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was slowly pipetted in. The temperature rose to 10 "C during the 
15-min addition and then cooled back down to 6 "C. Then a 0.02-mol 
sample of the allylic chloride dissolved in 10 mL of THF was added 
dropwise to the clear solution at  a moderate rate from the dropping 
funnel. A white precipitate (AgC1) formed almost immediately but 
the reaction was allowed to continue at  room temperature in the dark 
under argon for 24 h. The reaction mixture was gravity filtered into 
a separatory funnel containing several chips of ice. The THF solution 
was diluted with ether, extracted several times with iced saturated 
NaHC03 solution, and d.ried over MgS04. Most of the ether and the 
THF was removed under reduced pressure and the remaining im- 
purities (THF, pyridine, and starting material) were distilled off under 
high vacuum at  room temperature. The remaining viscous liquid is 
the desired hydroperoxide. 

A. 3-Hydroperoxycy~clohexene. This allylic hydroperoxide was 
prepared in an 83% yield from 3-chlorocyclohexene (Aldrich) as de- 
scribed above in the general procedure. The reaction was followed by 
VPCZ7 (oven, 160 "C), the chloride peak (R f  2 min) gradually disap- 
pearing with the concomitant growth of peaks corresponding to 2- 
cyclohexen-1-one and -1-01 (R f  -5.5 min). The hydroperoxide could 
be distilled under high vacuum (0.1 mm) into a receiver cooled with 
liquid nitrogen by cautiously warming the distillation flask with a 40 
"C water bath [lit. bp 47-48 "C (0.2 mm),30 39-40 "C (0.1 mm)31]: 
NMR (CDC13) 6 1.83 (m, 6 H), 4.5 (m, 1 H), 5.88 (m, 2 H, olefinic), 9.13 
(broad s, 1 H, hydroperoxide). 

B. 3-Hydroperoxy-2-methoxycyclohexene (1). Enol ether allylic 
hydroperoxide 1 was obtained in 75% yield from chloride 2 using the 
above general procedure. I t  can be stored for long periods of time 
unchanged at  -20 "C under argon: NMR (CDC13) 6 1.60 and 2.03 
(overlapping multiplets, 6 H, probably 4 Hand 2 H, respectively), 3.53 
(s, 3 H, methoxy), 4.43 i:t, 1 H),  4.92 (t, 1 H),  9.17 (broad singlet, 
variable, 1 H, hydroperoxy); IR (neat) 3400 (m), 2941 (s), 1717 (w), 
1660 (s), 1600 (w), 1428 (m), 1370 (m), 1329 (w), 1316 (w), 1292 (w), 
1254 (w), 1212 (s), 1189 (s), 1165 (s), 1156 (SI, 1087 (m), 1064 (m), 1026 
(m), 971 (m), 922 (w), 877 (w), 803 (m), 710 cm-l (w). The absorption 
at  3400 cm-l is due to the hydroperoxy group, while the 1660 cm-l 
absorption is attributable to the vinyl ether carbon-carbon double 
bond. 

Anal. Calcd for C7H1203: C, 58.32; H,  8.39. Found: C, 58.28; H,  

C. 2-Methoxy-2-cyclohexen-1-yl Nitrate  (3). When a AgN03I 
ether/NaHC03 system replaced the Ag03SCFJ"HFipyridine system 
in the general procedure above, in the case of 3-chlorocyclohexene, 
the results were essentially unchanged. In the instance of chloride 2, 
workup, evaporation of t.he ether under reduced pressure, and dis- 
tillation of the residue at  0.005 mm at  room temperature into a dry 
ice cooled receiving flask gave a 50% yield of a compound whose 
spectral data and combustion analysis were consistent with 2-me- 
thoxy-2-cyclohexenyl nit:rate. The compound gradually decomposed 
and turned yellow upon standing in air a t  room temperature. The 
compound remaining in the distillation flask proved to be hydro- 
peroxide 1: NMR (CDCI:,) 6 1.90 (m, 6 H), 3.53 (s, 3 H), 5.05 (t, 1 H), 
5.45 (m, 1 H); IR (neat) 21968 (m), 1741 (m), 1675 (m), 1634 (s), 1445 
(m), 1380 (m), 1334 (w), 1304 (m), 1279 (4, 1217 (s), 1195 (m), 1177 
(m), 1164 (m), 1132 (w), 1097 (m),  1056 (m), 1029 (m), 973 (m), 948 
(m), 926 (m), 860 (s), 813 (w), 802 (w), 756 (w), 716 (w), 691 cm-I (w). 
The 1634 and 1279 cm-l absorptions are attributable to the -ON02 
group, MS (70 eV) rnle 173 (M+), 111 (M+ - Nos). 

Anal. Calcd for C7Hll:V04: C, 48.55; H, 6.40. Found: C, 48.05; H, 
6.40. 

Registry No.-Silver triflate, 2923-28-6; 3-hydroperoxycyclo- 

8.25. 

hexene, 4845-05-0; 3-chlorocyclohexene, 2441-97-6. 
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Recently, Corvers et al.la published t h e  preparat ion of 
heterocyclic steroids with thiophene as A ring via a cationic 
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olefinic cyclization. These compounds could be converted into 
the corresponding “estrogens” with a trans-anti-trans 
structure.’b In order to obtain more insight into the stereo- 
chemical pathway of the cyclization process for these com- 
pounds and also for similar precursors as were developed by 
J o h n ~ o n , ~ , ~  we introduced a chiral center at position pro-C-5 
of compound 1 (R = CH3, tert-butyl; Scheme I). In contrast 

-- l a  R=CHl  2 0  R-CH,  -- 3 0  R-CH, 

1 5  R=CICHj I ,  
-- 
2 b  R=CICHI),  Jk R=CICH] i ,  -- _- 

a The enantiomers are not drawn. 

to the work of Johnson, who prepared diastereomeric-free 
1 la-methylprogesterone via olefinic cyclizations, the asym- 
metric center in our cases is one C-C distance further from the 
cyclization initiator, the allylic cation. Johnson ascribed the 
highly stereochemical outcome of the cyclization reaction in 
part to the nonbonded interaction in the transition state for 
the formation of the l l p  isomer between the methyl groups 
attached to pro-C-11, pro-C-10, and possibly pro-C-13. Al- 
though in our substrates no alkyl substituent interaction is 
possible, there is still found one enantiomeric pair after cy- 
clization of lb and 9;’% diastereomeric purity after cyclization 
of la. 

The preparation of the latter compounds is outlined in 
Scheme 11. The crucial step in these syntheses was the Wittig 

Scheme I1 

k 
5 a . b  _ -  

n 

u 
8 a . b  9 
C?.  - 

condensation of aldehydes 8a and 8b with ylide g4 to yield E 
alkenes 10a and lob., respectively. The E configuration of the 
alkenes is a prerequisite, since 2 isomers fail to give tetracyclic 
materia1.l The reaction of 8 (R = H) carried out under 
Schlosser conditions5 with butyllithium as base afforded Z 

Table Ial b 

R 

Compd C,(E) C,(Z) A6 C , ( E )  C , ( Z )  A6 
10, R = H C  35 .71  30.54 5.17 33.80 28.50 5 .30  
1 Oa 43 .41  33.75 
1 Ob 34.85 30.88 3.97 33.61 28.54 5.07 
11, R = HC 35.55 32 .15  
l l a  43.38 32.15 
l l b  35.25 30.64 4 .61  32.09 26.94 5 .15  

a Values given in parts per million downfield from Me,% 
b Th = 2-substituted thiophene. CThe values for these com- 
pounds are obtained from ref 1. 

Table IIa 
-7- 2q 3 

R 
Compd c- 5 C-6 c - 7  C-8 

2 , R =  Hb 26.29 29.29 42.48 49.76 
2a 33.22 39.22 42.70 50 .33  
2b 48.72 33.45 42.35 50.05 

a Values in parts per million downfield from Me, Si. b The 
values of this compound are obtained from ref 1. 

alkenes predominantly, whereas the use of phenyllithium 
resulted in the formation of E alkenes quantitatively.6 Al- 
dehydes 8a and 8b yielded E alkenes only if the reactions were 
carried out at  temperatures between -30 and -50 “C. The 
configuration of the alkenes could be confirmed unequivocally 
with I3C NMR ~pectroscopy.~ The differences in chemical 
shift (AS) between the allylic carbon atoms are characteristic 
for E and Z isomers. In Table I the data are given for the 
compounds under discussion. 

Cyclization of alkenes la and lb with 1.2 equiv of SnC14 
afforded tetracyclic material in 50% yield, which is in good 
agreement with the experiments performed on the unsubsti- 
tuted alkenes 1 (R = H).l This correspondence in yields is 
important, otherwise other factors than asymmetric induction 
might play a role. Variation of the SnC14 equivalency lowered 
the yield of tetracyclic product. The by-products consisted 
of polymers8 (caused by the action of the Lewis acid on thio- 
phene) and Diels-Alder products, generated from the unstable 
cyclopentenole ring. Upon cyclization of racemic la and lb, 
2a and 2b were formed, respectively. The corresponding di- 
astereomer 3b could not be detected. Thus this cyclization 
occurred with complete asymmetric induction. If this ex- 
periment was carried out with material in a pure enantiomeric 
form, the tetracyclic product would also be enantiomerically 
pure.2 Upon cyclization of la, 97% of the tetracyclic products 
consisted of 2a, as shown by HPLC. Presumably, the re- 
maining 3% is diastereomer 3a (M+ mle 258; see Experimental 
Section). No further experiments have yet been carried out 
to increase the amount of 3a for further 13C NMR structure 
identification. Based on the 13C NMR data (Table 11) the 
configuration of the products 2a and 2b could be determined. 
If substituent R occupies the (3 position, a y-gauche interaction 
would cause an upfield shift of C-7 in the order of 1-3 ppm as 
compared with 1 (R = H). A similar effect amounts to 6.3 ppm 
in methyl-substituted cyclohexanes, where the axial position 
of a methyl substituent has been firmly e ~ t a b l i s h e d . ~ J ~  This 
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effect is not observed. Therefore, we concluded that com- 
pounds were formed with R in the CY position. The small 
downfield shift of C-8 is also in accordance with the a position 
of R. 

The fact that the tert-butyl group renders a total asym- 
metric induction is not very surprising because of its bulkiness. 
However, such a high specificity induced by a relatively small 
methyl substituent a t  a large distance from the cyclization 
initiator is quite unexpected. This implies that we are dealing 
with a concerted cyclization10 starting from the allylic cation 
via a distinct productlike transition state in which the non- 
bonded interaction between the alkyl group at  pro-C-5 and 
the hydrogen atoms at pro-C-7 and at  pro-C-9 is in favor of 
the (Y isomer. Apparently (at low temperatures) the initially 
formed ion pair of the allylic cation, resulting from heterolysis 
of the allylic-0 bond, manifests itself via a conformational 
equilibrium in which the precoiled conformer given in Chart 
I (illustrated for methyl a t  pro-C-5 in a position) is the most 

Chart I 

. Y  

favorable one. This conformer leads to the thermodynamically 
most stable tetracyclic product. Molecular orbital calculations 
are in progress to support this model description. 

Experimental Section 
The lH NMR data were obtained on a Varian EM-360A spec- 

trometer using Me4Si as internal standard (6 0.00). The 13C NMR data 
were recorded on a Varian HA-100 equipped with a Digilab FTS- 
NMR-3. Microanalyses were carried out in our laboratories by Messrs. 
P. van den.Bosch and H. Eding. HPLC analyses were carried out by 
Mr. G. J. Bezemer. 2-Acetylthiophene (4a)ll and pivaloylthiophene 
(4b)12 were prepared according to the literature. 
3-(2-Thienyl)but-2-enoic Acid Ethyl Ester (5a). To a suspension 

of 0.2 mol (6 g) of sodium hydride (80% in paraffin) in 100 mL of di- 
methoxyethane (under a nitrogen atmosphere) was added 0.2 mol 
(42.4 g) of triethyl phosphonoacetate a t  a temperature below 20 "C. 
After the solution was stirred for 1 h 0.2 mol (25.2 g) of acetylthio- 
phene was added and refluxed for 16 h. The mixture was poured into 
water and the product extracted into ether. After the combined ether 
layers were dried with MgS04, the solvent was stripped off. Distilla- 
tion gave 24 g of 5a (61%), bp 147-154 "C (14 mm). This product was 
obtained as a mixture of Z and E isomers (Z/E -3/10): NMR (CCb) 
6 1.06-1.50 (2 t, 3, CHZCH~) ,  2.25-2.54 (m, 1, C=CCH3), 3.84-4.39 
(2 q, 2, CHZCH~) ,  5.73,6.12 (m, 1, C=CH), 6.76-7.66 (m, 3, ThH). 
3-(2-Thienyl)-4,4-dimethylpent-2-enoic acid ethyl es ter  (5b) 

was prepared as for 5a. Only the E isomer was obtained: bp 99-103 
"C (0.25 mm); yield 60%; NMR (CC14) 6 0.99 (t, 3, CH~CHB),  1.12 [s, 
9, C(CH3)3], 3.86 (q,2, CHZCH~),  5.99 (s, 1, C=CH), 6.54-7.20 (m, 3, 
ThH). 

3-(2-Thienyl)butanoic Acid Ethyl Ester (6a). A mixture of 0.12 
mol (23.8 g) of 5a was hydrogenated in 150 mL of ethanol with 3 g of 
Pd on carbon (10%) as catalyst. After 20 h the mixture was filtered 
to yield after distillation 21.4 g (89%) of 6a: bp 123 "C (12 mm); NMR 

CHZCHCH~), 3.15-3.70 (m, 1, CH), 3.96 (q, 2,  CH2CH3), 6.55-7.05 
(m, 3, ThH). 
3-(2-Thienyl)-4,4-dimethylpentanoic acid ethyl ester (6b) was 

prepared analogous to 6a: yield 75%; bp 79-80 "C (0.25 mm); NMR 

CHZCO~), 3.12-3.38 (m, 1 ,  CHCHz), 3.88 (q, 2, CHZCH~) ,  6.63-7.04 
(m, 3, ThH). 

3-(2-Thienyl)butanol (7a). A solution of 0.02 mol (3.96 g) of 6a 
in 10 mL of ether was added dropwise to a suspension of 0.02 mol (0.76 
g) of LiAlH4 in 30 mL of ether a t  0 "C. After 1 h of stirring a t  room 
temperature and 1 h of refluxing, 1 N sodium hydroxide was added. 
Filtering, drying, and distillation yielded 2.81 g (90%) of 7a: bp 121 
"C (12 mm); NMR (CC14) 6 1.23 (d, 3, CHCHs), 1.72 (m, 2, 

(Cc4)  6 1.13 (t, 3, CH2CH3), 1.31 (d, 2, CH3), 2.15-2.85 (AA'B, 2, 

(cc14) 6 1.00 (t, 3, CHZCH~),  0.95 [s, 9, C(CH3)3], 2.48-2.65 (AA'B, 2, 

CH2CH20H), 2.80-3.50 (m, 1, CHCH3), 3.43 (t, 3, CHzOH), 3.96 (s, 
1, OH), 6.70-7.10 (m, 3, ThH). 
3-(2-Thienyl)-4,4-dimethylpentanol (7b) was prepared as for 

7a: yield 99%; bp 82-85 "C (0.01 mm); NMR (Cc4)  6 0.88 [s, 9, 
C(CH&], 1.50-2.08 (m, 2, CH2CH20H), 2.61-2.87 (m, 1, CH), 3.28 
(s, 1, OH), 3.18-3.42 (m, 2, CH20H), 6.60-7.03 (m, 3,ThH). 

3-(2-Thienyl)butanal @a). A solution of 6.4 mmol(1 g) of 7a in 
6 mL of dichloromethane was rapidly added to a suspension of 9.6 
mmol (2.1 g) of pyridinium chlorochromate13 in 12 mL of dichloro- 
methane at  room temperature. After 3 h of stirring no alcohol could 
be monitored. A fivefold excess of ether was added and the solution 
filtered over Florisil. Distillation afforded 0.9 g of aldehyde 8a (91%): 
bp 104 "C (13 mm); NMR (CC14) 6 1.33 (d, 3, CHCH3), 2.20-3.05 (m, 
2, CH~CHO),3.20-3.87 (m, 1, CHCH3), 6.43-7.06 (m, 3, ThH), 9.49 
(t, 1, CHO). 
3-(2-Thienyl)-4,4-dimethylpentanal (8b). This compound was 

prepared analogous to 8a: yield 67%; bp 84 "C (0.03 mm); NMR (CCb) 
6 0.88 [s, 9, C(CH3)3], 2.58-2.70 (m, 2, CHzCHO), 3.17-3.40 (m, 1, 
CHCHzCHO), 6.69-7.05 (m, 3, ThH), 9.39 (t, 1, CHO). 
2,5-Bis(ethylenedioxy)-12-(2-thienyl)-( E)-tridec-9-ene (loa). 

Phenyllithium (16 mL, 2 N solution) was added to 0.032 mol (20.23 
g) of phosphonium salt 9 in 75 mL of tetrahydrofuran (THF) at  0 "C 
under a nitrogen atmosphere. At -70 "C 0.032 mol of 8a in 5 mL of 
THF was added, followed by a second equivalent of C&Li. The 
mixture was maintained between -30 and -50 "C during 1 h, after 
which 7 mL of ethanol was added. The mixture was poured into water 
from which the product was extracted with petroleum ether. Chro- 
matography yielded 6.0 g (50%) of loa: NMR (CCL) 6 1.23 (s, 3, diox 
CH3),1.27 (d,3,CHCH3),1.62 (~,4,02CCH2CH&02),2.67-3.27 (m, 
1, CHCH3), 3.88 (s,8,4 -OCH2), 5.10-5.47 (m, 2, CH=CH), 6.54-7.45 
(m, 3, ThH). 
2,5-Bis(ethylenedioxy)-13,13-dimethyl-12-(2-thienyl)-( E ) -  

tetradec-9-ene (lob) was prepared as for loa: yield 41%; NMR 
(CC14) 6 0.92 [s, 9, C(CH3)3], 1.23 (s, 3, diox CH3), 1.61 (s, 4, OZC- 
CH2CH2C02), 1.61-2.75 (m, 9, aliphatic H), 3.79 (s, 8, 4 OCHz), 
5.00-5.37 (m, 2, CH=CH), 6.60-7.18 (m, 3, ThH). 

2-[6-(2-Thienyl)-( E)-hept-3-enyl]-3-methylcyclopent-2-en- 
one (1 la). A mixture of 6.8 mmol(2.6 g) of diketal loa, 30 mL of 0.5 
N HCl, and 60 mL of ethanol was refluxed under a nitrogen atmo- 
sphere during 1.5 h, whereupon the solution was rendered alkaline 
with 1 g of sodium hydroxide and refluxed for another 1.5 h. After 
evaporation of the ethanol and extraction with pentane, chromatog- 
raphy yielded 1.6 g (86%) of pure product l l a ;  bp 142-143 "C (0.01 
mm). 

Anal. Calcd for C17H22OS: C, 74.40; H,  8.09. Found: C, 74.51; H, 
8.15. 

NMR (CCb) 6 1.25 (d, 3, CHCHB), 1.50-2.57 (m, 13, aliphatic HI, 
2.57-3.26 (m, 1, CHCH3), 4.97-5.40 (m, 2, CH=CH), 6.45-7.20 (m, 
3, ThH). 
2-[7,7-Dimethyl-6-(2-thienyl)-( E)-oct-3-enyl]-3-methylcy- 

clopent-2-enone ( l l b )  was prepared as for lla: yield 70%; bp . .  

156-157 "C (0.01 mm). 

8.75. 
Anal. Calcd for CzoHzsOS: C, 75.90; H, 8.92. Found: C. 75.70; H, 

NMR (CC14) 6 0.90 [s, 9, C(CH3)3], 1.89 (s, 3, cyclopent-CH3), 
1.98-2.67 (m, 11, aliphatic H),  5.00-5.11 (m, 2,  CH=CH), 6.58-7.05 
(m, 3, ThH). 

2 4  6-(2-Thienyl)-( E)-hept-3-enyl]-3-methylcyclopent-2-enol 
(la). 2-[7,7-Dimethyl-6-(2-thienyl)-(E)-oct-3-enyl]-3-methyl- 
cyclopent-2-enol (lb).  At -30 "C 1.8 mmol(78 mg) of LiAlH4 was 
added in small portions to a solution of 1.8 mmol of ketone l a  or lb.  
After 0.5 h 1 N sodium hydroxide was added. The mixture was filtered, 
dried, and concentrated at  low temperature. Due to their suscepti- 
bility to dehydration, the cyclopentenols were used immediately for 
cyclization experiments. The products obtained from the cyclization 
experiments were first purified by column chromatography. On TLC 
pure tetracyclic material HPLC (Lichrosorb R P  18) was carried out 
to determine the diastereomeric ratio. 

5,l la-Dimethyl- 12,13[ b]-thienotricyclo[7.4.0.04~8]tridec-4-ene 
(2a). To a solution of 500 mg of unsaturated alcohol la in 10 mL of 
dichloromethane at  -95 "C, 1.2 equiv of SnC14 was added dropwise. 
After 1 h the solution was poured into saturated ammonium chloride 
and the product extracted with dichloromethane. Chromatography 
yielded 250 mg of product (50%). HPLC analysis revealed that the 
product consisted of 97% 2a and 3% 3a (M+ mle 258). 

Anal. Calcd for C17H22S: C, 79.01; H, 8.48. Found: C, 78.86; H, 
8.48. 

NMR (CC14) 6 1.27 (d, 3, CHCH3), 1.60 (s, 3, C=CCH3), 1.00-3.30 
(m, 14, aliphatic H),  6.66-6.95 (AB, 2, ThH). 

5-Methyl-1 la- tert-butyl-12,13[ b]-thienotricycl0[7.4.0.0~*~]- 
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tridec-4-ene (2b) was prepared as for 2a, yield 50%. 

This  product turned out t o  be diastereomeric free. 

(m, 14, aliphatic H),  6.70-6.95 (AB, 2, ThH).  
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Peptide bond formation mediated through 1-succinimidyl 
ester couplings in aqueous or nonaqueous solvents is a stan- 
dard procedure of peptide synthesk2 In the present com- 
munication we wish to report the observation of a new side 
reaction of 1-succinimidyl esters. 

Coupling of a N-protected amino acid 1-succinimidyl ester 
with a free amino acid in anhydrous dimethylformamide in 
the presence of triethylamine results usually in high yields of 
the dipeptide derivative, as loss through hydrolysis of the 
activated ester is minimized. As an example, the preparation 
of N-benzyloxycarbonylglycyl-L-proline, containing an 85% 
13C-enriched proline r e ~ i d u e , ~  is described in the Experi- 
mental Section. However, when N-tert-butyloxycarbonyl- 
L-proline 1-succinimidyl ester was coupled under identical 
conditions with free proline or 4-thiazolidinecarboxylic acid, 
the expected N-protected dipeptides 1 and 3 were accompa- 
nied by secondary products formed in nearly the same amount 

d 

fNEt  2 DMF BOC-N f ' l C 0 N i C O 2 H  + 2 
1 ca. 60% ca. 40% 

d 
A A  

+NEt, 

DMF 
- B O C - U - ~ O A - J - C O ~ H  + 4 

3 ca. 60% ca. 40% 

(BOC = tert-butyloxycarbonyl) 

(contaminants 2 and 4). Coupling of the activated ester with 
the sodium salt of proline in an ethanol-water mixture re- 
sulted in an important hydrolysis of the ester. The by-prod- 
ucts 2 and 4, which were not chromatographically identical, 
could not be obtained pure enough for elemental analysis. 
However, they were obtained free from the corresponding 
N-protected dipeptides and accompanied only by a trace 
amount of proline or 4-thiazolidinecarboxylic acid through 
repeated precipitations. Infrared and NMR spectroscopy as 
well as mass spectrometry have shown the contaminants to 
have structures 2 and 4. 

4 

In the infrared region the carbonyl stretching vibrations of 
the two N-protected dipeptides 1 and 3 appeared as three 
bands of approximately the same intensity located a t  1605, 
1682, and 1755 cm-l, while compounds 2 and 4 showed two 
strong absorptions centered at 1605 and 1685 cm-l and a band 
of medium intensity a t  1790 cm-l. The appearance of an ab- 
sorption a t  higher frequency (1790 cm-l) is consistent with 
the presence of a carbonyl group implicated in a O-acylhy- 
droxylamine linkage.4 

The general aspect of the proton NMR spectra of contam- 
inants 2 and 4, in chloroform solution, was essentially the same 
as that of the corresponding dipeptides5 1 and 3. In particular, 
the observation of two singlets at  6 1.40 (smaller) and 1.47 ppm 
(larger) for compound 2 and a t  6 1.43 (smaller) and 1.49 ppm 
(larger) for compound 4 confirmed the presence of the tert-  
butyloxycarbonyl group. On the other hand, contaminants 2 
and 4 presented an additional unresolved peak centered a t  6 
2.75 ppm, corresponding to four protons, which was absent 
from the spectrum of 1 and 3, and which is assigned to the 
methylene protons of the succinic acid group. 

Mass spectra of the methylated (diazomethane) contami- 
nants 2 and 4 confirmed the proposed structure and showed 
that methylation occurred on the carboxylic acid function and 
on the nitrogen proton of the 0-acylhydroxylamine deriva- 
tives 2 and 4. The observed fragmentation of the methylated 


