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Abstract: From the results obtalned in the hydrolysis 
reaction of the carbamate group of some thioderivatives 
compounds whose common structure IS (2-EtOOCNH-CGH4)- 
CHOH-CH2Y a mechanism is Suggested to explain the 
products, as well as the relationship between the 
relative conf lguration of diastereoisomerlc sulf oxides 
(Y q SOMe) with the reaction rate and with the 
stereochemlcal outcome. Other interesting and unexpected 
products are yielded when the hydrolysis reaction of 
others carbamates (Y=H, Br, CN) is carried out. In the 
present cases, the carbamate function seems to behave as 
a very versatile group capable of readily undergoing 
conversions to several Kinds of heterocycles. 

INTRODUCTION 

I-(2-Aminophenyl)-P-r-ethanol [Y =SMe(l), SOMe(2) and S02Me(.3)1 were 

found among oxlsuran bioisosters whose syntheses and conf ormattonal 

behavior were reported in a prevtous paper.’ Attempts to prepare 2 and 3 

through oxidation of 1 failed due to the presence of the amlne group 

affected by the oxidizing agents. This problem was avoided by using the 

ethyl carbamate as protecting amine group, which enabled us to achteve the 

aforementioned oxidations. Thus, it was possible to obtain the pair of 

diastereomeric sulfoxldes (5a and 58) and the sulf one (6) from 4 (scheme 

1). Nevertheless, the deprotection of the amine group ustng the basic 

conditions reported in the literature2 did not yield the expected amino- 

derivatives In all cases, maKIng it necessary to change the synthetic 

strategy in order to obtain 24, 28 and 3’. In this paper we propose to 

study the anomalous reactions of these carbamates in basic media. The 

Interest of this Mind of reacttons lies in the Intramolecular 

participation of the hydroxylic group in the hydrolysis reaction, which 

accounts for the mildness of the conditions of the reaction unable to 

affect other carbamate groups which do not present the hydroxylic function 

In the appropriate position. 

203 
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n=l(7), 2(8) 

lol4-.dl=2 (3) lOlLn=2 (6) 
I)NaOH/MeOH 

Scheme 1 

RESULTS AND DISCUSSION 

The standard conditions employed for the hydrolysis of carbamates to 

amlnes Involve ref luxing of the substrate with NaOH in MeOH. Thioether 

behaves in the usual manner affording the hydroxythioether 1 whilst 

compounds 5 and 6 yielded surprisingly the corresoonding methoxy- 

derivatives 7 and 8.’ This transformation implies the replacement of the 

OH group by the OMe and only can be rationaked assuming the orevtous 

dehydration of the substrate to tne vlnylsulf oxide or vlnylsulf one, which 

undergo nucleophllic addition of the solvent. Dehydration of the thloether 

n=0(4), l(5), z(6) n=O(9), 1(10)r 2(lJ.) 

i (n=l,2) 

I 

cunpound product(E/Z) 

5a+se(l/l) 12 (T/2) 
w 

\Jv-so** 

l(k J.2 (3/2) 
(i) K2C03, MeOH/H20 108 I.2 (U/2) F2 

ll l3 (l/O) 
n=l(l2), 2(X3) 

Scheme 2 

IS not possible due to the lower acidity of the hydrogen atoms adjacent to 

the sulfur function, givtng rtse to the usual reactlon product. 

To prove this hypothesis, we treated the carbamates with weaker 

bases. Thus, when the sulf one 6 was treated with diluted K2CO3 at room 

temperature (El-2-aminostyryl methyl sulfone 13 was obtalned exclusively 

(scheme 2). It is surprising that such a weaK base was able to hydrolyze 

the carbamate as well as dehydrate the vlnylsulf one, taKtng tnto account 

that neither reactcons takes place if only one of the functlonalitles 1s 

present. .The mixture of the hydroxysuif oxides 5a and 56 undergoes a 
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stmilar transf ormation,f urnishing a mixture of the geometric isomers of 

the corresponding vtnylsuifoxides fE)-12 + CZ)-12. Finally the thioether 4 

was converted into the benzoxazine 9, without tne corresponding olef in 

being detected. The tatter result suggests the mechanism shown in the 

scheme 2, which accounts for the interactnon between the OH and the 

carbamate group, 

The alkoxide ion generated by means of the base (K2CO3f attacks the 

ethyl carbamate intramoie~uiarly, giving the cyclic carbamate (9-W). In 

sulfoxide and sulf one the acidity of the proton adjacent to the sulfur 

atom IS sufficient to be abstracted by the base yielding the olef ins 

directly. Intermediates 10 and 11 are not observed among the reaction 

products. On the contrary, in the case of thioether, the acidity is much 

lower and, consequently, the reaction stops in the cyclic carbamate stage 

(9). 

To give evidence of the postulated mechanism, compounds 10 and 11 

were prepared by oxidation of 9. Sulfoxide 10 was obtained as a mixture of 

Uiastereoisomers (a and 81, which can be separated by chromatography. 

These compounds were tndependently treated with K2CO3, leading to the same 

otef ins fE)-12 + (Z)-12 obtained in the reaction of 5u and 55. The 

relative proportions of the geometric isomers In the reactton products 

changed dependng on the relative configuration of the starting sulf oxide 

(see scheme 2). In the same way, from the %i-nmr control of the reaction 

it can be stated that 8 Isomer reacts more rapidly than Its a epimer. The 

treatment of the benzoxaztne sulfone 1% with K2CO3 gave rise to olefin 13 

as the only product. These experiences suggest that benzoxazlnes 10 and 11 

must be reactlon Intermediates. 

The reactions of 5a, 5f3 and 6 with K2CO3 were conducted removing 

aliquots at intervals and analyzing them by %I-nmr. From these experiences 

It could be estabinshed that the reaction proceeds through the 

benzoxazrnes. Moreover, the relative configuration of the chiral centers 

remains unaffected in the course of the reaction. Thus, 10a and rO@ are 

the only products obtained from 5a and Sg respectively. 

so the proposed mechanism accounts for at1 the results, though the 

relationship between the relative configuration and the reaction rate of 

sulf oxides and the stereochemical outcome of the reaction are the only 

aspects to be explained, both of which requires knowing the relative 

configuratlon of the starting carbamates. 

The configurational assignment of diastereoisomerfc sulf oxides 5a, 

58, 10a and tog was made on the basis of their different conformational 

behavior (see reference 3 and table 1) as could be stated for other 

hydroxysulfoxides with similar structure.‘r4 
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This study led us to propose the configuration (RR, SS) for isomers a 

and (RS, SR) for 5. This assignment is also supported by the experimental 

melting points of the hydroxysulfoxides, higher in 5a than in 5e (It has 

been established in other compounds of similar structure that Isomers a 

usually exhibit the highest melting points5). 

TaUing into account the acidity of the hydrogens adjacent to 

sulf u-iylic sulfur, it is likely that the elimination proceeds through an 

EICB mechanism. This process requires an anti relationship between the 

carbanionic electron pair and the leaving group, In this case the oxygen 

atom. It is Known that the most stable configuration of the a-sulfinylic 

carbanions In polar protic media is that which displays the sulfinyllc 

oxygen in a spatial anti arrangement with the carbanionic pabr.6 

Consequently, A and C (scheme 3) are the most stable conformation through 

whtch the elimination can 

simultaneously located in an 

taKe place since the carbanionic pair is 

anti relationship with both oxygen atoms. In 

- 

5 % 
Scheme 3 

the case of the 8 dlastereoisomer there is a clear difference In the 

relative stabllizatlon of such rotamers. Thus, the conformation Cg 15 

strongly unfavorable C(Ar/Me)t,3-p interaction] compared with A2. As a 

consequence (E)-12 is expected to be the major product of the reaction. 

However, the stability differences between conformatlon A, and C, are IeSS 

Important, so It seems reasonable to obtain similar proportions of the 

(E)-12 and (Z]-12 isomers (see scheme 2). On the other hand, the hagher 

stability of the A2 conformation with regard to A, (the latter exhlbtts a 

(Me/Wt,3-p interaction non-existent in the former) can account for the 

higher observed rate of the reactton of the compound lOI3 in relation to 

Its diastereoisomer 
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With regard to the sulf one, the stability differences between the 

geometric isomers (E)-13 and (i’)-13 must be much higher to the related 

sulf oxides since (2)-13 presents stronger steric interactions which can be 

relieved in the sulfoxides by the appropriate orientation of the 

electrontc sulfur pair. In addition, rotamer A 1s now even more stable 

than C, which justifies that (El-13 was exclusively obtained from sulfone 

11 (see scheme 3). 

Taking into account the preceding data, the results obtained in the 

reactions Of 4, 5 and 5 under the usual conditions of carbamate hydrolysis 

(NaOH/MeOH and heat) it can be fully rationalized. At the first stage, all 

the compounds give rise to the corresponding benzoxazines, then, the 

thioether 9 undergoes hydrolysis by the action of the base, whilst 

sulfoxides 10 and sulfone II produce the olef ins through loss of co2. The 

olef ins undergo subsequent addition of methanol present in the medtum. So 

the nature of the product IS determined in the second step. 

From the results of these xinds of reactlons, we can suggest the 

easy formation of benzoxazines starting from any 1,3-aminoalcohol. In 

order to conflrm thus point we undertooK the study of the reaction of 

other hydroxycarbamates. The reduction of ketone 14 with sodium 

borohydrlde yielded a mixture of the alcohol 15 and the benzoxazine 16. As 

expected the overall conversion to 16 was cart-led out treating the 

previous mixture with K2C03 (scheme 4). Much more interesting were the 

results obtalned from the bromoderivative 18 (prepared by bromlnation of 

14 and subsequent reduction of the carbonyl group of 17). When this 

compound was treated with K2CC3, a complex mcxture was obtalned among 

which was Identified epoxlde 19. This result involves the attack of the 

alxoxide group on the halide Instead of on the carbamate function. Thus, 

treatment of 18 with the phase-transfer system NaOH/TBAI led to the 

epoxide 19 as the only reactton product in a 88% yield, whilst the 

reaction with NaH In THF afforded N-ethoxycarbonyl-3-hydroxyindoline 20 

(90%). At first glance, It seems reasonable to admit that the obtentlon of 

20 proceeds through epoxide 19 as the reaction intermediate, which can be 

subsequently open by the action of nitrogen. However, the latter mechanism 

can be ruled out since when epoxlde 19 IS treated with NaH in THF, N- 

ethoxycarbonyl-P-hydroxyindoline7 21 (88x) was surprisingly obtained. The 

formation of 21 can be rationalized assuming that the aldehyde 22 IS the 

reaction Intermediate8 through which the carbamic nitrogen attacKs the 

carbonyl group, furnishing compound 21. 

The spectral data and the results of the following chemical studies 

are consistent with the proposed structure of 20. Treatment of both 20 and 

21 with a catalytic amount of p-toluenesulfonic acid in toluene resulted 
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in the formation of the same compound 23.g Moreover, the reaction of the a 

-bromoketone 17 with NaH in THF gave 24, whose reduction with NaBH4 

yielded a compound identical with compound 20 obtaIned from 18. Therefore, 

we can conclude on the basis of the high yield achieved that these 

reactions provide a useful entry into the synthesis of 2-, 3- 

hydroxyindolines (20, 21) and 3-,ndolones (24). 
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I ii 
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@ 0 \ 
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CO2Et 

I vi 

I)NaBHd/THF; ii) KBCO3, MeOH/HBO; iii) BrB/EtBO 

Iv) NaOHaq/TBAI/CHBC12; v)NaH/THF; iv) TsOH/Toluene 

Scheme 4 

These type of reactions can also be applied to the synthesis of 2- 

amlnoquinoline. One of the first methods for its preparatton 15 the 

reduction of the 2-r7itrocinnamonitriles.10 In such a process the 

intermediate amne adds to the cyan0 group (scheme 5). The IntermedIate 



Reaction of the carbamate group of thioderivatives 209 

amine can readily be generated from carbamate 25, whose similar structure 

to sulf oxides 5 and sulfone 6 is obvtous. 

The synthesis of 25 was easily accomplished by treatment of the 

epoxlde 19 with NaCN in DMF. When 25 is subject to the action of K2CO3, an 

equimolecular mixture of the expected oleftns (E)-27 and (i’)-21 (93%) were 

produced, with It being possible to even detect the intermedtate cyclic 

carbamate 26 by lH-nmr. When the mixture of olefins (E)-27 and (Z)-27 were 

allowed to stand at room temperature for approximately two months, the 

25 26 (21-27 

1 iii _ m * iii / 

N 
NH2 

28 

1) NaCN/DMF; il) K2CO3, MeOH/H20; lii)NaOH, MeOH/H20 

Scheme 5 

Isomer Ii=) is quantitatively converted Into the E-amlnoqulnoline. However, 

this transformation was achieved in 10 hours when NaOH is present. In both 

cases the E isomer remained unaltered. The reported yield of the synthesis 

of the E-aminoquinoline are moderate In all cases.il However, 2- 

aminoqulnoline can be obtaIned In 90% yield of the isolated product in 

JUSt a single step from 25, treating it with a def iclency of NaOH under 

reflux. It seems that the lsomertzation of the Intermediate olefins taKes 

place In the reactlon conditions. 

EXPERIMENTAL 

Silica gel used in flash column chromatography was MercK-60 (230-400 
mesh). Melting points were measured on a BOchi 594392 type S apparatus In 
open capillary tubes and are uncorrected. Mass spectra (MS) were 
determined in a HP-5985 spectrometer in the electron impact (El) at 70 eV. 
Mass data are reported In mass unit (m/z) and the values in bracKets refer 
to the relative intensity from the base peaK (as 100%). The infrared 
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spectra were obtained on a Nicolet 5 DX FT-IR. The NMR spectra were 
recorded on a BruKer WP-EOO-SY spectrometer. 

Treatment of Carbamates with potassium carbonate: General Procedure. 
To a solution of the corresponding carbamate derivative (7.8 mmol) tn 20 
ml of methanol 13 g (9.4 mmol) of a 10% aqueous potassium carbonate 
solution were added. The mixture was stirred for IO hours at room 
temperature and diluted with 5 ml of water. After neutralizrng with 10% 
hydrochloric acid the solution was extracted twice with methylene 
chloride, dried over sodium sulfate and the solvent removed under reduced 
pressure. 

Treatment of Carbamates with sodium hydride: General Procedure. 
To a suspension of sodium hydride (1.80 mmol) tn dry THF (20 ml) under 
argon atmosphere the corresponding carbamates 17, 18 and 19 (1.80 mmol) In 
dry THF (10 ml) were added. The mixture was stirred for 4 hours at room 
temperature, diluted with water (1 ml) and neutralized wcth 10% 
hydrochloric acid. Usual worK up yielded solids, which were crystallyzed. 

4-Methylthiomethyl-~,4H-3,1-benzoxazin-2-one (2. It was obtained from 4’ 

by treatment with potassium carbonate. It was purified by column 
chromatography using methylene chloride/methanol (20/l) as eluent, yield 
93%, mp 70-l.. (Found: C 57.60, H 5.28, N 6.84, S 15.01. CIOHIINC~S 
requires C 57.40, H 5.30, N 6.69, s 15.32). u,,,(KBr) 3200, 2900, 1710, 
1670, l600, l280, 1040, 750 cm-l. m/z 209 M+ (21), 163 (S), 148 (IOO), 120 

(to), 92 (91, 77 (Q), 61 (9). 1H-B(CDC13) 9.45 (s, broad, lH, NH), 7.28 

(dt, J-l.7 and 7.7 Hz, IH, H-6), 7.17 (dd, J-1.7 and 7.7 Hz, IH, H-8), 
7.07 (dt, J~l.2 and 7.7 HZ, IH, H-7), 6.88 (dd, J-t.2 and 7.7 Hz, IH, H- 

5), 5.54 (m, IH, H-4), 3.03 (m, 2H, CH2-S), 2.12 (s, 3H, CH3S). 13C_ 

d(CDCl3) 152.3 (CC), 135.0 (C-8a), 129.4 (C-7), 125.1 (C-5), 123.2 (C-6), 
119.8 (C-4a), 114.5 (C-8), 79.6 (C-4), 39.5 (CH2), 16.8 (CH3). 

4-Methylsulfinylmethyl-t,4H-3,l-benzoxazin-2-one (10a and w. They were 
obtained as an equimolecular mixture by the oxidation of 9 with sodium 
metaperlodate following general methods outlined In the ilterature12. 
Yield 83%. Pure 10a could be Isolated by successive crystallization9 from 
chloroform of the reaction mixture, mp 184-6.. (Found: c 53.54, H 4.67, N 
6.12, S 14.48. CIOHI~NCJS requires C 53.32, H 4.92, N 6.22, S 14.23). 
,,S,iXH(eKBr) 3100, 2940, 1725, 1600, 1500, l280, 1040, 76;, cm-l. ;/3z 162 Ma; 

(291, 148 (12)s 133 (45), 117 (48), 106 (14), (26), (22)s 
(100). ‘H d(DMSC-d6) 10.28 (s, broad, lH, NH), 7.30 (m, 2H, H-6 and H-8), 
7.05 (dd, J-l.1 and 7.6 Hz, lH, H-7), 6.90 (dd, J-l.1 and 7.6 Hz, IH, H- 

5)s 5.73 (m, lH, H-4), 3.32 (m, 2H, CH2), 2.64 (s, 3H, CH3). 13C-d(DMSO- 

d6) 150.1 (CC), 135.8 (C-8a), 129.3 (C-7), 124.5 (C-5), 122.7 (C-6), 119.4 

(C-4a), 114.1 (C-8), 72.7 (C-4), 58.3 (CH2), 38.7 (CH3). The evaporation 
of the mother liquors and crystallization of the residue from ethyl 
acetate afforded pure lOI% mp 144-6.. vmax(KBr): 3100, 2990, 1720, 1600, 
1500, 1380, 1285, 1000, 760 cm-l. m/z 162 M+-SOMe (loo), 148 (30)s 133 

(82), 117 (66), 106 (2l), 90 (321, 77 (17), 65 (23), 43 (5). ‘H-d(DMSC-d6) 
10.29 (s, broad, lH, NH), 7.29 (m, 2H, H-6 and H-8), 7.05 (dt., J-1.0 and 
7.7 Hz, lH, H-7), 6.91 (dd, Jrl.0 and 7.7 Hz, 1H, H-5), 5.80 (m, IH, H-4), 
3.36 (m, 2H, CH2), 2.69 (8, 3H, CH3). ‘3C-d(DMSC-d6) 150.4 (CO), 135.7 (C- 

8a), 129.3 (C-7), 124.7 (C-5), 122.6 (C-6), 119.4 (C-4a), 114.2 (C-8), 
72.9 (C-4), 56.3 (CH2), 38.5 (CH3). 
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4-MethylsulfonyImethyl-l,4H-3,i-benzoxazin-2-ona (I& it was obtained by 
oxidation of an equimolecular mixture of IOa 8nd iO$ with hydrogen 
peroxide at 0. in TFA as the solvent. Yield 70%. mp 214-S.. (Found: C 
49.50, H 4.49, N 5.66, s 13.18. CioHiiNO4S requires C 49.78, H 4.59, N 
6.80, s 13.29). 
755 cm-l. m/z 

v;~(KB~‘! ;;O, 2920, 1725, 1600, 1500, 1300, 1125, 1055, 
197 (19), 161 (49), 148 (Ii), 133 (44), 117 

(loo), 91 (47), 77 (10, 65 ’ (23), 44 (ii). ‘H-d(DMSO-d6) 9.65 (s, broad, 

1% NH), 7.28 (m, 2H, H-6 and H-S), 7.01 (dt, J=i.3 and 7.6 Hz, IH, H-7), 
6.91 (dd, Jti.3 and 8.0 Hz, IH, H-5), 6.37 (m, iH, H-41, 4.33 (m, 2H, 

CN2?), 3.09 (s, 3H, CH3). ‘3C-d(DMSO-dg) 149.6 (CO), 135.6 (C-8a), 129.4 

(C-71, 124.9 (C-51, 122.6 (C-61, ii8.4 (C-48), 114.1 (C-81, 73.5 (C-41, 
57.6 (CH21, 42.9 (CH3). 

2-Amcnostyryl methyl sulfoxide ((El-12 and czl-u. They were obtatned as 
8 mixture from 5 or 10 (see scheme 2) by treatment With potassium 
carbonate. Yield 87%. Pure (21-12 was isolated by crystallization of the 
mixture from methylene chloride, mp 184-5.. (Found: C 59.50, H 6.00, N 
7.65, S 17.48. CgHiINOS requires C 59.63, H 6.12, N 7.73, s 17.69). 

%,x(nuJoli: 3416, 3219, 1644, 1602, iI59, 1018, 962, 941, 772, 744, 723 
cm-l. m/z M+ 181 (6), 
(211, 65 (131, 52 

‘7; (31, 148 (ii), 133 (E), ii7 (IOO), 106 (71, 89 
(7). - d(DflS&d6) 7.15 (d, J-IO.0 Hz, IH, $$6H4), 

7.06 (ddd, J=i.S, 7.3 and 8.1 HZ, iH, H-4 C6H4), 6.95 (dd, J-l.6 and 7.7 
Hz, IH, H-6 C6N4)* 6.66 (dd, J-l.2 and 8.i Hz, IH, H-3 CsH4). 6.53 (ddd, 
Jzi.2, 7.3 and 7.7 Hz, lH, H-6 C6H41, 6.51 (d, J=iO.O HZ, tH, ESO,, 5.34 

(s, broad, 2H, NH2), 2.70 (5, 3H, CH31. 13C- d@MSO-d6) 146.9 (C-2), 136.2 
(C-61, 134.7 (C@C6H41, 130.6 (CHSO), 130‘0 fC-4L 118.0 (C-l), t15.4 (C- 
51, 114.9 (C-3), 39.7 (CH3). The E isomer could be isolated as an oil by 
chromatography of the evaporated mother liquors of crystallization using 
methylene chloride/methanol (20/l) as eluent. 
1640, 1610, 1490, 1460, 1320, 1260, 1030, 966, 

v,&film) 3360, X$0, “+ 30:8q, 
cm-l. m/z 

166 13), 148 (lo), 118 (28), 117 (IOO), IO6 (5), 90 (231, 77 (71, 63 fli): 
51 (7). ‘H-d(OMSO-d6f 7.34 (dd, J=i.6 and 7.5 Hz, IH, H-6 C6H4), 7.29 (cl, 
J=i5.3 Hz, IH, CHC6H4)t 7.10 cd, J=15.3 HZ, IH, CHSO), 7.03 (dt, J=l*S 
and 8.2 Hz, IH, H-4 C6H4), 6.67 (dd, J=i.3 and 8.2 Hz, IH, H-3 CgH4), 6.54 
(Udd, J-1.3, 7.5 and 8.2 Hz, IH, H-5 C6H4), 5.42 (s, broad, 2H, NH2), 2.65 
(e, 3H, CH3). ‘3C-a(DMS&d6) 147.2 (C-2), 132.2 (C-6), 131.6 (CHC6H4), 
130.3 (C_HSO), 127.4 (C-4), 117.7 (C-l), 116.4 (C-51, 116.3 (C-31, 40.5 

(CH3). 

(Ef-Aminostyryl -methyl sulfone (a. it W8S obtained from 6 or 11 by 
treatment wittl potassium carbonate. Crystallized from cyclohex8ne/ethanoI, 

mp 128-30*, yield 90 %. (Found: C 54.72, H 5.53, N 7.29, S 16.22. 

C~“iiN02S requires C 54.80, H 5.62, N 7.10, s 16.25). vmax(KBr) 3460, 
3400, 1660, 1305, 1130, 980, 755 cm-l. m/z 197 M+ (341, 182 (0, ii8 (95), 
ii7 (loo), 91 (37). 84 (171, 65 (i4), 51 (13). ‘H-a(CDCI3) 7.75 (d, Jzi5.2 
Hz, IH, GC6H4), 7.33 (dd, J=i,S and 7.8 Hz, IH, H-6 C6H4ft 7.24 (dt, 
Jsi.6 8nd 8.1 Hz, iH, H-4 C6H4)r 6.85 (d, J=l5.2 HZ, IH, CxSOe), 6.76 (m, 
2% H-3 and H-5 C6H41, 3.71 (5, broad, 2H, NH2), 3.04 (5, 3H, cH3t. 13c- 

a(cDcl3) 145.9 (C-21, 139.6 (CAC6H4), 132.4 (C-61, 128.7 (cHSO.& 126.0 
(C-4), 119.4 (C-51, 117.7 (C-i), 117.4 (C-31, 43.4 (CH31. 

4-Methyl-i.4H-3,1-benzoxazin-2-one Its,. A solution of 0.2 g (0.98 mmot) 
of 14 was treated in $5 ml of THF with 0.02 g (0.53 mmol) of sodium 
borohydride. After 2 hours at room temperature the solution W8S diluted 
wcth 2 ml of water and extracted with melt~ylenc chloride. A mix lure 2/l of 
lb and I6 was isolated. In order to complete the conversion the mixture 
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was treated with potassium carbonate f ollowlng the general procedure 
described above. Crystallized from cyclohexane, yield 80X, mp 108-9,. 
(Found: C 66.15, H 5.80, N 0.80. CgHgN02 requires C 66.25, H 5.56, N 
8.80). vmax(nu.io)) 3100, 1700, 1590, 1.490, 1280, 1265, 1050, 750 cm-l. m/z 
163 M+ (53), 148 (22), 118 (IOO), 104 (to), 91 (32), 77 (IO), 65 (13). ‘H- 
d(CDCl3) 9.62 (s, broad, lH, NH), 7.31 (m, 2H, H-6 and H-8), 7.15 (t, 
J:7.7 Hz, lH, H-7), 6.93 (d, J-7.5 Hz, IH, H-5), 5.52 (4, J=6.6 Hz, IH, H- 

4)s 1.70 (d, J=6.6 Hz, 3H, CH3). 13C_ B(CDCl3) 153.6 (CC), 135.0 (C-8a), 
129.0 (C-7), 123.6 (C’-5), 123.3 (C-6), 122.6 (C-4&, 114.3 (C-8), 75.9 (C- 
4), 20.3 (CH3). 

N-[2-(2-Bromo-I-hydroxyethyl)phenylIethy) carbamate (13. Prepared 
quantitatively from 17’ by reduction with sodium borohydride In THF 
following the same procedure described for 15. -v,,,(film) 3350, 2970, 
1710, 1590, 1520, 1230, 1050, 760 cm-l. m/z 289 M++2 (12), 287 M+ (II), 
207 (21), 162 (lOO)* 148 (55), 136 (25), 118 (45), 106 (18)s 94 (26), 75 
(40). ‘H-d(CDC13) 8.33 (s, broad, IH, NH), 7.92 (dd, J:l.l and 8.8 Hz, 
tH, H-6 C6H4), 7.29 (ddd, J-1.7, 7.1 and 8.8 Hz, IH, H-5 C6H4), 7.11 (dt, 
J~l.7 and 7.6 Hz, IH, H-3 C6H4), 7.01 (ddd, J-1.1, 7.1 and 7.6 Hz, IH, H-4 

C6H4), 4.92 (m, lH, CH-0), 4.19 (4, J:7.0 Hz, 2H, CH2C), 4.08 (U, J-3.2, 

IH, OH), 3.62 (m, 2H, CH2-Br), 1.30 (t, J=7.0 Hz, 3H, CH3). ‘3C-d(CDCl3) 
154.2 (CC), 136.0 (C-l), 128.9 (C-2), 128.6 (C-5), 127.6 (C-3), 123.4 (C- 

4)* 121.8 (C-6), 73.8 (CH-C), 61.0 (CH2-C), 36.6 (CH2-Br), 14.1 (CH3). 

2-Ethoxycarbonylamtnostyrene oxide (19). To a solution of 0.5 g (1.73 
mmol) of 18 In 20 ml of methylene chloride a catalytic amount of TBAI and 
6.9 g of 1% aqueous sodium hydroxide were added. After 45 minutes the 
phases were separated and the organic one dried over sodium sulfate and 
evaporated under reduced pressure. The restdue was purtf ied by 
chromatography using methylene chloride/methanol (20/i) as eluent. Yield 
88%. (Found: C 63.65, H 6.25, N 6.44, CVHI~NCJ requires C 63.76, H 6.32, 
N 6.76). 
765 cm-l. 

vm~~/fllm) 2;,0, 1710, 1595, 
207 (lOO), 179 (25), 

15:;; y55), 1310, 1225,,201060, 8:P; 
134 (79), 

IH-a(cbc13) 
(34), 

(63), 106 (72), 91 (25)s 77 (53), 65 (15). 7.87 (d, J:8.8 Hz, 

11-1, H-3 C6H4)r 7.64 (s, broad, IH, NH), 7.25 (m, 2H, H-4 and H-6 C6H4)r 
7.06 (ddd, J:l.i, 7.1 and 7.6 Hz, lH, H-5 C6H4), 4.20 (q, J=7.0 Hz, 2H, 

CH2C), 3.98 (m, IH, CH-O), 3.00 (m, 2H, CH2-C), 1.31 (t, J-7.0 Hz, JH, 

CH3). ‘3C-d(CDCl3) 153.9 (CC), 136.5 (C-2), 128.5 (C-l and C-4), 126.9 (C- 

6)s 123.6 (C-5), 119.6 (C-3), 61.1 (CH2-C), 51.7 (CH), 48.6 (C_H2-C), 14.3 

(CH3). 

N-Ethoxycarbonyl-3-hydroxyincloline (20). Obtalned from 18 by treatment 
with sodium hydride. Crystallized from hexane, mp 82-4*, yield 90%. 
(Found: C 63.58, H 6.23, N 6.72. CllHl3N03 requires C 63.76, H 6.32, N 
6.76). vmax(nuJo)) 3470, 3441, 1679, 1599, 1316, 1156, 1049, 1012, 766, 
751 cm-l. m/z 207 M+ (IOO), 189 (40), 179 (12), 134 (49), 130 (421, 117 
(86)s 106 (761, 89 (3Oh 77 (521, 63 (181, 51 (2% ‘H-B(CDCl3) 7.80 (m, 

lH, H-7), 7.35 (m, 2H, H-4 and H-6), 7.05 (ut, J--l.0 and 6.7 Hz, lH, H-5 

Ph), 5.25 (m, WI, CH-0), 4.00 (m, 2H, CH2-N), 4.21 (q, J:7.0 Hz, 2H, 

CH2C), 1.33 (t, J17.0 Hz, 3H, CH3). ‘3C-d(CDCl3) 153.0 (CC), 132.2 (C-7a), 
129.8 (C-61, 125.2 (C-4), 122.8 (C-5), i20.8 (C-W, 114.9 (C-7), 69.2 (C- 
3), 61.5 (CH2-C), 56.6 (&2), 14.4 (CH3). 

N-Ethoxycarbonyl-2-hyciroxyindoline (21). Obtained from 19 by treatment 
with sodium hydrlcle in THF. Crystallized from hexane. Yield 88%. Physical 
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constants and spectral data are in fully agreement with those reported in 

the literature.’ 

N-Ethoxycarbonylindol (23). A solution of 20 or 21 in toluene was ref luxed 
with a catalytic amount of p-toluenesulfonic acid in toluene for 30 
minutes. The mixture was washed with water and dried over sodium sulfate. 
The solvent was removed under reduced pressure and the residue purified by 
chromatography using methylene chloride/methanol (40/l) as eluent. Yield 
90%. its spectral data are fully identical with that reported In the 
I+terature.9 

N-Ethoxycarbonyl-3-indolinone (24). Obtained from 17 by treatment with 
sodium hydride. Crystallized from hexane/acetone. Yield 88X, mp 73-5.. 
(Found: C, 64.28: H, 5.36; N, 7.00. CttHl~N03 requires C, 64.38; H, 5.40; 

N, 6.82). “;;;(““;j 3280, 3000, 1710, 1600, 1530, f470, 1230, 1060, 750 
cm-l. m/z (IOO), 190 (0.4), 177 (6), 160 (7), 133 (33), 105 (74), 
91 (IO), 77 (35), 51 (85). ‘H-d(CDCl3) 8.23 (m, II-I, H-4), 7.75 (m, 2H, H-5 
and H-7), 7.15 (dt, J=t.O and 7.8 HZ, IH, H-6 C6H4), 4.35 (4, Js7.2 HZ, 

2H, CH2-C), 4.23 (s, 2H, CH2-CO) and 1.36 (t, Jr7.2 Hz, 3H, CH3). 13C- 
d(CDCI3) 195.6 (CC), 153.5 (CCC), 140.5 (C-‘a), 137.0 (C-5), 124.0 (C-3a), 
123.7 (C-4), 123.1 (C-6), 116.6 (C-7), 62.4 (CH2-C), 55.1 (C-2), 14.4 

(CH3). 

N-[2-(2-Cyano-I-hydroxyethyl)phenyl]ethyl carbamate (251. To a suspension 
of 0.76 mmol of sodium cyanide in 3 ml of anhydrous DMF 0.76 mmol of 19 In 
3 ml of DMF was added. After 17 hours the mixture was quenched with 0.5 ml 
of water and the organic material extracted with methylene chloride. The 
organtc layer was washeci with water then dried over sodtum sulfate. The 
solvent was removed under reduced pressure aided with additions of small 
porttons of toluene and the residue was chromatographled using methylene 
chloride/methanol (20/l) as eluent yielding U3 mg (64%) of 25 as an oil. 
(Found: C 61.48, H 6.05, N 11.85. Cl2H14N203 requires C 61.53, H 6.02, N 
11.96). hax(fllm) 3340, 2990, 2220, 1700, 1610, t600, 1530, j490, 1410, 
1310, 1230, 1060, 760 cm-l. m/z 207 M+-HCN (59), 189 (IO), 144 (49), 134 
(20)s 117 (IOO), 106 (48), 90 (25), 77 (24), 63 (IO). ‘H-d(CDC13) 8.10 (s, 
broad, lH, NH), 7.82 (dd, J-l.0 and 8.6 Hz, IH, H-6 CgH4)r 7.32 (ddd, 
J:l.6, 7.3 and 8.6 Hz, IH, H-5 C6H4), 7.08 (m, 2H, H-3 and H-4 C6H4), 5.05 
(m, 1H, CH-O), 4.55 (s, broad, tH, OH), 4.18 (q, J-7.2 HZ, 2H, and CH20), 
2.82 (m, 2H, CH2-CN), 1.30 (t, J-7.2 HZ, 3H, CH3). 13C-d(CDC13) 154.3 
(CC), 136.2 (C-l), 129.9 (C-2), 129.4 (C-5), 127.2 (C-3), 124.2 (C-4), 
122.9 (CN), 122.6 (C-6), 69.8 (CH-C), 61.4 (CH2-C), 25.5 (CH2-CN), 14.4 
(CH3). 

2-Aminoclnnamonitrile ((E)-27 and (Z)-27). They were obtained from 25 as 
an equimolecular mixture of Z and E isomers following the general 
procedure of reaction with potassium carbonate described above. Yield 93%. 
The treatment of such a mixture wtth 10% aqueous sodium hydroxide yielded 
E-aminoqulnoline and the unaltered isomer (E)-27. Pure (E)-27 could be 
isolated by chromatography using ethyl acetate/hexane (l/l) as eluent, mp 
130-2. (LItI 134-5.). 

2-Aminoquinoline (28). To a solution of 0.61 mmol of 25 in MeOH 0.9 ml of 
1% aqueous sodium hydroxide was added. The mixture was ref luxed for 24 
hours. After cooling the solution was neutralized with 5% hydrochloric 
acid and extracted with methylene chloride. It was purified by 
chromatography using ethyl acetate/hexane (l/l) as eluent. Yield 90X, mp 
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130-I. reporteLit13 129-30.). Its spectral data are fully identical with that 
in the literature. 

Table +: ‘l-l-nmr parameters and conformational populations of compounds 5a, 

58, %a and 80. 

Chemical Shifts (a,ppm) Coup. Constants (Hz)_ Popu I at. 
Corn Sa cb H(l) H(2) H(3) OH J1.2 J1.3 J2.3 JI .OH XA xB xC 

5a A 1.0 5.47 3.41 2.79 5.59 11.3 2.3 -13.3 3.9 99 0 1 
0.01 5.61 3.58 2.67 4.29 11.0 2.1 -13.8 2.3 97 -3 6 

B 2.0 5.17 3.04 2.07 6.12 10.6 2.8 -12.8 4.6 91 5 4 

5(3 A 1.0 5.48 3.34 2.97 4.84 9.4 3.4 -13.1 - 77 10 13 
0.1 5.52 3.37 2.95 4.66 9.9 2.7 -13.1 1.5 84 2 13 

A/Bd 2.0 5.22 3.15 3.11 - 7.7 5.7 -12.9 - 53 36 i2 

0a A 0.5 5.96 3.33 3.17 - 11.0 2.3 -13.5 - 95 5 0 
B 2.0 5.73 3.40 3.25 - 11.0 2.6 -13.7 - 94 9 -3 

8@ A 0.5 6.02 3.40 3.25 - 6.4 6.3 -13.6 - 37 42 20 
B 2.0 5.80 3.33 3.40 - 7.4 6.0 -13.1 - 48 41 11 

aSolvent: A CDCl3, B DMSO-d6. bconcentration (Z, w/v). dA:B (1:1) mixture, 
in pure DMSO-d6 58 show a deceptively simple spectrum. 

ACKNOWLEDGEMENTS 
We thanK Direccidn General de Investigacidn Cientffica y Tecnica 

(Grant PB86-0120) for financial support. 

REFERENCES 

‘.Garcia Ruano J.L., Pedregal C.and Rodriguez J.H., An. Quim., in press. 
2.Natsume M. and MurataKe H., Tetrahedron Letters,l979, 3477. 
3.For a full discussion of the configurational assignment see, for 
example: Alcudia F., Llera J.M., Brunet E., Castillo L., Garcia Ruano J.L. 
Rodriguez J.H., An. Quim.,1986, 82C, 18; Alcudia F.,Brunet E.,Garda Ruano 
J.L.,Hoyos M.A.,Prados P., Rodriguez J.H.,Org.Mag.Resonance,l983,2f, 643. 
4.Garcia Ruano J.L.,Pedregal C.and RodrlguezJ.H.,Tetrahedron,l987,43,4407. 
5.Alcudia F., Brunet E., Gar cla Ruano J.L., Hoyos M.A. and Rodriguez J.H., 

Structure, 
::Tstct;hashi G 

1987,158, 79. 
Mftamura S. 

T.,EiKaKu M. 
and Ogura K.,Tetrahedron Letters, 1976, 855. 

7.Tsuchiya and OKajima S.,Chem. Pharm. Bu11.,1980, 28. 2602. 

8.1t is Known that epoxides undergo rearrangement to carbonylic compounds 
under the influence of bases (see, for example ‘*Principles of modern 
heterocyclic chemistry” Paquette L.A., Ed. W.A.Benjamin, Inc.,N.Y., 1968). 

9. KaspareK S. and HeacocK R.A., Can. J. Chem., 1966, 44, 2805. 
l”.Pschorr R., Chem. Ber., 1898, 31, 1289; Rupe H. and Heckendorn A., 
Helv. Chim. Acta, 1926, 9, 980; Bauer K.H., Chem. Ber., 1938, 71, 2226. 
‘1. Cumper C.W.N., Ginman R.F.A., Redford D.G. and Vogel A.I., J. Chem. 
sot., 1963, 1731; Den Hertog H.J. and Buurman D.J., Rec. Trav. 
Chim.,1967, 86, 187; Tondys H., Van der Plas J.C. and WorniaK M., J. 
Heterocyclic Chem.,1985, 22, 353 
‘2. See BlacK E. in “The ,Chemistry of functional group* Supplement E., 
Part. 1, p. 539; Patai S., Ed. J. Wiley and Sons, 1980. 
‘3. Pschorr R., Chem. Ber-.,1898, 3f, 1289. 


