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Abstract: Exposure of N,N-dichloroamides and N,N-dichlorocarbamates to sodium methoxide or potassium hydroxide in
methanol gave moderate to high yields of the corresponding methyl esters and nitrogen gas. The reaction appears to involve
chloronitrene (4) as an intermediate via dichloroamide ion (3). The low relative rate of nitrogen evolution from N,N-dichlo-
rourethane (10) vs. tert-butyl N, N-dichlorocarbamate (18) suggests that the rate-determining step may be loss of chloride
from 3. N-Chloro-N-methylurethane reacted more sluggishly than its N,/N-dichloro analogs, and the products were some-
what different. Reaction of 10 with benzylamine gave N,/N-dichlorobenzylamine and urethane.

QOur treatment of the historical background will be limit-
ed to the response of N-haloamides and N-halocarbamates
toward nucleophiles. The most familiar reaction involving
N-haloamides is the Hofmann degradation.? Studies with
the sodium salt of N-bromoacetamide indicated that this
type of species was involved as an intermediate during deg-
radation.>6 Although an acidic amide proton is not avail-
able, V-bromosuccinimide on exposure to strong base yield-
ed* a Hofmann rearrangement product. When an N-tert-
butyl group was present, as in C¢gHsCH,CONCI-1-C4Ho,
treatment with rerz-butoxide afforded a product containing
an « lactam structure.” Prior work most closely related to
the present investigation involves N,N-dihaloamides, Hof-
mann observed that, in the presence of caustic, /V,N-dibro-
moacetamide was converted to acetic acid, nitrogen, and
hypobromite.? N, N-Dichlorobenzamide yielded sodium
benzoate with sodium carbonate, and gave N, NV’ -diphenylu-
rea with ammonia.® In the presence of sodium hydroxide,
however, decomposition occurred with formation of nitro-
gen, phenyl isocyanate, benzonitrile, and benzoic acid.

The literature pertinent to the carbamate area is summa-
rized elsewhere. 10

The present work is concerned with the reaction of N-
chloroamides and N-chlorocarbamates with various nucleo-
philes. Most of the studies involved the N,N-dichloro deriv-
atives. Particular attention was given to the mechanistic
features.

Results and Discussion

Preparation of Starting Materials. The desired substrates
for this study were N,N-dichloroamides and N,/N-dichloro-
carbamates.

The N,N-dichloro derivatives were prepared from the
amide or carbamate by chlorination with calcium hypochlo-
rite,!0 rather than chlorine.!! Compounds synthesized in
this manner were the V,N-dichloro derivatives of valeram-
ide, 5-chlorovaleramide, urethane, rert-butyl carbamate,
and phenethyl carbamate. The N-monochloro derivative of
N-methylurethane was also obtained by this method.

The requisite amides and carbamates were generated in
various ways. Valeramide and 5-chlorovaleramide were pre-
pared from the corresponding acid chlorides. Stannic chlo-
ride catalyzed condensation of phenethyl alcohol with
urea!? produced phenethyl carbamate in 34% yield. N-
Methylurethane was obtained by treatment of ethyl chloro-
formate with methylamine.!3

N,N-Dichlorovaleramide and Sodium Methoxide, N,N-
Dichlorovaleramide (1), a new compound, is a distillable,
yellow liquid. Iodometry showed that the preparation con-
tained 94% of the theoretical amount of active chlorine. The

impurity may be in the form of valeramide (6%) or, more
likely,!4 N-monochlorovaleramide (12%). Yields are based
on the latter condition, with the further assumption that the
N-monochloroamide may also react (see below).

Treatment of 1 with sodium methoxide in methanol at 0°
resulted in immediate quantitative decomposition according
to eq 1. The main organic product was methyl valerate (2),

2CH,(CH,);CONCl, + 3NaOMe —

1
2CH,(CH,),CO,Me + N, + 3NaCl + MeOCl (1)

2

identified by comparison (glpc, ir, nmr) with authentic ma-
terial. A low yield of methyl formate was also present,
which most likely arose from oxidation of methanol.!® The
inorganic materials, nitrogen and sodium chloride, occurred
in good yields (Table I).

The actual amounts of methyl valerate and nitrogen
formed were greater than could possibly be produced by the
N,N-dichloroamide (88%) present in the impure starting
material. On the assumption that the /N-monochloroamide
also participates in a similar fashion, the yield figures are
reasonable. The monochloro derivative is presumably con-
verted into the reactive dichloro form as shown in eq 2. In

NaOMe MeOC1
RCOCNHC1 —— RCOCNCI1™Na*
RCOCNC], + NaOMe (2)

this manner N-monochlorovaleramide can participate with
resultant consumption of positive chlorine. Indeed, the data
in Table I lend support to this premise. Only 5% of the orig-
inal positive chlorine remained at the end of reaction, as op-
posed to 26% from the reaction of DCU with methoxide.}?
Mechanism. The overall reaction suggests attack of
methoxide on carbonyl, generating dichloroamide ion 3
(Scheme I). Loss of chloride from 3 would produce chloro-
nitrene (4) which then dimerizes to dichlorodiazene (5). Ni-

Scheme 1
RCONCl, + R'O- —> RCO,R’ + NCl,”
) 3
3 =L neo1 ¥ ciNn==NCl = N
4 5

trogen results from decomposition of 5. A more detailed dis-
cussion and evidence for this mechanistic pathway are pre-
sented elsewhere with DCU as substrate.!0 Results from a
related system indicate that this course is followed when the
amide nitrogen contains two electron-withdrawing groups.
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TableI. N ,N-Dichloro Compounds with Sodium Methoxide

Products, %7 yield
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Table II. Reaction of N,N-Dichlorocarbamates with
Potassium Hydroxide

Posi- ~——————Products, % yields——-———
RCONCL, tive RO.CNCl,,

R = RCO;Me Nyo Na(l? Cle Other R = ROCO:Me Nz KCl- CO;  Other
n-Bud 89 102 81 5 6° Et 42 103 74
CICHy)./ 83 62 78 30 20 Et 36 9e 47
t-BuO¢ 54 79 39 13 24k Et 45 104 101 3¢
PhCH.CH,0¢ 69 102 61 5 7t Et 73 6" 20¢

PhCH.CH. 57 103 96

@ Assuming all evolved gas is nitrogen. ® Yield based on sodium,
¢ 97 of original. ¢ 25 mmol of NaOMe. ¢ HCO:Me, 6°. / Stoichio-
metric amount of NaOMe (18.7 mmol). ¢ 5-Chlorovaleramide, 2%,
k Isobutylene, 7%; t-BuOMe, 7%; HCO:Me, 10%. ¢ PhCH.-
CH,OH,77%.

For example, N-bromosuccinimide with strong base yielded
MeQ,C(CH;)>NHCO,Me,* presumably through the inter-
mediacy of MeQ,C(CH,),CONCI which then underwent
Hofmann rearrangement.

An alternate mechanism, initial attack of methoxide at a
chlorine atom, was also considered (Scheme II). The gener-

Scheme II

R'O- _  Rcowcl,
——— RCONCl ———
-R'0C1 -1

8
-1

RCONCINCICOR -3 RCON==NCOR — RCO,R’ + N,

RCONCI,

al approach of Scheme II is discussed in further detail else-
where, ' including evidence in opposition.

A third possibility involving radical intermediates is also
conceivable. Thus, strong base might effect one-electron
transfer!s to the N, N-dichloro substrate, generating the N-
chloro nitrogen radical 7 (Scheme III). Dimerization of 7

Scheme III
RCONC], —> RCON1

7

-Cl1
dimerize

q Ymerize, P CONCINCICOR —s
RCON==NCOR — RCO,R’ + N,
8

and loss of chlorine would give the diacyldiazene 8 which
should react rapidly with base giving the ester and nitro-
gen.!6 Studies with DCU-!5N indicate that this pathway is
unlikely.0

N,N-Dichloro-5-chlorovaleramide and Sodium Methox-
ide. N,N-Dichloro-5-chlorovaleramide (9) was obtained in
an impure state. It distilled with extensive decomposition
giving material only slightly purer than the raw reaction
product. Iodometry indicated 84% of the calculated amount
of positive chlorine, with the impurity consisting of either
free amide (16%) or N-monochloroamide (32%). Yields
were calculated based on the latter assumption and on the
hypothesis that the monochloro derivative enters the reac-
tion as in eq 2.

In the presence of sodium methoxide, 9 was smoothly
converted to methyl 5-chlorovalerate (identified by the ir
spectrum),!” nitrogen, and sodium chloride. Yields are set
forth in Table I. The reason for the discrepancy between the
yields of nitrogen and ester is not clear, but it may be due to
the impurity of the starting material.

Compound 9 has a chloromethyl group positioned favor-
ably at the end of the hydrocarbon chain, permitting stereo-
chemical interaction with the dichloroamino group. If di-
chloroamide were being generated, it might be able to effect
displacement of chloride ion, at least to some extent. How-
ever, no methyl S-aminovalerate or methyl 4-cyanobutyrate

@ Yields not determined for blanks. ® Assuming all evolved gas
is nitrogen. ¢ %7 yield based on potassium, ¢ HCO.Me, 29 ; HCO:Et,
1%; MeOCO:Me, 3%; 1% unidentified. ¢ Solution not acidified
after reaction. / HCO:Me, 2%, 2% unidentified. # HCO,Me, 3%;.
k Solution acidified after reaction. * HCO:Me, 997; HCO:Et, 6%,
5% unidentified.

was formed according to glpc or tlc. Apparently, diffusion
of NCI,~ from the parent molecule is very rapid.

DCU and Potassium Hydroxide. Addition of potassium
hydroxide to a methanolic solution of DCU (10) at 0° re-
sulted in vigorous evolution of nitrogen accompanied by
precipitation of potassium chloride. The main organic prod-
uct was ethyl methyl carbonate (11) (eq 3). Dimethyl car-

EtOCONCI, + 2KOH 2% gtoco,Me + Y,N, + KCl
10 11 (3)

bonate, methyl formate, and ethyl formate were present as
minor side products. Yield data for this system are summa-
rized in Table II. Dimethyl carbonate was identified by
means of its ir spectrum,!’® whereas methyl and ethyl for-
mate were characterized by comparison of glpc retention
times with those of authentic materials. High yields of po-
tassium chloride and nitrogen were produced. Ethyl methyl
carbonate, on the other hand, was found in only 36-45%
yield. The remaining 55-64% is probably in the form of po-
tassium ethyl carbonate (12) for the most part. Since some
carbon dioxide (9%) is produced, the indicated equilibri-
um,'8 eq 4, appears to be involved. In addition, the yield of

+

H
Et0,CO’K* == Et0,COH == EtOH + CO, (4)
OH"
12 13

ethyl methyl carbonate was increased to 73% when the mix-
ture was acidified at the end of reaction, presumably via 13.
Ester 11 most likely arises from attack!? of methoxide on
EtOCONCI; (¢f. Scheme I), by analogy to esterification of
acyl halides with alcoholic caustic.!®

DCU and Benzylamine. Addition of DCU to a solution of
benzylamine in tetrahydrofuran produced an immediate
reaction resulting in precipitation of benzylamine hydro-
chloride (33% yield). The volatile products determined by
glpc were benzaldehyde (5% yield), benzonitrile (47%
yield), and urethane (50% yield) (eq 5). In addition, io-

EtO,CNCl, + PhCH,NH, —>
PhCHO + PhCN + EtO,CNH, (5)

dometry revealed the presence of 34% of the original posi-
tive chlorine content. The products and their yields suggest
that the initial reaction consists of transfer of chlorine from
DCU to benzylamine, generating N,N-dichlorobenzylamine
(14) (eq 6). Since Datta and Gupta demonstrated that V-
monochlorourethane is able to chlorinate benzylamine,20
this step is reasonable for DCU as well. Dehydrohalogena-
tion of N,/N-dichloramines by base, which is well estab-
lished,?! would in this case generate the N-chloroimine 15.
Hydrolysis by small amounts of water produces benzalde-
hyde. Since removal of a second mole of hydrogen chloride
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from 15 is also facile,?! rationale is provided for the major
product, benzonitrile.

To bolster these proposals, a reverse addition experiment
was conducted. Benzylamine was added to DCU so that at
no time were appreciable concentrations of the free amine
available to promote dehydrohalogenation. At the end of
reaction, the mixture was diluted with water, precipitating
the organic product. Benzylamine and urethane, being
water soluble, were left in solution. The yellow oil which
separated gave ir and nmr spectra consistent with those of
structure 14, and iodometric titration indicated that 91% of

EtO,CNCl, + PhCH,NH, —» PhCH,NCl, + EtO,CNH,

14
6)
l -HC1
-HC1 HyO
PhCN <— PhCH==NCl — PhCHO
16

the calculated quantity of positive chlorine was present. As
further structural confirmation, authentic 14 was prepared
by treating benzylamine with excess calcium hypochlorite.
The product gave an ir spectrum identical with that of ma-
terial from the DCU reaction.

The reaction of DCU with benzylamine is completely dif-
ferent from its reaction with the more active nucleophiles,
OH~ and MeO~. Therefore, the reaction of NV,N-dichloro-
carbamates with nucleophiles obviously does not proceed
through the same mechanism in all cases. Klopotek?2 ob-
served attack of benzylamine at the carbonyl group of iso-
propyl N,N-difluorocarbamate, in contrast to the present
finding. The change in behavior may be rationalized on the
basis of the difference in polarity of the N-F vs. the N-Cl
bond, the steric bulk of chlorine relative to fluorine, the pre-
sumed greater stability of NF,~, and the inductive effect of
halogen on the positive nature of the carbonyl carbon.

Phenethyl N, N-Dichlorocarbamate and Sodium Methox-
ide or Potassium Hydroxide. Since phenethyl N,/N-dichloro-
carbamate (16) could not be readily purified, the reactions
were carried out with the crude material, which was about
90% pure. Yields are based on the purity indicated by io-
dometry. Carbamate 16 gave with sodium methoxide a
good yield of methyl phenethyl carbonate (17) and essen-
tially quantitative evolution of nitrogen (Table I). The au-
thentic carbonate for comparison was synthesized by pyri-
dine-catalyzed condensation of phenethyl alcohol with
methyl chloroformate. A low yield of phenethyl alcohol was
also present, presumably from transesterification of 17.

With potassium hydroxide, the reaction was analogous to
the one observed with DCU; yields are given in Table II.
The main product was methyl phenethyl carbonate (17), in
somewhat higher yield than the carbonate from DCU. No
other volatile materials were observed.

The aromatic nucleus of 16 should be susceptible to at-
tack by chloronitrene. For example, cyanonitrene, formed
by thermal decomposition of cyanoazide, yields ring expan-
sion products (azepines) with aromatics of various types.
Upon acid hydrolysis, the isolated product is a substituted
aniline?’ derived from rearrangement. Likewise, phenyl az-
idoformate underwent thermolysis to a nitrene which cy-
clized by insertion involving the aromatic nucleus.2* How-
ever, neither sodium methoxide nor potassium hydroxide
provided basic products corresponding to this type of reac-
tion, e.g., 0- or p-aminophenethyl methyl carbonate. Thus,
4, if formed, does not react rapidly with the aromatic nucle-
us but instead quickly diffuses away.

tert-Butyl N,N-Dichlorocarbamate and Sodium Methox-
ide. tert-Butyl N,N-dichlorocarbamate (18), a new com-

pound, was obtained as a stable, distillable, yellow liquid. It
reacted vigorously with sodium methoxide, but the yield of
tert-butyl methyl carbonate (19) was substantially lower
(54 vs. 89%) than the corresponding yield from 1 (Table I).
The amount of nitrogen was also diminished. However, two
new types of products, isobutylene and rerz-butyl methyl
ether, were discovered, which were identified by comparison
of their glpc retention times with those of the authentic
compounds, Characterization of 19 was accomplished
through comparison (glpc, ir, nmr) with a sample of ester
obtained from potassium rert-butoxide and methyl chloro-
formate.

Isobutylene and rerz-butyl methyl ether evidently result
from solvolysis of the N,/N-dichloro substrate (eq 7). This

(CH;);CO,CNCl, — (CH,4),C* + "O,CNCl,

18 —H/ _H~\MEOH 20 (7)

(CH,),C=CH, (CH,);COCH,

reaction involves the novel dichlorocarbamate leaving group
20. Concerning the fate of this ion, one can only speculate.
It may be stable as the sodium salt at moderate tempera-
tures; on the other hand, it could conceivably fragment into
carbon dioxide and dichloroamide ion (NCl,™). Since this
process was only a minor side reaction, it was not pursued
further.

Qur principal interest in 18 related to its reaction rate vs.
that of DCU (10). The rates of nitrogen evolution were
measured for the reaction of 10 and of 18 with sodium
methoxide at 2°, Second-order rate constants?’ were calcu-
lated from the data,? giving values of 2.6 X 10~7 and 1.5 X
107! L. mol~! sec~! for 10 and 18, respectively. The relative
rate (kgt/k,.pu) is only 1.7, which may not represent a sig-
nificant difference considering the experimental error. In
contrast to this, ethyl acetate underwent saponification
(water, 20°) 57 times faster than rert-butyl acetate.?® The
rate difference was ascribed to steric hindrance associated
with the zert-butyl group. The conclusion to be drawn from
this experiment is that attack of methoxide on the carbonyl
is not involved in the rate-determining step of the overall
conversion of dichlorocarbamate to nitrogen. However, this
may mean either that there is no attack at carbonyl, or,
more likely, that some other reaction in the mechanistic
pathway is the slow step, e.g., loss of chloride from NCl,~.
In an analogous system, loss of chloride from the trichloro-
methyl carbanion to give dichlorocarbene appears to be the
rate-determining step in the basic hydrolysis of chloro-
form.?’

N-Chloro-N-methylurethane and Sodium Methoxide. V-
Chloro-~N-methylurethane (21), a colorless, distillable lig-
uid, was selected for examination in order to determine the
structural requirements of the reaction between N-chloro-
carbamates and base. Another desire was to obtain mecha-
nistic insight into the reactive intermediate which serves as
precursor to nitrogen gas. However, 21 reacted with sodium
methoxide only sluggishly at 0°, giving a mixture of com-
pounds, dimethyl carbonate (12%), ethyl methyl carbonate
(1%), methyl N-methylcarbamate (17%), and N-methylu-
rethane (10%), eq 8. No gas evolution was noted, and at the

EtQ0,CNCIMe + NaOMe — MeO,COMe -+

21
Et0,COMe + MeO,CNHMe + EtO,CNHMe (8)

end of the reaction period, 73% of the original positive chlo-
rine content was still present. This substrate is much less re-
active than the N,N-dichloro derivatives, indicating a large
effect from substitution of methyl for chlorine.
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The carbonate products may result from attack of meth-
oxide ion at carbonyl to displace methylchloroamide ion 22
(eq 9, path a). The fate of 22 is unknown. Alternatively,

mecr . EtO,COMe + MeNCl-

Et0,CNCIMe _ 22
> Et0,CNMe~ + MeOCl  (9)
23
b
EtO,CNHMe

methoxide may attack at the chlorine atom, displacing the
anion of N-methylurethane (23) (eq 9, path b). With both
the carbonate- and carbamate-type products, transesterifi-
cation might occur in the presence of strong base.

Experimental Section

Materials. In general, high purity commercial chemicals were
used without further purification. Urethane and rert-butyl carba-
mate were obtained from Aldrich Chemical Co.

Analytical Procedures. Infrared spectra were recorded on a Per-
kin-Elmer 137 spectrophotometer with neat samples or with potas-
sium bromide pellets using the 1601.8-cm~! band of polystyrene
for calibration. Nmr spectra were taken with a Varian T-60 instru-
ment and are reported in parts per million relative to tetramethyl-
silane as internal standard. Gas chromatography was conducted on
a Varian ‘Aerograph 1720 by means of the indicated columns (0.25
in., copper), (column number, packing): (1) 20% Carbowax 20M
on Chromosorb W (45-60 mesh), 10 ft; (2) molecular sieve SA
(30-60 mesh), 5 ft.

Quantitative glpc was accomplished by comparison of peak
areas of solutions of crude products with those of solutions of au-
thentic materials. Positive chlorine content of preparations of N-
chloro compounds was determined by standard iodometric titra-
tion.28 Melting and boiling points are uncorrected.

Valegamide. A brisk stream of ammonia was passed into a solu-
tion of valeryl chloride (20 g, 166 mmol) in tetrahydrofuran (200
ml) at 20° until reaction was complete. After the precipitated am-
monium chloride was removed, the filtrate was evaporated, leaving
a white solid. The crude amide was recrystallized once from chlo-
roform-hexane (1:10), yielding 14.4 g (86%) of mica-like flakes,
mp 103-106° (lit.22 mp 106°).

S-Chlorovaleramide. The procedure used for preparation of val-
eramide was employed. The product was obtained in 76% yield, mp
76-78° (1it.30 mp 78°).

Phenethyl Carbamate. A previously described procedure!? was
used with modifications. A mixture of urea (60 g, 1 mol), phen-
ethyl alcohol (122 g, 1 mol), and stannic chloride (10 g) was heat-
ed at 140-160° for 16 hr. Water (200 ml) was added, and the sus-
pension was shaken vigorously. After the solid was removed by fil-
tration and boiled with benzene (500 ml), the insoluble residue was
collected. The cooled filtrate precipitated a mass of crystals. Crys-
tallization from benzene afforded 56.6 g (34%) of phenethyl carba-
mate as white flakes, mp 88-90°. A small sample was recrystal-
lized from benzene: mp 90-92° (lit.3! mp 91-91.5°); ir (KBr)
3290 (NH), 1670 (C=0), 1325, 1114, 1082, 1072, 1042, 966,
910, 783, 767, 750, and 700 cm~!; nmr (CDCl;) 6 2.87 (t, 2 H,
PhCH3), 4.23 (t, 2 H, OCHa), 5.00 (broad s, 2 H, NH3), and 7.20
(s, 5 H, C¢Hs).

N-Methylurethane. A previous method!3 was used to afford 30 g
(58%) of product: bp 69-72° (11 mm); n*¥D 1.4167 [lit.!3 bp 55-
60° (12 mm)].

N,N-Dichlore Compounds. The following procedure was used
for all N-chloro compounds except DCU. To a suspension of the
carbamate or amide (20 mmol) and calcium hypochlorite (40
mmol) in methylene chloride (50 ml) at 0° was added enough di-
lute hydrochloric acid (12%, 26 ml) during 25 min to dissolve the
calcium hypochlorite. The two-phase, translucent yellow mixture
was stirred at 0° for | hr, and then the layers were separated. The
organic phase was washed with water and dried with sodium sul-
fate. Removal of solvent provided a mobile liquid which was dis-
tilled.
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N,N-Dichlorovaleramide. The dichloroamide was obtained in
69% yield as a yellow oil: bp 38° (0.3 mm); n23p 1.4722; purity by
iodometry, 94%; ir (neat) 1730 (C=0), 1134, 1079, 752, and 693
cm~!); nmr (CCly) 6 0.93 (t, 3 H, CH3), 1.2-2.0 (m, 4 H, CH»),
and 2.63 (t, 2 H, COCH,).

Anal. (iodometric titration), Caled for CsHoCI,NO: Cl, 41.70.
Found: CI, 39.30.

N,N-Dichloro-5-chlorovaleramide. Distillation of the crude
product, which occurred with extensive decomposition, afforded
39% of the dichloroamide: bp 85-110° (0.25-0.35 mm); purity by
iodometry, 84%,; ir (neat) 1721 (C=0), 1107, and 751 cm~!; nmr
(CCls) 6 1.83 (m, 4 H, CH3»), 2.70 (t, 2 H, COCH3), and 3.53 (t, 2
H, CICH,).

tert-Butyl N,N-Dichlorocarbamate. The dichloro compound was
isolated as a yellow oil (78% yield): bp 43.5-44° (2.5 mm); n3p
1.4510; ir (neat) 1765 (C=0), 1400, 1373, 1274, 1240, 1143,
1045, 994, 882, 820, 785, and 753 cm™!; nmr (CCly) 6 1.53 (s,
CH3).

Anal. (iodometric titration). Caled for CsHoClaNOs: Cl, 38.11.
Found: Cl, 38.47. )

Phenethyl N,N-Dichlorocarbamate. The crude material was
used directly without further purification. lodometric titration of
an aliquot indicated 90% conversion to the desired product.

N-Chloro-N-methylurethane. The above procedure (20 mmol of
calcium hypochlorite) yielded 87% of the colorless N-chloro deriv-
ative: bp 52-53° (14.5 mm) [lit.32 bp 57° (30 mm)]; 23D 1.4349;
ir (neat) 1724 (C=0), 1318 (CO), 1181 (CO), 1028, 875, and
753 em~!; nmr (CDCl;) 6 1.28 (t, 3 H, CH.CHs), 3.32 (s, 3 H,
NCH3), and 4.22 (g, 2 H, OCHay).

Anal. (iodometric titration). Caled for C4HsCINO,: Cl, 25.77.
Found: Cl, 25.54.

N,N-Dichlorourethane. A published procedure!© yielded the di-
chloro derivative.

N,N-Dichloro Compounds with Sodium Methoxide. The fol-
lowing procedure, with N,N-dichlorovaleramide as an example,
was used in all cases. A solution of sodium methoxide (15 mmol) in
methanol (14 ml) was added during 45 min to a solution of N,N-
dichlorovaleramide (1.07 g, 10 mmol) in methanol (10 ml) at 0°.
Volume changes were monitored with a gas buret. The reaction
mixture was stirred for 20 min, and then volatile products were an-
alyzed by glpc (column 1). The off-gas was analyzed by gc (col-
umn 2).

N,N-Dichlorocarbamates with Potassium Hydroxide. The fol-
lowing procedure, with DCU as an example, was used in all cases.
To a solution of DCU (3.95 g, 25 mmol) in methanol (35 ml) was
added a solution of potassium hydroxide (3.3 g, 50 mmol) in meth-
anol (25 ml) at about 0° during 1 hr. Volume changes were moni-
tored with a gas buret. After gas evolution ceased, the reaction
mixture was diluted with methanol to 100 ml, and volatile products
were analyzed by glpc (column 1). In experiments in which carbon
dioxide was to be measured, a slow flush of nitrogen was main-
tained through the system, and the off-gases were passed through
calcium chloride and then through a tube filled with solid potassi-
um hydroxide.

Kinetic Runs. A solution of sodium methoxide (4.00 mmol) in
methanol (5 ml) was rapidly mixed with a solution of the N,N-di-
chlorocarbamate (2.00 mmol) in methanol (95 ml) at 2°. Nitrogen
evolution was immediately monitored by means of a gas buret.

DCU to Benzylamine. A. DCU to Benzylamine. DCU (10.1 g, 64
mmol) was added during 50 min to a solution of benzylamine (13.7
g, 128 mmol) in tetrahydrofuran (40 ml) at 5-10°. After the reac-
tion mixture had been stirred for an additional 25 min, the precipi-
tated benzylamine hydrochloride was filtered off, washed with
ether, and dried to yield 6 g (33%) of white powder, mp 245-250°
(1it.29° mp 255-258°). lodometric titration of the filtrate indicated
34% of the original positive chlorine content. Subsequent gas chro-
matography of the filtrate demonstrated the presence of benzalde-
hyde (5% yield) and benzonitrile (47% yield).

B. Benzylamine to DCU. A solution of benzylamine (6.1 g, 57
mmol) in methanol (20 ml) was added to DCU (9 g, 57 mmol) at
0° during 30 min. After the clear yellow solution had warmed to
room temperature, water (50 ml) was added, and the organic layer
was separated. Jodometric titration of the crude N,N-dichloroben-
zylamine (6.8 g, 68%) indicated 91% of the theoretical positive
chlorine; the ir spectrum was identical with that of material pre-
pared from benzylamine and calcium hypochlorite.
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N-Chloro-N-methylurethane with Sodium Methoxide. A solution
of sodium methoxide (14.5 mmol) in methanol (10 ml) was added
during 15 min to a solution of N-chloro-N-methylurethane (2 g,
14.5 mmol) in methanol (20 ml) at 0°. The mixture was stirred at
0° for | hr; volume changes were monitored with a gas buret. The
sodium chloride was filtered off, and an aliquot of the filtrate was
titrated for positive chlorine. Finally the filtrate was analyzed by
glpc (column 1).

N,N-Dichlorobenzylamine. A solution of benzylamine (10 g, 93
mmol) in water (55 ml) containing concentrated hydrochloric acid
(34 ml) was added during 30 min to an ice-cold suspension of cal-
cium hypochlorite (70%, 38 g, 186 mmol) in water (150 ml). After
the viscous yellow-green suspension was stirred for another 10 min,
the layers were separated. The crude yellow oil (bottom layer)
weighed 11 g (67%): ir (neat) 1456, 755, and 702 cm—1.

Anal. (iodometric titration). Caled for C7HsNCly: Cl, 40.3.
Found: Cl, 39.3.

Ethyl Methy]l Carbonate. The ester was obtained according to a
published procedure.!0

Methy! Phenethyl Carbonate. A solution of methyl chlorofor-
mate (9.5 g, 0.1 mol) in ether (20 ml) was added slowly to a solu-
tion of phenethyl alcohol (12.2 g, 0.1 mol) and pyridine (7.9 g, 0.1
mol) in ether (50 ml). The resulting mixture was heated under re-
flux for 2 hr. Dilute hydrochloric acid was added, and the layers
were separated. The organic layer was washed with water and
dried with magnesium sulfate. Removal of solvent and distillation
through a short Vigreux column provides 10.8 g (60%) of ester: bp
90-92° (0.35 mm), n?p 1.4962 [lit.3? bp 85° (0.6 mm), n?%D
1.4952]; ir (neat) 1736 (C=0), 1263 (CO), 986, 965, 934, 851,
794, 750, and 700 cm~!; nmr (CCly) 6 2.90 (t, 2 H, PhCH,), 3.63
(s, 3 H, OCH3), 4.23 (t, 2 H, OCH3), and 7.18 (s, 5 H, CsHj5).

tert-Butyl Methyl Carbonate. The procedure of Pozdnev and
Chaman3* gave a mixture of carbonates in low yield. The desired
ester was isolated in pure form by preparative glpc (column 1): ir
(neat) 1748 (C=0), 1397, 1370, 1282 (CO), 1258, 1161 (CO),
1104, 943, 867, 796, and 767 cm~1; nmr (CCly) 6 1.45 (s, 9 H,
C(CHj3)3) and 3.63 (s, 3 H, OCH3).
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Stable Acylpalladium(II) Complexes from Carbon
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Abstract: Treatment of the unstable o-alkylpalladium(II) complexes (1) resulting from nucleophilic attack of diethylamine
on the palladium(II) chloride complexes of ethene, propene, and 1-butene (eq 4) with carbon monoxide results in the forma-
tion of stable acylpalladium(IT) complexes (2a-c¢). These complexes are isolated in good yield and are well characterized.
Treatment with TI(AcAc) converts them to the corresponding acylpalladium(I1) acetylacetonate complexes (3a-¢).

Olefin palladium(II) complexes undergo facile nucleo-
philic attack upon the metal-complexed olefin, producing
o-alkylpalladium(II) complexes. With chelating dioiefin
complexes, the resulting o-alkyl complexes (eq 1) are sta-
ble. Both the mechanism and stereochemistry of this reac-
tion, as well as the physical and chemical properties of the
o-alkyl complexes, have been the subject of much study.
Olefin-palladium(II) complexes in which the olefin is part

A =Me0",' R,NH,*> CH(COOR)’

of a chelating system containing another ligand such as an
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