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to 0 "C, DCC (17.9 mg, 86.9 pmol) was added, and the mixture 
was stirred at 0 O C  for 1 h. The DCU formed was removed by 
filtration and the filtrates were evaporated to dryness. The oily 
residue was redissolved in THF (1.40 mL) and cooled to 0 "C 
under Nz, and DMAP (1.4 mg, 11.5 pmol) followed by 4 (21.1 mg, 
78.3 pmol) was added. Ellman's test for thiols" was negative after 
15 min at 0 "C and the mixture was poured into sodium citrate 
buffer pH 3.5. The product was extracted into CHzClz, and the 
combined organic phases were washed with 5% NaHC03 and 
water, dried (MgS04), and evaporated. The moist solid residue 
was purified by preparative layer chromatography to afford 6b 
as clear oil (45.0 mg, 95%): IR (CHCIS) Y- 2942, 1719, 1680, 
1505, 1205 cm-'; 'H NMR (CDC13) b 1.18 (6 H, 8, Bpoc i-Pr), 
1.82-1.88 (1 H, m, @-CH,), 1.92-1.98 (1 H, m, @-CH2), 2.47 (1 H, 

s, NCHJ, 2.95 (1.5 H, s, NCH3), 3.24-3.34 (4 H, m), 3.72 (3 H, 
8, Cys OMe), 4.56-4.62 (1 H, m, Cys CH), 5.10 (2 H, s, Cys, Bzl), 
5.62-5.70 (1 H, m, Cys NH), 7.28-7.44 (10 H, m), 7.53-7.61 (4 H, 
m); FD mass spectrum m/e 606 (M'). 

4-[ [N-( tert -Butyloxycarbonyl)-N-methyl-y-amino- 
butyryl]thio]dibenzofuran (5a): IR (CDC13) v,, 2975,2930, 
1690, 1680 cm-'; 'H NMR (CDC13) 6 1.47 (9 H, s, Boc), 1.94-2.02 
(2 H, m, 8-CHz), 2.78 (2 H, t, J = 8 Hz, a-CH2), 2.86 (3 H, s, 
NCH,), 3.31 (2 H, t, J = 7 Hz, y-CH,), 7.32 -7.40 (2 H, m), 
7.44-7.51 (2 H, m), 7.58 (1 H, d, J = 8 Hz), 7.93 (1 H, d, J = 8 
Hz), 8.00 (1 H, d, J = 8 Hz); FD mass spectrum, m/e 399 (M+). 

4-[ [N-[[ (p -Biphenylyl)isopropyloxy]carbonyl]-N- 
methyl-y-aminobutyryl]thio]dibenzofuran (5b): IR (CHClJ 
Y, 2935,1698,1690,1448,1395,1182 cm-'; 'H NMR (CDC13) 
6 1.82 (6 H, s, Bpoc i-Pr), 1.88-1.96 (1 H, m, P-CH,), 2.01-2.09 
(1 H, m, 8-CH,), 2.72 (1 H, t, J = 7 Hz, a-CH2), 2.82 (1 H, t, J 

t, J = 7 Hz, (Y-CH~), 2.63 (1 H, t, J = 7 Hz, (Y-CH~), 2.80 (1.5 H, 

= 7 Hz, a-CHZ), 2.86 (1.5 H, 8, NCH3), 3.01 (1.5 H, 8, NCHS), 3.30 
(1 H, t,J=8Hz,y-CHz),3.45(1H, t, J=8H~,~-CHJ,7.30-7.48 
(9 H, m), 7.55-7.63 (5 H, m), 7.93 (1 H, dd, J = 8, 0.5 Hz), 8.00 
(1 H, dd, J = 8, 0.5 Hz); FD mass spectrum, m/e 537 (M'). 

Methyl Nu-(benzyloxycarbonyl)[[N-(tert-butyloxy- 
carbonyl)-N-methyl-y-aminobutyryl]thio]-~-cysteinate (6a): 
IR (CHC13) v,, 3005, 1720, 1685, 1505, 1200 cm-'; 'H NMR 
(CDCl,) 6 1.44 (9 H, s, Boc), 1.18-1.86 (2 H, m, B-CH,), 2.55 (2 

Hz,Cys CHz),3.75 (3 H,s,Cys OMe),4.58-4.63 (lH,m,Cys CH), 
5.11 (2 H, s, Bzl), 5.75 (1 H, bd, NH), 7.34 (5 H, s, phenyl); FD 
mass spectrum, m/e 468 (M'). 

Representative Procedure for Deprotection. To 6b (42.5 
mg, 70.1 pmol) were added 1.5% CF3COZH in CHzCl2 (1.00 mL) 
and anisole (10 pl, 92.0 pmol). The solution was stirred at 0 OC 
under Nz for 20 min and then diluted with MeOH (1.00 mL). 
NaHC03 (156 mg, 1.86 mmol) was added, the white suspension 
was stirred at 0 "C for 30 min and then diluted with water and 
CHZClz. The layers were separated, the aqueous phase was ex- 
tracted with CHZClz, and the organic layers were combined, dried 
(MgS04), and evaporated. To the oily residue was added I2 (71 
mg, 279 pmol) in MeOH (2.0 mL) and the solution was stirred 
at 25 "C for 10 min. The mixture was then poured into chilled 
5% ascorbic acid and extracted with CHZClz, and the combined 
organic layers were washed with water, dried (MgS04), and 
evaporated. The residue was purified by preparative layer 
chromatography to afford a viscous oil (17.3 mg, 92%) which was 
identical with authentic N",W-bis(benzyloxycarbonyl)-L-cystine 
dimethyl ester16 by TLC, HPLC, and 'H NMR. 
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H, t, J = 7 Hz, y-CHz), 2.80 (3 H, 8, NCHJ, 3..25 (2 H, b, (Y-CH~), 
3.32 (1 H, dd, J = 15, 6 Hz, CYS CHZ), 3.46 (1 H, dd, J = 15, 6 
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In an earlier study we determined equilibrium constants 
for addition of thiols to a,@-unsaturated carbonyl groups 
of the type found in the A ring of steroids and concluded 
that their reactivity is sufficient to be of potential im- 
portance in steroid-protein interactions.2 A study of thiol 
addition to methyl ketones suggested that these may also 
be potential sites of reaction with protein thiol groups 
when steric and electronic factors in the ketone are fa- 
~ o r a b l e . ~  Since keto groups are common substituents in 
rings of biologically active molecules, it  is important to 
assess the effect of ring size on reactivity of ketones with 
thiols. We report here equilibrium constants for addition 
of 3-mercaptopropanoic acid to various cyclic ketones. In 
aqueous media water addition competes with thiol addition 
and can limit the extent to which a ketone reacts with the 
thiol. Where possible, equilibrium constants for water 
addition were also determined. 

Results 
Most determinations were made with 3-mercapto- 

propanoic acid-d2 (3-MPA-d2) in D20 by 'H NMR. For- 
mation of hemithioketal could usually be monitored on the 
basis of the a-methylene proton resonance which occurred 
-0.7 ppm upfield of the corresponding ketone resonance. 
In some cases this resonance was obscured by the 0- and 
y-methylene resonances of the ketone, in which case the 
0- or y-methylene resonance of the hemithioketal, shifted 
0.2-0.3 ppm upfield from the corresponding ketone signals, 
was used. Formation of 1,l-diol in water was measured 
by using the analogous resonances of the diol. The as- 
signment of resonances to hemithioketal or diol was tested 
by showing: (1) that the signals were absent when the 
ketone or second reactant (3-MPA or water) was measured 
separately, (2) that the area of the signal for each adduct 
was directly dependent upon thiol or water concentration 
and also upon the ketone concentration, and (3) that the 
area of the signals for each adduct decreased reversibly 
with an increase in temperature. Values of KmH = [hem- 
ithioketal]/([ketone][3-MPA]) and KD,o = [diol]/([ke- 
tone][D20]), computed from peak area ratios as described 
previously,3 are given in Tables I and 11, respectively. Also 
included in Table I are a few values for KmH determined 
in dioxane in an analogous fashion. The value of KD,o for 
cyclobutanone is listed as tentative (Table 11) because the 
only signal attributable to the a-protons of the diol was 
unresolved from the downfield 13C-satellite signal of the 
@-methylene group of cyclobutanone, and it was necessary 
to correct for the satellite contribution in assessing the diol 
concentration. 

Side reactions were not observed except in the case of 
cyclohexanone in D20. After 12 days, a solution containing 
an initial threefold exces8 of 3-MPA-d2 over cyclohexanone 
showed no cycloheqanone proton signals but exhibited a 
triplet and two multiplets a t  1.74, 1.5, and 1.3 ppm in the 
ratio 2:2:1. Each signal appeared at  the same rate and this 

(17) Glaser, C. B.; Maeda, H.; Meienhofer, J. J.  Chromutogr. 1970,50, 
151. 
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Table I. Equilibrium Constants for Addition of 
3-Mercaptopropanoic Acid" to Cyclic Ketones 

[ketone], [3-MPA-dz], KWDt 
ketone M M nb M-' 

cyclobutanone 0.6 0.3-1.0 4 0.061 f 
0.007 

0.34 0.57 1 0.012c9d 
0.9-3.2 0.8-3.0 4 0.017 f 

0.005c9e 
cyclopentanone 2.2 3.4 2 <0.002 
cyclohexanone 0.095 0.29-1.15 4 0.065 f 

0.011 
1.5-2.7 1.1-1.3 2 0.020 f 

0.003c 
0.33-2.6 0.77-4.9 16 0.034 f 

0.012c*e 
cycloheptanone 2.31 1.5 1 0.0025re 
cyclooctanone 0.26-0.29 1.15 2 <0.001 
tetrahydropyran-4- 0.54 0.12-1.2 6 0.73 f 0.14 

4-piperidone 0.16-0.2 0.12-1.2 4 12.7 f 2.lf 
one 

a In DzO at 34 O C  and by 'H NMR except as noted. Number of 
determinations. CKRsH in dioxane. dTentative value. eBy 13C 
NMR. f At pH 2.5-3.3. 

Table 11. Equilibrium Constants for D20 Addition to 
Cyclic Ketones" 

[ketone], [DzOl, 1o3KDzO, 
ketone M M nb M-' 

cyclobutanone 0.33 54 1 0.06c 

cyclohexanone 0.24-0.48 53 5 0.53 f 0.16 
cyclopentanone 0.11-1.1 50-55 4 <0.001 

cyclooctanone 0.291 53 3 <0.02 
tetrahydropyran-4-one 0.54 42-53 7 4.5 f 0.5 
4-piperidone 0.16-0.2 48-52 6 102 f 7d 

In DzO at 34 O C  and by 'H NMR. Number of determinations. 
"Tentative value. dAt pH 2.5-3.3. 

corresponded to the rate of disappearance of the signals 
due to cyclohexanone plus its hemithioketal. These ob- 
servations, plus the fact that the thioketal from 2- 
mercaptoethanol and cyclohexanone is known to form 
under similar conditions,4 suggest that this side reaction 
involves thioketal formation. 

The complexity of the lH NMR spectra for larger ke- 
tones prompted us to explore 13C NMR as an alternative 
method for measurement of KRsH in dioxane. The diffi- 
culty with conventional 13C NMR (broad-band proton 
decoupling, short delay times, and small flip angles) is that 
variable NOE's (nuclear Overhauser effects) and unequal 
saturation of signals resulting from different Tl's (spin- 
lattice relaxation times) can result in peak area ratios for 
two substances that differ significantly from their molar 
ratios. As pointed out by Mareci and Scott5 this problem 
can be minimized if the ratios are derived from measure- 
ments of carbons having similar NOE's and Ti's, i.e., 
carbons in very similar environments. In the present 
system this is most nearly achieved by using the carboxyl 
group of 3-MPA and the corresponding group of the 
hemithioketal (shifted 0.5 ppm downfield from 3-MPA) 
to assess the thiokhemithioketal ratio. This approach gave 
a value for K ~ D  with fluoroacetone which was 10% greater 
than that found by lH NMR.6 With cyclobutanone and 
cyclohexanone (Table I) the 13C NMR method gave values 
40% and 70% greater than those measured by 'H NMR. 
This likely reflects a decrease in 2'' for the hemithioketal 

(4) Barnett. R. E.; Jencks, W. P. J. Am. Chem. SOC. 1969. 91. 
6758-6765. 

(5) Mareci, T. H.; Scott, K. N. Anal. Chem. 1977, 49, 2130-2136. 
(6) Burkey, T. J. Ph.D. Dissertation, University of California, San 

Diego, 1982. 

6758-6765. 
(5) Mareci, T. H.; Scott, K. N. Anal. Chem. 1977, 49, 2130-2136. 
(6) Burkey, T. J. Ph.D. Dissertation, University of California, San 

Diego, 1982. 

relative to 3-MPA-d2 resulting in a corresponding increase 
in its relative signal intensity. The result is an overesti- 
mation of the hemithioketoal to thiol ratio and therefore 
of the value of KWH. I t  proved impractical to study ad- 
dition to cycloheptanone by 'H NMR. The value obtained 
by I3C NMR (Table I) is likely to be high, perhaps by as 
much as a factor of 2, on the basis of the above consid- 
erations. 

Discussion 
The values of KmH and KD,o found for cyclohexanone 

(Tables I and 11) are 10-20 times greater than those found 
previously for acetone3 and the variation of KmD and KD 
with ring size follows the pattern c4 > c5 < c6 > c7 > 6 
These variations with structure are analogous to those 
found for other reactions involving conversion of an sp2 
to an sp3 hybridized carbon and have been attributed to 
the effects of ring size upon bond angle distortion and upon 
eclipsing of vicinal bonds.',* The large equilibrium con- 
stants for tetrahydropyran-4-one and 4-piperidone hy- 
drochloride, relative to cyclohexanone, result from the 
relief of unfavorable dipole-dipole and charge-dipole in- 
teractions in the ketone upon formation of the hemithio- 
ketal and are analogous to the electronic effects found in 
methyl k e t ~ n e s . ~  A value of 5.0 was reported for the 
diokketone ratio with 4-piperidone in 2 M phosphate 
buffer (pH 6 7 , 3 2  0C)9 which yields a value of KH@ = 0.10, 
assuming a water concentration of 50 M. Since isotope 
effects appear to be small for this r ea~ t ion ,~  this result is 
in accord with the value for KD,o given in Table 11. 

The potential biological importance of hemithioketal 
formation involving cyclic ketones can be assessed on the 
basis of the rationale outlined p r e v i o u ~ l y . ~ ~ ~  We consider 
first the reaction with glutathione (GSH), a thiol found 
in most eucaryotic cells at  1-10 mM concentrations. The 
value of KmH must be greater than 10 M-' and the ratio 
KmH/KH20 must be greater than 500 for 10% or more of 
the ketone to form hemithi~ketal .~ If 3-MPA is used as 
a model for glutathione, the results of Tables I and I1 show 
that none of the cyclic ketones studied meet these criteria. 
Thus, reaction of cyclic ketones with GSH to form hem- 
ithioketals is not expected to be a favorable process in cells. 

The possibility also exists that cyclic ketones can react 
with protein thiol groups, providing certain conditions are 
met.3 If the cyclic ketone binds with low affinity to a 
protein having a favorably positioned thiol group, then 
thiol addition to the ketone can occur in a fashion analo- 
gous to an intramolecular process. This will be much more 
favorable than the intermolecular reactions measured by 
KRsD and the predicted ratio of intra- to intermolecular 
equilibrium constants could be a factor of - lo6 M.3J0 I t  
follows that for cyclic ketones having intermolecular KmH 
values > 0.01 M-' the formation of a thiohemiketal by 
reaction between a protein thiol group and a bound ketone 
functionality could make a difference of -lo4 in the 
binding of the small molecule to the protein, thus con- 
verting a low affinity binding to a high affinity binding. 

Experimental Section 
Materials. All ketones were from Aldrich and were used 

without further purification, except cyclohexanone which was 

(7) Eliel, E. L.; Allinger, N. L.; Angyal, S. J.; Morrison, G. A. 

(8) Allinger, N. L.; Tribble, M. T.; Miller, M. A. Tetrahedron 1972,28, 

(9) Van Luppen, J. J.; Lepoivre, J. A.; Dommiase, R. A.; Alderweireldt, 

(10) Values may vary. See: Jencks, W. P. Ado. Enzymol. 1975,43, 

"Conformational Analysis"; Wiley: New York, 1965, Chapter 4. 

1173-1190. 

F. S .  Org. Magn. Reson. 1979, 12, 399-404. 
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prepared from its bisulfite adduct," distilled, and purified further 
by preparative GC (4 f t  X in. 10% SE 52 in series with 8 f t  
X in. 20% DEGS on Chromosorb P). Preparation of all other 
reagents was as previously de~cribed.~ Base-catalyzed reaction 
conditions were used to d i e  thioketal formation, and sample 
preparation for 13C NMR was similar to that for 'H NMRe3 
Typically, an aliquot of neat 3-MPA (0.04 mL, 4.6 mmol) was 
added to a 10-mm NMR tube containing anhydrous KzCO3 (13 
mg, 90 pmol). After bubbling subsided, dioxane (0.9 mL) and 
cyclobutanone (0.2 mL, 2.7 "01) were added. A 5-mm reference 
tube containing DzO for the NMR field lock was held coaxially 
in the NMR tube by a Teflon-brand sleeve. 
NMR Spectra. 'H NMR spectra were recorded on an EM 

390 90-MHz CW spectrometer or a 360-MHz Ft spectrometer 
interfaced to a Nicolet computer. Pulse widths were routinely 
5 ps (goo), acquisition times were 4 s, and delay times were 1 s. 
Redfield 2-1-4 and soft pulse sequences were used in a few cases 
where small signals were measured in the presence of large ones.12 
For the pulse lengths used, the effective field of the carrier pulse 
decreases significantly after a few hundred hertz. By placing the 
carrier frequency midway between two signals to be measured, 
the difference in the effective field of the two signals was mini- 
mized. Measurements were made as soon as the addition reaction 
came to equilibrium. Routine conditions were used for acquiring 
13C spectra (20' flip angle, 0.6 s acquisition time, and 1 s delay 
time). 

Registry No. DzO, 7789-20-0; 3-MPA-dz, 95193-08-1; cyclo- 
butanone, 1191-95-3; cyclopentanone, 120-92-3; cyclohexanone, 
108-94-1; cycloheptanone, 502-42-1; cyclooctanone, 502-49-8; 
tetrahydropyran-4-one, 29943-42-8; 4-piperidone, 41661-47-6. 

(11) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. R. "Purification of 
Laboratory Chemicals", 2nd ed.; Pergammon Press: New York, 1966; p 
57. 

(12) Redfield, A. G.; Kunz, S. D.; Ralph, E. K. J. Magn. Reson. 1975, 
19, 114-117. Redfield, A. G.; Gupta, R. K. Adu. Magn. Reson. 1971,5, 
81-115. M e l d ,  A. G.; Gupta, R K. J. Chem. Phys. 1971,54,1481-1419. 
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A substantial number of methyl-substituted benzenium 
ions ranging from methylbenzenium ion to heptamethyl- 
benzenium ion have been prepared and studied.2 The 
charge distribution patterns in these ions have been dis- 
cussed on the basis of their 'H and '% NMR dahz4 Both 
the X-ray structure5 and CPMAS 13C NMR6y7 spectrum 

(1) Considered aa Friedel-Crafta Isomerization, Part 17, and Stable 
Carbocations, Part 260. For part 16, see: Olah, G. A.; Lin, C. H. J. Am. 
Chem. SOC. 1968,90 6468. Part 259, see: Prakash, G. K. S.; Krishna- 
murthy, V. V.; Olah, G. A.; Farnum, D. G. J. Am. Chem. SOC., in press. 

(2) For a review on benzenium ions, see: Brouwer, D. M.; Mackor, E. 
L.; M a c h ,  C. In "Carbonium Ions", Olah, G. A., Schleyer, P. v. R., Eds.; 
Wiley Interscience: New York, 1970; Vol. 2, Chapter 20. 

(3) Doering, W. E.; Saunders, M.; Boyton, H. G.; Earhart, H. W.; 
Wadley, E. F.; Edwards, W. R.; Laber, G. Tetrahedron 1958, 4, 178. 

(4) Olah, G. A.; Schlosberg, R. H.; Porter, R. D.; Mo, Y. K.; Kelly, D. 
P.; Mateescu, G. D. J. Am. Chem. SOC. 1972, 94, 2034. Olah, G. A.; 
Mateescu, G. E.; Mo, Y .  K. Zbid. 1973,95, 1865. Olah, G. A.; Liang, G., 
Westerman, P. W. Ibid. 1973, 95, 3698. 
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Table I. GaCl,-Catalyzed Isomerization of 
Hexaalkylbenzenes in Freon-113 Solution at 30 O c a  

isomer distribution 
(%) 

hexaalkvlbenzene ortho meta Dara 
O-(CzH&z(CH&4C6 (1) 32.4 40.5 27.1 
~ - ( C ~ H & ( C H ~ ) & B  (2) 35.5 41.0 23.5 
P - ( C ~ H ~ A C H S ) I C B  (3) 37.6 44.6 17.8 

m-[CH2C(CH3)3]z(CH3)4C6 (5)  31.4 34.2 34.4 
o - [ C H ~ C ( C H ~ ) ~ ] ~ ( C H ~ ) ~ C ~  (4) 41.5 31.8 26.7 

P - [ C H ~ C ( C H ~ ) ~ ] ~ ( C H ~ ) ~ C ~  (6)  21.8 29.2 49.0 

a Average reaction time was 16 hs. 

of isolated crystalline heptamethylbenzenium tetra- 
chloroaluminate were reported. Ethyl-substituted ben- 
zenium ions including the heptaethylbenzenium ion were 
also reported. The heptaethylbenzenium ion was identified 
in the "red-oil" complex layers which are formed during 
the AQ-catalyzed ethylation of benzene with ethylene.8 

We now report the Friedel-Crafts isomerization of a 
series of mixed hexaalkylbenzenes, namely, isomeric di- 
ethyltetramethylbenzenes and dineopentyltetramethyl- 
benzenes. We also studied their intermediate protonated 
hexaalkylbenzenium ions in FS03H-SbF5 (4:1)/so2 and 
HF-SbF5 (1:1)/S02C1F solution at -20 to -70 "C. Pro- 
tonation of hexaisopropylbenzene in FS03H-SbF5 ( l : l ) /  
S02C1F has also been carried out. Further we have also 
generated and studied by 13C NMR spectroscopy a series 
of related heptaalkylbenzenium ions formed by low-tem- 
perature ipso alkylation of hexamethyl- and hexaethyl- 
benzene with Me2C+H and Me3C+ generated in SbF5/ 
SOzCIF solution. 

Results and Discussion 
When hexaethylbenzene was treated with AlCl, in 

benzene solvent at 30 "C for 1 h no dealkylation or tran- 
salkylation was observed. Similarly treatment of isomeric 
diethyltetramethylbenzenes 1-3 with SbF5 in 1,1,2-tri- 
fluorotrichloroethane (Freon-113) solution a t  30 OC over- 
night gave no evidence of isomerization. 

Addition of a proton source to the Lewis acid, however, 
promotes isomerization. Thus in our studies of Friedel- 
Crafts isomerization of hexaalkylbenzenes 1-6 we have 
found that GaC1, in Freon-113 as solvent and in the 
presence of a trace of water to provide a proton source is 
an efficient isomerization catalyst. No byproduct could 
be detected in these reactions. The results obtained are 
summarized in Table I. 

When same isomeric 1-6 were dissolved in FS03H-SbF5 
(4:1)/so2 solution a t  -20 OC the 'H NMR spectra of the 
resulting benzenium ions in all cases indicated formation 
and ready interchange of both possible, energetically sim- 
ilar, benzenium ions resulting from protonation ipso to 
methyl as well as ethyl groups. For example in case of 3 

(5) Baenziger, N. C.; Nelson, A. D. J. Am. Chem. SOC. 1968,90,6602. 
(6) Lyerla, J. R.; Yanoni, C. S.; Fyfe, C. A. Acc. Chem. Res. 1982, i5, 

(7) B o d k i n ,  G. I.; Nagy, S. M.; Mamatyuk, V. I., Shakierov, M. M.; 

(8) Olah, G. A,; Spear, R. J.; Messina, G.; Westerman, P. W. J. Am. 

(9) Newman, M. S.; LeBlanc, J. R.; Karnes, H. A,; Axelrad, G. J. Am. 

(10) This compound waa synthesized in four steps starting from 2,5- 

208. 

Shubin, V. G. J. Chem. Soc., CheM. Commun. 1983,1533. 

Chem. SOC. 1975,97,4051. 
Chem. SOC. 1963,86, 868. 

dimethyl-3-hexyne-2,5-diol as follows: 
0 0  
II II 

HOfCEC+oH !%% r-Pr-C-C--,-Pr 

WNHZ NNHI 

,-p,-l-l-,.pr * ,.pr-C=C--,.R y , - p r k  
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