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“best”’ single-variable equation is that in eq 13. The
“best” two-variable equation is eq 14, which is quite
significantly better than eq 13 (F110 = 41). The over-
all significance of eq 14 is high (Fo1o = 33; Fai10 a00s =
9.4). It is interesting and logical that apolar forces
have no influence on pK,’’. Adding terms in = or Pg to
eq 14 does not result in improved correlation. The
steric effect of the substituent on pK;'/ is qualitatively
the same as for ks, only much smaller in magnitude.
The electronic effect is in the opposite direction.

As with ks, a different story results from the analysis
of molecules 15-18 of Table I. This is summarized in
eq 15 and 16. Although a good correlation in terms of

pKy'' = —0.28(£0.29)E, + 7.33(£0.23)

1
n =4; r = 0.945; s = 0.109 (15)

pKl” =
—0.45(=4=0.65)E, + 0.65(x£2.2)¢* + 7.23(+0.41) (16)
n=4; r = 0996, s = 0.002

r, eq 15 is not statistically significant (F» = 2.1;
Fiz .1 = 8.5). However, eq 16 is significant (Foy =
69.6; Fa1,1 = 49.5). Even though shown to be sig-
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nificant by the F test, very little confidence can be
placed in eq 16 because of the few data points. It is
simply of interest to note that it is quite different from
eq 4.

Compound 14 was not included in deriving any of the
above equations. The values predicted by eq 4 and 14
are wide of the mark. This is to be expected, since
there are at least seven known examples® where a break
in the structure-activity relationship of chymotrypsin
substrates and inhibitors occurs when = for the side
chain is 3:50 or greater. Compound 14 is yet another
such example.

The type of derivatives selected by Dupaiz, et al.,? in
Table I constitute by far the best set yet studied from
the point of view of the physical organic chemist trying
to separate substituent effects. Their work, when
taken with that of Fife and Milstein, clearly shows that
apolar forces are important in the k; step.
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The reaction of glyoxal with ethyl carbamate in the presence of concentrated hydrochloric acid gives 1,1,2,2-
tetra{carbethoxyamino)ethane (VI), in contrast with the reports of Pauly and Sauter and Gaylord who claimed

that the reaction product was glyoxal bis(carbethoxyimide) (III).

The mechanism of formation of the tetracar-

bamate (VI) is discussed, and it is shown that certain parallels exist between the reactions of glyoxal with car-

bamate esters and with primary amines,

The reaction of glyoxal with carbamate esters yields
a variety of products depending on the acidity or basic-
ity of the reaction medium. For example,! treatment of
neutralized glyoxal with carbamate esters (1:2 molar
ratio) is reported to give 1,2-di(carbalkoxyamino)-
ethane-1,2-diol (I), whereas in the presence of dilute
acid the reaction with ethyl carbamate gives 1,2,2-tri-
(carbethoxyamino)ethanol (II) (Scheme I, 9, yields in
parentheses).

ScaeEME 1

H:0 HOCHNHCO,R

CHO
(Jj + 2NH,CO:R —> é
HO HOCHNHCO:R
(27-299, aqueous) I, R = Me, Et (92.5%)

CHO + 4NH,CO.Et H:0

CHO
(559% aqueous)

———————3
HCI (0.02 mol)
70°

HOCHNHCO:Et
+ 2H.0

H(NHCO:Et).
II (ca. 100%;)

There is some doubt, however, as to the structure of
the product formed in stronger aecid solution. The
reaction of glyoxal with ethyl carbamate in the presence
of concentrated hydrochloric acid was investigated first

(1) British Patent 801,991 (B.A.8.F.); Chem. Abstr., 83, 7019a (1959).

by Pauly and Sauter? who reported that the product was
an insoluble, microecrystalline powder; the structure
assigned was that of glyoxal bis(carbethoxyimide) (III)
(Scheme II). No melting point was reported for the

ScuemE 1T
coned HCl - CH=NCO:Et
—
90-100°, 12 hr CH=NCO,Et

IITe

@ Anal. Caled for CsHpN:O,: C, 47.99; H, 6.04; N, 13.99,
Found: C,47.74; H, 6.4; N, 14.07.

-+ 2H,0

CHO
(JJ + 2NH:CO.Et
HO

product, but the microanalysis was correet for the
assigned structure.

A similar result was reported by Gleim® who ex-
amined the reaction of glyoxal with allyl carbamate in
the presence of concentrated hydrochloric acid. The
reaction product was claimed to be glyoxal bis(carb-
allyloxyimide) (IV); however, the microanalysis was
not in good agreement with this structure (Scheme I1I).

For some obseure reason, the abstract literaturet sub-
sequently referred to compound IIT as “‘carbamic acid,
N,N’ acetylene bis-, diethyl ester,” EtQ,CNHC==
CNHCO:Et (V), and this prompted Gaylord® to re-

(2) H. Pauly and H. Sauter, Chem. Ber., 63, 2063 (1930).

(3} C.E. Gleim, J. Amer. Chem. Soc., 76, 107 (1954).

(4) Subject Index, Chem. Abstr., 3rd Decennial Index, 1927-19386.
(5) N.G. Gaylord, J. Org. Chem., 20, 547 (1955).



96 J. Org. Chem., Vol. 837, No. 1, 1972

ScueME 111
CHO coned HCL
éHO 2NH20020H20H=CH:

CH=NCO,CH;CH=CH_

+ 2H,0
H=NCOZCH2CH=CH2
IVe (50%)
¢ Anal. Caled for CgHeN2O,: N, 12,50, Found: N, 10.92,

examine the work of Pauly and Sauter. The reaction
of 309 aqueous glyoxal (1 mol), ethyl carbamate (2
mol), and concentrated hydrochloric acid (1.5 mol) at
90-100° for 12 hr was found to give a white solid, mp
286-287°, in 499, yield.! The product was insoluble in
water, ethanol, ethyl acetate, dioxane, and hexane.
The structure of the white solid was concluded to be
ITI, apparently confirming the earlier findings of Pauly
and Sauter, on the basis of the ir spectrum which indi-
cated the absence of an acetylenic linkage, the nitrogen
analysis (Found: N, 14.26.), and the products ob-
tained on treatment of IIT with benzyl alechol (Scheme
V).

Scueme IV
CH==NCO:Et

|
CH=NCO,Et
I1I

NH,CO,CH,Ph + (PhCH,0),CO + EtOH + HC=CH + NH,

A
-+ PhCH,OH —
7 hr

We have repeated the preparation of the white solid
according to the method of Gaylord, and we have as-
certained that the structure assigned both by Pauly and
Sauter and by Gaylord is incorrect. The identity of
the white solid, deduced primarily from the mass spec-
trum, is 1,1,2,2-tetra(carbethoxyamino)ethane (VI)
(Scheme V, 9, yield in parentheses).

ScHEME V
EtO,CNH NHCO:Et
CHO concd HCI
(IJHO + 2NH.COEt ————> CHCH
EtO0.CNH NHCO:Et
VI (299,)

The tetracarbamate VI, mp 286-287° dec (from
nitromethane), is insoluble in a wide range of solvents,
in accord with Gaylord’s observations. The ir spec-
trum has » max 3292 (NH stretch) and 1698 cm—!
(C=0 stretch), which supports the assignment of
structure VI but does not uniquely define it. It should
be noted that in symmetrical disubstituted acetylenes,
the C=C absorption is often too weak to be detectable’
and thus the absence of an absorption band in the
2190-2260-cm.—* region cannot be cited as evidence
against structure V. The nmr spectrum (in DMSO-ds
at 90°) is in agreement with structure VI, and our
microanalysis is in accord also (Anal. Caled for Cu-
HyuNOs: C, 44.44; H, 6.93; N, 14.80. Found: C,
44.68; H, 6.88; N, 14.94.). Structure III requires
N, 13.999%, and it is apparent that the microanalysis
reported by Gaylord? is inadequate for characterization
since a nitrogen analysis of, say, 14.4% could be con-

(6) The reported yield of 499 was calculated on the basis of the incorrect
structure III, although from the figures reported we calculate the yield to
be 58%; on the basis of structure VI the yield is 61%.

(7) L. J. Bellamy, ‘“The Infra-red 8pectra of Complex Molecules,” Wiley,
New York, N. Y., 1966, Chapter 4.
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sidered more or less acceptable for either IIT or VI;
clearly a C, H, and N analysis is a minimal requirement
in this case. '

The key evidence we employed in the elucidation of
the structure was derived from the chemical ionization
and electron impact mass spectra. The significant
features of the mass spectra are shown in Scheme VI
(ra = relative abundance; the molecular formula of
each fragment was established by exact mass measure-
ment),

The chemical ionization (CI) spectrum with methane
shows a quasimolecular ion, QM (M + 1), at m/e 379.
This is consistent with structure VI and conclusively
eliminates structures III and V since the latter two
would be expected to show a quasimolecular ion at a
much lower m/e value. The electron impact spectrum
confirms the . structure as the tetracarbamate VI;
loss of NHCO;Et- from the molecular ion gives the
fragment at m/e 290 which then eliminates ethanol
affording the ion at m/e 244. The major fragmentation
pathway is cleavage at the central C-C bond to yield
the ion at m/e 189 (base peak); the subsequent loss of
ethanol and of (CO; + C,H,) is diagnostic of the carba-
mate function.® The spectrum of the tetracarbamate
VI below m/e 189 bears a striking resemblance to the
spectrum of the structurally related 1,1-di(carbethoxy-
amino)ethane? (VII) (Scheme VII).

The tetracarbamate VI is soluble in hot dimethyl-
formamide and hot DMSO. Attempted tle, gle, and
molecular weight determination (Rast method) were
unsuccessful. An independent synthesis of the tetra-
carbamate VI has been reported by Curtius® via a
rearrangement of ethanetetracarboxylic acid tetrahy-
drazide (Scheme VIII, 9 vield in parentheses). How-
ever, the product isolated has mp 268° and was soluble
in ethanol and in ether, in contrast with our own ob-
servations.

The reactions of monoaldehydes with carbamate
esters are similar in some respects to the reactions of
glyoxal.ll For example, formaldehyde and -ethyl
carbamate in the presence of a trace amount of base
give ethyl N-(hydroxymethyl)carbamate,'? while in
acid solution dicarbamates are formed (Scheme IX, %
yields in parentheses).

In contrast, when the aldehyde contains an electron-
withdrawing group a to the carbonyl function, the
reaction with carbamate esters in the presence of a
trace of concentrated sulfuric acid gives N-(1-hy-
droxyalkyl)carbamates? (VIII) (Scheme X).

There are two possible pathways which can be
envisaged for the acid-catalyzed reaction of aldehydes
with carbamate esters (Scheme XI). The first step
of the reaction is protonation of the carbonyl group
followed by nucleophilic attack of the carbamate
ester to give the secondary aleohol VIII; this is the
typical acid-catalyzed nucleophilic addition reaction
of an aldehyde. In pathway A, protonation of the
aleohol followed by loss of water yields the intermediate

(8) H. Budzikiewicz, C. Djerassi, and D, H. Williams, “Mass Spec-
trometry of Organic Compounds,” Holden-Day, San Francisco, Calif.,
1967,

(9) W.M. Kraft and R. M. Herbst, J. Org. Chem., 10, 483 (1945).

(10) Th. Curtius, J. Prakt. Chem., 94, 367 (1916).

(11) P. Adams and F. A, Baron, Chem. Rev., 68, 567 (1967).

(12) A. Einhorn, Justus Liebigs Ann. Chem., 861, 113 (1908).

(183) G. Vasilev, Farmatsiya (Sofia), 18, 40 (1963); Chem. Abstr., 60, 5378b
(1964).
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ScEEME VI
EtO,CNHCHNCO*
m/e143,ra3
[014H23N405'H]+ ~EtOH
QM, m/e 379 _»NHCO,Et* _NHT
< —————> CH_
c:f(cuo _ “SNHCOEt (G0 + GH “SNHCO,Et
(IlH(NHcozEt)2*‘ . m/e 189, ra 100 m/e117, ra 14
CH(NHCO,Et),
mfe 378, ra( wflb HNHCOgEt+
CHNHCO.Et*  -gion
——> CHNHCO,Et
CH(NHCO,Et),
m/e 290, ra 4 N=C=0
m/e 244,ra b
Scueme VII ScuEME X1
NHCOEt® oy, ' +—> RICH=0H 1
CHQCH< 5 RICHO + H*+ & H 1)
NHCO,Et OH
VII, m/e 204,ra 0 R10H=6H + NH,CO.R? —> RIOH/ (2)
m/e143,ra 3 -H* ,
. NHCO:R?
+ ~EtOH VIII
_=NHCOE¢
H:’ Pathway A
\\NHCOZEt -(CO, + C,H,) .
m/e 189, ra 100 m/e 117, ra 15, OH H+ O SNl +
Rlcl-/ — R«C L < RICHNHCO.R?
Scueme VIII HCO:R? NHCO:R?
CH(CONHNH,-HCl): 1. HNO: CH(NHCO:Et), Vil Sx2 “
—_——— .
H(CONHNH,.-HCl), 2. EtOH, B0 CH(NHCQ:Et), NHzC()?R’NHCO R?
(5%) RICHNHCOR? _g :
. + ? RICH + H:0
ScaeME 1X 2
NHCO:R HCO:R?
Ba(0H); CH.NHCO.Et
HCHO + NH;COEt ~——> Pathway B ) ) .
H acid-cataiyzed dehydration and Michael-type addition
(60%) OH
trace of
RICHO + 2NH.CO.R? ——T RICH(NHCO;R?), RICH/ == R!ICH=NCO:R? + H:0
a1
Rt = H; R? = Et (80%)° \NH002R2 X
R! = Me; R? = n-Pr (86%)* VIII
¢ M. Conrad and H. Hack, Chem. Ber., 36, 2206 (1903 ). NHCO:R?
ScueME X RICH=NCO,;R? 4+ NH,CO;R?*—> RICH
H:80, RICHNHCO:R? NHCO;R?

R!CHO + NH,;CO;R? meemm>-
(as the hydrate) H
VIII
R! = Br;C; R? = Me, n-Pr, n-Bu
R!} = CI;C; R? = 4-Pr, n-Buy, fert-Bu
R! = MeCHCICCL; R? = Me, n-Pr, n-Bu

carbonium ion, which undergoes nucleophilic attack
by the carbamate ester to give the dicarbamate (Sx1
process). In pathway B, loss of water from the secon-
dary alcohol VIII gives the imine, which then partici-
pates in a Michael-type addition reaction with the
carbamate ester to yield the dicarbamate. The forma-
tion of the intermediate imine is analogous to the
preparation of hydrazone derivatives of aldehydes.
When R! contains electron-withdrawing groups, such
as ClsC- and Br;C-, the reaction leads to the formation
of the secondary alcohol VIII in the presence of trace

amounts of acid (Scheme X). It seems likely that
further reaction to the dicarbamate isinhibited because
the electron-withdrawing effect of the R! group de-
stabilizes the transition state leading to the intermediate
carbonium ion (Scheme XI, pathway A, Sx1 process).
However, in the presence of larger amounts of concen-
trated acid, formation of the dicarbamate could occur
via an SN2 process directly from protonated VIII.

In the case of glyoxal (Scheme XI, R = CHO), the
reaction with carbamate esters in the presence of traces
of acid gives the tricarbamate (Scheme I), and, as we
have shown, in stronger acid solution the tetracarba-
mate is formed (Scheme V). It is clear that formation
of the tetracarbamate requires more vigorous reaction
conditions, and this may be rationalized by considering
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the intermediates involved in either pathway A or
pathway B (Scheme XII). In the case of acid-cata-

Scueme XII
NHCO,R? LHY NHCO,R?
H NHCO,R? 2 -HO
R — H HNCO,R?
R20,CNH H R20,CNH H
OH J
II -Ht N H2002R2
B lA
NHCO,R? 0 NHCO,R?
) H NHCO,R?
H N—C\ —
R20,CNH H OR? R:0,CNH H
NH,CO,R? NHCO,R?
X VI

Iyzed glyoxal reactions, steric factors appear to be
more important than electronic factors in determining
the final outecome of the reaction. The tricarbamate
IT, formed by an analogous sequence of steps to that in
Scheme XI has two gauche interactions in its most
stable conformation. Protonation of the aleohol
function followed by loss of water results in a slight
decrease of steric compression in the molecule due to
the planarity of the intermediate earbonium ion. If
subsequent reaction proceeds via pathway B, proton
loss affords the intermediate imine IX which then
undergoes Michael addition of carbamate. ester to give
the tetracarbamate VI. If reaction proceeds uvia
pathway A, nucleophilic attack of the carbamate
ester on the carbonium ion oceurs from the less hindered
side (as shown) to give VI. VI is a less stable molecule
than the starting alecohol II since (a) the steric com-
pression in the tetracarbamate is higher and (b) the
stabilization due to intramolecular hydrogen bonding is
smaller. Accordingly, the conversion of the tri-
carbamate II into the tetracarbamate VI via pathway
A or B will involve a significant energy of activation.
The reaction of glyoxal with aliphatic primary
amines in the absence of added acid or base gives con-
jugated dilmines'* (Scheme XI1II, 9, yields in paren~

ScuEmE XIII
ReacTioN or GLYOXAL WITH ALTPHATIC PRIMARY AMINESM

CHO CH=NR
| + 2RNH; —> é
CHO JH=NR

409, aqueous

R = cyclohexyl (95%,), -Pr (779%,), n-Bu (18%,),
-Bu (269,), tert-Bu (63%)

theses), while with aromatic primary amines a variety
of products are formed® (Scheme XIV). In the latter
case, the molar ratios and the nature and position of
the ring substituents appear to be the main factors in
determining the structure of the product. The tenta-
tive reaction pathway put forward (Scheme XV) is
similar in some respects to the rationalization proposed
by us for the acid-catalyzed reactions.

(14) J. M. Kliegman and R. K. Barnes, Tetrahedron, 36, 2555 (1970).
(15) 3. M. Kliegman and R. X. Barnes, J. Org. Chem., 88, 3140 (1970).
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Scueme XIV
REACTION OF GLYOXAL WITH AROMATIC PRIMARY AMINES!S
CHO N PhNH /NHPh
| + 4PhNH, 2. :CHCH\
CHO PhNH NHPh
40% aqueous (47%)
CHO HOCHNHPh
|  + 2PhNH, —
CHO HOCHNHPh
NH, (64%)
CHO + o Mooy  GH==NC:H,OMe (p)
CHO CH==NCgH,0Me (p)
OMe (68%)
NH, .
-i-Pr
CHO OMe  bron
| + 2 ~—=%» CHNHCH,0Me(0)
CHO
CH(NHCH,OMe),(0)
(41%)
ScueME XV
TENTATIVE REACTION PATHWAY!S
CHO HOCHNHR CH=NR
2RNH; + | —_— ([: <~
CHO HOCHNHR H=NR
l RNH:;
R’OCHNHR HOCHNHR =mNH:; CH(NHR),
‘H(NHR), R°OE  CH(NHR), H(NHR),

Experimental Section

Ir spectra were obtained with a Perkin-Elmer 225 grating in-
frared spectrophotometer, and nmr spectra were taken using a
100-MHZ JEOL spectrometer., Chemical ionization mass
spectra were measured using a quadrupole mass spectrometer,
and electron impact spectra were obtained with an AEI MS8-902
instrument (source temperature 200°, ionizing voltage 70 eV).
Melting points are uncorrected.

The mass spectral data are presented in the following format:
m/e value (relative abundance), origin of the fragment, molec-
ular formula (difference in parts per million (ppm) between the
calculated and observed mass). Metastable peaks, M; — M,
(observed position of metastable peak).

Preparation of 1,1,2,2-Tetra(carbethoxyamino)ethane (VI).—
A mixture of ethyl carbamate (17.8 g, 0.20 mol, mp 48-50°),
309, w/w aqueous glyoxal (19.3 g, 0.10 mol), and concentrated
hydrochloric acid (16.1 g, 0.05 mol, sp gr 1.19) was heated on a
steam bath for 12 hr. The solid product was collected by filtra-
tion, washed with water (six 50-ml portions), triturated with
acetone (two 150-ml portions), and dried in vacuo to give the crude
tetracarbamate (5.62 g, mp 274-276° dec, 309%) a portion of
which (0.665 g) was crystallized from hot nitromethane to
yield pure VI (0.628 g, mp 286-287° dec, overall yield 29%), a
white solid.

The crystallized product was insoluble in water, acetone, hex-
ane, ethanol, ether, chloroform, triethyl phosphate, and hexa-
methylphosphoramide, slightly soluble in hot nitromethane, and
moderately soluble in hot dimethylformamide and hot DMSO.

Variations in Preparative Method.—When 409, aqueous gly-
oxal was used (molar ratios as above) the yield of VI was sig-
nificantly higher (ecrude yield 64%, recrystallized 58%,). When
the reaction mixture was stirred, considerable frothing and
charring was observed, and the yield was considerably lower
(crude yield 289, using 409, aqueous glyoxal).

The spectroscopic characteristics of the recrystallized tetra-
carbamate are as follows.
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Ir spectrum (KBr disk): » max 3292 (s) (NH stretching vibra-
tion due to RNHCO,R'), 2975 (m) (CH stretching vibration),
1698 (3) (C=0 stretch in RNHCO,R’), 1549, 1524 (s) (NH
bend, amide II band), 1478 (m) (CH asymmetrical deformation),
1370 (m) (CH symmetrical deformation), 1332 (m), 1295 (s)
(unassigned), 1241, 1030 (s) (CO stretching vibration), 881 (w),
783 (w) (unassigned), 674 em™! (m) (NH o.0.p. deformation).
The spectrum was identical with that reportedi® for ‘“‘acetylene-
dicarbamic acid, diethyl ester.”’

Nmr spectrum (DMSO-ds at 90°): & 6.64 (d*, 2.8, J = 7
Hz, NH), 5.20 (t*, 1.9, J = 7.5 Hz, CH(NHCO;Et);), 3.99
(q, 7.8, J = 7.5 Hz, NHCO,CH,CH,), 1.15 (¢, 12.0, J = 7.5
Hz, NHCO,CH,CH;). (Asterisk indicates broad signals with
further splitting present.)

Electron impact mass spectrum (direct insertion at 200°):
molecular ion absent; m/e 290 (4), M — NHCO.Et, CyHzN;06
(4.6 ppm); 244 (5), m/e 290 — EtOH, C,HuN;Os (3.4 ppm);
202 (0.4), m/e 290 — NHCO,Et, CsHiN:O( (1.9 ppm); 201
(0.9), m/e 244 — NHCO, CgH;N,O( (1.9 ppm); 198 (0.3),
m/e 244 — EtOH, C/HN,O, (0.4 ppm); 189 (100), M — CH-
(NHCOEt),, C:H;3N:0, (3.6 ppm); 172 (1), m/e 244 — (CO;
-+ 02H4), CeHmNaOs (2.0 ppm); 161 (1.5), m/e 189 — CzH4,
C:HN:0, (10.9 ppm); 143 (3), m/e 189 — EtOH, C;H/N.04
(5.3 ppm); 117 (14), m/e 189 — (CO; + C.H,), C,;HN:0; (11.6
ppm); 102 (4), m/e 117 — NH, C,HsNO, (5.0 ppm); 90 (1),
m/e 117 — HCN, C;HNO, (11.3 ppm); 89 (9), m/e 117 —

(16) ‘‘Sadtler Standard Spectra,”” No. 13888, Sadtler Research Labora-
tories Inc., Philadelphia, Pa., 1962,
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CQH4, CzHaNzOz (70 ppm); 62 (3), m/e 90 — CzH4, CH4N02
(101 ppm). Metastable peaks: 378 — 189 (94.5); 290 — 244
(205.3); 290 — 172 (102.1); 244 — 198 (160.8); 244 — 172
(121.2); 189 — 161 (137.1); 189 —- 143 (108.1); 189 — 117
(72.5); 117 — 89 (67.75).

Anal. Caled for CiHyNQOs: C, 44.44; H, 6.93; N, 14.80.
Found: C,44.68; H, 6.88; N, 14.94.

1,1-Di(carbethoxyamino )ethane.—The relevant portion of the
electron impact mass spectrum is given below (direct insertion at
100°): molecular ion absent; m/e 203 (0.5), M — H, CgHi;N,04
(4.9 ppm), 189 (100), M - CHa, C7H13N204 (3.8 ppm); 143
(3), m/e 189 -— EtOH, CsH'}NzOs (6.5 ppm); 117 (15), m/e 189 -~
(COz + CzHg), CH,N,0, (26.5 ppm); 90 (4), m/e 117 — HCN,
C;HgNO; (3.0 ppm); 89 (10), m/e 117 — C,Hi, C:HsN:0; (1.3
ppm); 62 (13), m/e 90 — C;H,, CH,NO; (35.8 ppm).

Registrty No.—VI, 17350-57-1; glyoxal, 107-22-2;
ethyl carbamate, 51-79-6; 1,1-di(carbethoxyamino)-
ethane, 539-71-9.

Acknowledgment.—The authors thank Dr. Rodger
Foltz (Battelle Memorial Institute) for running the
mass spectra. This work was supported in part by
the U. 8. Public Health Service under Grants CA-07803,
CA-07174, and CA-10439 of the National Cancer In-
stitute.

The Chemistry of Sulfonyl Isocyanates.

VIII. Kinetics of

the Reaction with Hindered Phenols

Joux W. McFARLAND* AND SAMUEL P. Gaskins!

Department of Chémistry, DePauw University, Greencastle, Indiana 46136
Received January 5, 1971

4-Chlorobenzenesulfonyl isocyanate (I) and 4-toluenesulfonyl isocyanate (II) reacted with 2,6-disubstituted

and 2,4,6-trisubstituted. phenols.

the reactions to be second order, first order in isocyanate and first order in phenol.

The products were highly crystalline carbamates.

Kinetic studies showed
The relative rates of reaction

of the phenols were 2,6-diisopropyl- > 2,6-dimethyl- > 2,6-dibromo- > 2,4,6-tri-teri-butyl- > 2,6-di-tert-butyl- >

2,4,6-tribromo-.

Billeter first showed that benzenesulfonyl isocyanate
reacts with phenol and reported the product to be car-
bamate.? It was shown in this laboratory that ben-
zenesulfonyl isocyanate also reacts with 2,6-disub-
stituted, as well as other substituted, phenols to give
crystalline solid derivatives.? The products were
shown to be carbamates rather than para-substituted
amides of phenols.

|
ArSO,NCO + HO —  ArSO,NHCO

carbamate

More recently the kinetics of the reactions of hindered
triarylearbinols with sulfonyl isocyanates have been
explored.=” These reactions were found to be first
order in aleohol and first order in isocyanate. Although

(1) Taken in part from the M.A. thesis of 8. P. G., DePauw University,
1969.

(2) O. C. Billeter, Ber., 37, 690 (1904).

(3) J. W. McFarland and J. B. Howard, J. Org. Chem., 80, 957 (1965).

(4) J. W. McFarland, D. E. Lenz, and D. J. Grosse, ibid., 81, 3798
(1966).

(8) J. W. McFarland, D. E. Lenz, and D. J. Grosse, ¢bid., 88, 3514
(1968). )
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Isocyanate I was found to be somewhat more reactive than II.

the reaction products were in most cases not carbamates
such intermediates could not be ruled out.”

This paper shows the kinetic results obtained from
the reactions of 4-chlorobenzenesulfony! isocyanate (I)
and 4-toluenesulfonyl isocyanate (II) with 2,6-disub-
stituted phenols.

Experimental Section

Reagents.—4-Chlorobenzenesulfonyl isocyanate (I) and 4-
toluenesulfonyl isocyanate (II) were obtained from the Upjohn
Co., Carwin Organic Chemicals, and used without further puri-
fication. The phenols were commercial products which were
redistilled or recrystallized before use. Toluene solvent was
reagent grade and dried over sodium metal or molecular sieves.
The di-n-butylamine was Eastman White Label grade reagent.

Kinetics.—The method used for measuring the concentration
of isocyanate in the reaction mixture at various times was that
already reported.” Second-order kinetics were followed with
each of the phenols used from 4:1 to 1:4 isocyanate-phenol
ratios. When 1:1 ratios of isocyanate-phenol were employed,
plots of 1/(C — C.) vs. time gave straight lines over at least 2
half-lives. For reactions in which initial isocyanate—phenol
ratios were not unity, plots of log [b(a — z)/a(d — z)] vs. time
were linear.

Isolation of Products.—The products were removed from the
reaction mixture (toluene solvent) by cooling to about 25° and
adding 1 vol of petroleum ether (bp 60-70°). In most cases this
procedure effected quantitative precipitation of the carbamate.
When quantitative separation was not realized, the toluene~



