loss of HCl to
give the iminosulfurane 11. The formation of the ion with
m/e 149 can then occur in three ways: (a) direct loss of
ethylene from 11, (b) loss of CHsCH: from the sulfurane,
and (c¢) loss of ethylene from the sulfurane. It is not possi-
ble to deduce from the mass spectrum which pathway (or
pathways) leads to the fragment with m/e 149. The subse-
quent fragmentation of the ion with m/e 149 is in excel-
lent qualitative agreement with that observed for the pure
compound, 15, thus adding credibility to its postulated
intermediacy in the fragmentation of 11. It is also likely
that the intermediate sulfurane undergoes a Stevens-type
rearrangement to ethyl N-(1l-ethylthioethyl)carbamate,
fragmentation of which accounts for fragments with m/e
116 and 61.
Scheme ITI2

relative abundance

—EtOH ys oy 15
—— 7 8 7
—C,H.$
. L 100 92 84
Et,SNHCO,Ee ¢l 005
10, m/e 213,ra 0 — 01T
-00,
|- e BB
o +  TCH +
Et,SNCO,Et EtSNHCO,Et-

11, m/e 177, ra 40 (y8);85 (y) m/e 149, ra 24 (ys};13 (y)

/—OEt bT

(4
o
EtSNCO \ ~CH,CH:
m/e 132 ra 40 (ys);85 (y) CH.CH —CH,
| e SNHCO,Et -*

EtSNHCO* CH.CH
m/e 104, ra 12 (ys)% 24 (y)

l Stevens arrangement

CH,CH,SCHNHCO,Et+*

CH,

e N

—~— +
CH,CH===NHCO,Et . CH,CH=SH
m/e 116,ra 4 (ys);2 (y) m/e 61, ra 42 (ys)62 (v)
2ys = ylide salt 10; y = ylide 11; ra = relative abundance; * =
metastable ion.

Although the mass spectra of 10 and 11 are very similar,
their thermolysis products are quite different.



2152 J. Org. Chem., Vol. 39, No. 15, 1974

Attempted Reaction of Iminosulfuranes with Electro-
philes. Iminosulfuranes 8 and 11 are isoelectronic with
sulfur-carbon ylides (sulfuranes). We therefore examined
the reactions of 8 and 11 with selected electrophiles with
the object of developing new, mild synthetic pathways in
neutral media for the formation of heterocyclic ring sys-
tems (oxaziranes and aziridines), analogous to the syn-
theses of epoxides and cyclopropanes from sulfur ylides
and carbonyls?6-2? and activated «,8-unsaturated com-
pounds, 3 respectively.

Neither 8 nor 11 reacted with excess neat acrylonitrile,
ethyl acrylate, or styrene oxide up to the reflux tempera-
tures of the system. Furthermore, when equimolar propor-
tions of p-nitrobenzaldehyde and ylide were dissolved in
chloroform and heated under reflux, there was also no
reaction. The electrophiles were recovered and, in reac-
tions of 11 at elevated temperatures, ethyl N-(ethylthio)-
carbamate (15), the anticipated thermolysis product, was
also isolated in good yield. Failure of 8 and 11 to react is
interpreted to mean that the nucleophilicity of nitrogen is'
extensively reduced owing to delocalization of the nega-
tive charge into the ester moiety.

The striking difference in reactivity between iminosul-
furanes and sulfuranes prompted us to examine the reac-
tivity of an iminophosphorane, structurally similar to the
iminosulfuranes, with electrophiles. Chemical properties
of iminophosphoranes are reported to be similar to those
of the isoelectronic phosphorus ylides, although literature
information on the former is considerably sparser.* The
outstanding property of phosphorus ylides is their nucleo-
philicity, which permits a wide range of useful synthetic
reactions to be carried out, of which the Wittig reaction is
perhaps the most important,

Iminophosphoranes have been shown to react with car-
bonyl compounds to form Schiff bases and phosphine
oxide, analogous to the Wittig olefin-synthesis reaction, as
illustrated by the reaction of N-phenyliminotriphenyl-
phosphorane with diphenylketene to yield triphenylketen-
imine.3! Benzaldehyde, benzophenone, and phenyl isocy-

(CH)P—N—CH, + (CH)\C=0=0 —»
(C6H5)20=C=NCGH5 + (CSH:S)SPO

anate behave similarly and, in essence, involve the re-
placement of a carbonyl oxygen by the N-phenylimino
group.

Accordingly, we prepared the known N-ethoxycarbonyl-
iminotriphenylphosphorane?®-2! (16), mp 136°, from the
sodium salt of ethyl N-chlorocarbamate (6) and triphenyl
phosphine in benzene. The ir of 16 (KBr disk) shows

0
- . CeHs
(CH)P + [C—N—C—OCH]INa ——>

+ -
(CH;);P—N—C—0C,H; + NaCl
16

strong carbonyl absorption at a low frequency of 1640
cm-1, as is also observed with the iminosulfuranes,
suggesting the same type of charge delocalization. Reac-
tion of 16 with benzaldehyde in refluxing tetrahydrofuran
or with styrene oxide in refluxing dimethylformamide,
both for 24 hr, yielded unreacted 16 (91-97%). Similar re-
sults were obtained without solvent. Thus 16 is also un-

Whitfield, Beilan, Saika, and Swern

reactive and, we conclude, for the same reason, that 8 and
11 are unreactive to electrophiles.
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