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GILOWAND WALKER to detect some of the products was not due to failure to extract them into the CH&L phase. For ethylene, all three saturated esters were separated from the reaction mixtures by distillation, use being made of the solubility of the monoacetate in a water-acetic acid mixture as opposed to the organic solubility of the diacetate and chloroacetate. They were identified by physical properties, and by infrared and vpc retention times, which were identical with those of authentic samples. For propylene, only the chloro acetate, which was mainly l-chloro-2-acetoxypropane,determined by nmr, * 3 was isolated by distillaticin. Standards of the mono- and diacetate esters of 1,2propylene glycol, of 1,3-propylene glycol, and of l-chloro-3acetoxypropane were prepared, and the remainder of the unknowns were identified by vpc retention times. The following butane standards were prepared by the acetylation of the corresponding glycol or chlorohydrin: 2,a-diacetate; l13-diacetate; 1,4-di- and 1,4-chloro acetates; and the 1,2-diand 1,2-chloro acetates. The 2,3-chloro acetate was prepared by the reaction of the diacetate with HC1 to make the chlorohydrin,24 followed by acetylation of the chlorohydrin. The 1,3chloro acetate was prepared by the method of Meltzer and King.26 The 1,2-chloro acetate was prepared by reaction of 1,2epoxybutane with concentrated aqueous HC1 followed by acetylation. 3-Acetoxy-1-butene and crotyl acetate were prepared by acetylating the corresponding alcohols. 2-Acetoxy-2-butene was prepared by treating 2-butanone with acetic anhydride .26 The 2,3-dichlorobutane was purchased from K & K Laboratories. The treatment of 1,3-butanediol with acetyl chloride has been shown27 to give a 60: 40 mixture of 1-chloro-3-acetoxybutane and 1-acetoxy-3-chlorobutane. Vpc analysis of the reaction (23) Standards of both the 1-chloro-2-acetoxy- and 1-acetoxy-2-chloropropane were prepared. The nmr of the unknown indicated t h a t i t consisted of about 90'7, of the former with the remainder being the secondary chloride. (24) H . J. Lucas and C. W.Gould, J . A m . Chem. Soc., 63, 2541 (1941). (25) R. I,. RIeltzer and J. A. King, ibid.,76, 1355 (1955). (?6) D.Y. Curtin and RI. J. Hurwitz, i b i d . , 74, 5381 (1952). (27) S. Searles, Jr., K. A . Pollart, and F. Block, i b i d . , 79, 952 (1957).
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 mixture showed that two materials were present in about this ratio. The assignment of structure of the two isomers was confirmed by the nmr of samples collected by preparative vpc. The structure assignment by nmr is based on the known chemical shifts of the methylene carbons attached to chlorine as opposed to those of the methylene carbons attached to acetate. This same procedure was used to assign the configurations of the two 1,2-chloro acetate isomers. All products from oxidation of the butenes were identified by vpc retention times on two different columns. The identities of all the 1,3- and 2,3-di- and 1,3- and 2,3-chloro acetates were confirmed by collecting samples by preparative vpc and comparison of nmr with those authentic samples. The 1,2-diacetate and 1,2-chloro acetates were identified in the same way. Quantitative analyses were made by comparing peak areas with the areas of standards of known concentration. Most of the values in the tables are the averages of a t least two runs. Variation between runs was about 107,. In all cases the products identified accounted for over 957' of the materials found by vpc. However, small amounts of unidentified materials, usually higher boiling, were detected. They were most likely formed by further oxidation of the initial products. One such product from the 2-butene reactions was collected by preparation vpc. I t s nmr was consistent with the structure of 2-acetoxy-3-monochloroacetoxybutane.
 
 Registry No.-Palladium(I1) chloride, 7647-10-1 ; copper(I1) chloride, 7447-39-4; acetic acid, 64-19-7; cis-Zbutene, 590-18-1 ; trans-Bbutene, 624-64-6; 1butene, 106-98-9; ethylene, 74-85-1. Acknowledgment.-The author gratefully aclinowledges helpful discussions with Dr. H. G. Tennent and Professors S. Winstein and H. Taube and is also grateful for the assistance of Rlr. John Jackson and N r . Alan Jones with experimental work. The nmr spectra were obtained and analyzed by Dr. Mary Anderson and Dr. George Ward.
 
 Substituent Effects of Positive Poles in Aromatic Substitution. 11. The Nitration of Sulfonium and Selenonium Salts'" H. JI. GILOWAND GEORGEL. WALKER'') Department of Chemistry, Southwestern at Memphis, Memphis, Tennessee 58118 Received January 6, 1967 Nitration of dimethylphenylsulfonium methyl sulfate and dimethylphenylselenonium methyl sulfate with concentrated "OD in concentrated H2S04 results in 3.6% ortho, 90.47, metu, and 6.07, pura and 2.6% ortho, 91.3y0 meta, and 6.1% ' pura substitution, respectively. Dimethylnitrophenylsulfonium and -selenonium salts are dealkylated with sodium methoxide a t low temperatures. Since the resulting isomeric methyl nitrophenyl sulfides and selenides can be analyzed gas chromatographically, a convenient analysis of isomeric dimethylnitrophenylsulfonium and -selenonium salts has been accomplished.
 
 Substituent' effects of posit'ive poles in aromatic that in some cases considerable para nitration also nitration have been extensively investigated and found occurred. In fact, the anilinium ion is nitrated more to be predominantly, if not completely, meta d i r e ~ t i n g . ~ , rapidly ~ in the para position than the ineta position and Recent work by Ridd4-7 and Nesmeyanov8 indicated is known as a meta-para director,5 while the triphenyloxonium ion is nitrated almost entirely in the para (1) (a) For part I, see H. 31. Giloiv a n d G. L. Walker, Tetrahedron position.8 These results prompted us to reinvestigate Letters, No. 48, 4295 (1965). (b) National Science Foundation Underthe nitration of sulfoniumla and selenonium salts which graduate Research Participant. (2) P. B. D. D e La hlare a n d J. H. Ridd, "Aromatic Substitutionhave been reported to nitrate exclusively in the ineta Nitration a n d Halogenation," Butterworth and Co. Ltd., London, 1959, positi0n.~19 Chapter 6. (3) R. 0. C. Xorman a n d R. Taylor, "Electrophilic Substitution in All positive poles involving elements of groups V and Benzenoid Compounds," Elsevier Publishing Co., Amsterdam, The NetherVI exhibit a strong -I effect.'O,ll The -I effect is lands, 1965, Chapter 2. most effective in the ortho position and least effective (4) bl. Brickman, S. Johnson, and J. H . Ridd, Proc. Chem. Soc., 228 (1962). (5) J. H.Ridd a n d J. H . P . Ctley, ibid., 24 (1964). (6) hl. Brickman a n d J. H. Ridd, J . Chem. Soc., 6845 (1965). (7) M. Brickman, J. H . P. Utley, a n d J. H . Ridd, ibid., 6851 (1965). (8) N. N. Nesmayanov, T. P. Tolstaya, L. S. Isaeva, and A. V. Grid, DOH. A k a d . Kauk S S S R , 133, 602 (1960).
 
 (9) J. W.Baker and W.G . Mofitt, J . Chem. Soc., 1722 (1930). (10) S. G . Cohen, A. Streitwieser, Jr., and R. W . Taft, "Progress in Physical Organic Chemistry," Vol. 2, Interscience Publishers, Inc., New York, N. Y., 1964,p 334. (11) F. G. Bordwell a n d P. J. Boutan, J . Am. Chem. Soc., 78, 87 (1965).
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 deactivation of the ortho position. n(d-p) interaction (- M effect) may be regarded as being orthe-nieta directing similar t o the nitro group. A combination of these two effects results in the strong meta-directing effect of the phosphonium and arsonium groups. A small amount of para but no ortho substitution was also 0bserved.j These two effects also cause the sulfonium and selenonium groups to be principally ineta directing. The dimethylsulfonium and dimethylselenonium groups direct para and to a smaller extent also ortho. ortho substitution is not observed in the case of positive poles of group V elements. Another factor, n(p-p) interaction, needs to be considered. Possibly the first example of ~ ( p - p )interaction involving a positive pole is the oxonium ion which yields only the para product in a nitration reaction using concentrated HsSO? as a solvent and "03 as the nitrating agent. If ~ ( p - p ) interaction is important in the case of the sulfonium ion, ortho and para substitution are e x p e ~ t e d . ~The strong -I effect would lead to a small ortholpara ratio. Since an appreciable amount of ortho nitration of the sulfonium salt is obResults and Discussion served (3.6%) ortho/para ratio of 0.43), ~ ( p - p ) interThe orientation results of the nitration of dimethylaction is a possible explanation, although it might be phenylsulfonium methyl sulfate (1) and dimethylpredicted to yield more para substitution than was acphenylselenonium methyl sulfate (2) in concentrated tually obtained. The fact that an appreciable amount H2S04 and H S 0 3 are listed in Table I along with the of ortho nitration is observed indicates that resonance results of nitration of other salts in groups V and VI. interaction of the sulfonium group does occur. I t is not clear whether this is a n(d-p) and/or a ~ ( p - p )interTABLE I action. ISOMER DISTRIBUTION OBT.~INED IN XITRATION OF AROMATICS The nitration results of the selenonium salt 2 are HAVIKG POSITIVE POLES^ very similar to the sulfonium salt 1 and hence what was ortho, meta, para, said about the sulfonium salt is also true of the seleAromatic ?c % 7% nonium salt with slight modifications. The selenium Ce,HjN(CH3)3+ * 0 89 11 atom is larger than the sulfur atom; hence there is more Ce,H;P(CH3)3+ * 0 97 3 steric inhibition toward ortho substitution, less resoCeH&(CHa)3' * 0 96 4 nance interaction with the x system, and a slightly CsHjO(CsHj)2+ 0 0 1OOd smaller -I effect in the case of the selenonium than CeHsS(CH3)2+ 3 . 6 =k 0 . 2 90.4 zk 0 . 3 6.0 & 0.2 CeHjSe(CH3)2+ 2 . 6 + 0 . 2 91.3 =c! 0 . 3 6 . 1 +C 0 . 2 the sulfonium ion. The small differences in isomer disa Nitrations were carried out in H1S04 and HN03. * Reference tribution of the selenonium and sulfonium salts seem to 5. Reference 8. d Using nitromethane as solvent and N02BFa indicate that the importance of each individual effect as nitrating agent, 95% para and 5% ortho subst,itution was changes, but that the over-all system is such that the observed. isomer distribution is approximately the same. It was observed. that the selenonium salt reacted more rapidly Considering the fact that the phenyloxonium ion is than the sulfonium salt. nitrated exclusively in the para position in concenit is surprising that the phenyltrated KzS04and "03, Method of Analysis sulfonium ion yields only 6% of the para product. The oxonium group would be expected to have a larger -I p-Sitrodimethylphenylsulfoniummethyl sulfate ( 5 ) effect t'han the sulfonium group. The -I effect undergoes very rapid SN reactions with methoxide ion, coupled with the availability of the p electrons on oxyindicating that in this case the dimethylsulfonium group gen to promote para substitution results in only para is an excellent leaving group.16 It has also been found substitution. In the case of the sulfonium ion, an that at room temperature o-nitrodimethylphenyladditional factor, a(d-p) interact'ion, is also possible. sulfonium methyl sulfate (3) as well as 0- (6) and pConsiderable evidence for X(d-p) interaction in sulnitrodimethylphenylselenonium methyl sulfates (8) refonium salts is a~ailable'~-'5and appears to be a factor act rapidly with dilute solutions of sodium methoxide in contributing to t'he relatively small amount of para in methanol to form the corresponding nitroanisoles. substitut,ion. m-Nitrodimethylphenylsulfonium methyl sulfate (4) Ridd and Utley have observed that positive poles inand m-nitrodimethylphenylselenonium methyl sulfate volving elements of group V may be regarded as being (7) form only a small amount of 77%-nitroanisoleunder meta-para directing as a result of strong electrostat'ic the same conditions. Baker and lloffitt'sg procedure for the isolation of the nitrosulfonium and -selenonium (12) R. IT. T a f t and J. W. Rakshys, J r . , J. A m . Chem. Soc., 87, 4387 (1965). salts from the strongly acidic reaction involved neu(13) C. C. Price a n d S. Oae, "Sulfur Bonding," Ronald Press Co., New tralization was dilute sodium hydroxide at room temYork, N. Y.,1962, Chapter 5.
 
 in the most distant para position. This appears to be an important effect in the nitration of anilinium and methylanilinium salts as is suggested by the observed yields of para product ranging between 38 and 11%. That no ortho substitution is observed is apparently due to the strong -I effecte7 The recent observation of Kesmeyanov and co-workers8 indicating that the oxonium group is 100% para directing appears to be the result of a strong -I effect and a conjugative electron release from the positive The sulfonium and selenonium poles have strong -I effects," have filled p orbitals which can interact with the aromatic Q electrons activating the aromatic ring toward electrophilic substitution, and have empty d and s orbitals available that can interact with the aromatic Q electrons deactivating the aromatic ring toward electrophilic substitution. These eff ecta and others must be taken into consideration when considering the substituent effects of the sulfonium and selenonium groups.
 
 (14) F. G. Aordmell itnd P. J. Bouton, J . A m . Chem. Soc., 7 8 , 87 (1965). (15) D . P. Craig, J. Chem. SOC.,997 (1959).
 
 (16) B. A. Bolto and J. Miller, Australian J . Chem., 9, 74 (1965).
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 perature. This could have converted the 0- and p nitrosulfonium and -selenonium salts to the corresponding nitrophenols, leaving only the meta isomers. A methanolic solution of 3, 4, 5 , 6, 7, or 8 cooled to the temperature of Dry Ice in methanol yields only the dealkylated product upon treatment with sodium methoxide. That is 3, 4, and 5 yield only the corresponding methyl nitrophenyl sulfides and 6, 7, and 8 the corresponding methyl phenyl selenides. Gas chromatographic analysis indicated less than 0.5% nitroanisoles which would have resulted from displacement of the dimethylsulfonium or -selenonium group by methoxide. This so-called abnormal reaction has been observed previously using SCN- as the dealkylating agent," but to our knowledge it has not been observed with the methoxide ion on groups which are activated toward SN reactions.
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 sulfides or methyl nitrophenyl selenides. This indicated that, if 1 or 2 were contaminated wit'h the corresponding sulfide or selenide, they would not interfere with the analysis. These control experiments indicated no rearrangement during the reaction or the work-up and that methyl phenyl sulfide and methyl phenyl selenide, if present, did not interfere with the analysis. Experimental Section1*
 
 Dimethylphenylsulfonium Methyl Sulfate ( 1).-Methyl phenyl sulfide (Aldrich Chemical Co.) (12.4 g, 0.1 mole) and dimethyl sulfate (13.6 g, 0.108 mole) were heated in an oil bath a t 95" for 3 hr. Upon cooling the viscous solution crystallized. The crystalline product was ground in a mortar under acetone, rapidly filtered, and crystallized from isopropyl alcohol. After two crystallizations, the pure hygroscopic sulfonium salt was obtained (21.2 g, 84% yield), mp 81-82'. Anal. Calcd for C9H1&Oa: C, 43.18; H, 5.64. Found: C, 43.38; H, 5.56. Dimethylphenylselenonium Methyl Sulfate (2) .-BenzeneArY(CHa)2S04CH3 NaOCH3 CH30H +ArYCH3 selenoP (15.7 g, 0.10 mole), dimethyl sulfate (15.1 g, 0.10 mole), 1, Y = S; Ar = phenyl and 40 ml of 20% sodium hydroxide solution were heated on a 2 , Y = Se; Ar = phenyl water bath for 30 min. The selenide was extracted with ether, 3, Y = S; Ar = o-nitrophenyl dried over sodium sulfate, and distilled. The yield of methyl 4, Y = S; Ar = m-nitrophenyl 5 , Y = S; AI = p-nitrophenyl phenyl selenide was 13.3 g (78%), bp 46-47' (2 nim). Methyl 6, Y = Se; Ar = o-nitrophenyl phenyl selenide (13.3 g, 0.077 mole) and dimethyl sulfate (11.3 g, 7, Y = Se; Ar = m-nitrophenyl 0.09 mole) were heated in an oil bath a t 90' for 30 min. Upon 8, Y = Se; Ar = p-nitrophenyl cooling the viscous solution crystallized. The crystalline product was ground in a mortar under acetone, filtered, and crystallized Each individual nitrosulfonium and nitroselenonium from isopropyl alcohol. After two crystallizations, the pure salt was dissolved in nitric and sulfuric acid and treated selenonium salt was obtained (21.0 g, 92y0 yield), mp 107-108'. in a manner identical with conditions for the nitration Anal. Calcd for CJT14SSeO4: C, 36.33; H, 4.75. Found: C, 36.69; H, 4.90. of dimet hylphenylsulfonium (1) and dimethylphenylNitration of 1 and Z.-Sulfonium salt 1 (1 g) was added to a selenonium (2) methyl sulfate. Gas chromatographic mixture of 3 ml of concentrated HzS04 (reagent grade, meets ACS analysis of the dealkylated salts indicated no rearrangespecifications, sp gr 1.84, 95.5-96.5y0) and 2 ml of concentrated ment. "01 (reagent grade, meets ACS specifications, sp gr 1.42, 70-717,) a t room temperature and stirred until in solution. The Known mixtures of 3, 4, and 5 were treated in the reaction mixture was then placed in an oil bath a t 60" for 2 hr same manner as the nitration of 1. The results in Table and then analyzed. The time of the reaction was varied from 1 to I1 indicate good agreement with the percentage calcu8 hr and the temperature of the reaction up to 80" with no noticelated from the gas chromatographic analysis and the able change in results. Under these conditions, no evidence for calculated values. X o dinitration was observed. disubstitution or starting material was obtained. The nitration of the selenonium salt 2 was carried out in a similar manner except that the temperature of the reaction Kas kept a t 2.5' for TABLE I1 30 min. Gas CHROMATOGRAPHIC ANALYSIS OF KNOWN MIXTURESOF o-, Analysis of Reaction Mixture .-The nitration reaction mixture m-,ASD p-NITRODIMETHYLPHENYLSULFONIUM METHYLSULFATE was added to 200 ml of methanol and cooled to the temperature of Dry Ice in methanol. A concentrated solution of sodium ortho, meta, para, methoxide in methanol (-lo$&) was added dropwise with stirring 70 % % until the solution was basic to litmus paper. After the mixture Calculated 6.44 85.22 8.34 came to room temperature, it was filtered; the filtrate was evapGas chromatographic 6.2 & 0 . 2 85.3 i 0 . 3 8 . 5 f 0 . 2 orated to a small volume on a rotary evaporator, and analyzed gas analysisa chromatographically. An F & M Model 700 gas chromatograph Calculated 2.65 91.21 6.14 was used with a 6-ftJ l/s-in. copper column. The column packing Gas chromatographic 2 . 5 d= 0 . 3 91.3 d= 0 . 3 6 . 2 d= 0.2 consisted of 5% 2,4,7-trinitro-g-fluorenone on 60-80 mesh Chroanalysis mosorb W (nonacid washed). a Each value is an average of five gas chromatographic analDimethylnitrophenylsulfonium Methyl Sulfate ( 3 , 4, 5 ) and Dimethylnitrophenylsulfonium Methyl Sulfate (6, 7, 8) .-The yses. isomeric methyl nitrophenyl sulfidesz0were heated a t 95' for 2 hr with a slight excess of dimethyl sulfate. The isomeric methyl The sulfonium salt 1 and selenonium salt 2 were disnitrophenyl selenides20,21 were heated for 30 min. The crystalline solved in the nitrating mixture and immediately treated salts were ground in a mortar under acetone, filtered, and crystalwith sodiurn methoxide in the normal fashion. Gas lized twice from methanol. The melting points and analytical data are given in Table 111. chromatographic analysis indicated only methyl phenyl Verification of Analysis.-A number of experiments were run in sulfide or methyl phenyl selenide (
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