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(t, J = 7.3 Hz, 2 H), 7.09-7.25 (m, 4 H); '9 NMR (CDClJ 6 13.59, 
21.92,30.95,32.87,125.54,126.36,127.83,129.77,134.59,139.41. 

2-Hydroxyethyl p -tolyl sulfide, 27, was synthesized by a 
modified method of Nambara and Mat suh i~a '~~  using sodium 
methoxide rather than KOH as the base. The product was ob- 
tained in 90% yield after purification on the chromatotron. 'H 

2 H), 3.70 (dt, J = 4.9, 6.1 Hz, 2 H), 7.11 (d, J = 8.0 Hz, 2 H), 
7.31 (d, J = 8.0 Hz, 2 H); 13C NMR (CDC13) 6 21.03, 38-10, 60.13, 
129.85, 130.78, 131.12, 137.04. 

2-Hydroxyethyl p-tolyl sulfoxide, 2780,* was synthesized 
in 77% yield by treating 27 with 1 equiv of MCPBA in CHzClz 
at -15 OC: 'H NMR (CDC13) 6 2.42 (s,3 H), 2.87-2.95 (m, 1 H), 
3.07-3.15 (m, 1 H), 3.9-4.04 (m, 1 H), 4.13-4.24 (m, 2 H), 7.34 
(d, J = 8.6 Hz, 2 H), 7.54 (d, J = 8.6 Hz, 2 H); NMR (CDCl,) 
6 21.31, 56.49, 59.00, 123.93, 130.01, 139.65, 141.64. 

5-Hydroxypentyl p -tolyl sulfoxide, 2950, was synthesized 
in 78% yield by treating 29 with 1 equiv of MCPBA in CH2Cl2 
at -15 O C :  'H NMR (CDC13) 6 1.4-1.85 (m, 6 H), 2.41 (s, 3 H), 
2.54 (bs, 1 H), 2.75-2.86 (m, 2 H), 3.6 (t, J = 6.0 Hz, 2 H), 7.32 
(d, J = 7.9 Hz, 2 H), 7.50 (d, J = 7.9 Hz, 2 H); '9c NMR (CDClJ 
6 21.33 (9, J = 127 Hz), 21.93 (t, J = 129 Hz), 24.80 (t, J = 126 
Hz), 32.02 (t, J = 126 Hz), 57.05 (t, J = 139 Hz), 61.97 (t, J = 
141 Hz), 123.99 (d, J = 162 Hz), 129.86 (d, J = 161 Hz), 140.22 
(a), 141.46 (8 ) .  

6-Hydroxyhexyl p-tolyl sulfoxide, 3050, was synthesized 
in 94% yield by treating 30 with 1 equiv of MCPBA in CHzClz 
at -15 O C :  'H NMR (CDClJ 6 1.33-1.8 (m, 8 H), 2.2 (bs, 1 H), 
2.41 (s, 3 H), 2.75-2.86 (m, 2 H), 3.6 (t, J = 6.0 Hz, 2 H), 7.32 (d, 

6 21.36, 22.12, 25.29, 28.37, 32.32, 57.14, 62.52, 124.01, 129.87, 

NMR (CDClJ 6 2.1 (bt, 1 H), 2.33 (8, 3 H), 3.06 (t, J = 6.1 Hz, 

J = 8.1 Hz, 2 H), 7.50 (d, J = 8.1 Hz, 2 H); "C NMR (CDCl3) 

140.53, 141.38. 
6-Hydroxyhexyl p-tolyl sulfone, 30S02: 'H NMR (CDC13) 

6 1.3-1.8 (m, 9 H), 2.46 (8,  3 H), 3.04-3.1 (m, 2 H), 3.61 (t, J = 
6.4 Hz, 2 H), 7.36 (d, J = 8.1 Hz, 2 H), 7.78 (d, J = 8.1 Hz, 2 H); 

13C NMR (CDC13) 6 21.60,22.66, 25.18,27.99, 32.20, 56.23,62.56, 
128.02, 129.86, 136.11, 144.60. 

Total Rate Constant (kT) Determination. The kinetic 
apparatus consists of a Spectra-Physics DCRll NdYAG pulsed 
laser with second and third harmonic capability and a germanium 
diode detector and has previously been described in detail."Pm 

Sample preparation was conducted by adding varying amounta 
of a stock solution of the substrate to a stock solution of oxygen 
saturated Rose Bengal. This method insured the same Rose 
Bengal concentration in each experiment. At least five pseudo- 
fmborder rate constants were collected for each substrate. This 
experiment was repeated at  least twice with fresh stock solutions. 

Chemical Rate Constant (k,) Determination. The chemical 
rate constanta were determined using the method of Higgins, 
Foote, and Cheng.& 
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A series of aromatic and aliphatic aldehydes was reacted with N-(@-nitrobenzenesulfony1)oxy)methylamine 
in chloroform. Products resulting from both carbon migration and hydride migration to nitrogen were isolated. 
The ratios of carbon to hydride migration products were used to clarify the reaction mechanism. The results 
support a two-step process in which cationic carbon to nitrogen rearrangement is rate determining. 

Introduction Scheme I 
We have previously reported that N-(sulfonyloq+"a R1. +0.R2 

1 add rapidly to oxonium ions 2 generated from ketones 

mediates 3 undergo rapid skeletal rearrangement by cat- ionic carbon to nitrogen migration and yield rearranged 1 2 

amides 4 as products. The general process is summarized 
in Scheme 1.' 

The needed oxonium ions 2 can be generated by pro- 
tonation of either enol ethers2 or ketones3 or by acid-cat- 
alyzed elimination in acetals! The N-(sulfony1oxy)amines 
1 are produced from the reaction of amines with sulfonyl 
 peroxide^.^ While initial studies often utilized N-( (p- 

N H +  A - 
or ketone derivatives. The resulting tetrahedral inter- A 6 0 2 0  R3 R4 

-7; 0 - R p  - R ' \ N q  * 0 4 2  - R'\N40 

R/ R4 R/ b 
4 

ArSo20 VR, 
R3 

3 

nitrobenzenesulfony1)oxy)methylamine (la, R1 = Me, Ar 
= p-NO,C,HJ, a variety of other N-(n0syloxy)amines were 
used subsequently. These experiments revealed that the 
addition of N-(nosy1oxy)amines to oxonium ions, which 
produces the tetrahedral rearrangement precursor 3, is 
sensitive to steric size in the N-(nosy1oxy)amine 1 as well 

to ring effects in Oxonium ions 2. Thus, 
best results were obtained when R1 is methyl or a primary 

(1) Hoffman, R. V. Tetrahedron 1991,47,1109. 
(2) Hoffman, R. V.; Salvador, J. M. J .  Chem. Soc., Perkins Trans. 1 

(3) Hoffman, R. V.; Salvador, J. M. Tetrahedron Lett. 1989,30,4207. 
(4) Hoffman, R. V.; Salvador, J. M. Tetrahedron Lett. 1991,32,2429. 
(5) Hoffman, R. V.; Belfoure, E. L. Synthesis 1983, 34. 

1989, 1375. 
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ture (eq 2). In general, alkyl-group migration was not 

RKH 0 +I' - R-NKH " 1  + R NH (2) 

CH3 CH3 
8, R= t-8u 12 (76%) 13 (18%) 

10, R= i-Pr 16 (34%) 17 (58%) 
11, R- Et 18 (8%) 19 (56%) 

0, R= C-C&C11 14 (66%) 15 (34%) 

favored over hydride migration to the extent seen for 
aromatic groups. Within the aliphatic series, however, 
migratory aptitudes were seen to decrease in the order 
tert-butyl (4.3) > cyclohexyl (1.9) > isopropyl (0.58) > 
ethyl (0.14). 
The results presented above can be used to elucidate the 

mechanistic process involved in the reaction between al- 
dehydes and N-(sulfony1oxy)amine la. It is assumed that 
the overall process involves two steps. The first is nu- 
cleophilic addition of la to the aldehyde to give a tetra- 
hedral intermediate. The second is rearrangement of this 
intermediate to product (eq 3). The fact that methoxy- 

Me - ,Me kl HO N-ONS k2 x -  6 + 7 (3) 
Ar H 

(1 :NH - 
Ar H \ 

ONs 

Substituted derivative Sa reacts appreciably faster than 
bromo compound be strongly suggests that the carbon- 
to-nitrogen rearrangement of the tetrahedral intermediate 
is the rate-determining step. 

If nucleophilic addition were rate determining, an 
electron-withdrawing bromo substituent should render the 
carbonyl group more electrophilic and thus increase the 
rate of addition of la relative to an electron-donating 
methoxy substituent. On the other hand, if the second step 
(rearrangement of the tetrahedral intermediate) is rate 
determining, then the opposite behavior is predicted. The 
increased reactivity of p-methoxy compound Sa is con- 
sistent with the rearrangement step being rate determining. 

Given that the rearrangement step is rate determining, 
the products 6 and 7 result from competing first-order 
rearrangements of the tetrahedral intermediate. A Ham- 
mett plot of log (6/7) product ratio of Sa-e in Table I 
versus the d constants for the corresponding substituents 
gave p+ = -1.11 (R = 0.995). Poorer fits were found for 
other sets of substituent constants. Thus, electron-do- 
nating substituents result in an increased proportion of 
aryl rearrangement. The same trend is seen for alkyl group 
rearrangement in eq 2, in that more electron rich alkyl 
groups migrate more effectively. 

Since a product ratio was used to determine p+, the p+ 
value actually corresponds to the difference in charge 
development on the aromatic ring when it is the migrating 
group, p+*, and when hydride is the migrating group and 
the aromatic moiety remains at the migration origin, P + ~  
Thus p+ = p+* - p+,+ The negative value of p+ = -1.11 
means that charge development on the ring during aryl 
migration is greater than when it remains at the migration 
origin during hydride migration. Furthermore, p+,, is more 
negative than -1.11 indicating that appreciable positive 
charge is developed on the aromatic ring during migration 
and is comparable to cationic carbon to nitrogen migrations 
in N-(sulfony1oxy)tritylamines (Scheme II)? As Scheme 

Table I. Formation of N-Methyl-N-arylformades 6 and 
N-Methylbenzamider 7 from the Reaction of YC6H4CH0 S 

with N-(8ulfonylosy)amine la in CDCll at 26 O C  
entry aldehvde vield (96) 6 + 7'* 6/7* 

~ 

1 Sa, Y = p-OMe 96 23 
2 Sb, Y = p-Me 94 (74) 6.8 (7.2) 

4 S d , Y = H  91 (72) 3.6 (4.4) 
5 Be, Y = p-Br 82 (55) 2.0 (2.4) 

3 So, Y = p-F 92 (58) 3.5 (3.7) 

6 Sf, Y = 2,4,6-(CH3)3 100 (77) 1.2 (1.2) 
7 Sg, Y = 3,4-OCHz0 88 48 

Isolated yielda of isomeric products bawd on starting aldehyde. 
*Data in parentheses are values obtained after separation of 6 and 
7. All data are averages of two or more runs. 

alkyl group, and yields decreased significantly if R, is a 
secondary alkyl Ring strain in cyclic ketones 
increases the efficiency of the process markedly since 
formation of the tetrahedral adduct 3 relieves ring strain 
in the oxonium ion, and then ring expansion and conse- 
quent relief of ring strain drives the rearrangement3 Thus, 
best results were obtained for cyclobutanones and other 
strained cydoalkanones,3 while poorest reeults were found 
for open-chain ketones! 

It was envisioned that aldehydes would be interesting 
substratea since (a) they are relatively unhindered and thus 
undergo carbonyl addition readily, (b) they would yield 
either amides by hydride rearrangement or formamides 
by carbon skeleton rearrangement and thus could be of 
preparative interest, and (c) the competition between 
hydride and carbon migration could provide insight into 
the electronic requirements of the carbon to nitrogen 
skeletal rearrangement. 

Results and Discussion 
A series of substituted benzaldehydes Sa-g was reacted 

with la in chloroform-d (eq 1). The reaction was moni- 
CH3 

CH3 H 0 
AH + N-ONs - Y-Qi4"'f (1) 

n Y-csH4 H 
SI, Y- pOCH3 
Sb, Y = pCH3 
5c,Y=p-F 
W , Y - H  

51, Y = 2,4,6-(CH3)3 a, Y = 3,4-OCH20 

5e, Y = pBr 

., 
6 

0 
+ 

Y-CsH4 AN'CH3 
H 

7 

tored by lH NMR by following the disappearance of both 
the aldehyde proton of 5 and the methyl signal (6 2.8) of 
la. It was observed qualitatively that the presence of 
electron-donating groups on the aromatic ring increased 
the rate of conversion to products while electron-with- 
drawing groups slowed the reaction.' The products were 
isolated by bulb to bulb distillation, and the amount of 
N-methyl-N-arylformamide 6 (carbon migration product) 
and the amount of N-methylbenzamide 7 (hydride mi- 
gration product) were determined by 'H NMR of the 
product mixture. These products were separable by flash 
chromatography (ethyl acetate-hexane) for characteriza- 
tion and identification. The reeulta are presented in Table 
I. 

A series of aliphatic aldehydes 8-11 were also treated 
with la, and the formamide and amide products were 
quantitated by 'H NMR or GC/MS of the product mix- 

(6) Salvador, J. M. Ph.D. Diwrtation, New Mexico State University, 
1990. 

(7) For example, the reaction of p-methoxy compound Sa waa com- 
plete in 1 h while p-bromo compound Se required 6 h for complete 
reaction. 

(8) Hoffman, R. V.; Poelker, D. J. J. Org. Chi" 1979,44,2364. The 
substituent influence on the formation of the tetrahedral intermediate 
is expected to be close to zero because it is an acid-catalyzed nucleophilic 
addition. Therefore, the p+ values indicate substituent effects on the 
rearrangement step, not previous steps in the sequence. 
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of N-(sulfony1oxy)amines to undergo rearrangements in 
the absence of base. Finally, the tetrahedral intermediate 
which undergoes rearrangement provides a mechanistic 
benchmark with which to compare other carbon to nitro- 
gen rearrangements. 

In both the B e c k "  and Schmidt reactions, there has 
been some controversy over whether a trigonal or a tet- 
rahedral intermediate is the principal rearranging spe~ies.1~ 
Based on the recent results of AubB" and the results 
presentad here, tetrahedral intermediates in both the 
Beckmann and Schmidt reactions can undergo facile re- 
arrangement so they must be considered as possible re- 
action intermediates. Furthermore, these tetrahedral in- 
termediates can now be generated and studied and the 
results compared with results obtained in systems where 
trigonal intermediates are the rearranging species. 

6+ CNs 

hydride migration 

I1 also shows, hydride migration results in less charge 
development on the aromatic ring because the lone pairs 
on the oxygen of the hydroxyl group efficiently stabilize 
developing charge at the migration origin and decrease the 
importance of aromatic stabilization and, hence, charge 
development. 

The preference for aryl over hydride migration in the 
present study is not always observed in other cationic 
rearrangements. For example, the Baeyer-Villiger oxi- 
dation of benzaldehydes predominantly gives carboxylic 
acids by hydride migration when perbenzoic acid is the 
~ x i d a n t . ~  On the other hand, the use of monoperoxy- 
phosphoric acid as the oxidant results in migratory apti- 
tudes similar to those observed in the present rearrange- 
ment.1° This is consistent with the notion that migratory 
aptitudes can be significantly influenced by the leaving 
ability of the leaving group.SJ1 The good leaving ability 
of the nosylate group thus contributes to the preference 
for aryl migration in the rearrangements of N-(nosyl- 
oxy)amines by ensuring an early transition state with low 
charge development at the migration origin. 

A second and more important factor contributing to 
preferential carbon migration in the present systems is the 
hydroxyl group at the migration origin. We have previ- 
ously shown that stabilization of positive charge at the 
migration origin is extremely important in determining 
migratory preferences in N-(sulfony1oxy)amine rear- 
rangements.12 Thus, in the rearrangements of N-((m- 
trifluoromethylbenzenesulfony1)oxy)benzylamine and 
N- (( m- trifluoromethylbenzenesulfony1)oxy) benzhydryl- 
amine, the Ph-H migration ratio changes from 456 in the 
former to 950 in the latter system. When groups are 
present to stabilize the developing charge at the migration 
origin, then the normally greater migratory aptitude of 
phenyl over hydrogen can be fully expressed. In the 
present case, the hydroxyl group at the migration origin 
is very effective at positive-charge stabilization, and thus 
the greater migratory aptitude of the phenyl group leads 
to its preferential rearrangement. That migratory pref- 
erence can be lessened by attachment of electron-with- 
drawing substituents a~ seen in Table I. 

The above results support the two-step proce%s proposed 
in eq 3 with carbon to nitrogen rearrangement being rate 
determining. They also demonstrate the high propensity 

(9) (a) March, J. A. Advanced Organic Chemistry, 3rd ed.; Wiley 
Intarscience: New York, 1986, p 991. (b) Pleanicar, B. In The Chemistry 
of Perorides; Patai, S., Ed.; Interscience: London, 1983; pp 564-566. (c) 
Ogata, Y.; Sawaki, Y. J.  Am. Chem. SOC. 1972,94,4189. 

(10) Ogata, Y.; Sawaki, Y.; Teukamoto, Y. Boll. Chem. SOC. Jpn. 1981, 
54, 2061. 

(11) Sieti, A. J.; Milatein, S. R. J .  Org. Chem. 1974, 39, 3932. 
(12) Hoffman, R. V.; Kumar, A. J.  Org. Chem. 1985,50, 1859. 

Experimental Section 
'H NMR spectra were recorded at  200 MHz on a Varian in- 

strument. Melting points are uncorrected. Thin-layer chroma- 
tography was performed on silica gel 60 Fm plates and visualized 
by UV irradiation and/or iodine. Flash chromatography was 
performed using silica gel 60 (230-400 mesh). GC/MS analyses 
were performed with phenylmethylsilicone or polyethylene glycol 
glass capillary columns (0.32-pm thickness) connected to a 
quadrupole maw detector. The column temperature was from 
50 to 300 "C at 5 "C/min with 3 mL/min of helium gas flow rate. 
Elemental analyses were carried out by M-H-W Laboratories, 
Phoenix, AZ. 

Reaction of N-Methyl-N-((p-nitrobenzenesulfony1)- 
oxy)amine (la) with p-Methoxybenzaldehyde (Sa). General 
Procedure. Aldehyde Sa (122 fiL, 137 mg, 1.0 m o l )  was added 
to a solution of la (0.28 g, 92% AO, 1.1 mmol) in chloroform-d 
(1.0 mL) in a 5-mm NMR tube, and the reaction was placed in 
a water bath at  room temperature. After 1 h, 'H NMR showed 
the disappearance of the methyl singlet of la at  6 2.8. Tri- 
ethylamine (0.3 mL, 2.2 "01) was added, and the solvent was 
removed by rotary evaporation. Bulb to bulb distillation of the 
residue gave 151.7 mg (92%) of a 231 mixture of 6a and 7a by 
'H NMR. 6a: 'H NMR (CDC13) 6 3.27 (8,  3, CH,N), 3.82 (8, 3, 

(neat) 3040,2040,1670 (CO), 1510,1245 cm-'; "a spectrum m/e 
(re1 intensity) 165 (72, P), 124 (591, 122 (100); n17 1.5601 [lit.lS 
n17 1.56451. Amide 7a was not obtained in quantities sufficient 
for characterization but was quantitated from a small singlet at  
6 3.02 which was assigned as the N-methyl group of 7a. 

In this example and others to follow, repetition of the exper- 
iment gave similar yields and product ratios. 

Reaction of la with p-Methylbenzaldehyde (5b). By the 
same general procedure, 5b (118 pL, 120 mg, 1.0 "01) was reacted 
with la (0.27 g 93% AO, 1.1 mmol) for 6 h. Bulb to bulb dis- 
tillation gave 142.3 mg (96%) of a 6.81 mixture of 6b and 7b by 
'H NMR. Flash chromatography (ethyl acetate/hexane) separated 
the mixture into 6b (97.3 mg, 0.653 mmol) and 7b (13.6 mg, 0.091 

7.07, 7.22 (AB q, 4, J = 8.3 Hz, Ar) 8.43 (8, 1, HCO); IR (neat) 
3033,1678 (CO) cm-'; n20 1.5521 [lit.16 n20 1.55041; mam spectrum 
m / e  (re1 intensity) 149 (64, P), 120 (100). 7b lH NMR (CDC13) 

7.12 (ABq, 4, J = 8.4 Hz, Ar); IR (neat) 2936, 1634 (CO), 1612 
cm-'; mp 141-147 "C [lit." mp 145-147 "C]; mass spectrum m / e  

CHSO, 6.94,7.12 (AB q,4, J = 9.1 Hz, Ar), 8.35 (8, q, HCO); IR 

-01). 6 b  'H NMR (CDCIJ 6 2.34 (8,3, pCH3,3.30 (s,3, C H m ,  

6 2.39 (8,3, CH3C), 3.01 (d, 3, J = 4.5 Hz, CHJ, 6.16, (b 8, 1, NH), 

(13) (a) Smith, P. A. S. J.  Am. Chem. SOC. 1948, 70,320; (b) Ibid. 323. 
(c) Smith, P. A. S.; Antoniadea, E. P. Tetrahedron 1960,9,210. (d) Fikes, 
L. E.; Shechter, H. J. Org. Chem. 1979,44,741. (e) D W o ,  G.; Permutti, 
V. Tetrahedron 1966,22,2059. (0 Krow, G. R.; Szczepanaki, 5. Tetra- 
hedron Lett. 1980, 21, 4593. (g) Krow, G. R.; Szczepanski, s. J.  Org. 
Chem. 1982,47, 1153. 

(14) AuM, J.; Milligan, G. L. J.  Am. Chem. SOC. 1991,113,8965 and 
other recent reaulta from the AuM group. We thank Profeseor Aub6 for 
discussion of these reeulta prior to publication. 

(15) Sekiya, M.; Tomie, M.; Leonard, N. J. J.  Org. Chem. 1968,33,318. 
(16) Voeatha, V.; Capek, A,; Budesineky, Z. Collect. Czech. Chem. 

Commun. 1977,42,3186. 
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H, 8.51; N, 7.74. 
Reaction of la with Piperonal (5g). Using the same general 

procedure 5g (150.7 mg 1.0 "01) was reacted with 2a (270 mg, 
93% AO, 1.1 "01) for 6 h. Bulb to bulb distillation gave 158.8 
mg (89%) of a 481 mixture (approximate) of 6g and 7g by 'H 

6.82 (d, 1, J = 9.1,5-CH), 8.34 (8, 1, HCO); IR (neat) 2900, 1673, 
1228 cm-'; mp 64-68 "C; mass spectrum m / e  (re1 intensity) 179 
(100, P), 138 (63), 93 (61). Anal. Calcd for Cl$I$J03: C, 60.33; 
H, 5.06; N, 7.82. Found: C, 60.58; H, 4.99; N, 7.70. Insufficient 
material was available to characterize 7g. 

Reaction of la with Trimethylacetaldehyde (8). Using the 
same general procedure, 8 (109 pL, 86 mg, 1.0 mmol) was reacted 
with l a  (280 mg, 90% AO, 1.1 mmol) for 6 h. Bulb to bulb 
distillation gave 108.9 mg (95%) of a 4.3:l mixture of 12 and 13 
by 'H NMR. These isomers were separated by flash chroma- 
tography (hexane-ethyl acetate). 12: 'H NMR (CDC13) 6 1.37 
(8, 9, (CHJ3C), 2.87 (s,3, CH3N), 8.41 (8, 1, HCO) which matched 
the literature spectra;% mass spectrum m / e  (re1 intensity) 115 

2.80 (d, 3, J = 4.7 Hz, CH3N), NH not observed, which matched 
the literature spectra;% mass spectrum m / e  (re1 intensity) 115 

Reaction of la  with Cyclohexanecarboxaldehyde (9). 
Using the same general procedure, 9 (121 pL, 112 mg, 1.0 "01) 
was reacted with l a  (0.28 g, 90% AO, 1.1 mmol) for 6 h. Bulb 
to bulb distillation gave 140.1 mg (99%) of a 1.91 mixture of 14 
and 15 by 'H NMR. IR (mixture, neat) 1665 cm-'. Theae isomers 
were separated by flash Chromatography (hexane-ethyl acetate). 
1 4  'H NMR (CDClJ 6 1.0-2.0 (m, 10 (CH2)& 2.81 (8, 3, CH3N), 
3.31 (m, 1, CH), 8.15 (s, 1, HCO) which matched the literature 
~pectrum;~ mass spectrum m/e  (re1 intensity) 141 (49, P), 98 (991, 
60 (100). 15: 'H NMR (CDC13) 6 1.0-2.0 (m, 10, (CH2)&, 2.13 
(m, l,CH), 2.78 (d, 3, J = 4.8 Hz, CH3N), 6.36 (b s,1, NH) which 
matched the literature spectrum;28 mass spectrum m / e  (re1 in- 
tensity) 141 (50, PI, 86 (NO), 83 (521, 73 (591, 58 (671, 55 (79). 

Reaction of la with Ieobutyrddehyde (10). Using the same 
general procedure, 10 (91 pL, 72 mg, 1.0 "01) was reacted with 
la  (280 mg, 90% AO, 1.1 "01) for 6 h. Bulb to bulb distillation 
gave 198.1 mg (97%) of a 1:1.7 mixture of 16 and 17 by 'H NMR. 
IR (mixture, neat) 1655 cm-'. These isomers were separated by 
flash chromatography (hexane-ethyl acetate). 16: 'H NMR 

3.81 (sept, 1, J = 6.7, CH), 8.15 (8, 1, HCO) which matched the 
literature s p e ~ t r u m ; ~  mass spectrum m / e  (re1 intensity) 101 (46, 

J = 6.8 Hz, (CH3)2C), 2.39 (sept, 1, J = 6.9 Hz, CH), 2.80 (d, 3, 
J = 6.0, CH3N), 6.13 (br 8, 1 NH) which matched literature 
dahB* mass spectrum m / e  (re1 intensity) 101 (22, P), 58 (100). 

Reaction of la with Propanal (11). Using the same general 
procedure, freahly distilled 11 (72 pL, 58 mg, 1.0 "01) was reacted 
with la  (320 mg, 81% AO, 1.1 mmol) for 6 h. Bulb to bulb 
distillation gave 58.0 mg (67%) of a 1:7 mixture of 18 and 19 by 
'H NMR: IR (mixture, neat) 1653 cm-'. 18: 'H NMR (CDC1,) 
6 CH3C (overlapped by isomer 19) 2.87,2.95 (2s,3 H total, CH3N 
rotamers), 3.32,3.39 (2q, J = 7.2 Hz, CH2 rotamers, 8.03,8.10 (2 
s, HCO rotamers) which matched the literature mass 
spectrum m / e  (re1 intensity) 87 (58), 58 (100). 19: 'H NMR 
matched spectrum of authentic sample (Aldrich); mass spectrum 
m / e  (re1 intensity) 87 (loo), 72 (40), 58 (31). 
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NMR. 6g: 'H NMR (CDCl3) 6 3.25 (8,3 CH3N) 6.02 (8, 2, CH,), 
6.61 (d, 1, J = 2.1 Hz, 2-CH),6.67 (dd, 1, J = 9.1, 2.1 Hz, 6-CH), 

(33, P), 57 (100, C4H& 1 3  'H NMR (CDClJ 6 1.20 (8,9, (CHJ3C), 

(43, P), 100 (46, PCHJ 72 (100). 

(CDCl3) 6 1.15 (d, 6 H, J = 6.9 Hz, (CH3)2C), 2.79 (8, 3, CH3N), 

P), 86 (40, PCHg), 58 (100). 17: 'H NMR (CDCl3) 6 1.24 (d, 6, 

(re1 intensity) 149 (27, P), 119 (loo), 91 (59, C7H7), 65 (26). 
Reaction la  with p-Fluombenzaldehyde (5c). By the same 

general procedure 5c (107 pL, 124 mg, 1,O "01) was reacted with 
la (270 mg, 93% AO, 1.1 "01) for 6 h. Bulb to bulb distillation 
gave 139.5 mg (91%) of a 3.51 mixture of 6c and 7c by 'H NMR. 
Flash chromatography (ethylacetate/hexane) was used to separate 
this mixture into 6c (69.5 mg, 0.455 "01) and 7c (18.9 mg, 0.124 
mmol). 6c: 'H NMR (CHClJ 6 3.30 (8,  3, CH3N) 7.14 (d, 2, J 

IR (neat) 3073,2882,1679 (CO) mi'; mp 45-48 OC; masa spectrum 
m / e  (re1 intensity) 153 (48, P), 124 (100, PCH20). Anal. Calcd 
for C8H$NO: C, 62.74; H, 5.26; N, 9.15. Found: C, 62.76; H, 
5.12; N, 8.96. 7c: 'H NMR (CDC13) 6 3.01 (d, 3, J = 4.8 Hz, 

2, J = 8.6, 5.3 Hz, 3-Ar) in good agreement with the literature 
spectrum;'7 IR (film) 1637 (CO); mp 127-131 "C [lit" mp 131-132 
"C]; mass spectrum m / e  (re1 intensity) 153 (23, P), 152 (23, PH, 

Reaction of la  with Benzaldehyde (5d). Using the same 
general procedure, 5d (102 pL, 106 mg, 1.0 mmol) was reacted 
with la (270 mg, 94% AO, 1.1 mmol) for 6 h. Bulb to bulb 
distillation gave 130.6 mg (97%) of a 3.61 mixture of 6d and 7d 
by 'H NMR. Flash chromatography (ethylacetate/hexane) was 
used to separate this mixttire into 6d (79.7 mg, 0.59 mmol) and 
Id (18.1 mg, 0.134 mmol). 6d: 'H NMR (CDC13) 6 3.33 (8,  3, 
CH3N), 7.16-7.43 (m, 5, Ar), 8.49 (8,  1, HCO) in good agreement 
with the literature spectrum;18 IR (neat) 2881,1678 cm-' which 
matched the literature spectrum;'@ mass spectrum m / e  (re1 in- 
tensity) 135 (67, P), 106 (100, PH20). 7d: 'H NMR (CDClS) 6 
3.02 (d, 3, J = 4.8, CH3) 6.28 (b 8 ,  1, NH), 7.40-7.90 (m, 5, Ar) 
in good agreement with the literature spectrum;" IR (neat) 1637 
cm-' matched literature ~pectrum;2~ mp 78-80 "C [lit" mp 76-78 
"C]; mam spectrum m / e  (re1 intensity) 135 (33, P), 134 (34, PH), 

Reaction of la with p-Bromobenzaldehyde (58). Using the 
same general procedure 5e (185.55 mg, 1.0 "01) waa reacted with 
la (270 mg, 93% AO, 1.1 "01). After 6 h, 'H NMR showed that 
la had disappared. Bulb to bulb dietillation gave 183.4 mg (86%) 
of a 2.41 mixture of 6e and 78 by 'H NMR. Flash chromatography 
(ethyl acetate/ hexane) was used to separate th is  mixture into 6e 
(83.3 mg, 0.389 "01) and 70 (35.4 mg, 0.165 "01). 6e: 'H NMR 

8.47 (8, 1, HCO); IR (neat) 1675 cm-'; mp 65-71 "C [lit.22 mp 
70-70.5 "C]; mass spectrum m / e  (re1 intensity) 215,213 (66,72, 
P), 186,184 (88,100, PCH20). 7e: 'H NMR (CDC13) 6 2.29 (d, 

8.7 Hz, Ar); IR (neat) 1636 cm-'; mp 165-168 "C [lit." mp 165-167 
"C]; mass spectrum m / e  (re1 intensity) 215,213 (30,32, P), 214, 

C6HIBr), 76 (50), 75 (54, 74 (25), 50 (55). 
Reaction of la  with 2,4,6-Trimethylbenzaldehyde (5f). 

Using the same general procedure 5f (147 pL, 148 mg, 1.0 "01) 
was reacted with l a  (270 mg, 93% AO, 1.1 mmol) for 6 h. Bulb 
to bulb distillation gave 176.8 mg (100%) of a 1.21 mixture of 
6f and 7f by 'H NMR. Flash chromatography (ethyl acetate/ 
hexane) was used to separate this mixture into 6f (74.0 mg, 0.418 
mmol) and 7f (62.4 mg, 0.353 mmol). 6f: 'H NMR (CDC13) 6 
2.18 (e, 6, 2,6-CH3), 2.30 (8,  3,4-CH,), 3.11 (8, 3, CH3N), 6.95 (8,  
2, Ar), 8.01 (8, 1, HCO); IR (neat) 2920,1679 cm-l which matches 
the literature spectrum;% m w  spectrum, m / e  (re1 intensity) 177 

(neat) 1632 cm-'; mp 154-157 "C; mass spectrum m / e  (re1 in- 
tensity) 177 (34, P), 147 (100, PCH,N), 119, (40, COHll). Anal. 
Calcd for CllH1$iO C, 74.54, H, 8.53; N, 7.90. Found: C, 74.53; 

= 7.62 Hz, 2-Ar), 7.15, (d, 2, J =  5.15 Hz, 3-Ar), 8.40 (s,l,  HCO); 

CH3N), 6.22 (b 8, 1, NH), 7.11 (t, 2, J 8.6 Hz, 2-Ar), 7.78 (dd, 

123 (100, PCHIN), 95 (61, CeH4F). 

105 (100, PCHIN), 77 (81, CeH,). 

(CDC1,q) 6 3.30 (8,  3, CH&, 7.07, 7.54 (AB q, 4, J = 8.8 Hz, Ar), 

3, J 4.6 Hz, CH3), 6.46 (b 8, 1, NH); 7.55, 7.65 (AB 9, 4, J = 

212 (40, 43, PH), 185, 183 (96, 100, PCHIN), 157, 155 (58, 52, 

(100, P), 160 (85). 7f: 'H NMR (CDClJ 6 2.26 (8,  9, 2,4,6-CH3) 
2.99 (d, 3, J 4.9, CH,N), 5.68 (b 8, 1, NH), 6.83 (8, 2, Ar); IR 
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