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employ thermal activation in one form or another. The
amides are formed by the thermal reaction of 4-hydroxy-
coumarin with isocyanates at 160°,1-% or by the reaction of
3-carbethoxy-4-hydroxycoumarin® in refluxing anilines.2-4

The room-temperature reaction of 4-hydroxycoumarin
with aryl isocyanates or aryl isothiocyanates in DMSO
containing triethylamine yields cleanly in one step the
desired materials,® amides of 4-hydroxycoumarin-3-car-
boxylic acid. For example, 4-hydroxycoumarin and p-chlo-
rophenyl isocyanate in DMSO (1 equiv of triethylamine)
gave in 71% yield? 3-(p-chlorophenylcarbamoyl)-4-hydrox-
ycoumarin (ITb, Scheme I), mp 218-220° (lit.1:3 mp 219-
221°). Similarly the reaction of 4-hydroxycoumarin with
p-fluorophenyl isothiocyanate gave 3-(p-fluorophenylthio-
carbamoyl)-4-hydroxycoumarin (IIc) in 82% yield?
(Scheme I), mp 220-223°.8

This reaction is complete in 0.5-2 hr and is successful
only with aryl isocyanates and isothiocyanates. Alkyl iso-
cyanates and isothiocyanates yield some starting couma-
rin and polymeric materials, Those aryl isocyanates and
isothiocyanates which have a limited solubility in DMSO
(at room temperature) gave very poor yields.

The use of pyridine as a solvent yields urethanes. Thus
4-hydroxycoumarin and phenyl isocyanate in pyridine at
room temperature gave 4-hydroxycoumarin, carbanilate
(Illa, Scheme II) in 60% yield, mp 210-213° (lit.® mp
206-209°).
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This reaction was successful with both aryl and alkyl
isocyanates and isothiocyanates. 4-Hydroxycoumarin and
n-butyl isocyanate in pyridine gave 4-hydroxycoumarin
n-butylcarbamate (IIIb), mp 168-171°. The aryl urethanes
rearrange in DMSO (at room temperature) to the 3-car-
boxamides. Thus 4-hydroxycoumarin carbanilate is clean-
ly and quantitatively rearranged by overnight stirring in
DMSO (containing several drops of triethylamine) to 3-
phenylcarbamoyl-4-hydroxycoumarin (Scheme III, Ila),
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yield 100%, mp 215-216° (lit.1-¢ mp 219-221°). Likewise
4-hydroxycoumarin m-chlorocarbanilate yields 3-m-chlo-
rophenylcarbamoyl-4-hydroxycoumarin (IId), yield 95%,
mp 191-193° (lit.2 mp 190-192°). Alkyl urethanes fail to
give amides, instead yielding polymer-like materials.

Experimental Section

All commercial reagents were used as received and all solvents
were dried over molecular sieves. Melting points are uncorrected.

3-Phenylcarbamoyl-4-hydroxycoumarin (Ila). 4-Hydroxy-
coumarin (5 g, 0.031 mol), triethylamine (3.1 g, 0.031 mol), and
phenyl isocyanate (1 equiv), added in the listed sequence to 50 ml
of dry DMSO, were stirred at room temperature for 2 hr. The so-
lution was poured into 100 ml of 3 N HCI, and the solid was fil-
tered, air dried, and recrystallized from acetone, giving 6.1 g
(70%) of a white powder, mp 215-216° (lit.1:8 mp 219-221°).

3-(p-Fluorophenylthiocarbamoyl)-4-hydroxycoumarin (Ilc).
The procedure described for Ila gave Ilc in 82% yield, mp 220-
223°,

Anal. Caled for C16H10FNO3S (283.32): C, 60.94; H, 3.20; N,
4.44; 8, 10.17; F, 6.03. Found: C, 60.69; H, 3.22; N, 4.50; S, 9.99;
F, 5,80.

4-Hydroxycoumarin Carbanilate (IIIa). A solution of 5 g
(0.031 mol) of 4-hydroxycoumarin in 50 ml of pyridine was treat-
ed in a dropwise fashion with 4 g (1 equiv) of phenyl isocyanate.
After stirring for 3 hr at room temperature, the solution was
poured into water, and the solid was collected, air dried, and re-
crystallized from chloroform-hexane, mp 210-212° (yield 5.6 g,
60%) .

Rearrangement of Urethanes to Amides. A suspension of 250
mg of 4-hydroxycoumarin carbanilate in 5 ml of DMSO contain-
ing several drops of triethylamine was stirred overnight at room
temperature. The solution was poured into 25 ml of 1 N HCI and
the solid Ila was collected, mp 212-215° (250 mg, 100%). The
spectral properties of the samples are identical with those of
samples previously prepared.
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Two mechanisms have been suggested to explain the

acid-catalyzed cleavage of a-aryl-8-amino alcohols to 8-
carbonyl compounds.2-¢ These mechanisms involve a gly-
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Table I
Reaction of Compounds 1a, 1b, and 2a (= 2b) with
Various Acids

Reflux period,

Compd Acid hr Products (yields, %)

la 12 M HCI 7 4a (54)c
1b 12 M HCI 80 No reaction®
1b 48% HBr 25 4b (34)=

2a 12 M HC! 6 p-CH;CsH,(C:Hs) CHCH==0
(75), 4a (~12), 4b (<3)¢

4a (68)¢

4b (38)°

p-CH,;C:H,(C:H;) CHCH=0
(70), 4a (~11), 4b (<2.5)

la 6 M H,SO0, 7
1b 6 M H,S0, 27
2a 6 M H,SO, 3

la 85% H;PO. 2 4a (24)e
1b  85% H;PO. 4.5 4b (11)®
22 85% H,PO, 4 p-CH,C:H.(CH;) CHCH=0

(47),4a (~33),4b (<6)°

e Yield after recrystallization; glc analysis of crude prod-
uct showed no evidence of p-tolylphenylacetaldehyde or of
the other, a priori, possible ketone product. * As shown by
recovery of unreacted starting material in high yield.
¢ Yields determined by glc analysis of crude product mixture
and comparison with known mixtures of authentic samples.
4 Treatment of the glycol with 20% sulfuric acid has pre-
viously been reported to afford p-tolylphenylacetaldehyde.
See ref 8.

col intermediate?:® and an enamine intermediate,2:% re-
spectively. The reader is referred to a recent paper?® for
details of the mechanisms. Recent work® provides strong
kinetic evidence for an enamine mechanism in the reac-
tion of 2-(N,N-diethylamino)-1-phenylethanol derivatives
with hydrochloric acid. However it is claimed,? although
experimental details are vague, that glycols have been iso-
lated from the reaction of similar aminc alcochols with
concentrated phosphoric acid.

OH
R R
~H,0 AI"/Y
OH fast 0
2 4

R/
/\r hydrolysis

+NHR2 fast

3

a, R = Et; Ar = p-tolyl; R’ = phenyl
b, R = Et; Ar = phenyl; R’ = p-tolyl

One difficulty in resolving the problem is that all pre-
viously synthesized a-aryl-8-amino alcohols (1) have had
alkyl or hydrogen R’ groups? and these would be expected
to yield the same ketonic products in the event of either a
glycol or an enamine mechanism. We have examined the
reactions of two amino alcohols (1a and ib) with various

types and concentrations of acid. The amino alcohols were -

chosen so that they-would afford different enamine inter-
mediates but a common glycol intermediate (2a = 2b) if,
indeed, the reactions involved such intermediates. An au-
thentic sample of the glycol was prepared independently
and was subjected to reaction conditions similar to those
of the amino alcohols. Authentic samples of the two possi-
ble ketone products (4a and 4b) were also prepared inde-
pendently for comparison purposes. The results of the
acid-catalyzed reactions are summarized in Table I.

The glycol 2a yielded, as the major product, p-tolyl-
phenylacetaldehyde® via rearrangement along with ke-
tones 4a and 4b. Ketone 4a was always predominant, an
expected result since the rate-determining step in the de-
hydration of the glycol involves formation of a more favor-
able p-methyl benzylic carbonium ion.

Notes

The amino alcohols 1a and 1b afforded ketones 4a .and
4b, respectively, as the only products (see Table I, foot-
note a). These results are consistent with an enamine in-
termediate but not with a glycol intermediate, since both
amino alcohols must furnish the same glycol, hence the
same products.l” An enamine mechanism likely involves,
as the rate-determining step, development of a benzylic
carbonium ion by removal of the protonated hydrozyl
group of the amino alcohol.5:8 A feature of such a mecha-
nism is the observed result that ia was consistently more
reactive than 1b, in agreement with previous kinetic
data.® The unknown stereochemistry of la, 1b, and 2a
does not alter the validity of these results, since benzylic
alcohols racemize rapidly in acidic solution.®

The results fail to show any variation in mechanism
with the type of acid used; even with concentrated phos-
phoric acid the outcome is inconsistent with a glycol in-
termediate, in opposition to the earlier conclusion.z We
believe that the present data, along with previous kinetic
results,® no longer justify the possibility of a glycol mech-
anism of amino alcohol cleavage.

Experimental Section??

2-(p-Tolyl)~1-phenyi-2-(V,N-diethylamino)ethanol (1b). o-
Bromo-a-(p-tolyl)acetophenonel? (17.9 g, 0.062 mol) was added in
small portions, under nitrogen, to diethylamine (62 ml) at 0° with
stirring. After addition was complete the mixture was stirred for 3
hr at 0° and then refrigerated overnight. The diethylamine hydro-
bromide was filtered off and excess diethylamine was removed
from the filtrate by evaporation under reduced pressure. The
crude product was dissolved in cold, dilute HCl and washed with
ether. The aqueous layer was neutralized with dilute NaOH and
extracted with ether and the ether extract was dried (MgSQO,).
Evaporation of ether followed by vacuum distillation of the prod-
uct afforded 13.3 g (77%) of the amino ketone as a viscous yellow
liquid, bp 145-146° (0.4 mm).

A solution of the amino ketone (13.2 g, 0.047 mol) in dry ether
(50 ml) was added dropwise to a stirred solution of LiAlH,4 (1.33
g, 0.035 mol) in dry ether (50 ml) at a rate such that gentle re-
fluxing was maintained. The mixture was then refluxed over a
steam bath for 30 min. Excess LiAlH, was destroyed by cautious,
dropwise addition of water with stirring followed by removal of
solid material by filtration. The ether layer was washed with
water, dried, and evaporated under reduced pressure, leaving a
vellow-white solid residue. Recrystallization from pentane afford-
ed white crystals: 9.1 g (70%); mp 71-73°% ir (CCly) 3400 ¢cm~?
(broad, OH), no C=0; nmr 6 7.1 (m, 10, arvl H), 62 (d, J = 5
Hz, 1, >CHOH), 3.7 (d, J = 5 Hz, 1 >CHNEty), 3.3 (s, 1, OH),
2.85 (dq, J =17 HZ, 8, —CH2CH3), 2.3 (S, 3, —CsH4CH3), 0.9 (t, J
=17 Hz, 6, -CH2CH3).

Anal. Caled for C1oHosNO: C, 80.52; H, 8.89; N, 4,94. Found:
C,80.72; H,8.93; N, 4.64.

1-(p-Tolyl)-2-phenyl-2-(V, N-diethylamino)ethanol (1a) was
prepared from a-bromobenzyl p-tolyl ketonel? by the same proce-
dure as above. The intermediate amino ketone had bp 155-160°
(0.9 mm). The crude amino alcohol was vacuum distilled, bp
150-153° (0.75 mm). The distillate solidified on standing and was
recrystallized from petroleum ether (bp 30-60°): mp 61-63°; ir
(CCly) 3400 cm -1 (broad, OH), no C=0; the nmr spectrum was
nearly indistinguishable from the spectrum of 1b, all § values and
multiplicities being identical.

Anal. Caled for C1gH2sNO: C, 80.52; H, 8.89; N, 4.94. Found:
C,80.43; H, 9.08; N, 4.82.

1-(p-Tolyl)-2-phenyl-1,2-ethanediol (2a = 2b). The method of
Jenkins!® was adapted to the synthesis of a-hydroxybenzyl p-
tolyl ketone., A suspension of a-bromobenzyl p-telyl ketone!? (20
g, 0.069 mol) in absolute ethanol (400 ml) was added dropwise to
a stirred solution of sodium ethoxide (0.21 mol) in absolute etha-
nol (200 ml). The reaction mixture was stirred overnight at room
temperature and then added to a cold solution of 3 M HCI (400
ml). After cooling to induce crystallization the solid was collected
and recrystallized from ethanol-water to yield 9.2 g (59%) of «a-
hydroxybenzyl p-tolyl ketone, mp 106-108° (lit.1* mp 108-109°).

Sodium borohydride (0.80 g, 0.021 mol) was added in small
portions to a suspension of the hydroxy ketone (9.2 g, 0.041 mol)
in ethanol {200 ml). After addition was complete the mixture was
stirred at room temperature for 15 min, then refluxed on a steam
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bath for 15 min. The volume of the mixture was reduced by % by
distillation. Water was added to the boiling solution to the point
of saturation; on cooling the diol precipitated as a mixture of ste-
reoisomers: 7.5 g (80%); mp 104-168" (lit. mp® 94°, 129° for each
racemic pair of enantiomers, respectively); ir (CHClg) 3590 cm~1
(OH), no C==0.

Reaction of 1-(p-Tolyl)-2-phenyl-1,2-ethanediol with Acid.
General Procedure. A stirred mixture of the diol (1.0 g) and acid
(50 ml) was refluxed (see Table I for acids and reaction times).
After cooling to room temperature and pouring into water, the
reaction mixture was extracted with ether four times. The com-
bined ether extracts were washed with water, dried (MgSO,),
evaporated under reduced pressure, and weighed. The crude
product mixture was then subjected to glc analysis using authen-
tic samples of p-tolylphenylacetaldehyde,® and ketones la and
1b15 for comparison. The results of the reactions are shown in
TableI.

Reaction of Amino Alcohols la and 1b with Acid. General
Procedure. A stirred mixture of the amino alcohol (0.2-1.3 g) and
acid (15-50 ml) was refluxed for the periods indicated in Table I.
After cooling and dilution with water the reaction mixture was
extracted with ether. The combined ether extracts were washed
with water, dried (MgS0Q4), and evaporated under reduced pres-
sure. The crude products were subjected to glc analysis. In every
reaction of la only ketone 4a could be detected; likewise 1b fur-
nished only 4b. The crude solid products were purified1® by re-
crystallization and their identities were further confirmed by
melting point and mixture melting point and by their infrared
spectra, which were identical with those of authentic samples of
the ketones. In the reactions with 85% HzPO, the crude products
were reddish pastes from which the pure products were extracted
by trituration with hot petroleum ether, followed by filtration and
cooling. )

In the reaction of 1b with 12 M HC], the reaction mixture con-
tained solid material which was filtered off prior to extraction
with ether. This material was then remixed with the aqueous
layer and the mixture was neutralized with excess 3 M NaOH.
Extraction of the alkaline mixture with CHCl3 followed by work-
up gave unreacted amino alcohol (80%).

Registry No.—la, 50600-27-6; 1b, 50600-28-7; 2a, 50600-29-8;
4a, 2430-99-1; 4b, 2001-28-7; p-CH3CeH4(CeHs)CHCH=O0,
50600-30-1; amino ketone, 50600-31-2.
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Considerable effort has been recently directed toward
the elucidation of conformational preferences of spirocy-
clohexane derivatives. Cyclohexanespirooxirane (I) has
been studied via kinetic,! low-temperature 'H nmr,? and
electric dipole moment3 methods. The preference of ca.
0.27 kcal/mol for the conformation in which the oxygen is
quasi-axial (Ib) is evident.

CHZ

L7 = XA
CH,
Ia O/
Ib

By contrast, attempts to study the analogous spiroaziri-
dine II by electric dipole moments have not permitted de-
finitive conformational conclusions.3

A NH
e /CH2
Ila NH

IIb

The low-temperature 1H nmr peak area procedure can-
not be applied to the problem owing to the accidental
overlap of the aziridine methylene resonance (6 1.45) with
the cyclohexane ring methylene protons (6 1.25-1.75). It is
expected, however, that 13C nmr should afford a solution,
since it is now well established that carbon shieldings are
an order of magnitude more sensitive to steric factors than
proton shifts in favorable cases.?-5 Furthermore, the like-
lihood of peak overlap in carbon spectra is considerably
reduced. Accordingly, a sample of II 61% 3C enriched at
the aziridine methylene carbon was prepared and exam-
ined.

At room temperature under conditions of complete pro-
ton noise decoupling the aziridine methylene carbon of 11
appears as a sharp singlet at 6 31.84 downfield from inter-
nal TMS. When a 0.5 M solution of II in CD2Cls is cooled
the absorption for this carbon gradually broadens and at
—80 £ 2° the coalescence temperature is reached. Further
cooling leads to the separation of the signal into complete-
ly resolved components separated by 6.4 Hz.

The resonance of higher integrated intensity appearing
at lower field is assigned to conformer IIb. This is consis-
tent with the observations for methylcyclohexane at low
temperature,® where the equatorial methyl group is at
considerably lower field than its axial counterpart. The
peak areas were determined by a cutting and weighing
procedure and the conformational energy of the spiroaziri-
dine function was calculated from the equation —AG°® =
RT In K. Results are shown in Table I, which indicate
that conformer IIb is the more stable by 0.16 kcal/mol.

It is apparent that the preference for conformer IIb is
much less than that predicted on the basis of the differ-
ence between the conformational free energy of the Me
(1.7 kcal/mol) and the NHMe (1.0 kcal/mol) groups.?” No
doubt the small angle of the aziridine ring causes appre-



