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l,l-Dialkyl-l//-diazirino[l,2-f>]phthalazine-3,8-diones isomerize in boiling toluene into 2-(l-alken-l-yl)-4-hy- 
droxy-l(2H)-phthalazinones and react with enamines and ynamines to yield derivatives of pyrazolo[l,2-f>]- and 
indazolo[l,2-6]phthalazinediones.

The thermal conversions of l-(2,4-dinitrophenyl)-3,3- 
dialkyl- and l-(2,4-dinitrophenyl)-2,3,3-trialkyldiaziridines 
into 2,4-dinitrophenylhydrazones and 2-alkyl-6-nitroben- 
zotriazole 1-oxides, respectively, and the addition of 3,3- 
dialkyl- and 1,3,3-trialkyldiaziridines to electrophilic acet­
ylenes have been the subjects of earlier reports in this se­
ries.1’2 In the present paper the synthesis and reactions of
1-alkyl- and 1,1-dialkyl-1/7- diazirino[l,2-b jphthalazine-
3,8-diones (1-7) and the related systems 8 and 9 are de­
scribed. These versatile compounds are thermally isomer - 
ized into 2-(l-alken-l-yl)-4-hydroxy-l-(2/7)phthalazinones 
and react with ynamines and enamines to give pyrazolo[l,2- 
6]- and indazolo[l,2-6]phthalazinediones. Reactions with 
nitrones are presented in the following paper.

Results
The 1,1-dialkyl-1/7- diazirino[l,2-è ]phthalazine-3,8-

diones (1-5) were prepared by the addition of phthaloyl 
chloride to ethereal solutions of 3,3-dialkyldiaziridines con­
taining triethylamine (Scheme I, Table I). The 1-alkyl- 
l/7-diazirino[l,2-/>Jphthalazine-3,8-diones 6 and 7 were 
synthesized by generating the 3-alkyldiaziridines in

Table I
1-Alkyl- and

1,1-Dialkyl- l/7-diazirino[l,2-6]phthalazine-3,8-dionesa
0  R1

0

Compd & R1 R2 Yield , c % Mp, °C

l Me Me 58 98-99
2 Et Et 35 70-71
3 n -  Pr w-Pr 47 108-109
4 - ( c h 2)5- 75 110-111
5 Me Et 71 76-77
6 H w-Pr 61 71-72.5
7 H t -  Bu 51 110-111

a Satisfactory analytical data for C, H, and N were obtained for 
all compounds listed in the table. Ed. 6 Compounds 1-7 were re­
crystallized from cyclohexane. c Yields are reported on the basis of 
recrystallized products.

Scheme I

o-C6H4(COCl)2 + HN— NH
X

R1 R2

Et3N

8

0

+  R‘R2CO

situ from the corresponding chloral adducts, 
r UHNHNCH(OH)CHCC13, in the presence of o-phthaloyl 
chloride. Compounds 8 and 9 were made in much the same 
manner as 1-5 by employing the appropriate diacid chlo­
ride and 3,3-pentamethylenediaziridine.

The structures of 1-9 were assigned on the basis of ele­
mental analyses, nmr spectroscopy, and by the hydrolysis 
of 2, 4, and 7 into 4-hydroxy-l (2/7)-phthalazinone (10) and 
the corresponding carbonyl compounds 3-pentanone, cy­
clohexanone, and pivalaldehyde, respectively (Scheme I). 
The nmr spectrum of l,l-dimethyl-l/7-diazirino[l,2- 
6]phthalazine-3,8-dione (1) taken in C6D6 shows two peaks 
at 5 1.45 and 1.25 for the two methyl groups on the diaziri- 
dinyl carbon. On heating to about 60° the two peaks co­
alesce to a broad singlet which on further heating to 75° 
becomes a sharp singlet at 8 1.55. If the temperature is low­
ered to 40° the two signals for the methyl groups reappear. 
The temperature variance of the nmr spectrum of 1 indi­
cates inversions of the nitrogen atoms (Scheme II) and is of 
some interest, since the N -aroyl moieties are perforce cis to

3 1 8 7
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each other. Most equilibration studies of diaziridines have 
been concerned with those substrates having the N substit­
uents trans to each other.3’4

Scheme II

An examination of the nmr spectrum of 1-ethyl-1- 
methyl-lH-diazirino[l,2-6]phthalazine-3,8-dione (5) in 
CeD6 taken at several temperatures also indicated that in­
versions were taking place at the nitrogens. Thus at 0° two 
peaks were clearly observed for the methyl group but at 
75° these signals became one sharp singlet and the ethyl 
group exhibited the sharp characteristic quartet-triplet 
splitting pattern.

Compounds 1-5 in refluxing toluene were converted into
2- (1 -alken-1 -yl) -4-hydroxyl-1(2 H) -phthalazinones 11-16, 
respectively (Scheme III). In the case of the thermolysis of 
5 a 2:1 mixture of 15 and 16 was obtained. It was possible 
by fractional crystallization to obtain a sample of pure 15. 
Thermolysis of 8 and 9 gave the cyclohexene derivatives 17 
and 18, respectively. Compound 9 isomerized with such 
ease that it was not possible to determine its melting point.

Scheme III

1-6

OH

O R1
11, R = H ; R1 =  CH,
12, R =  CH3; R' =  C2H5
13, R =  C2H5; Rl =  re-CiH,
14, R, R1 =  (CH2)4
15, R =  H; R1 =  C2H5
16, R =  R' =  CH3
19, R =  C2H5; R' =  H

The structures of 11-16 followed from their nmr spectra 
and elemental analyses. Thus, in CDCI3 the absorption 
peaks for the vinylic protons of 11-14 appeared at 8 5.32,
5.80, 5.80, and 6.04, respectively, and the absorption peaks 
for the OH proton appeared at S 10.00, 10.20, 10.92, and
10.92. That the thermolysis of 5 gave a 2:1 mixture of 15 
and 16 was clearly demonstrated by the nmr spectrum of 
the reaction products. The olefinic protons for 15 gave a 
broad singlet at 8 5.33 (2 H) and the ethyl group gave the 
characteristic quartet for the methylene group at 8 2.55 and 
a triplet for the methyl group at 5 1.14. The vinylic proton 
o f 16 appeared as a quartet at 8 5.78, the methyl group ad­
jacent to the methine hydrogen as a doublet at 8 1.88, and 
the remaining methyl group as a singlet at 8 2.08. The nmr

spectra of 17 and 18 showed the same absorption pattern 
for the cyclohexenyl protons as 14.

The assignment of the enamide structure to 12 is further 
supported by its hydrolysis into 3-pentanone and 4-hy- 
droxy-1 (2/7)-phthalazinone (10) (Scheme III). Similarly, 
hydrolysis of 14 gave cyclohexanone and 10.

Compounds 6 and 7 did not undergo thermolysis with 
ease. In the case of 6 reaction times of 7 hr in refluxing o- 
xylene gave ill-defined products from which a small quan­
tity of the anticipated 2-(l-buten-l-yl)-4-hydrcxy-l (2H)- 
phthalazinone (19) was isolated. However, high yields of 19 
were obtained if 6 was refluxed in o-xylene containing some 
triethylamine hydrochloride (Scheme III). Compound 7 
after many hours in refluxing o-xylene gave a material (20) 
which melted at 210-214°. This substance underwent acid 
hydrolysis to give 10 and pivalaldehyde. A mass spectrum 
showed a molecular ion at m/e 460 indicating a dimeric 
structure. The nmr spectrum of 20 did not show any signal 
in the' olefinic region and the aliphatic protons appeared as 
a complex and broad multiplet extending from 8 0.3 to 1.4. 
No further work was attempted with this material nor do 
we feel confident, given the nmr spectrum, to assign a 
structure to the dimer at this time.

Refluxing the l,l-dialkyl-l/i-diazirino[l,2-£>]phthalaz- 
ine-3,8-diones 1 and 4 in benzene with equimolar quan­
tities of the morpholine enamine of cyclohexanone yielded 
the adducts 21 and 22, respectively (Scheme IV). Similar

Scheme IV

21, R> =  R2 =  CH3
22, R1, R2 =  (CH2)5

25, R‘ =  R2 =  CH3 27, R> =  R2 =  CH:i
26, R1, R2 =  (CH2)5 28, R1, R2 =  (CH,)5

adducts, namely, 23 and 24, were formed when 4 was treat­
ed with 1-1V-morpholino-l-cyclopentene and 1-N- pyrroli- 
dino-l-cyclohexene (Scheme IV).
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Upon heating in methanol containing a few drops of hy­
drochloric acid 21 and 22 eliminated morpholine and 
formed 25 and 26. Aromatization of the cyclohexene ring of 
25 and 26 was achieved by heating them with N- bromosuc- 
cinimide (Scheme IV).

When 1 and 4 were treated with 1-(N,N- diethylami- 
no)propyne (29) or phenyl(Al,(V- diethylamino)acetylene 
(30) in refluxing toluene the enamines 31, 32, 35, and 36 
were obtained in good yields (Scheme V). The structures 
suggested for these products were in accord with their nmr 
spectra, mass spectra, and elemental analyses. Further evi­
dence for structural assignments was gained by hydrolysis 
of 31, 32, 35, and 36 to the lif-pyrazolo[l,2-6]phthalazine-
1,5,10-triones 33, 34, 37, and 38, respectively (Scheme V). 
Unambiguous proof of structure for 33 rested upon an al­
ternate synthesis involving the reaction of 4-hydroxy- 
l(2/i)-phthalazinone (10) with 2,3-dimethyl-2-butenoyl 
chloride in hot nitrobenzene (Scheme V). The preparation 
of 1H- pyrazolo[l,2-b ]phthalazine-l,5,10-triones by treat­
ment of 10 with o:,/3-unsaturated acid chlorides has been 
described.5

Scheme V

Et2NCs=€CH, (29) or 
Et2NC==CC6H5 (30)

1, R1 =  R2 =  CH3
4, R\ R2 =  (CH2)5

31, R1 =  R2 =  R3 =  CH3
32, R1 =  R2 =  CH3; R3 =  C6H5
35, R1, R2 =  (CH2)5; R3 =  CH3
36, R1,R2 =  (CH2)5;R 3=  C6H5

-33, R1 =  R2 =  R‘ =  CH,
34, R1 =  R2 =  CH3; R3 =  C6H5
37. R\R2 =  (CH2)5;R 3 =  CH3
38. R>,R2 =  (CH,)3;R 3 =  C6H5

Scheme VI

diethylacetylene dicarboxylate. In this regard the reactions 
of the 1,1-dialkyl-lii- diazirino[l,2-6]phthalazine-3,8- 
diones appear similar to the thermolysis and reactions of
4-alkyl-5-sulfonylimino-A2-l,2,3,4-thiatriazoline (40). 
Compound 40 upon heating in benzene loses nitrogen to 
give the dipolar species 41 (also characterized by consider­
able delocalization of the negative charge relative to the 
cationic charge). The intermediate 41, like 39, undergoes 
reactions with enamines and ynamines (Scheme VII) and

Scheme VII

PhCH2N,
N=N / \

Y

A

-N ,'

NS02Ar

PhCH,N.v / '
' \ c

,S+

40

NSOoAr

41

Me,MCH=CRR

R
Me2N — ____ A -R

PhCH2N S

Y
NS02Ar

Ar =  p-H3CCC6H4

Significantly, compounds 1-5 did not react with elec­
trophilic acetylenes such as diethylacetylene dicarbox­
ylate and dibenzoylacetylene in boiling benzene. The prod­
ucts isolated in these instances were 2-(l-alken-l-yl)-4- 
hydroxy-l(2ff )-phthalazinones and unreacted acetylene.

Discussion
The formation of 2-(l-alken-l-yl)-4-hydroxy-l(2//)- 

phthalazinones when 1,1-dialkyl- lH-diazirino[l,2-i>]-
phthalazine-3,8-diones are heated (e.g., 1 —► 11) and the 
formation of cycloadducts when 1 and 4 are heated with 
enamines and ynamines suggest that these reactions occur 
through the intermediacy of azomethine ¡mines 39 (Scheme 
VI). The generation of a dipolar species such as 39 whose 

.anionic charge is delocalized relative to its cationic charge 
may also explain why l,l-dialkyl-l/f-diazirino[l,2- 
6]phthalazine-3,8-diones react with electron-rich dipolaro- 
philes and fail to react with the electron-poor dipolarophile

like 39 does not undergo cycloadditions with diethylacetyl­
ene dicarboxylate.6 It is important to point out that the iso- 
lable azomethine ¡mine 42 does form an adduct with dim- 
ethylacetylene dicarboxylate7 (Scheme VIII). However, in 
this case the cationic charge is delocalized as extensively as 
the anionic charge.

The reaction of 1 and 4 with enamines and ynamines also 
may be accounted for by a nucleophilic attack on the dia- 
ziridinyl carbon by the electron-rich double bond or triple 
bond with ring opening followed by ring closure to a pyra- 
zolo[l,2-6]- or indazolo[l,2-h]phthalazinedione.

The facile acid-catalyzed isomerization of 6 to 19 is prob­
ably due to the protonation of the amido moiety of 6 fol­
lowed by ring opening to a carbonium ion. Loss of a proton 
from the carbonium ion would give the product 19.

Scheme VIII

X 1
,N.

0 " - ' " X  > cxch3)2

42

0  o
II II

CH3OCC=CCOCH3

o ^ Y y

H3C0 2d
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CH3
CH3

COoCH,
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1,2-Diaroyldiaziridines such as l,2-dibenzoyl-3,3-pen- 
tamethylenediaziridine (43), compounds related to but less 
constrained than 1-7, have been reported to rearrange in 
warm ethanol into /3,/3-diaroylhydrazones (44) (Scheme 
IX).8 We have observed the same rearrangement of 43 to 44 
in boiling benzene. Possibly a dipolar species is involved in 
this isomerization too.

Scheme IX

C6H5CON

c6h 5con

43

(C6H5CO)2NN

44

Experimental Section
Materials. 3,3-Dimethyl-, 3,3-diethyl-, 3,3-di-n-propyl-, and

3,3-pentamethylenediaziridine were prepared according to known 
procedures.9’10 3-Ethyl-3-methyldiaziridine was purchased from 
Aldrich.

Syntheses of 1-5. To a mixture of 10 mmol of a 3,3-dialkyldi-. 
aziridine in 75 ml of anhydrous ether was added dropwise and with 
stirring a solution of 10 mmol of o-phthaloyl chloride in 75 ml of 
anhydrous ether. After 0.5 hr the mixture was filtered and the fil­
trate was evaporated. The residual oily solid was slurried with a 
small amount of ethanol, filtered, and recrystallized (Table I). The 
recrystallized 1-5 should be stored in a desiccator and at refrigera­
tor temperatures.

Synthesis of 8 . 8 was prepared in the same manner as 1-5 but in 
10% yield. It was recrystallized from cyclohexane, mp 119-121°.

Anal. Calcd for C10H14N2O2: C, 61.83; H, 7.27; N, 14.42. Found: 
C, 61.50; H, 7.09; N, 14.21.

Synthesis of 6. A mixture of 1.12 g (4.85 mmol) of l-(a-hy- 
droxy-/?,/5,d-trichloroethyl)-3-re-propyldiaziridinen and 50 ml of 2 
N  NaOH was stirred for 0.5 hr. Several pellets of NaOH were 
added and the liberated 3-n-propyldiaziridine was extracted with 
five 20-ml portions of Et20. The ethereal extracts were dried over 
MgSC>4, filtered, and cooled. Triethylamine (967 mg, 9.4 mmol) 
was added to the cold ether solution of the diaziridine followed by 
the dropwise addition of a solution of 785 mg (3.87 mmol) of 0 - 
phthaloyl chloride in 100 ml of Et20. The reaction mixture was fil­
tered and the solvent was evaporated. The residual oil solidified 
and was immediately recrystallized from cyclohexane to give 509 
mg (61%) of 6. Three recrystallizations from cyclohexane gave 6, 
mp 71-72.5°, molecular ion m/e 216.

Synthesis of 7. A solution of 20 g of 2,4,6-tri-£erf-butyl-l,3,5- 
triazabicyclo[3.1.0]hexane12 in 50 ml of CH3OH was added drop- 
wise over a period of 20 min to a mixture of 25 g of chloral hydrate 
and 250 ml of 2 N  H2SO4 held at 50°. After the addition was com­
plete the pivalaldehyde which had formed by some hydrolysis tak­
ing place was removed by means of a flash evaporator. The clear 
acidic residue was quickly cooled and neutralized with 250 ml of 2 
N  NaOH. The l-(a-hydroxy-/3,d,d-trichloroethyl)-3-£er£-butyldia- 
ziridine that had precipitated was quickly filtered, washed thor­
oughly with cold water, and dried under vacuum. The yield of 
crude product was 19.2 g, mp 149-150°, and it was pure enough for 
the next step.

To the above chloral derivative (5.7 g) suspended in 50 ml of 2 A1 
NaOH was added 4.6 g of o-phthaloyl chloride. Heat is liberated in 
the reaction. After the reaction mixture returned to room tempera­
ture the chloroform that was liberated was removed with a flash 
evaporator. The crude 7 was filtered, washed with water, and vacu­
um dried. It weighed 2.7 g (51%). Recrystallization from cyclohex­
ane gave 7, mp 110-111°.

Synthesis of 9. Thionyl chloride (32 g) was added to 2.5 g (10 
mmol) of l-phenyl-2,5-dimethylpyrrole-3,4-dicarboxylic acid.13 
After the initial reaction had subsided the mixture was heated on a 
steam bath for 2 hr. The excess SOCI2 was removed and the resi­
due was dissolved in dry C6H6. This solution was added dropwise 
and with stirring to a mixture of 1.12 g (10 mmol) of 3,3-penta- 
methylenediaziridine and 2.02 g of triethylamine in 100 ml of 
C6H6. After 1 hr the reaction mixture was filtered and the benzene 
filtrate was washed with water and quickly dried over Na2S 04. 
The dried filtrate was filtered and the C6H6 was evaporated. The 
crude 9 (2.5 g, 75%) was recrystallized from a mixture of CeH6 and

petroleum ether (bp 63-75°). All attempts to determine the melt­
ing point of 9 failed, since it isomerized to 18 during heating.

Anal. Calcd for C2oH21N302: C, 71.60; H, 6.27; N, 12.54. Found: 
C, 71.25; H, 6.33; N, 12.36.

Hydrolysis of 4. A solution of 242 mg (1 mmol) of 4 in 10 ml of 
CH3OH containing 2 drops of concentrated hydrochloric acid was 
refluxed for 1.5 hr. The solution was cooled and the 4-hydroxy- 
l ( 2ff)-phthalazinone (10) was filtered. A solution of 2,4-dinitro- 
phenylhydrazine was added to the filtrate and the cyclohexan­
one-2,4-dinitrophenylhydrazone was filtered. It weighed 250 mg 
(89%), mp 157-160°.

Hydrolyses of 2 and 7. The hydrolyses of 2 and 7 were carried 
out in a similar manner as 4. In each case 10 was obtained. The 3- 
pentanone from 2 and the pivalaldehyde from 7 were isolated as
2,4-dinitrophenylhydrazones.

Thermolyses of 1-4, 8, and 9. A solution of 2 mmol of 1-4, 8, or 
9 in 10 ml of anhydrous toluene was refluxed for 3 hr. The solvent 
was evaporated and the residue was slurried with a small quantity 
of cold toluene or cold CH3CN and filtered. The 2-(l-alken-l-yl)-
4-hydroxyphthalazinones 11-14 were recrystallized from CH3CN; 
17 was recrystallized from toluene and 18 was recrystallized from 
ethanol.

Thermolysis of 1 gave 11, mp 149-152°, in 76% yield.
Anal. Calcd for CnHioN20 2: C, 65.33; H, 4.98; N, 13.85. Found: 

C, 64.96; H, 4.97; N, 13.70.
Thermolysis of 2 gave 12, mp 129-130°, in 60% yield.
Anal. Calcd for C13H14N20 2: C, 67.77; H, 6.13; N, 12.17. Found: 

C, 67.73; H, 6.29; N, 12.40.
Thermolysis of 3 gave 13, mp 128-131°, in 59% yield.
Anal. Calcd for CisHisNzO* C, 69.76; H, 7.02; N, 10.84. Found: 

C, 69.93; H, 7.12; N, 10.69.
Thermolysis of 4 gave 14, mp 148-150°, in 70% yield.
Anal. Calcd for Ci4H14N20 2: C, 69.40; H, 5.82; N, 11.56. Found: 

C, 69.15; H, 5.85; N, 11.96.
Thermolysis o f 8 gave 17, mp 167-170°, in 78% yield.
Anal. Calcd for CioH14N20 2: C, 61.83; H, 7.27; N, 14.42. Found: 

C, 61.53; H, 7.25; N, 14.17.
Thermolysis of 9 gave 18, mp 286-289°, in 78% yield.
Anal. Calcd for C2oH2iN30 2: C, 71.65; H, 6.27; N, 12.54. Found: 

C, 71.41; H, 6.32; N, 12.29.
Conversion of 6 into 19. A mixture of 113 mg of 6 and 17 mg of 

Et3NHCl in 6 ml of o-xylene was refluxed for 1 hr. The mixture 
was filtered and then was cooled. The crude 19 (94 mg, 83%) was 
filtered and recrystallized from CH3CN to give 19, mp 170-173°, 
molecular ion m/e 216.

Reactions of 4 with Enamines. A mixture of 4 mmol of 4 with 
equimolar quantities of 1 -N- morpholino-l-cyclohexene, 1-N- mor- 
pholino-l-cyclopehtene, or 1-lV-pyrrolidino-l-cyclohexene in 20 
ml of dry CeHg was refluxed for 5 hr. The reaction mixture was 
cooled and the small quantity of 10 that precipitated was filtered. 
The filtrate was evaporated and the residual oil was slurried with a 
small quantity of cold CH3OH and filtered. Purification of 22, 23, 
or 24 was achieved by recrystallization from absolute methanol. 
The crude yields varied from 40 to 70%.

Compound 22 had mp 188-193°.
Anal. Calcd for C24H31N30 3: C, 70.39; H, 7.63; N, 10.26. Found: 

C, 70.65; H, 7.76; N, 10.39.
Compound 23 had mp 162-164°.
Anal. Calcd for C23H29N30 3: C, 69.85; H, 7.39; N, 10.36. Found: 

C, 69.55; H, 7.52; N, 10.33.
Compound 24 had mp 164-169°.
Anal. Calcd for C24H3iN30 2: C, 73.25; H, 7.94; N, 10.68. Found: 

0, 73.64; H, 8.00; N, 10.58.
Reaction of lwith 1-AAMorpholino-l-cyclohexene. When 1 

was treated with 1-lV-morpholino-l-cyclohexene, compound 21, 
mp 191-194°, was obtained in 55% yield.

Anal. Calcd for C2iH27N30 3: C, 68.27; H, 7.36; N, 11.37. Found: 
C, 68.32; H, 7.42; N, 11.85.

Synthesis of 25. A mixture of 370 mg (1 mmol) of 21, 10 -ml of 
CH3OH, and 3 drops of concentrated hydrochloric acid was rel- 
fuxed for 1 hr. The solvent was evaporated and the residual oily 
solid was slurried with a small quantity of methanol. The crude 25 
(100%) was filtered and then recrystallized from methanol. The 
purified 25 melted at 198-200°, molecular ion m/e 282.

Synthesis of 27. A mixture of 282 mg (1 mmol) of 25 and 356 mg 
(2 mmol) o f AT-bromosuccinimide in 10 ml of CC14 was refluxed for 
2 hr. The mixture was cooled and the precipitated succinimide was 
filtered. The filtrate was evaporated and the crude 27 was slurried 
with a small quantity of methanol and filtered. The crude yield 
was quantitative.
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C o m p o u n d  27 w as re c ry s t a lliz e d  fro m  C H 3O H ,  m p  1 9 7 - 2 0 0 ° .
A n a l.  C a lc d  fo r C 1 7 H 14N 2O 2 : C ,  7 3 .3 6 ; H ,  5 .0 7 ; N ,  10 .0 7 : F o u n d : 

C ,  7 3 .2 5 ;  H ,  5 . 1 1 ;  N ,  9.83.
Synthesis of 26. U s in g  th e  sa m e  p ro c e d u re  a s d e s c r ib e d  fo r th e  

s y n t h e s is  o f  25, c o m p o u n d  22 w as c o n v e rte d  to  26 in  q u a n t it a t iv e  
y ie ld .  I t  m e lte d  a t  1 7 3 - 1 7 5 °  a fte r  r e c r y s t a lliz a t io n  fro m  C H 3 O H ,  
m o le c u la r  io n  m/e 3 2 2 .

A n a l.  C a lc d  fo r C 20H 22N 2O 2 : C ,  7 4 .5 1 ;  H ,  6 .8 8 ; N ,  8.69. F o u n d : C ,  
7 4 .3 4 ; H ,  6.90; N ,  8 .75.

Synthesis of 28. T r e a t m e n t  o f  26 w it h  A '-b ro m o s u c c in im id e  
g a ve  28 in  q u a n t it a t iv e  y ie ld .  28 m e lte d  a t  1 4 0 - 1 4 2 °  a fte r  re c r y s ­
t a l l iz a t io n  fro m  m e th a n o l.

A n a l.  C a lc d  fo r C 20H 18N 2O 2 : C ,  7 5 .4 4 ; H ,  5 .7 0 ; N ,  8.80. F o u n d : C ,  
7 5 .1 5 ;  H ,  5 .89; N ,  8.98.

Synthesis of 31. A m ix t u re  o f  2 7 7  m g  ( 1 .3 8  m m o l)  o f 1 a n d  15 8  
m g  ( 1 .4 2  m m o l)  o f  E t 2N C = C C H g  (29) in  5  m l o f  d r y  to lu e n e  w as 
re f lu x e d  fo r 1  h r . O n  c o o lin g  a s m a ll  q u a n t it y  o f  m a t e r ia l p r e c ip i­
ta te d  a n d  w as f ilte re d . T h is  p ro d u c t  m e lte d  a t  1 7 7 - 1 7 9 °  b u t  i t  w as 
n o t 3 1  a s sh o w n  b y  th e  n m r  sp e c tru m . T h e  f ilt r a t e  w as e v a p o ra te d  
a n d  th e  c ru d e  31 w as r e c ry s t a lliz e d  fro m  9 5 %  e th a n o l. A 3 5 %  y ie ld  
o f  31, m p  1 2 5 - 1 2 8 ° ,  w as o b ta in e d .

A n a l.  C a lc d  fo r C i 8H 23N 3 0 2 : C ,  68.98; H ,  7 .4 0 ; N ,  1 3 .4 1 .  F o u n d : 
C ,  6 8.78 ; H ,  7 .30 ; N ,  13 .5 4 .

Preparation of 3 2 . A  m ix t u re  o f  3 2 8  m g  ( 1 .6 2  m m o l)  o f 1  a n d  
2 9 1  m g  (1.6 8  m m o l)  o f  E t 2N C = C C e H 5 in  1 0  m l o f  d r y  to lu e n e  w as 
re flu x e d  fo r 2  h r . T h e  s o lv e n t  w as e v a p o ra te d  a n d  th e  c ry s t a ll in e  
re s id u e  w as r e c ry s t a lliz e d  fro m  2  m l o f  a b so lu te  e th a n o l, y ie ld in g  
3 0 7  m g  ( 5 0 .3 % )  o f  3 2 . T w o  m o re  re c r y s t a lliz a t io n s  gave  a n  a n a ly t i­
c a l s a m p le  o f 3 2 , m p  1 7 3 - 1 7 5 ° .

A n a l. C a lc d  fo r C 23H 25N 3O 2 : C ,  7 3 .1 8 ; H ,  7 .2 1 ;  N , 1 1 . 1 3 .  F o u n d : 
C ,  7 3 .4 7 ; H ,  6.89; N ,  1 1 .0 7 .

Preparation of 33. Method A. T o  a  s o lu t io n  o f 2 3 5  m g  (0 .7 5 1 
m m o l)  o f  31 in  5  m l o f 9 5 %  e th a n o l w as a d d e d  1 m l o f  H 2O  a n d  20 
d ro p s  o f  c o n c e n tra te d  h y d ro c h lo r ic  a c id . T h e  m ix t u re  w as re flu x e d  
fo r 5  m in . W it h in  2  m in  th e  y e llo w  c o lo r h a d  d isa p p e a re d . T h e  s o l­
v e n t  w as e v a p o ra te d  a n d  th e  re s id u e  w as re c ry s t a lliz e d  fro m  9 5 %  
e th a n o l to  g iv e  1 5 1  m g ( 7 7 % )  o f  33, m p  2 0 1 - 2 0 4 ° .

A n a l.  C a lc d  fo r C 14 H 14 N 2O 3: C ,  6 5 .1 1 ;  H ,  5.46; N ,  10 .8 5 . F o u n d : 
C ,  6 5 .3 3 ; H ,  5 .28 ; N ,  10 .7 7 .

Preparation of 33. Method B. A m ix t u r e  o f  8 3 2  m g  ( 5 .1 3  
m m o l)  o f  c o m p o u n d  10 a n d  7 7 3  m g  (5 .8 2  m m o l)  o f 2 ,3 -d im e t h y l-
2 -b u t e n o y l c h lo r id e 14  in  2  m l o f  n itro b e n z e n e  w as re flu x e d  fo r 1 .5  
h r . T o  th e  co o led  d a r k  s o lu t io n  w as a d d e d  2 0  m l o f  p e tro le u m  
e th e r (b p  6 3 - 7 5 ° ) .  F i l t r a t io n  o f t h is  m ix t u r e  gave 1 .2 4  g ( 9 3 % )  o f  33 
as a  b ro w n  p o w d e r. R e c r y s t a ll iz a t io n  fro m  9 5 %  e th a n o l a n d  a c t i­
va te d  c h a rc o a l gave  33, m p  2 0 0 -2 0 3 ° .  T h e  n m r  a n d  ir  sp e c tra  o f  
t h is  m a t e r ia l w ere id e n t ic a l w it h  th o se  o b ta in e d  e m p lo y in g  m e th o d  
A. A m ix t u re  m e lt in g  p o in t  o f  s a m p le s  fro m  m e th o d s A a n d  B  
sh ow ed  n o  d e p re ssio n . M e th o d  B  is  a  m o d if ic a t io n  o f a  p u b lis h e d  
p ro c e d u re  fo r p re p a r in g  tr io n e s  s u c h  a s  33.5

Conversion of 32 into 34. T o  a  s o lu t io n  o f 2 1 2  m g (0.56 m m o l) 
o f 32 in  5 .0  m l o f  9 5 %  e th a n o l w as a d d e d  1  m l o f  w ate r a n d  20  
d ro p s  o f c o n c e n tra te d  h y d ro c h lo r ic  a c id . T h e  m ix t u re  w as re flu x e d  
fo r 5  m in . T h e  s o lv e n t  w as e v a p o ra te d  a n d  th e  c ry s t a ll in e  re sid u e  
w as r e c ry s t a lliz e d  fro m  m e th a n o l to  g iv e  1 1 0  m g  ( 6 1 % )  o f  34, m p  
1 7 1 - 1 7 3 ° .

A n a l.  C a lc d  fo r C ^ H ^ N s O , , :  C ,  7 1 .2 4 ;  H ,  5 .0 3; N ,  8 .74. F o u n d : C ,  
7 1 . 1 4 ;  H ,  5 .1 3 ;  N ,  8 .8 1.

S y n t h e s is  o f  35 . A  m ix t u re  o f 1 .5 3 7  g (6.36 m m o l) o f 4 a n d  76 7 
m g (6.90 m m o l)  o f  E t 2N C = C C H 3 in  40 m l o f d r y  to lu e n e  w as re ­
f lu x e d  fo r 2  h r . T h e  to lu e n e  w as e v a p o ra te d  a n d  th e  r e s id u a l y e l ­
lo w  g u m  w as r e c ry s t a lliz e d  fro m  9 5 %  e th a n o l to  g iv e  1 .7 8  g ( 7 8 % )  o f 
3 5 , m p  1 1 8 - 1 2 2 ° .  T w o  r e c ry s t a lliz a t io n s  fro m  m e th a n o l gave y e l­
lo w  c ry s ta ls  o f 3 5 , m p  1 2 0 - 1 2 3 ° .

A n a l.  C a lc d  fo r C 2 1 H 27N 3 O 2 : C ,  7 1 .3 6 ; H ,  7 .7 0 ; N ,  1 1 .8 9 . F o u n d : 
C ,  7 1 . 3 1 ;  H ,  7.8 8 ; N ,  1 1 .7 0 .

Synthesis of 36. A m ix t u re  o f 24 2  m g  ( 1 .0  m m o l) o f 4 a n d  18 5  
m g  ( 1 .0 7  m m o l)  o f E t 2N C = C C 6H 6 in  1 0  m l o f d r y  to lu e n e  w as re ­
f lu x e d  fo r 2  h r .  T h e  to lu e n e  w as e v a p o ra te d  a n d  th e  c r y s t a ll in e  re s ­
id u e  w as r e c ry s t a lliz e d  fro m  7 m l o f C H 3C N  to g iv e  25 4  m g  (6 3 % )  
o f  36, m p  1 8 9 - 1 9 3 ° .  T h r e e  m o re  re c ry s t a lliz a t io n s  fro m  a b so lu te  
e th a n o l gave 36 m e lt in g  a t  1 9 1 - 1 9 3 ° .

A n a l.  C a lc d  fo r C 26H 29N 3O 2 : C ,  7 5 .1 5 ;  H ,  7 .0 3 ; N ,  1 0 . 1 1 .  F o u n d : 
C ,  74 .9 7; H ,  6.94; N , 9.90.

Conversion of 35 into 37. T o  a  s o lu t io n  o f 16 0  m g (0.454 m m o l) 
o f  35 in  9 m l o f  9 5 %  e th a n o l w as a d d e d  2 m l o f  w ate r a n d  2 0  d ro p s 
o f  c o n c e n tra te d  h y d ro c h lo r ic  a c id . T h e  m ix t u re  w as re flu x e d  fo r 5 
m in  a n d  th e  s o lv e n t w as e va p o ra te d . T h e  re s id u e  w as r e c r y s t a l­
liz e d  fro m  1 m l o f 9 5 %  e th a n o l to g iv e  1 1 0  m g  ( 8 2 % )  o f  37, m p  
1 6 2 - 1 6 5 ° .  T w o  m o re  c ry s t a ll iz a t io n s  fro m  9 5 %  e th a n o l gave 37, m p  
1 6 5 - 1 6 7 ° .

A n a l.  C a lc d  fo r C 17 H 18N 2O 3 : C ,  68.45; H ,  6.09; N ,  9 .39. F o u n d : C ,  
6 8.36; H ,  6 .1 5 ;  N ,  9.43.

Conversion of 36 into 38. A  m ix t u re  o f 10 3  m g  (0 .2 5 7  m m o l) o f 
36, 6 .5  m l o f  9 5 %  e th a n o l, 1  m l o f  H 2O , a n d  20  d ro p s o f c o n c e n tra t­
e d  h y d ro c h lo r ic  a c id  w as re flu x e d  fo r 10  m in . E v a p o ra t io n  o f v o la ­
t ile s  a n d  r e c ry s t a lliz a t io n  o f th e  re s id u e  fro m  9 5 %  e th a n o l gave  83 
m g  ( 9 3 % )  o f 38, m p  2 4 9 -2 5 2 ° .  T h r e e  r e c ry s t a lliz a t io n s  fro m  
C H 3C N  gave  38, m p  2 5 0 -2 5 4 ° .

A n a l.  C a lc d  fo r C 22H 20N 2O 3: C ,  7 3 .3 2 ; H ,  5 .59 ; N ,  7 .7 7 . F o u n d : 
C ,  73 .4 6 ; H ,  5 .6 7 ; N , 7.84.
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Reaction of l,l-dialkyl-l.fi-diazirino[l,2-&]phthalazine-3,8-diones with nitrones in refluxing benzene gave 
1H- [1,2,4,5]oxatriazino[4,5-6 ]phthalazine-6,ll-diones. The latter compounds are hydrolyzed in aqueous metha­
nol to 4-hydroxy-1 [2H )-phthalazinone, ketones,, and1 nitrones. Itiwasialso shown that 2-isopropenyl-4-hydroxy- 
l(2H)-phthalazinone reacted with nitrones in benzene to also form I ff  -[ 1,2,4,5]oxatriazino[4,5-6 ]phthalazine-
6,11-diones in low yields.

Recently reported reactions of 1,1-dialkyl-lH -diaziri- 
no[l,2-6]phthalazine-3,8-diones suggest that these sub­
stances are prone to form azomethine ¡mines as reaction in­
termediates.1 It appears, for example, that 1,1-dimethyl- 
IH- diazirino[l,2-6]phthalazine-3,8-dione (1) in boiling 
toluene or benzene is converted to 2, which then adds to 
enamines or ynamines to give 3 and 4, respectively, or in 
the absence of these reagents rearranges to 5 (Scheme I).1

Scheme I

Scheme II
0 —N

H3CC(NO)=NNHC(CH3)=N O H  —  H.jCC  ̂ nVx h ,
6 N—NH

7

N—0
0 = N C H = N N H C H = N O H  -*• H ( f  /C = N 0 H 

8 NH-NH
9

0
The present paper deals with the reaction of 1,1-dialkyl- 
Lf/-diazirino[l,26]phthalazine-3,8-diones with nitrones. 
The products are derivatives of the virtually unknown
1,2,4,5-oxatriazine system. Wieland was the first and per­
haps the only one to synthesize 1,2,4,5-oxatriazines. He 
claimed that 6 was transformed into 7 in boiling water2 and 
that 8 isomerized to 9 in acid3 (Scheme II).

Results and Discussion
Heating of 1,1-dialkyl-l//- diazirino[l,2-6]phthalazine-

3,8-diones with nitrones in benzene gives IH -[l,2,4,5]oxa- 
triazino[4,5-6]phthalazine-6,ll-diones (Table I). Thus 
reaction of 10 with a-phenyl-IV-p- tolylnitrone (11) and a-

The structure of 12 was established by mass spectrosco­
py, by nmr spectroscopy, and by the hydrolysis of 12 in 
aqueous methanol to 4-hydroxy-l(2f/)-phthalazinone, cy­
clohexanone, and «-phenyl-A^-p- tolylnitrone (11) (Scheme
III). The acid hydrolysis of 13 gave analogous products, 
namely, 4-hydroxy-l(2//)-phthalazinone, cyclohexanone, 
benzaldehyde, and N- methylhydroxylamine hydrochlo­
ride. Most probably during the hydrolysis of 13, a-phenyl- 
N- methylnitrone was produced and subsequently hydro­
lyzed to benzaldehyde and IV-methylhydroxylamine hy­
drochloride. N- Alkylnitrones have been reported to be far 
more susceptible to hydrolysis than N- arylnitrones.4
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Table I
\H-[ 1,2,4,5]Oxatriazino[4,5-b]phthalazine-6,11 -diones 

from the Reaction of Nitrones with
1,1-Dialkyl-Lff-diazirino[l,2-6]phthalazine-3,8-dionesa

R1
R2

+  R3CH =N R4 — ►
I

0

Compd R1 R2 R3 R4 Crude yield, % Mp, ’ C6

12 “ (c h *)5- Ph p -  h 3c c 6h 4 85 171-17?
13 - ( c h 2)5- Ph Me 84 160-162
14 - ( c h 2)5- Me c 6h u 71 139-141
15 Me Me Ph P - h3c c 6h 4 80 157-159
16 Me Me Ph Me 66 137-140
17 n -P r  n -P r Ph p -H 3CC6H4 50 163-165
“ Satisfactory analytical data for C, H, and N were obtained for

all compounds listed in this table. Ed. b Compounds 12-17 were 
recrystallized from acetonitrile.

The nmr spectra of 12-17 were consistent with the pro­
posed structures. The AT-methyl groups of 13 and 1G ap­
peared at 8 2.50 and 2.60, respectively, and the gem-di­
methyl groups of 16 at 8 2.30 and 1.67. The p-tolylmethyl 
group of 15 appeared at 8 2.37 and the gem-dimethyl 
groups gave signals at 8 2.28 and 1.80. Those 1,2,4,5-oxa- 
triazino derivatives bearing N -alkyl groups, i.e., 13,14, and 
16, showed the methine hydrogens at 8 6.00, 6.10, and 6.01, 
respectively. The signals for the methine hydrogens of 
those 1,2,4,5-oxatriazines bearing N- aryl groups (12, 15, 
and 17) were obscured by the absorption of the aromatic 
protons. The chemical shifts of the methine protons of
12-17 are analogous to those observed for the similar sys­
tem, 4-aroyltetrahydro-2/7-1,2,4-oxadiazines (18).5 The

0  f 5
II J m 3

ArCN4 "NR2

5CH2 O1 
\  /  

6CHj

18

methine hydrogen at C-3 absorbed in the aromatic region 
for those 1,2,4-oxadiazines substituted with aryl groups in 
the 2 position of the ring while those examples of 18 with 
methyl groups in the 2 position absorbed at 8 5.8.

The 1,2,4,5-oxatriazines may be regarded as arising from 
the cycloaddition of two different 1,3-dipolar species, 
namely, the azomethine imine generated from the 1,1-dial­
kyl- 1//- diazirino[l,2-fe ]phthalazine-3,8-diones (e.g., 2)
and the nitrone (Scheme IV). Few examples of cycloaddi­
tion reactions between dissimilar 1,3-dipoles are known, al­
though an interesting case of a cycloaddition of a nitrone 
with the 1,3-polar moiety 19 formed from an aziridinium 
ring has recently been reported by Leonard6 and his col­
leagues (Scheme IV). Cycloadditions of similar 1,3-dipoles, 
such as the cyclodimerizations of azomethine imines, have 
been observed7-10 (Scheme IV).

Since nitrones are known to react with alkenes to yield 
isoxazolidines11-13 and since 1,1-dialkyl-l/f- diazirino[l,2-
b]phthalazine-3,8-diones isomerize into 2-(l-alken-l-yl)-
4-hydroxy-l(2if )-phthalazinones (e.g., 1 -*■ 5, Scheme I), 
experiments were conducted to see if the latter compounds 
would react with nitrones. There was no reaction when

Scheme IV

8+

\  /

+

19

+  RCH =N R‘
I

0

mixtures of 20 and a-phenyl-lV-p- tolylnitrone or a-phenyl- 
N- methylnitrone were heated in benzene for 7.5 hr. Treat­
ment of 5 with the above nitrones for 7.5 hr did not form 
isoxazolidines but surprisingly did give small yields 
(~15%) of 15 and 16 (Scheme V). This is to be contrasted 
with the high yields of 15 and 16 (80 and 66%, Table I) that 
were obtained when mixtures of 1 and a-phenyl-lV-p- tolyl­
nitrone and 1 and a-phenyl-A/-methylnitrone were heated 
in benzene for 6 hr.

Scheme V

That 5 interacts with a-phenyl-N-p- tolylnitrone and a- 
phenyl-A/-- methylnitrone to give small amounts of 15 and 
16 is explicable if 5 is in equilibrium with the azomethine 
imine 2 which undergoes a cycloaddition reaction with the 
nitrones.

5 2

The following experiments suggest that such an equilib­
rium exists. When a chloroform solution of 5 was treated 
with deuterium oxide, the nmr absorption for the OH pro­
ton at 8 10.00 disappeared immediately. This peak reap­
peared after heating 21 at reflux in toluene overnight owing 
to exchange of the OD with the protons of the isopropenyl 
group. The latter material was probably a mixture of 22a 
and 22b and some 21 (Scheme VI). The mixture of 22a and 
2 2 b was then treated again with D2O to give a mixture of 
23a and 23b (Scheme VI). The latter mixture was analyzed 
by mass spectroscopy and its mass spectrum was compared 
to that of some untreated 5. Significant quantities of the 
mixture 23a and 23b showed a molecular ion m/e 204 (i.e.,
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18.6% relative to the standard 5 which gave only 1.1% of 
m/e 204).

5 +  D20

22a + 22b

Scheme VI
on

OH OH

That the reaction of 5 with a-phenyl-AT-p- tolylnitrone 
and a-phenyl-iV- methylnitrone results in only about 15% 
of 15 or 16 is probably due to the greater basicity of 15 and 
16 relative to the alkene moiety of 5. As 15 and 16 accumu­
late in the reaction mixture they capture the acidic proton 
of 5, thus preventing further formation of the azomethine 
imine 2.

Experimental Section
Materials. The nitrones were prepared by reaction of N-substi- 

tuted hydroxylamines with aldehydes according to literature pro­
cedures14,15 and were known compounds.

Syntheses of IH- [1,2,4,5]Oxatriazino[4,5-6 ]phthalazine- 
6,11-diones 12-17 (Table I). A mixture of 2 mmol of the nitrone 
and 2 mmol o f the 1,1-dialkyl-Iff- diazirino[l,2-6]phthalazine-3,8- 
dione in 15 ml of anhydrous benzene was refluxed for 6 hr. The 
cooled reaction mixture was filtered and the solvent was evapo­
rated. The residue was slurried with a small quantity of cold meth­
anol and the crude crystalline 12-17 were filtered and recrystal­
lized from acetonitrile.

Hydrolysis of 12. A solution of 453 mg (1 mmol) of 13 in 10 ml 
of CH3OH containing 6 drops of water was refluxed for 2 hr. The

cooled reaction mixture was filtered to give 120 mg (77%) of the 4- 
hydroxy-l(2f/)-phthalazinone. Evaporation of the filtrate gave 
150 mg (71%) of a-phenyl-N- tolylnitrone.

Hydrolysis o f  13. A solution of 377 mg (1 mmol) of 13 in 10 ml 
of CH3OH containing 1 drop of hydrochloric acid was refluxed for 
1 hr. The solution was cooled and the 4-hydroxy-l(2if)-phthal- 
azinone (130 mg, 81%) was filtered. A solution of 2,4-dinitro- 
phenylhydrazine was added to the filtrate and the precipitate (450 
mg) of a mixture of 2,4-dinitrophenylhydrazones of benzaldehyde 
and cyclohexanone was filtered. Separation of the 2,4-dinitrophen- 
ylhydrazones was easily achieved by recrystallizing from ethanol. 
The benzaldehyde 2,4-dinitrophenylhydrazone precipitated selec­
tively from the hot solvent and was filtered. The cooled filtrate 
yielded the cyclohexanone 2,4-dinitrophenylhydrazone.

The N- methylhydroxylamine hydrochloride was isolated by re­
peating the hydrolysis of 13, filtering the 4-hydroxy-l(2if)- 
phthalazinone, and evaporating the filtrate to dryness. The resi­
due weighed 50 mg (60%) and its infrared spectrum was identical 
with that of a commercial sample of N- methylhydroxylamine hy­
drochloride.
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Thermal decomposition of l-amino-2,2-diphenylaziridine gives a mixture of 1,1-diphenylethylene and 1,1-di- 
phenylethane. When the decomposition is carried out in the presence of highly reactive, strained olefins, these are 
selectively hydrogenated. Starting from iV,iV-dideuterio-2,2-diphenyl-l-aminoaziridine, deuterium is added to 
ethylenic double bonds. Comparison with the stereochemical results obtained in reductions with different sources 
of diimide supports the conclusion that the latter is the reducing species.

In connection with the synthesis of compounds whose 
molecular asymmetry is due solely to a tricovalent nitrogen 
atom,1’2 l-amino-2,2-diphenylaziridine (1) has been pre­
pared via addition of phthalimidonitrene (3) to 1,1-diphe­
nylethylene (2) according to Rees,3 and hydrazinolysis of 
the adduct 4.

4
PhjC----'N— NH2

ch2
1

In the nmr spectra of aziridines 1 and 4 phenyls bound to 
the heterocyclic ring appear as a doublet and the methy­
lene protons as an AB quartet, thus indicating the exis­
tence of a high barrier to pyramidal inversion at nitrogen, 
in agreement with the structural characteristics of the mol­
ecule.4 The spectrum of 4 remains unaltered up to 150°.

Aziridine 1 is thermally unstable and at room tempera­
ture decomposes in a few hours, with evolution of gas and 
formation of a mixture of 1,1-diphenylethylene (2) and
1,1-diphenylethane (5).5 The fragmentation can be easily 
followed by nmr spectroscopy. If aminoaziridine 1 is con­
verted into the iV,7V-dideuterio derivative 6 by isotopic ex­
change with D2O, fragmentation affords a mixture of 1,2- 
dideuterio- 1,1-diphenylethane (7) and 1,1-diphenylethy­
lene (2).

Ph2CHCH3 +  N2 
5

and from norbornenes 9-11, methylcyclohexane (12) and 
norbornanes 13a-15a were obtained, respectively. Azoben­
zene (16) afforded hydrazobenzene (17). When the réaction 
was carried out with dideuterioaziridine 6, a molecule of 
deuterium was added to the C-C double bond. In the cases 
examined, the 5,6-dideuterionorbornanes 13b-15b were 
identical with the products of addition (very likely from 
the cis-exo direction) of dideuteriodiimide (19), produced 
via azodicarboxylic acid,7 to norbornenes 9-11.

10, R =  Me

1|2 13a, R =  H, X =  H 15a, X =  H
b, R =  H, X =  D b, X =  D

14a, R =  Me, X =  H 
b, R =  Me, X =  D

Ph— N = N — Ph Ph— NHNH— Ph 
16 17

H — N = N — H D— N = N — D 
18 19

The facile fragmentation of N- aminoaziridines analo­
gous to 1 is known.8-10 The main products are the corre­
sponding ethylene derivatives, which often are formed in a 
very stereospecific way.8 In the thermal decomposition of 
trans -2,3-diphenyl-l-aminoaziridine (20), 1,2-diphenyl- 
ethane has been isolated together with trans- stilbene, 
whereas N,N- dimethylaminocarbonyl-1-aminoaziridine
(21) gives N,N- dimethylpropionamide.8 The formation of

P h £ — N— NH2 2 +
\ /

CH2
1

Ph2CDCH2D +  N2 
7

To ascertain if the formation of diphenylethane (5) and 
of the dideuterio derivative 7 occurs through an internal 
rearrangement or the formation of a species capable of hy­
drogenating (or deuterating) the double bond of diphenyl- 
ethylene in an intermolecular process, decomposition of az­
iridine 1 was repeated in the presence of highly reactive, 
strained olefins. Starting from methylenecyclohexane (8)

PhX)— N-
\ /

c h 2

- n d 2 2 + Ph— HC— CH— Ph
\ /

N

MezNCOHC— CH2
\ /

N

NH2
20

n h 2
21
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Table I
Reduction of Camphene (25)

Reagent Yield, % Endo, % 27 Exo, % 28

1 39 92.5 7.5
N2H4, NaI04 33 88.2 11.8
h o 2c n = n c o 2h

COT—1 91.5 8.5
n 2h4, o 2 92° 8°
H2, C /Pd 100 72.3 27.7
H2, C /Pt 75° 25“

“ Reference 15.

Table II
Reduction of 4-tert-Butylmethylenecyclohexane (26)

Reagent Yield, % Cis, % 29 Trans, % 30

1 77 48.1 51.9
N2H4, NaI04 50 51.0 49.0
h o 2c n = n c o 2h 44 49.6 50.4
n 2h 4, o 2 49° 51° *
H2, C /Pd 100 81.1 18.9
H2, C /Pt 83° 17°

a Reference 15.

the latter has been interpreted8 by the intervention of an 
intramolecular process. Phthalimidonitrene (3) is produced 
by heating bicyclic aziridine 22,10 and finally aminonitrene
(23) has been considered9 as a possible transient product of 
the thermal fragmentation of cis- and trans- 2,3-diphenyl-
1-aminoaziridine (24). On this basis it seemed likely that 
fragmentation of aminoaziridines 1 and 6 could yield ami- 
nonitrenes 23 and 24, which as such or through conversion 
to the tautomeric diimides 18 and 19 are the reducing 
species. Cis hydrogenation by a nonsymmetric isomer 23 of 
diimide cannot be ruled out a priori, even if, for diimide 
obtained by conventional methods, spectroscopic results 
and chemical behavior seem to exclude the existence of 
nonsymmetric species.11’12

In order to obtain information on this point, we hydroge­
nated camphene (25) and 4-terf-butylmethylenecyclohex-

ane (26) with aminoaziridine 1, with diimide produced by 
oxidation of hydrazine with sodium metaperiodate13 and 
by decarboxylation of azodicarboxylic acid,7’14 and with hy­
drogen on Pd/C catalyst.

It was known15 that in these substrates catalytic and di­
imide reductions occur with different diastereomeric selec- 
tivities.

As shown in Tables I and II, the results of the reactions 
with aziridine 1 are consistent with those obtained with 
known sources of diimide and differ from those obtained in 
catalytic conditions.

It seems therefore that diimides 18 and 19 are the reduc­
ing species produced by fragmentation of 1 and 6. At this 
moment it is only an hypothesis that diimides in their turn 
come from an internal rearrangement of aminonitrenes 23 
and 24.

Experimental Section
Nuclear magnetic resonance and infrared spectra were deter­

mined with a Varian A-60 instrument and a Perkin-Elmer 237 
spectrometer, respectively. Glc analyses were performed on a Frac- 
tovap GP chromatograph equipped with flame detectors. The col­
umns were a 0.8 in. X 3.2 ft 3% SE-30, 10% Carbowax 20M on 60- 
80 mesh Chromosorb W, and a 0.1 in. X  163.8 ft glass capillary col­
umn on OV-101.

2,2-Diphenyl-l-phthalimidoaziridine (4). A solution of lead 
tetraacetate (4.9 g, 11 mmol) in anhydrous dichloromethane (15 
ml) was added to a stirred suspension of iV-aminophthalimide3-16 
(1.62 g, 10 mmol) in 1,1-diphenylethylene (9.0 g, 50 mmol) and an­
hydrous dichloromethane (25 ml) at room temperature under a dry 
nitrogen atmosphere during 10 min. After a further 30 min the 
mixture was filtered, the precipitate was washed with anhydrous 
dichloromethane, and the combined solutions were evaporated to 
dryness under vacuum at 15-20°. The oily, yellow residue was pu­
rified by dry column chromatography on basic alumina (about 30 
g, eluent diethyl ether). Extraction with chloroform gave 4 (1.1 g, 
32%) as a yellowish solid, mp 167-168°, from methanol: nmr 
(CDC13) r 2.45 (4 H, s), 2.7 (10 H, m), 5.3, 7.14 (2H ,q,J = 3 Hz).

Anal. Calcd for C22Hi602N2: C, 77.64; H, 4.71; N, 8.22. Found: 
C, 77.40; H, 4.56; N, 8.14.

1-Amino-2,2-diphenylaziridine (1). A suspension of phthalim- 
idoaziridine 4 (500 mg,-1.47 mmol) in hydrated hydrazine (147 mg,
2.94 mmol) and 95% ethanol (12 ml) was stirred at room tempera­
ture until complete solution (5 min). After 10 min the precipitated 
/V.jV-phthaloylhydrazine, mp >300°, was filtered and washed with 
ethanol, and the combined solutions were evaporated under vacu­
um at 15-20°. Ice water was added and the organic phase was ex­
tracted five times with cold dichloromethane. The combined solu­
tions of dichloromethane were washed with 2 N aqueous potassium 
hydroxide, water, and saturated aqueous sodium chloride, dried 
over magnesium sulfate, and evaporated to dryness under vacuum. 
Work-up was carried out below 5°, and as fast as possible. The oily 
residue was l-amino-2,2-diphenylaziridine (1), together with 
minor amounts (about 5-10%) of 1,1-diphenylethylene (2), as 
shown by aromatic and ethylenic absorptions in the nmr spectrum 
(CDCI3) at t 2.71 and 4.6, respectively: nmr (CDCI3) r 2.7 (10 H, 
d), 6.97 (2 H, broad s, disappears in D20), 7.65 (2 H, q, J = 0.7 Hz). 
The thermal instability of 1 prevented further purification and el­
emental analysis.

Fragmentation of 1-Amino-2,2-diphenylaziridine. 1,1-Di- 
phenylethane (5). Aziridine 1 in CDCI3 solution at 40° decom­
posed in 3 hr to give nitrogen and a mixture of 1,1-diphenylethy­
lene (2) and 1,1-diphenylethane (5), in a ratio of 3:7 (by nmr).

The presence of 5 in the reaction mixture was confirmed by 
comparison with an authentic sample:17 nmr (CDCI3) r 2.85 (10 H, 
s), 5.95 (1 H, q), 8.40 (3 H, d).

Fragmentation of N,A'-Dideuterio-l-amino-2,2-diphenyl- 
aziridine. l,2-Dideuterio-l,l-diphenylethane (7), A solution of 
aziridine 1 (80 mg) in CDCI3 (2 ml) was shaken with D2O (1 ml) at 
about 5°, the organic phase was separated, and the operation was 
repeated twice, until disappearance of the nmr absorption at r
6.57, The CDCI3 solution was dried over anhydrous magnesium 
sulfate. Nmr spectra indicated disappearance of aziridine 1, and 
progressive appearance during about 4.30 hr of l,2-dideuterio-l,l- 
diphenylethane (7) (broad singlet at t 8.40, CH2D, centered with 
respect to the CH3 doublet of 5), together with minor amounts of 
diphenylethylene (2) and isotopically normal diphenylethane (5).

f i
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A sample of 7 was prepared by slow addition at 0° of CH3COOD 
(1.2 g, 20 mmol) in CH3OD (0.5 ml) to a solution of 1,1-diphenyl- 
ethylene (2, 360 mg, 2 mmol) and potassium azodicarboxylate (98 
mg, 5 mmol) in CH3OD (7 ml). After 1 hr pentane was added, and 
the solution was washed with water, concentrated sulfuric acid, 
and again with water. Evaporation of the solvent and distillation of 
the oily residue afforded l,2-dideuterio-l,l-diphenylethane (7): bp ;. 
148° (22 mm); nD 1.5759; nmr (CDCI3) r 2.81 (10 H, s), 8.40 (2 H, 
broad s).

Methylcyclohexane (12). A solution of aziridine 1 (84 mg, 0.4 
mmol) and methylenecyclohexane (8, 19 mg, 0.2 mmol) in CDCI3 ■
(1 ml) was kept at 40° for 12 hr to give methylcyclohexane (12), di- 
phenylethylene (2), and diphenylethane (5) in a ratio of 50:35:15 
(glc analysis).

3-ene/o-s>'rt-Phenylsulfinylbicyclo[2.2.1 ]heptane-2-endo 
carboxylic Acid (13a). A solution of aziridine 1 (84 mg, 0.4 mmol) 
and norbornene derivative 918 (52 mg, 0.2 mmol) in CD3OD (1.5 
mol) was left at room temperature for 2 hr until no more gas was 
evolved. The nmr spectrum (CD3OD) indicated disappearance of 
vinylic absorption at r 3.6. The solvent was evaporated, 5% aque­
ous sodium hydroxide was added, and the alkaline solution was 
washed with diethyl ether and acidified to give 13a (50 mg, 96%), 
mp 180-182° (lit.19 mp 184-185°). The nmr spectrum (NaOD, 
D2O) of 13a was identical with that of an authentic sample.19

The methyl ester 14a was similarly obtained from 10 and 1 in 
CHCI3 solution: mp 117-118° from light petroleum (lit.18 mp 
119-120°); nmr (CDCI3) r 2.40 (5 H, m), 6.50 (3 H, s), 6.70-8.75 (10 
H, m); no vinylic absorption at r 3.55.

5,6-Dideuterio-3-endosyrc-phenylsulfinylbicyclo[2.2.1]hep- 
tane-2-endo-carboxylic Acid (13b). A solution of aziridine 1 (84 
mg, 0.4 mmol) in anhydrous DMSO (3 ml) and D2O (0.5 ml) was 
added to a solution of acid 920 (52 mg, 0.2 mmol) in anhydrous 
DMSO (4 ml) at room temperature. Immediate evolution of gas 
was observed. After 30 min aqueous sodium hydrogen carbonate 
was added, and the mixture was washed with diethyl ether and aci­
dified with aqueous hydrochloric acid. The precipitated norbor- 
nane was filtered, washed with water, and dried: 45 mg (90%); mp 
183-184° also in mixture with the hydrogenated analogous 13a; 
nmr (DMSO-de) r 2.68 (5 H, s), 5.63 (1 H, m), 5.83 (1 H, m), 6.32 (1 
H, m), 6.52 (1 H, m), 7.40 (2 H, m), 8.51 (2 H, broad s). From the 
ethereal phase a mixture of diphenylethylene and diphenylethane 
was recovered.

Acid 13b was also prepared as follows. CH3COOD (1.2 g) was 
slowly dropped into a solution of acid*‘9 (200 mg, 1 mmol) and po­
tassium azodicarboxylate (400 mg, 2.5 mmol) in DMSO (7 ml). 
After 4 hr, 160 mg (75%) of 13b, mp 183-184°, was isolated. Nmr 
spectra of this sample and of that obtained from dideuterioaziri- 
dine were identical.

The methyl ester 14b was obtained by shaking a solution of 1 
(84 mg, 0.5 mmol) in CDC13 (1 ml) with D20  (1 ml), and adding to 
the organic phase a solution of 1021 (56 mg, 0.2 mmol) in CDCI3 
(0.5 ml). The mixture was left 2 hr at room temperature. Work-up 
afforded 14b, which was purified by column chromatography (sili­
ca, light petroleum-diethyl ether): 35 mg (60%); mp 115-117°, not 
depressed in mixture with a nondeuterated sample of 14a; nmr 
(CDCI3) r 2.40 (5 H, m), 6.50 (3 H, s), 7.0 (2 H, m), 7.30 (2 H, m),
8.45 (2 H, broad s), 8.75 (2 H, s).

Methyl 3-exo-anft-phenylsulfinylbicyclo[2.2.1]heptane-2- 
endo-carboxylate (15a) was obtained similarly to ester 14a from 
ester l l 21 and aziridine 1 in 83% yield: mp 115-116° from cyclo­
hexane; nmr (CDCI3) r 2.48 (5 H, m), 6.56 (3 H, s), 6.82 (1 H, m),
7.25 (3 H, m), 8-9 (6 H, m).

Anal. Calcd for C i5H i80 3S: C, 64.7; H, 6.5. Found: C, 64.42; H,
6.60.

Methyl 5,6-dideuterio-3-exo-anti -phenylsulfinylbicyclo- 
[2.2.1]heptane-2-entio -carboxylate (15b) was obtained similarly 
to ester 14b from ester 11 and aziridine 1 in CDCI3-D 2O in 80% 
yield, and purified by column chromatography (silica, light petro­
leum-diethyl ether): mp 108-109°, not depressed in mixture with 
the nondeuterated analogous 15a; nmr (CDCI3) r 2.48 (5 H, m),
6.55 (3 H, s), 6.82 (1 H, m), 7.25 (3 H, m), 8-9 (4 H, m).

The same compound, with identical melting point and nmr spec­
trum, was obtained from ester 11 and potassium azodicarboxylate 
in DMSO-CH3CO2D, as described above for acid 13b.

Hydrazobenzene (17). Azobenzene (19 mg, 0.1 mmol) and aziri­
dine 1 (84 mg, 0.4 mmol) in CH2CI2 solution (1 ml) were left for 3 
hr at room temperature until no more gas was evolved. Column

chromatography (silica, light petroleum) afforded 16 mg (84%) of 
hydrazobenzene, mp 124-125°.

Reductions of Camphene (25) and of 4-tert -Butylmethyl- 
enecyclohexane (26). A. With Aziridine 1. A solution of 1 (420 
mg, 2 mmol) and 25 or 2622 (0.5 mmol) in CH2CI2 (2 ml) was left at 
room temperature for 24 and 4 hr, respectively, until no more gas 
was evolved.

B. With Hydrazine and Sodium Metaperiodate. 14 To a solu­
tion of 25 or 26 (1 mmol) and hydrated hydrazine (40 mmol) in 
ethanol (5 ml) were added 2 drops of glacial acetic acid, 2 drops of 
saturated aqueous copper sulfate, and (dropwise, 1 hr) a solution 
of sodium metaperiodate (1.06 g, 5 mmol) in H20  (10 ml) at room 
temperature. The reaction mixture was filtered, diluted with brine, 
and extracted with pentane.

C. With Potassium Azodicarboxylate.7 ’15 Glacial acetic acid 
(1.2 g, 20 mmol) in methanol (1 ml) was added dropwise at room 
temperature to a solution of 25 or 26 (1 mmol) and potassium azo­
dicarboxylate (776 mg, 4 mmol) in methanol (5 ml). After 1 hr the 
mixture was diluted with brine and extracted with pentane.

D. Catalytic Reduction. It was carried out in ethanol with 10% 
Pd/C catalyst and the products were extracted with pentane.

The solvent (methylene chloride or pentane) was evaporated 
under vacuum at about 10° and the reaction mixture was analyzed 
by glc on capillary columns at 80° (see Tables I and II).
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Reaction of Diaziridines with Diphenylketene and Isocyanates

Mitsuo Komatsu,* Nobuo Nishikaze, Makoto Sakamoto, Yoshiki Ohshiro, and Toshio Agawa

Department of Petroleum Chemistry, Faculty of Engineering,
Osaka University, Yamadakami, Suita, Osaka 565, Japan

Received May 6, 1974

The reactions of 1,2,3-trialkyldiaziridines 1 with diphenylketene, phenyl isocyanate, and benzoyl isocya­
nate were studied. The products of 1 with diphenylketene were acyclic 1:2 adducts, N- alkyl-JV- (l-alkylamino-2- 
alkyl-3-oxo-4,4-diphenylbut-l-en-l-yl)diphenylacetamides 3. The products of 1 with benzoyl isocyanate were 
triazolidinones 15. With phenyl isocyanate, reactions of 1 were complicated. Mechanisms for these reactions were 
suggested.

In contrast to the widely investigated chemistry of three- 
membered heterocycles such as oxiranes and aziridines, 
chemical properties of three-membered rings containing 
two heteroatoms such as diaziridines and oxaziridines have 
been less known. Their preparation and behaviors in some 
typical reactions (hydrolysis, reduction, acylation, rear­
rangement, etc.) have been reported by Schmitz and his co­
workers, but there are few reports on their synthetic appli­
cations.1

We previously reported that the reactions of oxaziridines 
with heterocumulenes result in five- or six-membered het­
erocyclic compounds. In the reactions, oxaziridines under­
go 1,3-cycloaddition in some cases and, in other cases, form 
unstable three-membered intermediates, which in turn de­
compose or react with additional cumulenes, followed by 
elimination of carbonyl compounds. Thus a new aspect of 
the chemistry of oxaziridines has been established.2’3

We have now compared the behavior of diaziridines with 
that of oxaziridines2 or aziridines4 toward heterocumu­
lenes. As we have stated in a preliminary report,5 diaziri­
dines react with diphenylketene in a completely different 
manner from those of other three-membered heterocycles. 
In this paper, reactions with heterocumulenes as well as 
mechanistic discussion are described.

Results
Reaction with Diphenylketene. 1,2,3-Trialkyldiaziri- 

dines la-d reacted with diphenylketene (2) in refluxing 
benzene to give the acyclic 1:2 adducts, N- alkyl-W- (1-al- 
kylamino-2-alkyl-3-oxo-4,4-diphenylbut-l-en-l-yl)diphen- 
ylacetamides 3a-d, while the 1,2-dialkyldiaziridine le gave 
the azetidinone derivative 4. These products would not be 
anticipated from the known reactions of oxiranes,6’7 thi- 
iranes,8 or oxaziridines2’3 with diphenylketene.

80°, in PhHft1— N— N— R2
\ /

A
H R3

+  2
Ph/

c = c = o

la-e
R3= h \ go» in PhH

Ph Ph
\  /

CH

A Ml4,
0  R1 H
1 l I

Ph,CH— C— N— C— N
I I

Ph— C— C

Ph

,
C '  0

„  Il 11 / P h
h \ nX K nA \ ch

/ o

1 1
R 2 R 1

\ h

3a-d
R' R2 R*

3a Et Et H
b Et Et M e

c M e n -P r M e

d M e ¿-P r M e

Table I
Reaction of Diaziridines with Diphenylketene

Diaziridine (1) 
R1 R2 R3

Mole ratio 1:2 a

r— Reaction &—  ̂
Temp, Time, 0 C min Productc

Yield,
%

la Et Et Me 0.5 80 5 3a 6
lb Et Et Et 0.5 80 5 3b 53
lb Et Et Et 0.5 70 5 3b 32
lb Et Et Et 1.0 80 5 3b* 17
le Me n -  Pr Et 0.5 80 5 3c 15
le Me n -Pr Et 0.5 45 5
ld Me ¿-P r Et 0.5 80 5 3d 31
le Et Et H 0.5 80 5 4 26

a 2: diphenylketene. 6 Benzene was employed as a solvent. 
c Considerable amounts of IV-ethyldiphenylacetamide (5) and 
polymeric substances were also obtained and the latter remarkably 
increased in low-yield runs.

The results listed in Table I show that the reaction tem­
perature should not be lower than 70°, since polymeriza­
tion of the ketene is rather faster at such temperatures in 
the presence of the diaziridines. This was probably due to 
the action of the diaziridines as a basic catalyst. Even when 
equimolar quantities of diphenylketene and diaziridines 
were employed, only the 1:2 adduct 3 was isolated.

Mass spectra and analytical data show that the amide 3 
is a 1:2 adduct of the diaziridine and the ketene, and the 
structure was confirmed satisfactorily by the spectral data 
(see Experimental Section and the preliminary report5). In 
the nmr spectra of the amides 3, the signals due to the alkyl 
substituent R3 in the starting materials la-d could not be 
found but a singlet at 5 4.93 assignable to an olefinic proton 
(3a) or a singlet around S 1.6 assignable to methyl protons 
adjacent to a vinyl group (3b-d) were found, indicating the 
migration of the two «-methylene protons of the 3-alkyl 
substituent. An exchangeable NH peak at 5 10-11 is consis­
tent with that observed in other enamino ketones.9 The 
amino function was inert to such acylating agents as acetyl 
chloride, acetic anhydride, diphenylketene, or phenyl iso­
cyanate.

It should be also noted that highly complex multiplets 
were observed for the signals of N- methylene protons of 
the substituents R1 and R2 of 3a and 3b. The complexity 
derives from nonequivalence of the geminal protons of the 
methylene moiety adjacent to the nitrogens and is ascriba- 
ble mainly to the sterically restricted free rotation of the 
carbon-nitrogen bonds. Similar nonequivalence is also 
found for the methylene group of 3c or the two methyl 
groups of the isopropyl function of 3d. These multiplets 
were successfully assigned with the aid of spin decoupling 
by double resonance.

The two alkyl substituents R1 and R2 are easily distin­
guishable by observing the coupling with the amino pro-
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tons. The substituent R1 proved to be the less bulky one. It 
was also found that difference between the chemical shifts 
of the geminal methylene protons of R1 is greater than that 
of R2. The nmr spectrum of 3a observed at higher tempera­
ture indicates reduction of rotational restriction; the two 
complex multiplets at 8 2.5-3.2 (three protons) and at 8
3.3-4.2 (one proton) observed at 23° in benzonitrile altered 
into a clear quartet at 8 2.96 (two protons) and a complex 
multiplet at 8 3.4-3.8 (two protons) at 120°.

Chemical evidence for the structure of 3 was obtained by 
the acidic hydrolysis of 3b, which gave N- ethyldiphenyl- 
acetamide (5) and l,l-diphenylbutan-2-one (7). The latter 
product is considered to be formed by decarboxylation of 
the initially produced /9-ketocarboxylic acid 6.

0
II -c o ,

Ph2CHCCHCOOH ------ ►

CH:i 
6

0
II

Ph2CHCCH2CH3 
7 (55%)

The /9-lactam 4, the main product of the reaction of 1,2- 
diethyldiaziridine (le) which has no 3-alkyl substituent to 
participate in the reaction, is also a 1:2 adduct. The adduct 
shows strong ir absorptions at 1755 (lactam CO) and 1633 
cm-1 (amide CO). The mass and nmr spectra are wholly 
compatible with the structure. Hydrolysis of the lactam 4 
in refluxing aqueous ethanol in the presence of sulfuric acid 
gave the amide 5 and 2-ethylcarbamoyl-2,2-diphenylethan- 
al (8), which was isolated as its 2,4-dinitrophenylhydrazone
9. The hydrolysis probably occurs on the aminal-like link­
age and is comparable to the hydrolysis of a /9-amino-/9-lac- 
tam which forms an a-carbamoylaldehyde.10

0
H+, HjO ||

3b -----------► Ph2CHCNHEt +
-EtNH,

5 (71%)

H+. H20
4  >- 5 +

(59%)

CHO

HOCHOH
I

Ph2C— CNHEt
II
0

0  Ph

-HoO

Ph2C — CNHEt EtNHC— CCH=NNHC6H3-2,4-(NO,)2

Ph

cf.
CH,I ' / >HjC— C— C 
I I 

HO— N

/  Xpl>
0

9 (72%)

CHO
hydrolysis

(CH3)2C— CNHPh

Reaction with Isocyanates. The reaction of 1,2,3- 
triethyldiaziridine (lb) with phenyl isocyanate (1 0 a) in re­
fluxing benzene or acetonitrile gave 2-methyl-5,6-diethyl- 
3-phenyl-l-phenylcarbamoylhexahydro-l,3,5-triazin-4-one 
(11), N- ethyl-iV- propionyl-iV'- phenylurea (12), N- ethyl - 
N'- phenylurea (13), and l-ethyl-3,5-diphenylbiuret (14). 
The first compound 11 was proved to consist of 1 mol of the 
diaziridine lb and 2 mol of the isocyanate 1 0 a by elemental 
analysis and its molecular weight determined by mass spec­
troscopy. In the infrared spectrum, two strong absorption 
bands at 1685 and 1622 cm-1 (C = 0 ) and an absorption at

Et— N— N— Et
\ /  + P h N = C = 0  —

/ C\
W  NEt

10a

lb
0
IIn O O  O

Et— N-" ''"N— Ph Il II 1
! 1 +  PhNHCNCEt +  PhNHCNHEt +

Et— HCV  ^CHCHj 1 13 (6%)
1 Et

0= C N H P h 12 (2%)
11 (11%)

0  0  
Il 1

EtNH CNCNHPh +  unknowns 
1

Ph
14 (3%)

3200 cm-1 (NH) were observed. In the nmr spectrum, the 
signals due to the EtCH moiety were found at 8 1.02 (trip­
let, 3, J  = 7.5 Hz), 2.03 (pentuplet, 2, J  = 7.5 Hz), and 5.44 
(triplet, 1, J  = 7.5 Hz). Nevertheless, only one of the N- 
ethyl functions was found as signals at 8 1.16 (triplet, 3, J  =
7.1 Hz), 3.20 and 3.64 (double quartet, 1, Jvlc = 7.1, Jgem =
14.2 Hz, NCHH- and NCHH-, respectively). A doublet at 8
1.35 (3, J  = 6.0 Hz) and a quartet at 8 5.78 (1, J  = 6.0 Hz) 
indicated that the other IV-ethyl group in the starting dia­
ziridine had been converted to a -NCHCH3 moiety. The 
proton of the original N-ethyl group appeared as an NH 
proton whose signal was included in those of aromatic pro­
tons at 8 6.9-7.5. These spectral and mass spectral data (see 
Experimental Section) support the structure c f 11, and the 
other products were identified with authentic samples or 
confirmed by spectral and analytical data.

Because of the complexity of this reaction which might 
have been caused by the low reactivity of the isocyanate 
10a (reaction time 8-16 hr compared to 5 min for the ke- 
tene 2), it was decided to employ benzoyl isocyanate (1 0 b) 
in place of 10a. The isocyanate 10b, however, reacted with
1,2,3-trialkyldiaziridines la and lb to give the 1:1 cycload­
ducts 15 and N- ethyl-lV'- benzoylurea (16). This seems to 
be the first example of a cycloaddition reaction of a diaziri­
dine.

Et— N— N— Et
\ /

h / C N
la. lb

+  P h C 0 N = C = 0  
10b

75-80°, 0.5-1 hr

PhCO— nN— Et
H— C— N- 

K

— Et

15a, 15b
Yield. %

15 16
a, R =  Me 30 18
b, R =  Et 44 39

PhCONHCONH Et 
16

Though 1:1 cycloaddition of N-alkyloxaziridines to phe­
nyl isocyanate2 and addition reactions of N-substituted az- 
iridines to the isocyanate under catalysis of lithium halide 
have been known, N,N'-dialkylated diaziridines do not un­
dergo 1:1 cycloaddition with phenyl isocyanate or with di­
phenylketene. Nabeya and her coworkers recently reported
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the anilinoformylation of l,3-dialkyl-3-aryl- or l-alkyl-3- 
aryldiaziridines with phenyl isocyanate and the rearrange­
ment of the resulting l-anilinoformyl-2-alkyl-3-aryldiaziri- 
dines to the isomeric triazolidinones.12 Schmitz has also re­
ported the formation of an anilinoformyl derivative of 1,3- 
dialkyldiaziridine and a triazolidinone from 1,3,3-trialkyl- 
diaziridine,13 showing subtle effects of the substituents. In 
view of Nabeya’s results, the latter product is considered to 
be given not by a 1:1 cycloaddition but by a rearrangement 
of a labile anilinoformyldiaziridine.

— N— NH
+  10a — ►

— N— NCONHPh

X
ph

' v N''Cs'NH 
\ \  /

/  \
The triazolidinones 15 show two strong carbonyl stretch­

ing vibrations at 1720 and 1650 cm-1 in their ir spectra. 
Fragmentations in the mass spectra and the nmr signals 
are also in good agreement with the structure of 15. In the 
nmr spectra, the methylene protons of the ethyl group of 
the 2 position are nonequivalent (Jgem = 7.0 Hz), as is ob­
served for the AT-alkyl groups of the amides 3.

Hydrolysis of the 1:1 adduct 15b gave further chemical 
evidence for the structure; alkaline hydrolysis gave 1,2,5- 
triethyl-l,2,4-triazolidin-3-one (17) and benzoic acid quan­
titatively, while acidic hydrolysis afforded l,2-diethyl-5- 
phenyl-l,2,4-triazolin-3-one (18). The latter compound 18 
is formed via . the 4-acylsemicarbazide intermediate 19, 
which was verified by the acidic treatment of the acylsemi- 
carbazide 19 prepared from IV.N-diethylhydrazineand the 
isocyanate 10b.14

O
II

H — N ' C s N — E t
\ /  +  P hC O O H  (92% )

.  H— C— N— Et
OH". H,0 /

Et
17 (95%)

0
II

h + N ' ^ N — Et
---------------- *- \\ /

P h — C - N — Et

EtNHNHEt + life

0  O

18 (54%)H+f
PhCNHCN (Et)NHEt 

19

Discussion
A possible mechanism for the reaction of 1,2-dialkyldi- 

aziridines with diphenylketene involves a nucleophilic at­
tack of the nitrogen atom of a diaziridine to a central car­
bon atom of a cumulative bond of the ketene 2 followed by 
ring opening and transfer of the hydrogen on the ring car­
bon, leading to an amidine-type intermediate 2030 (Scheme
I). The intermediate 20 probably tautomerizes into a ke­
tene aminal-type intermediate 21 if the substituent R3 is a 
primary alkyl group and the latter intermediate 21 in turn 
attacks the ketene, affording the amide 3. When the sub­

stituent R3 is a hydrogen (i.e., le), the intermediate 20 
cannot convert into the aminal-type intermediate 21. In 
this case, 20 reacts with diphenylketene to give the (3-lac­
tam 4. Similar cycloadditions of ketenes to azomethines, 
including benzamidine derivatives,15 are known to give (3- 
lactams, l,3-oxazin-6-ones, or piperidine-2,4-diones.16

Scheme I

Ph2C = C — O

H \  *----- N— R1 — ►
Rs /  \ /

N

/P h 2C— C— O

H< r \ _  1,
;< W — N— R>

Rs /  v / O
N
I

1
R2

1
L R2 J

0  R3
Il I

Ph2CHCNC=NR2
' I

R1
20

O
II

5 +  (RZNHCR3)

hydrolysis

| R3 = CH2R4

0 ' 'H"-N-"'R2
II

I n = r =
Ph2HC/ C ^N/C  t^CHR4

R1 0 = C = C P h 2

21

R\ f > H9
O “ 0
Il II I

PhjHC-^ C "N '"C^CHC % CPh2

R1 R1

In the reactions of la-e with 2, a considerable amount of 
N-ethyldiphenylacetamide (5) was produced. The forma­
tion of 5 is ascribed to the hydrolysis of the intermediate
20. The other reason for the low yields of the amides 3 is 
polymerization of the ketene catalyzed by the basic species 
in the system, e.g., starting diaziridines.

Steric factors apparently are important in the addition of 
the diaziridine to the ketene, since it is the nitrogen bear­
ing the least bulky substituent that adds to the carbonyl 
carbon of the ketene.

Our attempts to isolate the intermediate 20 from a reac­
tion mixture containing equimolar quantities of the diaziri­
dine and the ketene were in vain. As an alternative path to 
the intermediate 20, the reaction of amidines 22, isomers of 
the diaziridines 1, with the ketene 2 was studied, since it is 
reasonable to expect the formation of 20 in this system.

The reactions of amidines instead of diaziridines under 
the same conditions resulted in the same products in better 
yields and the results (listed in Table II) apparently indi-

O R 3
NHR1 Il 1 2

% + 2 * X NR2
Ph2CHCNC=NR2 — ► 3 or 4

22 R1
2 0
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Table II
Reaction of Amidines with Diphenylketene

Amidine (22) Reaction conditions'2-^
R1 R2 R3 Temp, °C Tim e, min Product Yield, %

22a Et Et Me 80 10 3a 12
22b Et Et Et 80 10 3b 51
22e Et Et H 70 10 4 63

“ Benzene was employed as a solvent. Mole ratio of the amidine
22 to diphenylketene (2) was 0.5.

cate the intermediacy of 20. The nucleophilicity of a car­
bons of amidines having a-methylene groups as is present 
in 20 has been reported by Schaefer and his coworkers in 
the reactions of amidines with s-triazines; the ketene ami- 
nal form of the amidine is postulated to be the reactive

. nh  nh2 _ nh2
R C H /;^  ^  R C H = C ^  =*=*= RCHC("

hmh2 x nh2 x nh2

species as our assumption in Scheme I.17 In addition, ke­
tene aminals have been reported to form linear 1:1 or 1:2 
adducts when treated with ketenes18 or isocyanates19 in ac­
cord with the assumed mechanism. Similar equilibria be­
tween azomethines and enamines have been proved20 and 
enamines having a hydrogen on their ft carbons also give 
linear 1:1 adducts with heterocumulenes.21

Since attempts to isolate the amidine-type intermediate 
20 by chromatography or vacuum distillation from the 
reaction mixtures were unsuccessful, the nature of these 
reaction mixtures was studied.

The infrared spectrum of the mixture obtained by treat­
ing the ketene 2 with an excess of TV.lV'-diethylacetamidine 
(22a) followed by removal of the excess 22a showed an in­
tense absorption at 1640 cm’J  and no absorption due to the 
1:2 adduct. This mixture was hydrolyzed in the presence of 
hydrochloric acid and the resultant products imply that the 
main component of the mixture was the amidine 20a.

doublet of methyl protons of C=CHCH3) was observed in 
the spectra. Thus the equilibrium between the intermedi- 
attattates is completely in favor of the amidine form 20.

When the equimolar mixture of 22b and 2 was treated 
with phenyl isocyanate instead of the ketene. the reaction 
was very slow and gave but a trace amount of the adduct 
23, corresponding to the amide 3. This is consistent with

Ph
\

NH

o ^ c /
,ch3

H
'N N'
I I

/
CH

\

Ph

Et Et
23

Ph

the result that the reaction of phenyl isocyanate (10a) with 
a diaziridine gave no 1:2 adduct corresponding to the amide 
3 (or 23).

The entire spectral and chemical evidence on the 
mixtures is a satisfactory rationale for the postulated 
mechanism. Furthermore, IV.A^lV'-triethylpropioamidine 
(22f), a model compound for the intermediate 20, was al­
lowed to react with the ketene 2 to give the amide 24 (12% 
yield), which is considered to be formed via the amide 3f 
corresponding to the amide 3. The low reactivity of the 
model compound 22f compared with the intermediate 20 
may be attributed to the lack of contribution of the hydro­
gen bonding in the form of the aminal-type intermediate 
21f in contrast to 21. Though the amide 3f further reacts 
with the ketene to give the amide 24, the amino function of

Et

Et— N-
Et .CH— CH,

Et,NC
*N— Et \

22f

NHEt

21f

22a + 2
80e, 20 min

o

o
Il /PbjCHCNC^
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CH3

NEt

HCl, HjO
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PhjCHCNHEt +  EtNH2HCl +  CH3CNHEt 
5 (74%) (41%) (7%)
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Ph Ph
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CH
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Ph
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CH
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An equimolar mixture of Al.lV'-diethylpropioamidine 
(22b), the isomer of the diaziridine lb , and the ketene 2 in 
benzene was warmed to 80° for 1 min. The ir spectrum of 
the mixture showed a deep and broad absorption band at 
1640 cm-1 and none of the bands due to the amide 3b. The 
nmr spectrum of the mixture exhibited a sharp singlet at 8
5.6 assignable to the amino proton of the unreacted ami­
dine 22b and a singlet at S 4.89 assignable to the methine 
proton of the diphenylacetyl moiety of the 1:1 adduct 20. 
The reaction did not proceed so far in the state of this mix­
ture. The spectrum was then taken soon after an additional 
1 mol of the ketene had been added to this mixture. At this 
stage, the signal of the amino proton of the unreacted ami­
dine diminished and the signals which coincided well with 
those of the 1:2 adduct 3b increased in intensity. Though a 
considerable amount of the 1:1 adduct 20 was detected, 
none of the signals due to the aminal structure 21 (e.g., a

the amide 3 was not susceptible to the ketene or other acyl- 
ating agents. This is because of replacement of an ethyl 
group by diphenylacetyl moiety that reduces the nucleo­
philicity of the amino nitrogen with its electron-withdraw­
ing and steric hindrance.

In contrast to the reaction of diaziridines with diphenyl­
ketene, whereby the nitrogen-nitrogen bond of the ring is 
cleaved, diaziridines react with benzoyl isocyanate by rup­
ture of the carbon-nitrogen bond of the ring (path a in 
Scheme II). The formation of the urea 16, however, 
suggests hydrolysis of an amidine-type 1:1 adduct 25,30 
which corresponds to the intermediate 20. Hence, both fis­
sions of the carbon-nitrogen and the nitrogen-nitrogen 
bonds were observed in this reaction. The difference from 
the reaction with the ketene 2 would be attributable to the 
higher basicity of the anion developed on the ketene upon 
nucleophilic attack of a diaziridine compared with the de-
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localized one on the isocyanate 10b. The more basic anion 
on the ketene will cause the exclusive hydrogen abstraction 
from the diaziridine which leads to the intermediate 20.

In the case of phenyl isocyanate (10a), the situation is 
expected to be intermediate between the above two cumu- 
lenes. The products identified in the reaction with 10a can 
be interpreted as depicted in Scheme III. Path b is similar 
to that for the other cumulenes and further reaction of the 
intermediate 25' 30 to the hexahydrotriazinedione 27 is de- 
ducible from the reported reaction of formamidine and iso­
cyanates.22 The formation of the urea 12, the urea 13, and 
the biuret 14 is ascribable to hydrolysis of 25' and 27, re­
spectively. Path c does not lead to a 1:1 cycloadduct but in­
stead to the hexahydrotriazinone 28 as a result of a hydride 
shift. Such hydride shifts giving a hexahydrotriazine struc­
ture have been observed in the reaction of oxaziridines with 
diphenylcarbodiimide.2 These hexahydrotriazine deriva­
tives, including the intermediates, are generally unstable 
and their decomposition and further reactions with 10a are 
also possible. For example, the intermediate 26 may be in 
equilibrium with ethyl isocyanate and IV-ethyl-Af-anilino- 
formyl-AT'-propioamidine through a diazetidinone.22

Hence, these complicated systems'will make the reaction 
complex. The behavior of diaziridines, however, is similar 
to that in the reaction with the ketene showing the nitro­
gen-nitrogen bond cleavage.

Experimental Section
All melting points were determined on a Yanagimito micro melt­

ing point apparatus and are uncorrected. Infrared, nuclear mag­
netic resonance, and mass spectra were taken on a Jasco IR-E 
spectrophotometer, JEOL LNM-PS-100 and JEOL LNM-3H-60 
spectrometers, and a Hitachi RMU-6E spectrometer, respectively.

All reactions were carried out under a nitrogen stream in a 50-ml 
four-necked flask equipped with a stirrer, a reflux condenser, a 
dropping funnel, and a thermometer. Products were isolated by 
column chromatography (basic aluminum oxide-benzene).

Materials. Diphenylketene (2) and benzoyl isocyanate (10b) 
were prepared by known methods.23’24 Commercially available 
phenyl isocyanate (10a) was used after distillation. Diaziridines 
la-e were prepared according to Schmitz’s procedures.25 Boiling 
points, purities determined by iodometry25 and glpc, and yields are 
as follows: l,2-diethyl-3-methyldiaziridine (la), 53-55° (70 mm), 
90%, 14%; 1,2,3-triethyldiaziridine (lb), 56° (40 mm), 93%, 35%; 1- 
methyl-2-n- propyl-3-ethyldiaziridine (1c), 63° (60 mm), 93%, 
16%; l-methyl-2-isopropyl-3-ethyldiaziridine (Id), 74-77° (62 
mm), 84%, 4%; 1,2-diethyldiaziridine (le), 95°, 91%, 5%.

Preparations of the amidines 22a and 22b were done by a modi­
fied procedure of Brown26 and the amidines 22e and 22f were pre­
pared by known methods.27'28 Boiling points, purities checked by 
glpc and nmr spectra, and yields are as follows: lV,Af'-diethylaceta- 
midine (22a), 80° (30 mm), 98%, 61%; Af,lV'-diethylpropioamidine 
(22b), 88° (28 mm), 92%, 31%; iV.lV'-diethylformamidine (22e), 69° 
(20 mm), 92%, 24%; A.Al.AT'-triethylacetamidine (22f), 87° (27 
mm), 96%, 33%.

Reaction with Diphenylketene (2). Reaction of the Diaziri­
dine la. A solution of the ketene 2 (5.8 g, 30 mmol) in benzene (10 
ml) was heated to 75° under a nitrogen atmosphere. Then 1,2-di- 
ethyl-3-methyldiaziridine (la, 1.7 g, 15 mmol) was added dropwise 
with stirring at such a rate that the reaction temperature did not 
rise above 80°. The ir spectrum of the mixture showed disappear­
ance of 2 in 5 min. The reaction mixture was concentrated and 
chromatographed to give 421 mg (6%) of Af-ethyl-Ai- (1-ethylami- 
no-3-oxo-4,4-diphenylbut-l-en-l-yl)diphenylacetamide (3a), a 
small amount of Al-ethyldiphenylacetamide (5), and a large 
amount of viscous oil. The amide 3a was recrystallized from ben­
zene-ethanol to give colorless granules: mp 175-176°; ir (Nujol) 
3350 (broad and weak, NH), 1655 (amide C = 0 ) , 1615 (C = 0 ),
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1582 (sh) and 1568 cm 1 (C =C  or C =N ); nmr (CDCI3) 8 0.93 (t, J 
= 7.2 Hz, 3, CHS), 1.10 (t, J  = 7.0 Hz, 3, CH3), 2.65 (ddq, J (gem) 
= 13.1, J  (CH3) = 7.2, J  (NH) = 5.8 Hz, 1, HNCHH-), 2.97 (ddq, 
J (gem) = 13.1, J  (CH3) = 7.2, J  (NH) = 5.8 Hz, 1, HNCHH-),
3.02 (dq, J (gem) = 14.0, J  (CH3) = 7.0 Hz, 1, NCHH-), 3.92 (dq, 
J (gem) = 14.0, J  (CH3) = 7.0 Hz, 1, NCHH-), 4.89 (s, 1, Ph2CH),
4.96 (s, 1, C=CCH), 5.13 (s, 1, Ph2CH), 6.9-7.5 (m, 20, 4 Ph), 10.3 
(t, J -  5.8 Hz, 1, NH); mass spectrum (70 eV) m/e 502 (M+, calcd 
502), 335 (M+ -  Ph2CH), 307 (M+ -  Ph2CHCO), 264 (M+ -  
PhCHCONEt), 222 (Ph2CCNEt+), 194 (Ph2CC0+).

Anal. Calcd for C34H34N20 2: C, 81.24; H, 6.82; N, 5.57. Found: C, 
81.00; H, 6.86; N, 5.81.

Reactions of the Diaziridine lb. The diaziridine lb (0.93 g, 7.3 
mmol) was treated with the ketene 2 (2.9 g, 15 mmol) in refluxing 
benzene for 5 min by the same procedure as above. The reaction 
mixture was concentrated to precipitate 1.99 g (53%) of crystalline 
iV-ethyl-7V-(l-ethylamino-2-methyl-3-oxo-4,4-diphenylbut-l-en-
l-yl)diphenylacetamide (3b) and the residue was viscous oily ma­
terials. Recrystallization of the amide 3b from benzene-hexane af­
forded colorless granules: mp 153-154°; ir (Nujol) 3400 (broad and 
weak, NH), 1668 (amide C = 0 ), 1610 (C = 0 ), 1580 (sh) and 1560 
cm" 1 (C =C  or C =N ); nmr (CDC13) 8 0.85 (t, J  = 6.9 Hz, 3, CH3),
1.11 (t, J = 7.1 Hz, 3, CH3), 1.51 (s, 3, C=C CH 3), 2.60 (ddq, J 
(gem) = 13.2, J  (CH3) = 6.9, J  (NH) = 5.5 Hz, 1, NHCHH-), 2.96 
(ddq, J (gem) = 13.2, J  (CH3) = 6.9 Hz, 1, NHCHH-), 3.41 (dq, J  
(gem) = 14.3, J  (CH3) = 7.1 Hz, 1, NCHH-), 3.68 (dq, J (gem) =
14.3, J  (CH3) = 7.1 Hz, 1, NCHH-), 4.86 (s, 1, Ph2CH), 5.38 (s, 1, 
Ph2CH), 6.9-7.6 (m, 20, 4 Ph), 11.3 (t, J  = 5.5 Hz, 1, NH); mass 
spectrum (70 eV) m/e 516 (M+, calcd 516), 349 (M+ -  Ph2CH), 
321 (M+ -  Ph2CHCO), 278 (M+ -  Ph2 -  CHCONEt), 221 
(Ph2CCNEt+), 194 (Ph2CCO+).

Anal. Calcd for C35H36N20 2: C, 81.36; H, 7.02; N, 5.42. Found: C, 
81.59; H, 7.11; N, 5.49.

When the reaction temperature was a little lower (70°), the yield 
of the amide 3b decreased; from 2.1 g (16 mmol) of lb and 6.1 g (31 
mmol) of 2, 2.56 g (32%) of the amide 3b was obtained. An equimo­
lar reaction also gave the amide in a low yield: 1.25 g (17%) of 3b 
was obtained from the reaction mixture of 5.7 g (29 mmol) of 2 and
3.9 g (30 mmol) of lb treated at 80° for 5 min. The amide 3b was 
isolated by column chromatography in the latter two reactions and
50-100 mg of the amide 5 and large amount of polymeric sub­
stances were obtained.

Reactions of the Diaziridine lc. The same treatment (80°, 5 
min) of the diaziridine lc (1.9 g, 15 mmol) and the ketene 2 (5.2 g, 
27 mmol) as in the above reactions gave 1.02 g (15%) of N- methyl- 
N- (1 -n- propylamino-2-methyl-3-oxo-4,4-diphenylbut-l-en-l-yl)- 
diphenylacetamide (3c) and polymeric materials with a small 
amount of the amide 5.

When the reaction was carried out at 45°, the infrared spectrum 
of the reaction mixture showed the rapid consumption of 2 and the 
formation of a large amount of poymers of 2.

The amide 3c was recrystallized from benzene-hexane to give 
colorless granules: mp 110-111°; ir (Nujol) 3350 (broad and weak, 
NH), 1665 (amide C = 0 ), 1612 (C = 0 ), 1580 (sh) and 1562 cm“ 1 
(C =C  or C =N ); nmr (CDC13) 5 0.71 (t, J = 7.4 Hz, CH3), 1.52 (s, 3, 
C=CCH 3), 1.57 (dq, J  (CH2) = 6.6, J  (CHS) = 7.4 Hz, 2, CH2CH3),
2.58 (ddt, J (gem) -  13.3, J  (CH2) = 6.6, J  (NH) = 5.8 Hz, 1, 
NHCHH-), 2.87 (ddt, J (gem) = 13.3, J (CH2) = 6.6, J  (NH) = 5.8 
Hz, 1, NHCHH-), 3.01 (s, 3, NCH3), 4.86 (s, 1, Ph2CH), 5.36 (s, 1, 
Ph2CH), 7.0-7.6 (m, 20, 4 Ph), 11.2 (t, J = 5.8 Hz, 1, NH); mass 
spectrum (70 eV) m/e 516 (M+, calcd 516), 349 (M+ — Ph2CH), 
321 (M+ -  PhaCHCO), 292 (M+ -  Ph2CHCONMe), 207 
(Ph2CCNMe+), 194 (Ph2CCO+).

Anal. Calcd for C35H36N20 2: C, 81.36; H, 7.02; N, 5.42. Found: C, 
81.21; H, 7.03; N, 5.70.

Reaction of the Diaziridine Id. From the reaction of 0.80 g 
(6.2 mmol) of the diaziridine Id and 2.46 g (13 mmol) of the ketene 
2, 0.98 g (31%) of N-methyl-iV-(l-isopropylamino-2-methyl-3-oxo-
4,4-diphenylbut-l-en-l-yl)diphenylacetamide (3d) and 0.1 g of the 
amide 5 were obtained after the same treatment as above. Recrys­
tallization of 3d from benzene-ether gave colorless granules: mp
149-151°; ir (Nujol) 3350 (broad and weak, NH), 1657 (amide 
C = 0 ), 1615 (C = 0 ), 1580 (sh) and 1562 cm' 1 (C =C  or C =N ); 
nmr (CDC13) 8 0.68 and 1.08 (d, J  (CH) = 6.6 Hz, 3, CH3, respec­
tively), 1.45 (s, 3, C=CCH 3), 3.04 (s, 3, NCH3), 3.40 (d—septet, J 
(CH3) = 6.6, J  (NH) = 9.6 Hz, 1, NHCH-), 4.90 (s, 1, Ph2CH), 5.36 
(s, 1, Ph2CH), 6.9-7.7 (m, 20, 4 Ph), 11.3 (d, J  = 9.6 Hz, 1, NH); 
mass spectrum (70 eV) m/e 516 (M+, calcd 516), 349 (M+ — 
Ph2CH), 322 (M+ -  Ph2CCO), 207 (Ph2CCNMe+), 194 
(Ph2CCO+).

Anal. Calcd for C35H36N20 2: C, 81.36; H, 7.03; N, 5.42. Found: C, 
81.50; H, 6.96; N, 5.58.

Reaction of the Diaziridine le. The treatment of the diaziri­
dine le (1.53 g, 15 mmol) with the ketene 2 (5.82 g, 30 mmol) at 
80° for 5 min resulted in 1.90 g (26%) of 1-ethyl-3,3-diphenyl-4- 
(Af-ethyldiphenylacetamido)azetidin-2-one (4) and the amide 5 
(380 mg).

The azetidinone 4 for analysis was obtained by recrystallization 
from benzene-ethanol as colorless granules: mp 154°; ir (KBr disk) 
1755 and 1633 cm" 1 (C = 0 ); nmr (CDC13) 8 0.99 (t, J  = 7.2 Hz, 3, 
CH3), 1.15 (t, J  = 7.2 Hz, 3, CH3), 2.63 (dq, J (gem) = 14.4, J 
(CH3) = 7.2 Hz, 1, -C H H - on the ring nitrogen), 2.70 (dq, J (gem) 
= 14.4, J  (CH3) = 7.2 Hz, 1, -C H H - on the ring nitrogen), 2.89 
(dq, J (gem) = 14.2, J  (CH3) = 7.2 Hz, 1, NCHH-), 3.59 (dq, J 
(gem) = 14.2, J  (CH3) = 7.2 Hz, 1, NCHH-), 5.12 (s, 1, Ph2CH),
6.80 (s, 1, NCHN), 6.9-7.9 (m, 20, 4 Ph); mass spectrum (70 eV) 
m/e 488 (M+, calcd 488), 294 (M+ -  Ph2CCO), 222 (M+ -  
Ph2CHCO -  EtNCO), 71 (EtNCO+).

Anal. Calcd for C33H32N20 2: C, 81.12; H, 6.60; N, 5.73. Found: C, 
81.39; H, 6.71; N, 5.62.

Hydrolysis of the Amide 3b. To a solution of the amide 3b (3.0 
g, 5.8 mmol) in tetrahydrofuran (30 ml), 5 ml of 47% hydrobromic 
acid was added and the mixture was refluxed for 36 hr. Then the 
solvent was removed and extracted (ether). The aqueous layer was 
made alkaline and extracted (ether). The combined ethereal ex­
tract was dried (Na2S 04), concentrated, and chromatographed to 
give 992 mg (71%) of N-ethydiphenylacetamide (5) and 710 mg 
(55%) of l,l-diphenylbutan-2-one (7). The amide 5 was identical 
with an authentic sample and the latter compound 7 was purified 
by pot distillation (110°, 20 mm): ir (neat) 1720 cm-1 (C = 0 ); nmr 
(CC14) 8 1.02 (t, 3, J  = 7.2 Hz, CH3), 2.49 (q, 2, J  = 7.2 Hz, CH2),
5.01 (s, 1, CH), 7.0-7.3 (10, 2 Ph); mass spectrum (70 eV) m/e 224 
(M+, calcd 224), 167 (Ph2CH+).

Hydrolysis of the Azetidinone 4. A solution of the azetidinone 
4 (845 mg) in ethanol (50 ml) containing 2.5 ml of 50% sulfuric acid 
was refluxed for 20 hr. Then 300 mg of 2,4-dinitrophenylhydrazine 
and 2 ml o f dilute sulfuric acid were added and the solution was re­
fluxed for an additional 1 hr. The solution was concentrated, ex­
tracted (benzene), and dried (Na2S 04). From the organic layer, 165 
mg (72%) of N-ethyl-2,2-diphenyl-3-(2,4-dinitrophenylhydra- 
zono)propanamide (9), 72 mg (59%) of the amide 5, and 595 mg of 
the unreacted 4 were obtained. The yields are calculated on the 
hydrolyzed 4.

The hydrazone 9 was recrystallized from benzene-ethanol to 
give a yellow powder: mp 238-240°; ir (Nujol) 3400 and 3220 (NH), 
1650 (C = 0 ), 1610 (C =N ), 1580 (NH), and 1500 cm' 1 (N 02); nmr 
(CDC13) 8 1.17 (t, 3, CH3), 3.45 (q, 2, CH2), 5.60 (s, 1, CONH),
7.1-7.5 (m, 10, 2 Ph), 7.58 (d, 1), 8.27 (dd, 1), 8.47 (s, 1, N =CH ),
9.14 (d, 1), 11.23 (s, 1,-NHN) (the unassigned three signals are due 
to the protons of the 6, 5, and 3 position of the dinitrophenyl 
group, respectively; the singlet in the lowest field disappeared 
upon addition of deuterium oxide); mass spectrum (70 eV) m/e 
447 (M+, calcd 447), 375 (M+ -  EtNHCO), 341 (M+ -  Ph -  Et), 
239 (EtNHCOCHPh2+).

Anal. Calcd for C23H2iN50s: C, 61.74; H, 4.73; N, 15.65. Found: 
C, 61.74; H, 4.53; N, 15.61.

Reactions of the Amidines 22a, 22b, and 22e. Reactions of 
these amidines with the ketene 2 were carried out under such con­
ditions as those in the reactions of the corresponding diaziridines 
la, lb, and le. The results are listed in Table II.

Acidic Hydrolysis of the Reaction Mixture of the Amidine 
22a and the Ketene 2. To a solution of 5.70 g (50 mmol) of the 
amidine 22a in 10 ml of benzene, 5.20 g (27 mmol) of the ketene 2 
was added dropwise with stirring at 80° over 5 min and the mix­
ture was stirred and refluxed for another 20 min. The ir spectrum 
of the reaction mixture showed a strong absorption band at 1640 
cm-1 and none of those corresponding to the 1:2 adduct 3a. Then 
the mixture was distilled to remove the solvent and the excess ami­
dine, which amounted to 1.95 g (74% yield calculated on the basis 
of the equimolar reaction). The residue indicated no essential 
changes in the infrared spectrum and 4.05 g of the residue was hy­
drolyzed in refluxing ethanol containing 1 ml of concentrated hy­
drochloric acid for 12 hr. Concentration and cooling of the mixture 
gave 1.27 g of the amide 5 and 0.42 g (41%) of ethylamine hydro­
chloride. The filtrate was alkalified and extracted (CHC13), dried 
(Na2S 04), concentrated, and distilled under reduced pressure up 
to 70° (1 mm). The distillate was proved to contain 77 mg (7%) of 
IV-ethylacetamide. The residue was chromatographed to give 1.04 
g of the amide 5 whose total yield was 74%.

Treatment of an Equimolar Reaction Mixture of the Ami-



dine 22b and the Ketene 2 with Phenyl Isocyanate (10a), Only 
a trace amount of 1:1:1 .adduct, JV-ethyl-N- (l-ethylamino-2-phe- 
nylcarbamoyl-l-propen-l-yl)diphenylacetamide (23), ¡ was | ob­
tained. The ir and mass spectra showed replacement of one of the 
diphenylacetyl groups of 3b with a phenylcarbamoyl group: ir 
(Nujol) 3300 (NH), 1650 (C = 0 ), 1600, and 1545 cm-1; mass spec­
trum (70 eV) vale 441 (M+).

Reaction of the Amidine 22f. Treatment of the amidine 22f 
(1.1 g, 7.0 mmol) and the ketene 2 (1.75 g, 9.0 mmol) in refluxing 
benzene for 1 hr yielded 0.29 g (12% o f N-ethyl-iV-(l-diethylami- 
no-2-methyl-3-oxo-4,4-diphenylbut-l-en-l-yl)diphenylacetamide
(24). The amide 24 was recrystallized from benzene to afford color­
less granules: mp 136-138°; ir (Nujol) 1660 (amide C = 0 ), 1625 
(C = 0 ), and 1580 cm“ 1 (C=C); nmr (CDC13) 5 0.88 (t, 6, 2 CH3),
1.17 (t, 3, CH3), 1.72 (s, 3, C=CCH3), 2.5-3.4 (m, 5, 2 CH2 and a 
proton of CH2), 3.5-4.2 (m; 1, a proton of CH2), 5.24 (s, 1, Ph2CH),
5.46 (s, 1, Ph2CH), 6.9-7.5 (m, 20, 4 Ph); nonequivalent /V-methy- 
lene protons were similar to those of the amides 3; mass spectrum 
(70 eV) m/e 377 (M+ -  Ph2CH), 349 (M+ -  Ph2CCO), 221 
(Ph2CCNEt+).

Anal. Calcd for C37H4oN20 2: C, 81.58; H, 7.40; N, 5.88. Found: C, 
81.59; H, 7.51; N, 5.52.

Reaction with Isocyanates. Reaction of the Diaziridine 
lb with the Isocyanate 10a. A mixture of 3.9 g (30 mmol) of the 
diaziridine lb, 4.8 g (40 mmol) of the isocyanate 10a and 15 ml of 
acetonitrile was refluxed for 10 hr. The mixture was then concen­
trated and chromatographed to give 770 mg (11%) of 4-methyl-
l,6-diethyl-3-phenyl-5-phenylcarbamoylhexahydrb-l,3,5-triazin-
2-one (11), 190 mg (2%) of N- ethyl-lV- propionyl-iV'- phenylurea
(12), 405 mg (6%) of N- ethyl-lV'- phenylurea (13), 155 mg (3%). of
l-ethyl-3,5-diphenylbiuret (14), small amounts of unidentified 
materials, and a large amount of viscous oil. The yields are calcu­
lated on the basis of 10a.

Changes in the reaction temperature, the mole ratio of lb to 10a, 
or solvents caused no essential changes in the products but slightly 
influenced on their yields.

The triazinone 11 was recrystallized from benzene-ethanol to af­
ford colorless granules: mp 175-176°; ir (Nujol) 3200 (NH), 1685 
(C = 0 ), and 1622 cm- 1 (C = 0 ); nmr (CDC13) b 1.02 (t, 3, J = 7.5 
Hz, CHCH2CH3), 1.16 (t, 3 , J =  7.1 Hz, NCH2CH3), 1.35 (d, 3, J =
6.0 Hz, CHCH3), 2.03 (p, 2, J = 7.5 Hz, CHCH2-), 3.20 and 3.64 
(dq, 1, J (vie) = 7.1, J (gem) = 14.2 Hz, NCHH- and NCHH-, re­
spectively), 5.44 (t, 1, J = 7.5 Hz, CHCH2-), 5.78 (q, 1, J  = 6.0 Hz, 
CHCH3), 6.9-7.5 (m, 11, NH and aromatic protons); mass spec­
trum (70 eV) m/e 366 (M+, calcd 366), 337 (M+ -  Et), 295 (M+ -  
EtNCO), 274 (M+ -  PhNH), 247 (M+ -  PhNCO), 218 (337 -  
PhNCO), 204 (M+ — EtNCONPh), 162 (247 -  EtCHNEt), 134 
(PhNCONH+), 120 (PhNHCO+), 119 (PhNCOSUPN+ ), 85 
(EtCH=NEt+).

Anal. Calcd for C2iH26N402: C, 68.83; H, 7.15; N, 15.29. Found: 
C, 69.13; H, 7.19; N, 14.97.

The urea 12 for analysis was obtained by recrystallization from 
benzene-hexane as colorless needles: mp 91-92°; ir (Nujol) 3380 
(NH), 1700, 1648, 1592, and 1545 cm“ 1; nmr (CDC1S) b 1.21 (t, 3, J 
= 7.1 Hz, CH3), 1.29 (t, 3, J  = 7.0 Hz, CH3), 2.64 (q, 2, J  = 7.1 Hz, 
CH2), 3.87 (q, 2, J  = 7.0 Hz, NCH2), 6.9-7.6 (m, 5, Ph), 11.6 (broad, 
1, NH); mass spectrum (70 eV) m/e 220 (M+, calcd 220), 163 (M+ 
-  EtCO), 119 (PhNCO+), 101 (M+ -  PhNCO).

Recrystallization o f the biuret 14 from benzene-hexane gave col­
orless needles: mp 148-150°; ir (Nujol) 3280 and 3150 (NH), 1702, 
1615, 1590, 1550 cm“ 1; nmr (CDCI3) 8 1.35 (t, 3, J  = 7.0 Hz, CH3),
3.93 (q, 2 , J =  7.0 Hz, CH2), 6.9-7.6 (m, 10, 2 Ph), 9.18 (s, 2, 2 NH); 
mass spectrum (70 eV) m/e 283 (M+, calcd 283), 212 (M+ -  
EtNCO), 164 (M+ -  PhNCO), 163 (M+ -  PhNHCO), 119 
(PhNCO+).

Reaction of the Diaziridine la with the Isocyanate 10b. A
solution of 3.4 g (30 mmol) of the diaziridine la in 10 ml of ben­
zene was warmed to 80° and 3.8 g (26 mmol) of the isocyanate 10b 
in 5 ml of benzene was added dropwise to the solution with stirring 
over 15 min. The mixture was stirred and refluxed for 20 min until 
ir absorption of the isocyanate disappeared. The mixture was con­
centrated and chromatographed to give 2.0 g (30%) of 5-methyl-
l,2-diethyl-4-benzoyl-l,2,4-triazolidin-3-one (15a) and 0.87 g 
(18%) of N-ethyl-iV'-benzoylurea (16). The former product was re­
crystallized from benzene-hexane to give colorless granules: mp
54-56°; ir (Nujol) 1720 and 1655 cm-1 (C = 0 ); nmr (CDC13) 8 1.16 
(t, 3, J  = 7.0 Hz, CH3), 1.19 (t, 3, J  = 7.0 Hz, CH3), 1.48 (d, 3, J =
6.0 Hz, CHCH3), 2.88 (q, 2, J  = 7.0 Hz, NCH2), 3.16 and 3.63 (dq, 
1, J (vie) - J  (gem) = 7.0 Hz, NCHH- and NCHH-, respectively),
5.12 (q, 1, J = 6.0 Hz, CH), 7.2-7.7 (m, 5, Ph); mass spectrum (70
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eV) m/e 261 (M +, calcd 261), 246 (M+ -  Me), 156 (M+ -  PhCO), 
87 (EtNNHEt+).

Anal. Calcd for C14Hi9N30 2: C, 64.34; H, 7.33; N, 16.08. Found: 
C, 64.27; H, 7.35; N, 16.08.

The urea 16 was identified with an authentic sample.
Reaction of the Diaziridine lb with the Isocyanate 10b. The

same treatment of the diaziridine lb (6.4 g, 50 mmol) and the iso­
cyanate 10b (2.7 g, 18 mmol) in refluxing benzene as in the above 
reaction gave 2.20 g (44%) of l,2,5-triethyl-4-benzoyl-l,2,4-triazoli- 
din-3-one (15b) and 1.40 g (39%) of the urea 16. The triazolidinone 
15b was recrystallized from benzene-hexane to give colorless 
prisms: mp 101-102°; ir (Nujol) 1720 and 1650 cm-1 (C = 0 ); nmr 
(CDC13) b 1.04 (t, 3, J  = 6.4 Hz, CHCH2CH3), 1.17 (t, 3, J  = 7.0 Hz, 
NCH2CH3), 1.19 (t, 3, J = 7.0 Hz, NCH2CH3), 1.5 (m, 1, 
CHCHHCH3), 2.0 (m, 1, CHCHHCHa), 2.88 (q, 2, NCH2), 3.10 and
3.67 (dq, 1, J (vie) = 7.0, J (gem) = 14.0 Hz, NCHH- and NCHH-, 
respectively), 4.85 (dd, 1, CHCH2), 7.3-7.7 (m, 5, Ph); mass spec­
trum (70 eV) m/e 275 (M+, calcd 275), 246 (M + -  Et), 170 (M+ -  
PhCO), 141 (246 -  PhCO).

Anal. Calcd for Ci6H2iN30 2: C, 65.43; H„7.67; N, 15.26. Found: 
C, 65.26; H, 7.85; N, 15.54.

Alkaline Hydrolysis of the Triazolidinone 15b. To a solution 
of 1.0 g (36 mmol) of the triazolidinone 15b in 15 ml of ethanol, 2 
ml of 6 N  potassium hydroxide solution was added and the mix­
ture was refluxed for 3 hr. The mixture was concentrated and ex­
tracted with chloroform and dilute aqueous potassium hydroxide. 
The organic layer was dried (Na2S04) and concentrated to give
0. 50 g (95%) of l,2,5-triethyI-l,2,4-triazolidin-3-one (17). The 
aqueous layer was acidified with concentrated hydrochloric acid 
and extracted (CHC13), dried (Na2S04), and concentrated to af­
ford 0.44 g (92%) of benzoic acid. The triazolidinone 17 was puri­
fied by sublimation: colorless plates; mp 46-48°; ir (KBr disk) 3190 
(NH) and 1680 cm- 1 (C = 0 ); nmr (CDC13) b 0.92 (t, 3, J = 6.6 Hz, 
CH3), 1.09 (t, 3, J  = 6.9 Hz, CH3), 1.15 (t, 3, J  = 7.0 Hz, CH3), 1.49 
(dq, 2, J  (CH3) = 6.6, J  (CH) = 6.0 Hz, CHCH2), 2.84 (q, 2, J  = 6.9 
Hz, NCH2), 2.9-3.9 (m, 2, NCH2), 4.04 (t, 1, CHCH2), 6.7 (broad s,
1, NH); the multiplet at 2.9-3.9 was similar to the pattern found 
for the iV-methylene protons of the amide 3 and the last signal dis­
appeared upon addition of deuterium oxide; mass spectrum (70 
eV) m/e 171 (M +, calcd 171).

Acidic Hydrolysis of the Triazolidinone 15b. To a solution of 
600 mg (2.2 mmol) of the triazolidinone 15b in 15 ml of ethanol, 1.5 
ml of concentrated hydrochloric acid was added and the solution 
was refluxed for 9 hr. The solvent was removed in vacuo and ex­
tracted with ether and water. The ethereal layer was dried 
(Na2S 04) and concentrated to give 20 mg of l,2-diethyl-5-phenyl-
l,2,4-triazolin-3-one (18). The aqueous layer was made alkaline 
with aqueous sodium hydroxide and extracted (ether), dried 
(Na2S 04), and concentrated to afford 180 mg of 18. The total yield 
was 43%. The triazolinone 18 was recrystallized from benzene to 
give colorless needles: mp 112-113°; ir (KBr disk) 1650 (C = 0 ) and 
1515 cm“ 1 (C^=N); nmr (CDC13) 6 1.08 (t, 3, J = 7.2 Hz, CH3), 1.28 
(t, 3 , J =  7.2 Hz, CH3), 3.94 (q, 2, J  = 7.2 Hz, CH2), 3.97 (t, 2, J  =
7.2 Hz, CH2), 7.3-7.8 (m, 5, Ph); mass spectrum (70 eV) m/e 217 
(M+, calcd 217), 202 (M+ -  Me),. 189 (M+ -  CO or CH2= C H 2), 
188 (M+ -  Et), 131 (P h C = N = C = 0 +).

Anal. Calcd for Ci2H15N30: C; 66.34; H, 6.96; N, 19.34. Found: 
C, 66.41; H, 6.96; N, 19.20.

Preparation of the 4-Acylsemicarbazide 19. A/lV'-Diethylhy- 
drazine was prepared according to the procedure for the synthesis 
of N.N'-dimethylhydrazine using diethyl sulfate instead of di­
methyl sulfate:29 bp 82-87° (lit. bp 84-86°). To a solution of the 
hydrazine (1.5 g, 17 mmol) in 5 ml of ether, 1.9 g (13 mmol) of the 
isocyanate 10b in 5 ml of ether was added dropwise over 20 min 
under a nitrogen atmosphere and the mixture was refluxed for 1 
hr. After cooling, 550 mg (15%) of l,2-diethyl-4-benzoylsemicarba- 
zide (19) precipitated. Recrystallization of the precipitate from 
benzene-ethanol gave colorless needles: mp 171-172°; ir (Nujol) 
3360 and 3180 (NH), 1683 and 1632 (C = 0 ), and 1608 cm“ 1 (NH); 
nmr (CDC13) b 0.93 (t, 3, J  -  7.4 Hz, CH3), 1.34 (t, 3, J = 7.3 Hz, 
CH3), 3.35 (q, 2, J  = 7.4 Hz, NNCH2), 3 .7 0 ,(q, 2, J  = 7.3 Hz, 
CONCHz), 5.6 (broad, 2, 2 NH), 7.1-7.7 (m, 5, Ph); the broad sin­
glet at b 5.6 disappeared upon addition of deuterium oxide; mass 
spectrum (70 eV) m/e 235 (M+, calcd 235), 217 (M + -  H20), 202 
(217 -  Me), 192 (M+ -  EtN), 105 (PhCO+),

Anal. Calcd for C12H i7N30 2: C, 61.25; H, 7.28; N, 17.86. Found: 
C, 61.42; H, 7.38; N, 17.74.

Cyclization of the 4-Acylsemicarbazide 19 to the Triazoli­
none 18. Acidic treatment of the acylsemicarbazide 19 was done 
under similar conditions to those for the hydrolysis of the triazoli-
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dinone 15b. A solution o f 400 mg (1.7 mmol) of 19 in 15 ml of etha­
nol containing 2 ml of 6 N  hydrochloric acid was refluxed for 4 hr. 
Then the solution was made alkaline (aqueous sodium hydroxide), 
extracted (CHCI3), dried (NazSOd, and concentrated to give 132 
mg (36%) of the triazolinone 18 and 30 mg (14%) of 1,2-diethylsem- 
icarbazide which was formed by hydrolysis of 19.
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Irradiation of the solution of symmetric azobenzenes (la-k) and diketene in chloroform resulted in the forma­
tion of 1:1 cycloadduct, l,2-diarylhexahydropyridazine-3,5-dione (2a-k). Using asymmetric azobenzenes such as
11-u, the cycloaddition reaction occured stereoselectively to result in the formation of l-(4-alkoxyphenyl)-2-aryl- 
hexahydropyridazine-3,5-dione (21-u). The possible reaction mechanism is also discussed.

The cycloaddition of azo compounds with ketene is well 
known,2 but reactions of azo compounds with diketene 
have not been reported. The present paper describes a 
study of reactions of diketene and azobenzenes to give 1,2- 
diarylpyridazinedione derivatives (2).

Refluxing of a solution of diketene and azobenzene (la) 
in dry chloroform resulted in the recovery of starting mate-

rials; however, irradiation of the solution with stirring at 
room temperature gave rise to the 1:1 adduct (2 a) in 62% 
yield. The ir spectrum of 2a showed two carbonyl bands at 
1746 and 1688 cm-1 ascribable to ketone and amide group, 
respectively. The nmr spectrum (CDCI3) showed two sin­
glet signals at 3.35 (2 H, COCH2CO) and 4.34 ppm (2 H, 
NCHaCO).
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Compound 2a was insoluble in acid, and negative for the 
ferric chloride test. However, 2a was enolized readily with 
base. In base the 1745-cm-1 ir band disappeared and the 
amide carbonyl band shifted from 1688 to 1635 cm-1. 
Reaction of 2a with hydroxylamine afforded an oxime 
which from nmr data was a 1:1 mixture of stereoisomers (3 
and 3').

These data are consistent with the structure of 2a as
l,2-diphenylhexahydropyridazine-3,5-dione, and a refer­
ence sample was obtained in 1.5% yield by condensation of 
hydrazobenzene with oi-bromoacetoacetyl bromide. The 
main product was 5-bromomethyl-l,2-diphenyl-3-pyrazo- 
lone (4) (Scheme I).

the characteristic sharp signals around 6.8 ppm seemed to 
be due to the 4-alkoxyphenyl group; namely, in the nmr 
spectra of 2 a-k, only 2 j and 2 k showed a four-proton sin­
glet signal at 6.80 ppm (see Table I). Accordingly, signals 
around 6.8 ppm of 21-u should be due to 4-alkoxyphenyl 
ring protons.

Moreover, it is known that signals of aminophenyl ring 
protons appear at higher field region than those of acylami- 
nophenyl ring protons.3 For instance, p-anisidine shows its 
ring protons at 6.68 and 6.73 ppm as an overlapped doublet 
signal. In contrast p-acetoanisidine shows a typical AB 
quartet signal at 6.77 ppm (2 H, J  = 9 Hz) related to the 
ring protons at the ortho position to the methoxy group,

Scheme I

Ten symmetrical disubstituted azobenzenes (lb-k) were 
subjected to the same reaction. The corresponding 1,2-di- 
arylhexahydropyridazine-3,5-dione derivatives (2b-k) were 
obtained in moderate yields with the exception of the di- 
chloro- and 2,2/-dimethoxyazobenzenes (le,g,h). Only the 
starting azo compounds were recovered in these cases. The 
results in hexane, dichloromethane, or excess diketene did 
not differ appreciably.

Although yields are not so high, the method is a conve­
nient source for the preparation of the previously unknown
1,2-diarylhexahydropyridazinedione derivatives. The re­
sults are summarized in Table I.

The cycloaddition was carried out also with asymmetri­
cal disubstituted azobenzenes such as 4-methoxy-4'-substi- 
tuted azobenzenes (11-u) (Table II). A single product cor­
responding to the 1:1 adduct (2) was isolated in each case in 
yields comparable to those with the symmetrical azoben­
zenes. Though two isomers are possible, the nmr spectra of 
the products (21-u) indicate that the 4-methoxyphenyl 
group is attached to N -l (NCH2CO) rather than N-2 
(NCO). A singlet or closely spaced multiplet for four aro­
matic protons is observed around 6.8 ppm, while another 
signal due to aromatic protons appears around 7.2-7.8 ppm 
as a multiplet. Comparison of the signal patterns of aro­
matic ring protons of 2 1 -u  with those of 2 a-k revealed that

and at 7.36 ppm (2 H, J  = 9 Hz) to those at the ortho posi­
tion to the acetamide group.

From the data described above, it is reasonably conclud­
ed that the 4-methoxyphenyl group is fixed to the 1 posi­
tion of the pyridazine ring (NCH2CO), and its ring protons 
appear as a characteristic singlet or overlapped doublet sig­
nal around 6.8 ppm.

Although 2 was not reduced by catalytic reduction, treat­
ment of 21 with sodium borohydride gave rise to the alcohol
(51) as an oil, which was dehydrated to give the tetrahydro- 
pyridazin-3-one (61). Reaction of 21 with acetyl chloride or 
tosyl chloride gave the enol esters, 7 of 8, respectively 
(Scheme II). Heating of 2 and 5 with dilute acid or alkali 
gave a resinous product. Attempts to cleave the N -N  bond 
of these pyridazine derivatives by catalytic hydrogenolysis 
were not successful.

The use of an nmr shift reagent with the tetrahydropyr- 
idazinone (60) provided a further indication that the 4-al­
koxyphenyl moiety is present at N -l. Namely, the nmr 
spectra of 60 were measured after successive addition of 
Eu(fod)3 and the field positions of the nmr lines (<5e) were 
plotted as a function of metal concentration (Figure 1). 
Since an amide group is a weak Lewis base, the observed S 
values, the europium shift parameters, were rather small, 
but it was revealed that each proton resonance was affected



R e a c t io n  o f  D ik e t e n e  w i t h  A z o b e n z e n e s J. Org. Chem., Voi. 39, No. 22, 1974 3 2 0 7

Table I
Reaction of Diketene with Symmetric Azobenzenes

la—k

2 ° X
Reaction conditions 

Solvent  ̂ Tim e, hr
Y ie ld ,C

% Mp, °C

fr» ‘'m ax . 
(CHC13), cm - 1

Keto Amide
r
4-CH2 6 - c h 2 Aromatic

a H c 48 62 148 1746 1688 3.35 4.34 6.8-7.9 (m, 10 H)
b 2 -CH3 c 48 60 167 dec 1739 1643 3.69 4.16 7.0-7.34 (m, 8  H)
c 3 -CH3 B 72 46 170.5 dec 1748 1687 3.36 4.34 6.78-7.65 (m, 8  H)
d 4 -CH3 C 35 53 104.5 1745 1682 3.14 4.17 6.67 and 7.04 (AB q, 2 H,

2 H, J  =  9 Hz), 7.08 and
7.65 (AB q, 2 H, 2 H,
J = 9 H z )

e 2 -Cl C 72
f 3 -Cl C 48 3 152.5 1750 1696 3.38 4.35 6.82-7.85 (m, 8  H)
g 4 -Cl C 72
h 2 -OCH3 C 36
i 3 -OCH3 c 36 27 145.5 1745 1686 3.38 4.33 6.40-7.50 (m, 8  H)
3 4 -OCH3 c 24 63 144.5 1747 1681 3.35 4.28 6.80 (s, 4 H), 6.85 and 7.66

(AB q, 2 H, 2 H, J =  8  Hz)
k 4-OEt c 43 52 119 1743 1678 3.34 4.27 6.80 (s, 4 H), 6.80 and 7.66

(AB q, 2 H, 2 H, J  =  9 Hz)
a Satisfactory analytical values (±0.30% for C, H, and N) were reported for 2 a -k .6 Solvents: C = chloroform, B = benzene. c Yields in­

dicated do not reflect recovery of unreacted starting material.

Table II
Reaction of Diketene with Asymmetric Azobenzenes

21—u

Ir,  ̂max

2 “ X R

Reaction

Solvent6

conditions 

Tim e, hr
Y ie ld ,C

% Mp, C
(CHCI3 ), cm -l 

Keto Amide
t--------
4 - c h 2 6 - c h 2

-----Nmr,
l-A r"

6(CDC13), ppm ------------------------------- N
2-Ar

1 H c h 3 B 72 62 143 1742 1683 3.38 4.31 6.83 7.25-7.82 (m, 5 H)
m 2 -CH3 c h 3 B 48 36 135.5 1745 1676 3.50 4.33 6.90 -7 .25  (m, 4 H)

6.91
n 3 -CH3 ch 3 C 24 32 81 1745 1686 3.35 4.28 6.81 -7 .32  (m, 4 H)
0 4 -CH3 c h 3 C 24 44 143 1746 1682 3.34 4.28 6.81 7.15 and 7.67 (AB q, 2 H,

2 H, J =  8  Hz)

p 2 -Cl c h 3 C 48
q 3-Cl c h 3 C 40 28 1 1 0 1746 1688 3.36 4.28 6.82 7.10-7.86 (m, 4 H)
r 4 -Cl ch 3 C 48 55 138 1748 1685 3.37 4.30 6.82 7.32 and 7.81 (AB q, 2 H,

2 H, J  =  7 Hz)

s 4-Br c h 3 c 36 2 1 142 1747 1685 3.39 4.31 6.83 7.48 and 7.79 (AB q, 2 H,
2 H, J  =  7 Hz)

t 4-N 0 2 c h 3 c 48
u H c 2h 5 B 24 50 109.5 1744 1688 3.38 4.30 6.81 7.20-7.87 (m, 5 H)

a Satisfactory analytical values (±0.30% for C, H, and N) were reported for 21-u. 6 Solvents: B = benzene, C = chloroform. Yields in­
dicated do not reflect recovery of unreacted starting material.d Characteristic singlet or overlapped doublet signal (4 H).
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Eu(F0D)3//  substrate

Figure 1. The relationship between chemical shifts and the molar 
ratio of Eu(fod)3/substrate (6o).

Scheme II

POCl3/Py

OH

RO

NaBH.4

7(8)

moderately with the contact shift. This fact is consistent 
with the structure of 6o as l-(4-methoxyphenyl)-2-(p-tol- 
yl)tetrahydropyridazin-3-one, but not as the l-(p-tolyl)-
2-(4-methoxyphenyl) isomer.

Though details of the mechanism of the formation of the 
cycloadduct are not clear at present, a likely pathway is 
shown in Scheme III. It is already known that trans- azo-

by the contact shift to a different degree, and as shown in 
Table III, the relation between parameter S and distance r

Table III
Sa and rb Values for Specified Hydrogens of 6o

Eu(fod)3I

s r, A K C

1 2.7 4.41 231.57
2 4.6 3.87 266.61
4 6.2 3.35 233.06
5 1.5 5.30 223.31
6 . 2.1 5.46 341.82

a Europium shift parameter, defined in the equation 5e = & +  S 
Eu(fod)3/substrate. and S (chemical shift in the uncomplexed 
substrate) are in parts per million relative to TMS. b Average dis­
tance between the hydrogen (H/) and the metal ion (radius Eu3+ = 
0.95 A) complexed with amide carbonyl group. c Paramagnetic 
shift (A<5 =  5k -  6) is dominated by the pseudo-contact interaction; 
A  hi = Kjrfi, where K  is assumed constant for a particular solution 
composition and temperature.8

from the center of the europium ion was fairly good except 
for H-6.

The signals centered at 6.10 (H-4) and 7.63 ppm (aro­
matic, H-2) showed the greatest shift, suggesting the clos­
est protons to the metal ion in the complex. Other aromatic 
protons centered at 6.81-6.84 ppm (H-l) were affected

Scheme III

11-u

21-u

benzene reacts with ketene only very slowly while the cis 
isomer reacts readily even at low temperature, and that 
trans- azobenzene is converted to the cis isomer by irradia­
tion with uv light.4 On the other hand, homolytic addition 
of the olefinic group of diketene gives a spiro compound; 
for instance, addition of a carbene generated from a diazo 
compound such as diazoacetophenone to the C = C  double 
bond of diketene gave the spiro compound, 2-benzoyl-l- 
hydroxycyclopropaneacetic acid /3-lactone.5

In this view, 1,2-cycloaddition of eis-azobenzene with the 
C =C  double bond of diketene gives rise to a four-mem-
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bered spiro adduct as an intermediate (9), which, on rear­
rangement, is converted to 2 .

Experimental Section
Melting points were determined by a calibrated Yanagimoto 

melting point apparatus. Ir spectra were measured by a Jasco DS- 
301 spectrometer. Nmr spectra were measured on Hitachi Perkin- 
Elmer R-20 and Varian A-60 spectrometers in CDCI3 solution, and 
reported as 8 values (parts per million) relative to TMS. Uv spec­
tra were measured by a Beckman DB-G spectrometer. Mass spec­
tra were obtained on a Hitachi RMU-7L double-focusing mass 
spectrometer.

Materials. Symmetric azobenzenes used in the present experi­
ment were prepared from the corresponding nitrobenzenes by al­
kaline reduction with zinc dust in methanol6 or the Drynap reduc­
tion in methanol.7 Asymmetric azobenzenes were also prepared 
from appropriately substituted anilines and phenol by diazo cou­
pling followed by alkylation with dialkyl sulfate.

General Procedure for Preparation of 1,2-Diarylhexahy- 
dropyridazine-3,5-diones (2). A solution of 1 (0.025-0.05 mol) 
and diketene (0.5 mol) in dry CHCI3 or benzene (80-120 ml) was 
irradiated with uv light while being stirred for 24-72 hr at room 
temperature. The light source was a Riko UVL-400HA water- 
cooled high-pressure mercury lamp (Pyrex filter) and the reaction 
vessel was equipped with a drying tube. After evaporation of ex­
cess diketene under reduced pressure, the reddish-brown tar was 
dissolved in benzene, and the benzene solution was then extracted 
with 5% NaOH. The alkaline solution was acidified with 10% HC1 
and extracted again with benzene. The benzene solution was 
washed with water and dried over Na2SC>4. Evaporation of benzene 
gave a brown solid which was chromatographed over silica gel to 
give 2 as colorless to pale orange needles. Each product was recrys­
tallized from benzene-hexane mixture or ethanol. The results are 
summarized in Tables I and II.

With use of a low-pressure mercury lamp, yields were rather low 
and the photopolymerization of diketene occurred prior to the cy­
cloaddition reaction.

Reaction of Hydrazobenzene with w-Bromoacetoacetyl 
Bromide. A solution of w-bromoacetoacetyl bromide (13.5 g) in 
CCI4 (100 ml) was added dropwise at 0° to a solution of hydrazo­
benzene (9.2 g) in CHCI3 (200 ml). After stirring vigorously for 30 
min, the reaction mixture was filtered and the residue was washed 
with CHCI3. The filtrate and the CHCI3 washing were combined 
and extracted with 5% NaOH. The jlkaline solution was acidified 
with 10% HC1 and then extracted with benzene. The benzene solu­
tion was washed with water and dried over Na2S04.

Evaporation of the benzene gave 2a as colorless needles (200 mg, 
1.5%), mp 147°.

After extraction with 5% NaOH, the CHCI3 layer was condensed 
to give a crystalline residue, which was purified by recrystallization 
to give colorless needles of 4: mp 135°; yield 7.1 g (43%); ir (CHCI3) 
2980, 1660, 1595, 1490, 1380 cm“ 1; nmr 8 4.15 (s, 2 H, -CH2Br),
5.97 (s, 1 H, 4-CH=), ~7.46 ppm (m, 10 H, aromatic protons); 
mass spectrum m/e 330, 328 (M+, base peak), 249, 183, 181, 144, 
130,104, 77.

Anal. Calcd for Ci6Hi3BrN20: C, 58.37; H, 3.98; N, 8.51. Found: 
C, 58.53; H, 3.88; N, 8.65.

l,2-Diphenyltetrahydropyridazine-3,5-dione 5-Oxime (3a 
and 3a'). An EtOH solution of 2a (500 mg in 30 ml) was treated 
with an aqueous solution of NH2OH • HC1 and Na2C03 (140 and 
210 mg in 20 ml). After the mixture was stirred for 1.5 hr at 60°, 
the solvent was evaporated under reduced pressure to afford a yel­
low oil which was then extracted with ether. The ether layer was 
washed with 5% NaOH and water and dried over Na2S04- Evapo­
ration of the ether gave the oxime, a mixture of 3a and 3a', as col­
orless crystals (430 mg, 81%): mp 168-174°; ir (CHCI3) 3550, 3000, 
1670, 1645, 1510,1360, 1200 cm“ 1; nmr (CDCI3) 8 3.24 (s, 1.1 H, 4- 
CH2 of 3a'), 3.45 (s, 0.9 H, 4-CH2 of 3a), 4.52 (s, 0.9 H, 6-CH2 of 
3a), 4.73 (s, 1.1 H, 6-CH2 of 3a'), 6.80-7.90 (m, 10 H, aromatic pro­
tons), 8.28-8.55 ppm (broad, 1 H, -OH, the signal disappeared 
upon addition of a small amount of D20); mass spectrum m/e 281 
(M+, base peak), 253, 236, 195, 183, 176, 131, 130, 119, 106, 105, 
104,93,91,78,77.

Anal. Calcd for C16Hi5N302: C, 68.31; H, 5.38; N, 14.94. Found: 
C, 68.29; H, 5.38; N, 14.50.

Attempts to isolate syn and anti isomers were not successful.
l-(4-Methoxyphenyl)-2-phenyl-l,2,3,6-tetrahydropyrida- 

zin-3-one (61). To an EtOH solution of 21 (3.2 g in 150 ml) was 
added NaBH4 (450 mg) in small portions and the mixture was

stirred for 3 hr at room temperature. After evaporation of EtOH, 
the residue was treated with water and then extracted with ether. 
The ether solution was washed with water and dried over Na2S04. 
Evaporation of the ether gave a crude product which was then 
chromatographed over silica gel to afford a viscous oil (51, 1.8 g, 
56%); ir (CHCI3) 3600, 3400, 2950, 1675, 1600, 1495, 1365 cm“ 1; 
nmr 8 2.60 (m, 2 H, 4-CH2), 3.20 (broad, 1 H, -OH, the signal dis­
appeared upon addition of a small amount of D20), 3.34 (m, 1 H,
5-CH), 3.72 (s, 3 H, -OCH3), 4.40 (m, 2 H, 6-CH2), 6.82 (s, 4 H, p- 
methoxyphenyl ring protons), 7.20-7.85 ppm (m, 5 H, phenyl pro­
tons); mass spectrum m/e 298 (M+), 207,176,136,135 (base peak), 
123 120 93 85

To a solution of 51 (1.8 g) in dry pyridine (80 ml), POCI3 (1.0 g) 
was added dropwise and the mixture was stirred for 3 hr at room 
temperature. After evaporation of the pyridine under reduced 
pressure, the residual tar was treated with ice water and then ex­
tracted with ether. The ether solution was washed with 10% HC1 
and water and dried over Na2SC>4. Evaporation of the ether fol­
lowed by chromatography over silica gel gave 61 as colorless nee­
dles (600 mg, 36%): mp 95°; ir (CHCI3) 2950, 2840, 1665, 1620, 
1600, 1495, 1380, 1300 cm"1; nmr 8 3.68 (s, 3 H, -OCH3), 4.34 (q, 2 
H, J = 3 and 1 Hz, 6-CH2), 6.08 (d, t, 1 H, J = 9 and 1 Hz, 4- 
CH=), 6.52 (d, t, 1 H, J = 9 and 3 Hz, 5-CH=), 6.82 and 6.87 (ov­
erlapped d, 2 H and 2 H, p-methoxyphenyl protons), 7.10-7.85 
ppm (m, 5 H, phenyl protons); uv XmM (EtOH) 224 nm (c 6860), 
285 (2000); mass spectrum m/e 280 (M+, base peak), 212,189,188, 
158,135,122,107, 78,77.

Anal. Calcd for Ci7Hi6N20 2: C, 72.84; H, 5.75; N, 9.99. Found: C, 
72.85; H, 5.80; 9.89.

l-(4-Methoxyphenyl)-2-(p-tolyl)-l,2,3,6-tetrahydropyrida- 
zin-3-one (6 0 ). Following the similar method described above, 2o 
(2.5 g) was treated with NaBHi followed by dehydration with 
POCI3 in dry pyridine to give 6 0  (470 mg, 40%) as colorless needles: 
mp 102.5°; ir (CHCI3) 3000, 2950, 2850, 1660, 1620, 1600, 1510, 
1380, 1340, 1300, 1250 cm"1; nmr 8 2.27 (s, 3 H, tolyl CH3), 3.70 (s, 
3 H, -OCH3), 4.35 (q, 2 H, J = 3 and 1 Hz, 6-CH2), 6.10 (d, t, 1 H, J 
= 9 and 1 Hz, 4-CH=), 6.50 (d, t, 1 H, J = 9 and 3 Hz, 5-CH=),
6.81 and 6.84 (overlapped d, 2 H and 2 H, p-methoxyphenyl pro­
tons), 7.17 and 7.63 ppm (AB q, 4 H, J =8 Hz, p- tolyl protons); uv 
kmax (EtOH) 225 nm (e 6700), 289 (2000); mass spectrum m/e 294 
(M+, base peak), 224, 201, 200, 174, 158, 149, 136, 121, 108, 93, 91, 
77.

Anal. Calcd for Ci8H18N20 2: C, 73.45; H, 6.16; N, 9.52. Found: C, 
73.54; H, 6.26; N, 9.32.

l-(4-Ethoxyphenyl)-2-phenyl-l,2,3,6-tetrahydropyridazin-
3-one (6u). Following the above-cited method, 2u (2.0 g) gave 6 u 
(400 mg, 42%) as pale yellow needles: mp 117°; ir (CHC13) 2980, 
1662, 1615,1595,1480, 1380,1340, 1295 cm“ 1; nmr 8 1.32 (t, 3 H, J 
= 7 Hz, ethoxy CH3), 3.89 (q, 2 H, J = 7 Hz, ethoxy CH2), 4.32 (q, 
2 H, J = 3 and 1 Hz, 6-CH2), 6.14 (d, t, 1 H, J = 9 and 1 Hz, 4- 
CH=), 6.52 (d, t, 1 H, J = 9 and 3 Hz, 5-CH=), ~6.80 (overlapped 
d, 4 H, p-ethoxyphenyl protons), 7.16-7.85 ppm (m, 5 H, phenyl 
protons); uv Amax (EtOH) 225 nm (c 6700), 289 (2000); mass spec­
trum m/e 294 (M+), 226, 189, 188, 172, 135, 122, 107, 91 (base 
peak), 77.

Anal. Calcd for Ci8H18N20 2: C, 73.45; H, 6.16; N, 9.52. Found: C, 
73.52; H, 6.04; N, 9.30.

5-Acetoxy-l-(4-methoxyphenyl)-2-phenyl-l,2,3,6-tetrahy- 
dropyridazin-3-one (71). To a solution of 21 in dry pyridine (1.0 g 
in 50 ml), acetyl chloride (500 mg) was added dropwise and the 
mixture was stirred for 2 hr at room temperature. After evapora­
tion of pyridine under reduced pressure, the residual oil was ex­
tracted with ether. The ether solution was washed with 5% NaOH, 
10% HC1, and water, successively, and dried over Na2S04. After 
evaporation of ether, the residual substance was chromatographed 
over silica gel followed by recrystallization from ethanol, giving 71 
(490 mg, 38%) as pale yellow needles: mp 86°; ir (CHCI3) 3000, 
1760,1670,1650,1503,1370,1245,1170,1150 cm“ 1; nmr 5 2.14 (s, 3 
H, acetyl CH3), 3.71 (s, 3 H, -OCH3), 4.53 (s, 2 H, 6-CH2), 6.03 (s, 1 
H, 4-CH=), 6.83-6.85 (overlapped d, 2 H and 2 H, p-methoxy- 
phenyl protons), 7.05-7.83 ppm (m, 5 H, phenyl protons); uv Amax 
(EtOH) 236 nm (« 10,000), 290 (4200); mass spectrum m/e 338 
(M+), 296, 247,227, 205,174,136,135 (base peak), 120,107,93, 77.

Anal. Calcd for Ci9Hi8N204: C, 67.44; H, 5.36; N, 8.28. Found: C, 
67.65; H, 5.31; N, 8.25.

5-Acetoxy-l-(4-ethoxyphenyl)-2-phenyl-l,2,3,6-tetrahy- 
dropyridazin-3-one (7u). Following the same method as men­
tioned above, 2u (1.0 g) gave 7u (680 mg, 60%) as colorless crystals: 
mp 129.5°; ir (CHC13) 2980, 1772, 1670, 1635, 1592, 1500, 1360, 
1240, 1180, 1150 cm-1; nmr 8 2.15 (s, 3 H, acetyl CH3), 1.35 (t, 3 H,
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J  = 7  Hz, ethoxy CH3), 3.94 (q, 2 H, J  = 7 Hz, ethoxy CH2), 4.54 
(s, 2 H, 6-CH2), 6.03 (s, 1 H, 4-CH =), 6.85 (overlapped d, 2 H and 
2 H, p-jethoxyphenyl protons), 7.18-7.84 ppm (m, 5 H, phenyl pro­
tons); uv Xmax (EtOH) 235 nm (c 10,500), 290 (3550); mass spec­
trum m/e 352 (M+), 310, 261, 242, 226, 219,174, 150, 149, 148, 121 
(base peak), 120, 93, 77.

Anal. Calcd for C20H2oN20 4: C, 68.17; H, 5.72; N, 7.95. Found: 
C, 68.26; H, 5.79; N, 7.87.

l-(4-Methoxyphenyl)-2-phenyI-5-(4-toluenesulfonyloxy)- 
l,2,3,6-tetrahydropyridazin-3-one (81). To a solution of 21 in dry 
pyridine (1.2 g in 70 ml), TsCl (1.3 g) was added in small portions, 
and the mixture was stirred for 2 hr at room temperature. After 
evaporation of pyridine under reduced pressure, the resulting resi­
due was extracted with benzene. The benzene solution was washed 
with 5% NaOH, 10% HC1, and water, successively, and dried over 
Na2S 04. After evaporation of benzene, the residual solid was dis­
solved in CHCI3 and chromatographed over silica gel, affording 
enol tosylate 81 (850 mg, 47%) as colorless crystals: mp 117°; ir 
(CHCI3) 3000,1660,1640,1600,1510,1500,1387, 1360,1248,1192, 
1185 cm“ 1; nmr S 2.44 (s, 3 H, tolyl CH3), 3.77 (s, 3 H, -OCH 3),
4.50 (s, 2 H, 6-CH2), 5.75 (s, 1 H, 4-C H =), 6.84 (overlapped d, 4 H, 
p-methoxyphenyl protons), ,7.24 and 7.60 (AB q, 2 H and 2 H, J  = 
7 Hz, p-tosyl protons), 7.14-7.82 (m, 5 H, phenyl protons); uv Xm.,x 
(EtOH) 230 nm (t 7100), 273 (3170); mass spectrum m/e 450 (M+, 
base peak), 359, 328, 295, 225, 212,162,135,120,107,91,77.

Anal. Calcd for C24H22N20 5S: C, 63.99; H, 4.92; N, 6.22. Found: 
C, 64.00; H, 5.04; N, 5.97.
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The synthesis and assignment of stereochemistry of three of the four possible diastereoisomers of the previous­
ly unreported 8-amino-2-methyldecahydroisoquinolines is reported. A one-step hydrogenolysis-catalytic hydro­
genation of 5-bromo-8-nitro-2-methylisoquinolium tosylate was used to prepare the isomeric 8-amino-2-methyl- 
decahydroisoquinolines. Separation of the diastereoisomers was achieved by the fractional crystallization of the 
corresponding acetamide derivatives and allowed the separation of the cis-8,9,10-H (30%, Ilia), trans-8,9,10-H 
(65%, Illb), and cis-9,10,trans-8,9-H (1%, IIIc) isomers. Deamination with nitrous acid of the amines (obtained by 
hydrolysis of the acetamides) to the corresponding hydroxy compounds confirmed the equatorial stereochemistry 
of the 8 substituent in Illb and IIIc. In the case of the amine obtained from Ilia, which possesses an intramolecu­
lar hydrogen bond and of necessity an axial substituent, high yields of the corresponding axial hydroxy compound 
were obtained on deamination. Owing to a conformational equilibrium this finding is not in conflict with the es­
tablished high-yield conversions of equatorial amines to alcohols using nitrous acid. The isolation of alcohol IVc, 
as its methiodide derivative, completes the description of the four possible diastereoisomers of 8-hydroxy-2-meth- 
yldecahydroisoquinoline.

In a continuing study of the involvement of stereochem­
istry in the cardiovascular potencies of various derivatives 
of amino and hydroxy substituted decahydroisoquinolines1 
we report on the stereochemistry of 8-amino- and 8-hy- 
droxy-2-methyldecahydroisoquinolines. Studies have been 
reported by Kimoto and Okamoto2 on some 8-hydroxy-2- 
methyldecahydroisoquinolines; however, in comparing 
some of the melting point data with the present data, dis-

f The work reported constituted a segment of the dissertation submitted by 
Phillip H. Morgan to the University of Tennessee Medical Units in partial 
fulfillment of the Doctor of Philosophy degree requirements in Medicinal 
Chemistry.

crepancies are apparent. Elucidation of the conformation 
of the previously unreported 8-amino analogs is described.

The synthesis of 8-nitroisoquinoline (see Scheme I) was 
achieved by way of the bromination of isoquinoline using a 
swamping catalyst technique3 to yield 5-bromoisoquino- 
line. Nitration using standard procedures gave good yields 
of the 5-bromo-8-nitroisoquinoline which was quaternized 
with methyl p- toluenesulfonate. The resulting salt (I) was 
then subjected to sequential reductions to produce the de­
sired decahydroisoquinoline. The dehydrohalogenation of 
heterocycles is well documented3 and using a base-support­
ed palladium catalyst in addition to platinum oxide we



S y n th e s is  o f  2 - M e t h y ld e c a h y d r o is o q u in o lin e s J. Org. Cheni„ Vol. 39, No. 22, 1974 3 2 1 1

Scheme I
Synthesis of 8 -Amino- and 

8-Hydroxy-2-methyldecahydroisoquinoline

Chart I
Possible Diastereoisomers of

8 -Acetamido-2 -methyldecahydroisoquinolines

separation of isomers 
via their acetamides (III)

were able to produce 8-nitro-2-methyl-l,2,3,4-tetrahydro- 
isoquinoline. While further reduction of the tetrahydro 
compound using a platinum oxide-acid catalyzed hydroge­
nation in glacial acetic acidla gave the desired 8-amino-2- 
methyldecahydroisoquinoline, a one-step reduction from 
the completely unsaturated to the fully reduced system was 
sought. Low-pressure reduction (72 hr) of I using various 
catalysts yielded the desired 8-amino-2-methyldecahydro- 
isoquinolines. Gas-liquid chromatography of the oily prod­
uct indicated the production of the isomers in the ratio 65 
(IIIb):30 (Ilia): 1 (IIIc). Separation of the various isomers 
was achieved by the fractional recrystallization of the cor­
responding acetamides. The infrared spectra of the puri­
fied acetamides were most informative as to the stereo­
chemistry of one of the separated isomers (Ilia). The pres­
ence of an -N H  stretching absorption at 3200 cm-1 
(CH2CI2) which did not disappear on dilution indicated the 
presence of an intramolecular hydrogen bond.4 Of the pos­
sible stereoisomers, only the cis-8,9,10-H isomer, having 
the acetamide grouping in the axial position, has the capa­
bility of forming such a bond (see Chart I). The equatorial 
nature of the 8 proton in Ilia (and thus an axial acetamide 
grouping) was obtained from its nmr spectrum. A narrow 
peak at S 3.98 (W 1/2 = 14 Hz) established the equatorial 
nature of the 8 proton and the peak for the amide proton at 
5 6.37 (W 1/2 = 75 Hz) indicated its participation in an in­
tramolecular hydrogen bond. Hydrolysis of this acetamide 
with dilute acid yielded the corresponding amine, which on 
deamination with nitrous acid yielded the alcohol with re­
tention of configuration in 85% yield. The high-yield pro­
duction of alcohol in these deaminations occurs when the 
amine substituent is in an equatorial conformation.5 We 
suggest that the high yields of the alcohol obtained with 
this axial amine are due to (a) nitrosation of the sterically

n i a
Ac

H H NH H

n i b

CH3
IIIc

more favored equatorial amine (in equilibrium with the 
axial amine) thus giving the equatorial alcohol following 
the decomposition of the intermediate diazonium com­
pound; (b) hydrolysis of the conformationally favored 
equatorial diazonium salt to yield the equatorial alcohol. 
Conformational preference of the diazonium grouping for 
the equatorial position was suggested by examination of 
the nmr of the nonintramolecularly hydrogen bonded qua­
ternary salt (methiodide) of IVa. The narrow peak (W1/2 = 
10 Hz) for the equatorial 8 proton in IVa was not present in 
the spectrum of the quaternary salt but was replaced by a 
broader peak (which overlapped other signals) indicating 
its axial position and thus the more favored equatorial po­
sition for the 8 substituent. Since the diazonium salt inter­
mediate would likewise not possess an intramolecular hy­
drogen bond, the diazonium group would be expected to 
occupy an equatorial position. The conformational equilib­
rium of the equatorial alcohol formed would provide for the 
isolation of the axial alcohol (see Chart II). The stereo­
chemical assignment of the hydroxy compound produced 
by this sequence is consistent with these proposals. The al­
cohol (IVa) isolated from this deamination was shown to be 
identical with that reported by Kimoto2b [with the excep­
tion that our methiodide had mp 238-239° (lit.2b mp 229- 
231°)]. The nmr and ir characteristics indicated that both 
the amine and alcohol possessed an intramolecular hydro­
gen bond between the amine or hydroxyl grouping and the 
hetero nitrogen, thus confirming the presence of an axially 
substituted grouping.

The second acetamide (Illb) isolated during the fraction-
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Chart II 
Deamination of

cis -8,9,10-H  -8-Amino-2-methyldecahydroisoquinoline

al crystallization required a more detailed study for its 
stereochemical elucidation. The equatorial conformation of 
the acetamide grouping was confirmed by the high yield of 
alcohol (IVb) following deamination of the corresponding 
solid amine (lib). The infrared absorption of IVb at 1053 
and 1013 cm-1 provided spectral evidence for the equatori­
al position of the hydroxyl grouping. Although the spectral 
data were similar to those reported for trans -8,9,10-H-8- 
hydroxy-2-methyldecahydroisoquinoline2b the melting 
point of the isolated compound and its derivatives (analyti­
cally pure) differed by as much as 46° with those reported; 
it was therefore necessary to confirm the ring junction 
stereochemistry of our isolated alcohol, and thus the acet­
amide and amine, by unambiguous chemical means.

The oxidation of alcohols adjacent to a ring junction 
leads exclusively to the production of a trans ring junction 
ketone.6 Stereoselective reduction of the ketone (see 
Scheme II) yields the axial or equatorial alcohol as desired; 
by this means alcohols of known stereochemistry were syn­
thesized for comparison with alcohol IVb. Alcohol IVb was

Scheme II
Selective Reduction of

trans -9,10-H -2-Methyldecahydroisoquinol-8-one

methyldecahydro isoquinoline

frans-8,9,10-77-8 hydroxy-2-
methyldecahydroisoquinoline (IVb)

oxidized by an Oppenauer procedure utilizing benzophe- 
none and potassium tert- butoxide to yield trans -9,10-//-
2-methyldecahydroisoquinol-8-one. Reduction of this ke­
tone with sodium and alcohol yielded trans -8,9,10-// -8- 
hydroxy-2-methyldecahydroisoquinoline, which was shown 
to be identical with alcohol IVb. An alternate reduction of 
the ketone using chloroiridic acid and trimethyl phosphite 
yielded exclusively trans -9,10-cis -8,9-//-8-hydroxy-2-
methyldecahydroisoquinoline comparable to the axial alco­
hol described by Kimoto and Okamoto.2b

The stereochemical characterization of the third acet­
amide, isolated in very small quantities, was made on the 
basis of its nmr spectrum. The wide W 1/2 (23 Hz) of the 8 
proton (8 4.38) indicated the presence of an equatorial acet­
amide grouping. Confirmation of the equatorial position of 
the substituent was obtained by hydrolysis of IIIc to its 
corresponding amine and subsequent deamination of the 
amine with nitrous acid. The alcohol obtained in high yield 
was converted to its methiodide derivative. Since one of the 
two possible equatorially substituted acetamides has been 
described (Illb), and on the basis of our unambiguous syn­
thesis of both trans-9,10-H isomers, with the limited quan­
tities of material available our assignment for the cis ring 
junction stereochemistry, i.e., cis -9,10,trans -8 ,9 -//-8-acet- 
amido-2-methyldecahydroisoquinoline, to IIIc would ap­
pear to be valid.

Experimental Section
Melting points were determined on a Buchi melting point appa­

ratus and are uncorrected. Infrared (ir) spectra were obtained 
using either a Perkin-Elmer Model 137 Infracord spectrophotome­
ter or a Beckman Model IR-33 grating infrared spectrophotome­
ter. Nuclear magnetic resonance (nmr) spectra were recorded on 
either a Varian Associates A-60A, a Hitachi Perkin-Elmer Model 
R-24, or a Jeolco Model C-60-HL nmr spectrometer, using tetra- 
methylsilane (TMS) as an internal standard. Deuterium oxide ex­
change was routinely performed on all compounds possessing la­
bile hydrogens. Nmr signals are reported using current conven­
tions: br = broad, s = singlet, d = doublet, t = triplet, q = quadru­
plet, and m = multiplet. Half-band widths ( W 1 / 2 ) are in hertz. 
Vapor phase chromatography (vpc) was carried out on a Varian 
Aerograph Model A-700 using helium as carrier gas and a column 
(20 ft X  0.75 in.) packed with 30% SE-30 on Chromosorb W. Com­
bustion analyses were performed by Galbraith Laboratories, Inc., 
Knoxville, Tenn., and Chemalytics, Inc., Tempe, Ariz. Analytical 
thin layer chromatography (tic) was carried out on aluminum-sup­
ported, precoated tic sheets of aluminum oxide (F-254, neutral 
Type E, layer thickness 0.20 mm) manufactured by E. Merck, 
Darmstadt, Germany. After development using CHCI3-C H 3OH 
(45:4), the analytical spots were visualized by spraying with Dra- 
gendorf’s reagent. For column chromatography, aluminum oxide 
(Matheson Coleman and Bell, activated alumina, chromatographic 
grade, 80-200 mesh) or (Fisher, adsorption alumina, A-540, 80-200 
mesh) was used after activation by heating at 150° for 12 hr. The 
solvents used for development and elution of the compounds from 
the column (2 X  20 cm) were benzene, benzene-ether, ether, ether- 
chloroform, chloroform, and chloroform-methanol.

5-Bromoisoquinoline. The swamping catalyst procedure out­
lined by Gordon and Pearson3 was used for the preparation of 5- 
bromoisoquinoline from isoquinoline (200 g, 1.55 mol), anhydrous 
AICI3 (450 g, 3.4 mol), and liquid bromine (150 g, 0.94 mol). Modi­
fication of the original procedure was made in the addition of the 
bromine. This involved the use of an addition funnel placed on top 
of a steam-heated condenser attached to the reaction flask con­
taining the viscous, molten AlCl3-isoquinoline complex. Utilizing 
this apparatus, the bromine was vaporized prior to contacting the 
vigorously stirred complex. Following the 5-hr addition of the bro­
mine, the mixture was stirred for a further 2 hr at 75° and the 
product was worked up by the reported procedure. The fractional 
distillation of the crude product, bp 95-97° (0.1 mm), yielded a 
clear liquid which solidified. Recrystallization from pentane af­
forded 5-bromoisoquinoline as white plates, 135 g (44%), mp 82- 
84° (lit.3 mp 80-82°).

5-Bromo-8-nitro-2-methylisoquinolinium p-Toluenesulfon- 
ate (I). Nitration of 5-bromoisoquinoline according to the proce-
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dure of Osborn, et al.,6 gave a 93% yield of 5-bromo-8-nitroisoqui- 
noline, mp 139-141° (lit.3 mp 138-140°). Formation of the methyl 
p-toluenesulfonate salt was achieved by the treatment, with stir­
ring, of the nitrobromo compound (315 g, 1.25 mol) dissolved in 
hot dimethylformamide (1200 ml) with 250 g (1.35 mol) of methyl 
p-toluenesulfonate for a period of 36 hr. After cooling in an ice 
bath, the reaction mixture was filtered, and the solid was washed 
with ether and acetone to yield I as a pale yellow solid, 435 g (80%), 
mp 252°.

Anal. Calcd for CnHisBr^OsS: C, 46.48; H, 3.44; Br, 18.19; N, 
6.38. Found: C, 46.63; H, 3.50; Br, 18.05; N, 6.34.

8-Amino-2-methyl-l,2,3,4-tetrahydroisoquinoline (V). A 
25-g portion of salt I and an equal weight of ammonium acetate 
were dissolved in 200 ml of glacial acetic acid and hydrogenated at 
40 psi for 12 hr over a mixed catalyst consisting of 8 g of palladium 
on CaCOs and 1 g of Pt02. The exhausted catalyst was then fil­
tered, and the filtrate was concentrated, made alkaline with 
NH4OH, and extracted with ether. The dried ethereal extract was 
evaporated to yield a red oil which solidified on distillation and 
was recrystallized from ether-pentane to yield V as white needles 
in 50% yield, mp 62-63°.

Anal. Calcd for Ci0H14N2: C, 74.03; H, 8.70; N, 17.27. Found: C, 
73.96; H, 8.82; N, 17.10.

8-Amino-2-methyldecahydroisoquinoline (II). Ammonium 
acetate (2.5 g) and I (25 g) were dissolved in glacial acetic acid (200 
ml) and hydrogenated at 40 psi for 72 hr over either (a) Pt02 (2 g), 
Pd/C (5 g) in the presence of KOH (5 g), or (b) Pt02 (2 g) in the 
presence of KOH (5 g), or (c) Pt02 (2 g) as catalyst. The exhausted 
catalyst was then filtered, and the filtrate was concentrated on a 
rotary evaporator and made alkaline with NH4OH. The resulting 
solution was extracted with ether, and the ether solution was dried 
and evaporated to leave a pale yellow oil. Vpc examination of this 
oil indicated the presence of two major components, lib (65%) and 
Ila (30%), subsequently shown to be the trans -8,9,10-H- and cis-
8,9,10-H-8-amino-2-methyldecahydroisoquinolines, respectively. 
An indeterminate amount of a third isomer (lie) (a small shoulder 
on the major peak) was subsequently shown to be the cis-
9,10,trans-8,9-H isomer. Approximately 5% of the 2-methyldecahy- 
droisoquinolines was also seen at shorter retention times than 
those of the desired products. Separation of the isomer mixture of 
II by distillation was not possible and instability of the purified 
mixture was noted in the absence of solvent. The purified isomer 
mixture was derivatized to the corresponding acetamides immedi­
ately following distillation.

eis-8,9,10-f/- and irans-8,9,10-/7-8-Aeetamido-2-methylde- 
cahydroisoquinoline (Ilia and IHb). The freshly distilled 8- 
amino-2-methyldecahydroisoquinoline mixture (41 g, 0.24 mol) 
was dissolved in dry dimethylformamide (375 ml), cooled to 10°, 
and stirred. Acetic anhydride (50 g, 0.49 mol) dissolved in dry ben­
zene (100 ml) was added over a 15-min period. Following the addi­
tion, the mixture was allowed to warm to room temperature and 
stirred for 24 hr. The solvents were then removed by rotary evapo­
ration and the residual oil was dissolved in water, made alkaline 
with NH4OH, and extracted with ether. Removal of the solvent 
from the dried ethereal extract yielded the crude mixture of the di- 
astereoisomers (34 g, 66%). Several fractional recrystallizations of 
the isomeric mixture (150 g) from ethyl acetate or petroleum ether 
(bp 30-60°)-ether afforded pure irarcs-8 ,9,10-H-8-acetamido-2- 
methyldecahydroisoquinoline (IHb) as white, felted needles (35 g): 
mp 192.5-194°; ir (CHCI3) 3440 (free N-H stretch), 3300 cm- 1  (in- 
termolecularly H-bonded N-H stretch); nmr (CDCI3) 5 5.75 (br, 1, 
W m  = 25 Hz, CONH), 3.68 (br, 1 , WV2 = 23 Hz, CHNHAc),
2.27 (s, 3, NCH3), and 1.98 ppm (s, 3, COCH3).

Anal. Calcd for C19H22N2O: C, 68.52; H, 10.55; N, 13.32. Found: 
C, 68.72; H, 10.26; N, 13.30.

The cis -8,9,10-H isomer (Ilia) was more soluble in the recrystal­
lization solvent and was isolated as cuboid crystals by concentra­
tion of the mother liquors from which IHb had been obtained. In 
some instances separation of Ilia, from the traces of IHb still pres­
ent, was achieved mechanically with tweezers. Recrystallization of 
Ilia from the same solvents as IHb yielded pure cis -8,9,10-77-8- 
acetamido-2 -methyldecahydroisoquinoline as cuboid crystals; mp 
141-142°; ir (CHCI3) 3440 (free N-H stretch), 3310 (intermolecu- 
larly H-bonded N-H stretch), and 3200 cm- 1  (intramolecularly 
H-bonded N-H stretch, did not disappear on dilution); nmr 
(CDCI3) 5 6.37 (br, 1, Wl/2 = 75 Hz, -NHAc), 3.98 (br, 1, Wi/2  = 
14 Hz, -CHNHAc), 2.27 (s, 3, NCH3), and 1.96 ppm (s, 3, COCH3).

Anal. Calcd for Ci2H22N20: C, 68.52; H, 10.55; N, 13.32. Found: 
C, 68.79; H, 10.62; N, 13.58.

A third isomer (IIIc) was isolated by hand picking its leaflet

clusters from the mixture obtained when the petroleum ether- 
ether solvent was allowed to slowly evaporate. Recrystallization 
from ethyl acetate yielded 35 mg of pure cis -9,10,trans -8 ,9-H-8- 
acetamido-2-methyldecahydroisoquinoline: mp 154-157°; ir
(CHCI3) 3415 (free N-H stretch) and 3320 cm- 1  (intermolecularly 
H-bonded N-H stretch); nmr (CDCI3) 5 5.57 (br, 1, W i/2 = 25 Hz, 
-NHAc), 4.40 (br, 1 , Wm  = 23 Hz, CHNHAc), 2.28 (s, 3, NCH3), 
and 2.07 ppm (s, 3, COCH3).

Anal Calcd for C12H22N20: C, 68.52; H, 10.55; N, 13.32. Found: 
C, 68.57; H, 10.47; N, 13.14.

It should be noted that infrared dilution studies were carried out 
on all three isomers in dichloromethane solution. The peak at 
3300-3320 cm- 1  corresponding to the intermolecularly H-bonded 
NH stretching frequency disappeared on dilution from 0.15 to 0.03 
M  concentration. For compound Ilia, however, the absorption at 
3200 cm- 1  persisted throughout 0.15-0.01 M  concentrations, in­
dicative of an intramolecularly H-bonded N-H stretching frequen­
cy.4

Hydrolysis of cis -8,9,10-H-8-Acetamido-2-methyldecahy- 
droisoquinoline (Ilia) to cis-8,9,10-H-8-Amino-2-methylde- 
cahydroisoquinoline (Ila). A solution of Ilia (2.35 g, 0.011 mol) 
in 10% sulfuric acid (110 ml) was refluxed for 32 hr. The acidic so­
lution, cooled in an ice bath, was made alkaline with concentrated 
sodium hydroxide solution and extracted with chloroform. The 
dried chloroform extract was evaporated on a rotary evaporator to 
yield cis -8,9,10-H-8-amino-2-methyldecahydroisoquinoline (Ila) 
as a straw-colored oil (1.86 g, 99%). The oil was quickly purged 
with nitrogen and stoppered to prevent formation of its solid car­
bonate which occurred when the amine was exposed to air. At­
tempts to crystallize the oil failed: ir (CHCI3) 3375 (free N-H 
stretch), 3270 and 3160 (hydrogen-bonded N-H stretch), 1583 
(N-H bending), and 1100 cm- 1  (C-N); nmr (CDCI3) 5 2.28 (s, 3, 
NCH3) and 1.37 ppm (s, 2, NH2). The dihydrobromide salt was 
prepared and recrystallized from acetonitrile-ethyl acetate, mp 
297-300°.

Anal. Calcd for CioH22Br2N2: C, 36138; H, 6.72; Br, 48.41; N,
8.49. Found: C, 36.25; H, 6.67; Br, 48.37; N, 8.52.

Hydrolysis of trans -8,9,10-H-8-Acetamido-2-methylde- 
cahydroisoquinoline (IHb) to trans-8,9,10-H-8-Amino-2- 
methyldecahydroisoquinoline (lib). A solution of IHb (8 g, 
0.038 mol) dissolved in 15% sulfuric acid solution (100 ml) was re­
fluxed for 72 hr. The acidic reaction solution, cooled in an ice bath, 
was made alkaline with sodium hydroxide solution and extracted 
with chloroform. The dried chloroform extract was concentrated, 
giving 6.35 g of a straw-colored oil (98% yield) which formed tan 
crystals on standing of the pure trans -8,9,10-H -8-amino-2-meth- 
yldecahydroisoquinoline (lib): mp 44—47°; ir (CHC13) 3370 (free 
N-H stretch), 3280 and 3150 (hydrogen-bonded N-H stretch), 1575 
(N-H bending), and 1100 cm- 1  (C-N); nmr (CDC13) 5 2.30 (s, 3, 
NCH3), and 1.21 ppm (s, 2, NH2). The dihydrobromide salt was 
prepared and recrystallized from ethyl acetate-methanol-ether to 
give colorless, glassy crystals of trans- 8,9,10-H -8-amino-2-methyl- 
decahydroisoquinoline dihydrobromide, mp 256-258°.

Anal. Calcd for C10H22Br2N2: C, 36.38; H, 6.72; Br, 48.41; N,
8.49. Found: C, 36.24; H, 6.64; Br, 48.63; N, 8.30.

Deamination with Nitrous Acid of cis -8,9,10-H-8-Amino-2-
methyldecahydroisoquinoline (Ila) to ei's-8,9,10-H-8-Hy- 
droxy-2-methyldecahydroisoquinoline (IVa). To a stirred solu­
tion of Ila (10 g, 0.06 mol) in glacial acetic acid (14.4 g, 0.24 mol) 
was added, dropwise, sodium nitrite (8.28 g, 0 .12  mol) dissolved in 
water (65 ml).7 This mixture was heated to 65°, and additional
2.88 g of acetic acid (20% excess in 20 ml of water) was added drop- 
wise, and the resulting solution was heated for 3-4 hr. The reaction 
medium was made strongly alkaline with sodium hydroxide solu­
tion and refluxed for 2 hr. After cooling, the basic solution was ex­
tracted with chloroform. The chloroform extract was dried and 
concentrated, giving a viscous, straw-colored oil, which upon 
standing solidified to give 8.5 g of IVa, mp 68-75° (85% yield). Vpc 
indicated that the crude product contained 99% IVa and tic 
showed one spot having an i f  value of 0.653. Recrystallization of 
the solid from petroleum ether (bp 30-60°) gave 7.6 g (76% yield) 
of pure cis-8,9,10-H-8-hydroxy-2-methyldecahydroisoquinoline 
(IVa) as colorless, glassy prisms: mp 78-81° (lit.2 mp 78-80°); ir 
(CHCI3) 3660 (free O-H stretch), 3170 (hydrogen-bonded O-H 
stretch), 1057, 1014 cm- 1  (equatorial C-O); nmr (CDC13) 6 5.72 
(br, 1, OH), 4.10 (br, 1 , W 1/2 = 10 Hz, CHOH), and 2.25 ppm (s, 3, 
NCH3). Two derivatives were prepared: the picrate, which was re­
crystallized from 95% ethanol, mp 183-184° (lit.2a mp 181-183°), 
and the methiodide, which was recrystallized from glyme-aceto- 
nitrile, mp 238-239° (lit.2a mp 229-231°).
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Deamination with Nitrous Acid of trans -8,9,10-//-8-Amino-
2-methyldecahydroisoquinoline (lib) to iran.s-8,9,10 -/f-8- 
Hydroxy-2-methyldecahydroisoquinoIine (IVb). trans-8,9,10- 
//-8-Amino-2-methyldecahydroisoquinoline (lib, 6.2 g, 0.037 mol) 
was deaminated in a procedure identical with that described for 
the cis isomer. The viscous straw-colored oil (5.0 g) recovered from 
the chloroform extract was shown by vpc to contain 95.5% IVb and 
4.5% olefins. Distillation of the oil in vacuo provided 3.41 g of 
trans-8,9,10-//-8-hydroxy-2-methyldecahydroisoquinoline (IVb), 
bp 92-96° (0.2 mm). Initial attempts to crystallize the oil failed; 
the hydrochloride salt was prepared and recrystallized from aceto­
nitrile-ethyl acetate, giving 2.33 g (65%) of trans -8,9,10-H-8-hy- 
droxy-2 -methyldecahydroisoquinoline hydrochloride, mp 180- 
182°.

Anal. Calcd for C10H20C1NO: C, 58.38; H, 9.80; Cl, 17.23; N,
6.80. Found: C, 58.63; H, 10.01; Cl, 17.52; N, 6.71.

The hydrochloride salt was converted to the free base which, 
after standing overnight, crystallized to yield a tan, waxy solid, mp 
50-53° (lit.2 mp 84°). Attempts to recrystallize the material failed: 
ir (CHCI3) 3610 (free O-H stretch), 3160 (hydrogen-bonded O-H 
stretch), and 1053 and 1013 cm- 1  (equatorial C -02b’6); nmr 
(CDCI3) 5 4.05 (s, 1, OH) (CHOH was masked by other alkyl pro­
tons from 5 2.7 to 3.5 ppm) and 2.25 ppm (s, 3, NCH3).

Two derivatives were prepared as follows.
A picrate was recrystallized from 1-propanol, mp 196-198° (lit.2a 

mp 147-150°).
Anal. Calcd for C16H22N4O8: C, 48.24; H, 5.57; N, 14.06. Found: 

C, 48.30; H, 5.53; N, 13.74.
A methiodide was recrystallized from ethyl acetate-acetonitrile, 

mp 216-218° (lit.28 mp 235°).
Anal. Calcd for CuH22INO: C, 42.46; H, 7.13; I, 40.78; N, 4.50. 

Found: C, 42.64; H, 7.26; 1,41.00; N, 4.29.
Oxidation of a Diastereoisomeric Mixture of 8-Hydroxy-2- 

methyldecahydroisoquinolines (IV) to trans -2-Methylde- 
cahydroisoquinol-8-one. The alcohol mixture (IV, 0.75 g, 0.0044 
mol) was dissolved in benzene and refluxed in a flask equipped 
with a Dean-Stark trap for 15-30 min. To this solution was added 
potassium tert -butoxide (1.25 g, 0.011 mol) and benzophenone 
(4.05 g, 0.0222 mol). The mixture was purged with dry nitrogen 
and refluxed for 6 hr with a continuous stream of dry nitrogen 
slowly passing through the reaction flask. After cooling, the reac­
tion medium was extracted with 10% hydrochloric acid solution. 
The acidic extract was made alkaline by slowly adding it to a 
cooled, stirred ammonium hydroxide solution, and the resulting 
basic solution was extracted with ether on a continuous extractor 
for 6 hr. The ethereal extract was washed twice with a saturated 
aqueous sodium chloride solution, dried, and concentrated to yield 
an oil (0.501 g, 67%). A hydrobromide salt was prepared which was 
recrystallized from ethyl acetate-acetonitrile to give 0.629 g (57%) 
of trans-2 -methyldecahydroisoquinol-8-one hydrobromide, mp 
217-219°. A methiodide derivative was prepared by dissolving the 
ketone in anhydrous diethyl ether, adding an excess of methyl io­
dide, and boiling off the excess reagent and solvent. The residual 
methiodide was washed with diethyl ether and recrystallized from 
ethyl acetate-acetonitrile, giving white, felted needles, mp 291- 
294°. A subsequent recrystallization from acetone-acetonitrile 
gave very small, white, glassy crystals of the pure methiodide, mp 
295-297° (lit.28 mp 288-290°).

Anal. Calcd for CnH2oINO: C, 42.73; H, 6.52; I, 41.04; N, 4.53. 
Found: C, 43.11; H, 6.72; I, 41.32; N, 4.44.

Reduction9 of trans -2-Methyldecahydroisoquinol-8-one to 
trans-9 ,10,cis-8,9-H-8-Hydroxy-2-methyldecahydroisoqui- 
noline. To a solution of the catalyst, chloroiridic acid (H2lrCl6 • 
2H20, 0.0517 g, 0.12 mmol) in 0.2 ml of concentrated hydrochloric 
acid was added trimethyl phosphite (0.75 ml) and this solution was 
combined with a solution of the ketone (0.318 g, 1.9 mmol) dis­
solved in 2-propanol (10 ml). The mixture was refluxed for 72 hr 
followed by a removal of the 2-propanol by rotary evaporation. 
The remaining acidic solution was washed twice with ether and 
slowly added to cold ammonium hydroxide. The resulting alkaline 
solution was extracted with ether on a continuous extractor for 12 
hr, dried, and concentrated, giving an oil which solidified to yield 
0.316 g (98%), mp 102-113°, Analytical tic of the crude product 
showed only one spot (Rf 0.56) indicating quantitative conversion 
of the trans ketone to the alcohol. The solid was recrystallized 
from petroleum ether (bp 30-60°) to give 0.225 g of pure trans-
9,10, cis -8,9-H-8-hydroxy-2-methyldecahydroisoquinoline for a 
73% overall yield; mp 114-115° (lit.28 mp 115°); ir (CHCI3) 3615 
(free O-H stretch), 3430, 3150 (hydrogen-bonded O-H stretch), 
and 992 cm- 1  (axial C-O); nmr (CDC13) 6 2.84 (br, 1 , CHOH), 3.85

(br, 1, W1/2 = 8 Hz, CHOH), and 2.30 ppm (s, 3, NCH3). Two de­
rivatives were prepared: a picrate, which was recrystallized from 
absolute ethanol, mp 242-243° (lit.28 mp 235°), and a methiodide, 
which was recrystallized from ethyl acetate-acetonitrile, mp 194- 
196° (lit.28 mp 183-185°).

Reduction of irans-2-Methyldecahydroisoquinol-8-one to 
trans -8,9,10 -H  -8-Hydroxy-2-methyIdecahydroisoquinoline.10
Small portions of sodium metal (1.1 g) were added to a refluxing 
solution of the ketone (0.182 g, 1.08 mmol) in 30 ml of absolute 
ethanol. The solution was allowed to reflux for 10 hr, a further 0.5 
g of sodium metal was then added, and refluxing was continued for 
an additional 1 hr. After allowing the reaction mixture to cool, 
water (2 ml) was cautiously added to ensure the destruction of re­
sidual sodium metal. The ethanol was removed on a rotary evapo­
rator and the residue was dissolved in water, made strongly alka­
line, and extracted with ether on a continuous extractor for 12  hr. 
The ethereal extract was dried and concentrated to yield 0.141 g 
(80%) of an orange-colored oil. The C -0 stretching bands in the ir 
of this oil indicated a high percentage of the desired trans-equato- 
rial alcohol. Analytical tic showed one major spot (approximately 
90%), R f 0.520, representing the desired alcohol, and two minor 
spots (10% combined), consisting of unreacted ketone and the 
trans-axially substituted alcohol. The oil was chromatographed on 
alumina (10  g) and eluted with benzene, ether, and chloroform to 
yield 128 mg of pure trans -8,9,10-H-8-hydroxy-2-methyldecahy- 
droisoquinoline (70% overall yield). A methiodide derivative was 
prepared (mp 215-218°) which, when mixed with the methiodide 
derived from the alcohol IVb, showed no melting point depression. 
The ir and nmr spectra of the alcohol prepared by the ketone re­
duction and the alcohol IVb were identical.

Hydrolysis of cis -9,10,trans-8,9-H-8-Acetamido-2-methyl- 
decahydroisoquinoline (IIIc) and Subsequent Deamination 
with Nitrous Acid of the Corresponding Amine, cis-9,10,trans-
8,9-if-8-Acetamido-2-methyldecahydroisoquinoline (IIIc, 20 mg) 
in 15% sulfuric acid (15 ml) was refluxed for 30 hr and the resulting 
amine was worked up in an identical manner with that described 
for the preparation of Ha from Ilia. The residual oil (—10 mg) was 
dissolved in glacial acetic acid (5 ml) and 5 ml of water was added. 
To this solution was added sodium nitrite (30 mg) dissolved in 15 
ml of water and the resulting solution was heated to 60° for 1  hr. 
The solution was then made strongly alkaline with sodium hydrox­
ide solution and refluxed for 2 hr. The product was obtained by ex­
traction of the cooled solution with chloroform. The chloroform so­
lution was dried over anhydrous sodium sulfate and the residue 
was refluxed with benzene using a Dean-Stark trap to ensure dry­
ness. The crude oily residue (IVc) was dissolved in anhydrous 
ether (10 ml) and excess methyl iodide was added. The precipitat­
ed salt was recrystallized from methanol-ether to yield a very 
small quantity of rosette crystals of cis -9,10,trans -8,9-H-8-hy- 
droxy-2 -methyldecahydroisoquinoline methiodide, mp (hot-stage 
microscope) 237-241°.
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Condensation reactions of nitromethyl p-tolyl sulfone (1) with formaldehyde and benzenesulfinic acid are de­
scribed. A proposed rationalization of the reaction involves the intermediacy of the vinyl sulfone 6. Some other al­
dehydes than formaldehyde may be used as well. The product derived from acetaldehyde can be reduced by sodi­
um borohydride to 1-nitro-l-tosylpropane (11). Primary and secondary a-nitro sulfones undergo Michael-type 
addition reactions to certain activated carbon-carbon double bonds.

Electron-withdrawing substituents usually activate a 
neighboring C-H bond toward alkylation and condensation 
reactions.2 However, several studies have demonstrated that the twofold activated C-H group in primary and sec­
ondary a-nitro sulfones ( p K a ’ s  of about 6 in 50% ethanol-

R1
I

r so 2c n o 2

H

R1 = H, alkyl, aryl

water3) often is only reluctantly—or indeed not at all— 
functionalized by means of these types of reaction.4'5 This 
is noteworthy since rather similar systems like a-nitro es­
ters,6 nitroacetonitrile,7 bis(phenylsulfonyl)methane,8 and bis(alkylsulfonyl)methanes9 easily react with aldehydes to 
give alcohols, alkenes, or bisadducts; moreover, nitroal- 
kanes can also condense with, for instance, C-nitroso com­pounds10 and benzofuroxan.11 With these results in mind 
and in continuation of our studies on a-nitro sulfones,1’3’12 
we have probed further into the propensity of a-nitro sul­
fones for functionalization at the activated carbon atom.

Results and Discussion
Under a variety of conditions and in the presence of ei­ther basic or acidic catalysts, nitromethyl p-tolyl sulfone

(1) did not react with a series of aliphatic or aromatic al­
dehydes,13 or with nitrosobenzene, p-dimethylaminonitro- sobenzene, and benzofuroxan. However, when 1 was al­
lowed to react with formaldehyde and benzenesulfinic acid in refluxing 90% aqueous formic acid, three types of con­
densation products (2, 3, and 4) could be isolated in yields depending on the conditions used (eq 1, Table I). The con-

HCOOH
TsCH2N0 2 +  CH20  +  C J T S O J I ------- ►

1

ch 2so 2c6h s c h 2so 2c6h 5

TsCHNO, +  TsCN0 2 +  TsCH =CH S0 2C6H5 (1)

2 CH2OH 4 ( E  311(1 Z )

3
T s=  p-CH3C6H4S0 2

Table I
Condensation Products from 1 (Equation 1 )

Formaldehyde,
equiva

Benzenesulfinic 
acid, equiva

Reaction 
temp, °C

Reaction 
time, min

Yield, % 
product

l l 10 0 13 31 (2), 6 (3) 6
3 2 10 0 13 8 (2), 28 (3)
1 1 70 90 2 0  (2 )c
3 2 50 180 93 (3)
3 1 50 180 89 (3)
3 2 10 0 180 42 (4)

a Relative to 1 equiv of 1. 1> 44% recovery of 1. c60% recovery of 1 .

version of 1 into 2 is reminiscent of the condensation of car­
bon acids like indole or /3-naphthol with formaldehyde and 
sulfinic acids.14 Neither 2 nor 3 could be converted into 4 by refluxing in formic acid. Instead, starting material and 
partially esterified 3 were the only materials isolated. Sur­
prisingly, an excess of benzenesulfinic acid effected the transformation of 3 into 4 in a yield of 31%. Since sulfinic 
acids are fairly strong reducing agents,15 we presume that a reduction process induced by the sulfinic acid is part of the 
reaction.At the moment no clear-cut choice can be made between the several reaction pathways conceivable for the produc­
tion of 2 and 3 from 1 (Scheme I). The intermediacy of hy-

1 +  ch2o
+c,h^ o2h - h2o

11 nch2oh - h2o r ch2 I  
h

-K ^^H
l

ÇH.SOAR,
1

TsCHNO, +H.0 ii
TsCN02 - c6h,so2h TsCHNO,

5 6 2

—ch2o| |+ ch2o - ch,o| | + ch2o

r CH/IH ch2so2c6h5
| +c6h5so2h 1

TsCNO; - h2o
TsCNO,

CHîOH CH2OH
7 3
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droxymethyl phenyl sulfone, the adduct of benzenesulfinic acid to formaldehyde, is highly unlikely in view of the steric 
and field effects of the sulfonyl moiety which will prevent 
Sn2 displacement of the hydroxyl substituent.16 In addi­
tion, entry to 3 v i a  7  is implausible for steric reasons ( v i d e  
i n f r a ) .  In regard to the formation of 2 from 5, we favor an 
elimination-addition mechanism over nucleophilic substi­
tution of the OH group in 5 by sulfinate anion. The resis­
tance of 3 to further coupling with benzenesulfinic acid 
may be understood on this basis, because no vinyl sulfone can be generated from 3. However, steric hindrance may 
also be invoked to explain the absence of further conver­
sion. The importance of this factor may be judged from the 
observation that refluxing of 3 for 2 hr with pure thionyl 
chloride did not effect substitution of the hydroxyl moiety. 
Acylation of 3 could only be achieved by refluxing with ace­
tyl chloride for 3 hr. The products formed upon treatment

c h 2so 2c6h5

3 +  CH3C0C1 — ► TsCN02

c h 2ococh3

8

of 3 with base suggest that the reactions proposed in 
Scheme I are reversible processes. Thus, 2 was obtained 
from 3 by using 5% aqueous sodium hydroxide.17 When 2 was subjected to further reaction with base, 1 was formed 
in high yield. This reaction most likely involves the vinyl 
sulfone 6 as an intermediate; this idea receives support 
from the well-known sulfinate elimination from /3-nitroeth- 
yl sulfones in dilute alkali.18 Addition of water to 6, which 
is highly susceptible to nucleophilic addition,19 will afford5. Subsequent /3-elimination of formaldehyde from the la­
bile 5, also induced by base, then leads to the conjugated 
base of 1. The great ease of this reaction may well explain our inability to isolate addition products from the reaction 
of primary and secondary a-nitro sulfones with al­
dehydes.13

The condensation according to eq 1 is not restricted to 
formaldehyde. With several aliphatic and aromatic al­
dehydes the corresponding condensation products could 
also be obtained (eq 2, Table II). However, the success of

r c h so 2c6h5
HCOOH

1 +  RCHO + C6H5S02H --------► TsCHN02 (2)
9a-f

the reaction clearly depends on the nature of the carbonyl 
component, since the starting materials were recovered al­
most quantitatively when butyraldehyde, isobutyral- 
dehyde, p-methoxybenzaldehyde, or ketones were used. In the case of p-nitrobenzaldehyde and using prolonged reac­tion times, the disulfonylalkene 10 was formed as the major

TsCH=C(C6H4N02-p)S02CeH5 

10 ( E  and Z )

product. The condensation given in eq 2 may be of consid­
erable synthetic utility, since we found that 9a may be re­
duced to 11 by treatment with sodium borohydride in 
DMSO. This reaction constitutes a useful and facile alter-

NaBH, V * 19a ------ V  I
dmso TsCHN02

11

native synthesis of secondary a-nitro sulfones starting from 
the readily available 1. Most probably the reduction pro­
ceeds v i a  a vinyl sulfone intermediate by analogy with sim­

Tablell
Condensation Products from 1 (Equation 2)

Compel R
Reaction 
time, hr

Reaction 
temp, ° C Yield, %

9a c h 3 3 50 85
9b c 2h 5 3 50 39
9c p  -C H 3C 6H4 15 70 11“
9d C 6H5 15 70 85
9e p - c  i c 6h 4 15 70 53
9f P  - N 0 2C 6H4 1 70 24
10 p -  no 2c 6h 4 15 70 66

° 53% recovery of 1.
ilar reductions of ^-substituted nitroalkanes in which ni- 
troalkenes are initially formed.20

Attempts to condense secondary a-nitro sulfones like 11 
with formaldehyde and benzenesulfinic acid were unsuc­
cessful, lending support to the idea that an unsaturated 
sulfone, formed v i a  initial addition of 11 to the aldehyde, is 
a key intermediate in the condensation reaction. The more 
severe steric requirements, as compared with the corre­
sponding reaction with 1, may also contribute to inertness 
of 11.We have so far also not been able to isolate Mannich 
bases from the reaction of a-nitro sulfones with formalde­
hyde and amines, using either basic or acidic conditions 
(normally in acetic acid rather than formic acid to avoid 
the Leuckart reaction).21 In one case we have isolated 7 (c f . 
Scheme I) from the reaction of 1 with formaldehyde and di- 
ethylamine in an acidic medium after chromatography of 
the complex reaction mixture. Since 7 was absent in the 
crude products (nmr analysis) and 7 cannot be prepared 
from 1 and formaldehyde, the possibility remains that 7 
originates from decomposition of a labile Mannich base de­
rived from 1 during purification.

Finally we report that both primary and secondary a -  
nitro sulfones can undergo Michael-type addition reac­
tions, using a catalytic amount of triethylamine. With 1 
and an excess of methyl vinyl ketone, the bisadduct 12 is 
obtained besides the intramolecular aldol condensation 
product 13. Conditions may be varied so that 13 becomes 
the sole product of the reaction. As anticipated, secondary

O

1 +  CH3CCH=CH,
(C.HAN

EtOH

no2 0

I 1
TsCXCH2CH2CCH3)2 +  

12

h2 h 2
0 2Nv / — \ _0H 

Ts'
H

HCH3

0 = 0

ch3
13

R O
I II

TsOCH2CH2CCH3

n o 2

15, R =  C2H5



a-nitro sulfones afforded monoaddition products. Under 
comparable conditions, 1 does not add to methyl cinnamate 
and 11 fails to react with benzalacetone. These observa­
tions contrast sharply with the known smooth addition of 
ethyl nitroacetate to the above carbonyl compounds.22 
More severe steric demands in the reactions of 1 and 11 
may well contribute to this striking difference in reactivity.

Experimental Section
Elemental analyses were carried out in the Analytical Depart­

ment of this laboratory under the supervision of Mr. W. M. Hazen- 
berg and Mr. A. F. Hamminga. Melting points were determined 
using a Mettler FP1 melting point apparatus with a Mettler FP52 
microscope attachment. Nmr spectra were recorded on a Varian 
A-60 spectrometer, using TMS (b 0) as an internal standard. Ir 
spectra were measured with a Perkin-Elmer instrument, Model 
257. Mass spectra were taken on a AEI MS-9 double-focusing mass 
spectrometer.

The a-nitro sulfones were prepared according to our previously 
described method1 or according to the method of Truce, et al.23 
The other chemicals were commercial products and were ade­
quately purified before use.

Attempted Condensations with 1. These include the following:
(1) with formaldehyde: in EtOH-NH3, 3 hr at 50°; in refluxing 
HCOOH, 10-30 min; in HCOOH, 3 hr at 50°; (2) with benzalde- 
hyde: in EtOH with a catalytic amount of MeNH2 or K2CO3, re­
flux, 10  min; without solvent, catalytic amount of MeNH2, reflux, 2 
hr; in benzene in the presence of a catalytic amount of p-toluene- 
sulfonic acid, azeotropic distillation over anhydrous Cu(II)S04, 15 
hr; (3) with nitrosobenzene: in HCOOH-H2O (2 :1 ), 1 hr at 50°; in 
HCOOH, 1 hr at 50°; (4) with p-dimethylaminonitrosobenzene: in 
EtOH-H20  in the presence of K2CO3, reflux, 30 min; in MeOH- 
K2CO3 , 10  min at 25°; (5) with benzofuroxan: in EtOH in the pres­
ence of NH3, 20 min at 0° or reflux for 1 hr; in HCOOH, 3 hr at 
50°. In all cases 1 was recovered unchanged, usually in high yield. 
No evidence could be obtained for the formation of the desired 
condensation products.

1- Nitro-l-(p -tolylsulfonyl)-2-(phenylsulfonyl)ethane (2).
A solution of 1 (2.15 g, 10 mmol), sodium benzenesulfinate (1.64 g, 
10 mmol), and 1 ml of 36% aqueous formaldehyde in 28 ml of 90% 
formic acid was refluxed for 13 min. After dilution with water, the 
mixture was extracted with CH2CI2 (200 ml). The CH2CI2 extract 
was washed with water and dried over Na2S0 4 . Removal of the sol­
vent in vacuo gave an oil which crystallized after adding some eth­
anol. Recrystallization from ethanol furnished 1.15 g (31%) of 2: 
mp 143.6-144.7°; nmr (CDC13) 5 2.50 (s, 3 H, aryl CH3), 4.0-4.3 (m, 
2 H, CH2SO2), 5.35 and 5.49 (2 d, 1 H, J  = 3 Hz, CHN02), 7.3-8.1 
ppm (m, 9 H, aryl protons); ir (KBr) 1570,1300-1350,1150 cm“ 1.

Anal. Calcd for Ci5Hi5N06S2: C, 48.77; H, 4.10; N, 3.80; S, 17.36. 
Found: C, 48.88; H, 4.14; N, 3.86; S, 17.24.

The filtrate was concentrated and allowed to stand at 0° in a re­
frigerator. The solid that separated was recrystallized from ethanol 
to give 0.94 g of 1 (44%), mp 115.0-116.0°. After standing for 3 
days an additional solid precipitated. Recrystallization from ben- 
zene-n-hexane yielded 0.51 g of 3 (6%), mp 167.9-169.3° (vide 
infra).

2- Nitro-2-(p-tolylsulfonyl)-3-(phenylsulfonyl)propanol-l
(3). A solution of 1 (2.15 g, 10 mmol), sodium benzenesulfinate 
(3.28 g, 20 mmol), and 3 ml of 36% aqueous formaldehyde in 28 ml 
of 90% formic acid was stirred for 3 hr at 50°. After standing at 0° 
for 15 hr, the separated solid was filtered off, dried in vacuo, and 
recrystallized from benzene-n-hexane to give 3.48 g of 3. A second 
portion of 3 (0.25 g) was obtained after dilution of the mother li­
quor with water and subsequent cooling at 0°, total yield 3.73 g 
(93%) of 3: mp 168.4-169.5; nmr (CDC13) S 2.49 (s, 3 H, aryl CH3),
2.89 (br s, 1 H, OH), 4.40 (d, 2 H, J  = 4 Hz, S02CH2), 4.63 (s, 2 H, 
CH2OH), 7.2-8.1 ppm (m, 9 H, aryl protons); ir (KBr) 3540, 1550, 
1280-1340,1150 cm“ 1.

Anal. Calcd for Ci6H17N0 7S2: C, 48.11; H, 4.29; N, 3.51; S, 16.05. 
Found: C, 48.04; H, 4.32; N, 3.47; S, 16.03.

Reaction o f 3 with NaOH. Sulfone 3 (2.00 g, 5 mmol) was dis­
solved in 30 ml of 5% aqueous NaOH kept under an atmosphere of 
nitrogen. After stirring for 5 min at room temperature, the solution 
was filtered, cooled to 5°, acidified with acetic acid, and extracted 
with 150 ml of CH2CI2. The extract was washed with water and 
dried over Na2S0 4 . Recrystallization of the solid, obtained after 
removal of the solvent in vacuo, yielded 0.92 g (50%) of 2, mp
140.3-142.3°.

Reaction of 2 with NaOH. A solution of 0.74 g (2 mmol) of 2 in
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10 ml of 10% aqueous NaOH was refluxed under nitrogen for 15 hr. 
After cooling to 5° and acidification with acetic acid, solid material 
was obtained that was recrystallized from ethanol to afford 0.35 g 
(81%) of l,mp 114.9-115.8°.

1- (p-Tolylsulfonyl)-2-(phenylsulfonyl)ethene (4). A solu­
tion of 1 (2.15 g, 10 mmol), sodium benzenesulfinate (3.28 g, 20 
mmol), and 3 ml of 36% aqueous formaldehyde in 28 ml of 90% 
aqueous formic acid was refluxed for 3 hr. Work-up was carried 
out as described for 2 . Crude 4 was recrystallized from ethanol, 
yield 1.34 g (42%): mp 182.0-196.5° (E and Z isomers); nmr 
(CDCI3) b 2.50 (s, 3 H, aryl CH3), 7.3-8.1 ppm (unresolved multi- 
plet, 11 H, aryl and vinyl protons); ir (KBr) 1320,1150 cm“ 1.

Anal. Calcd for C15H14O4S2: C, 55.88; H, 4.38; S, 19.89. Found: 
C, 55.80, H, 4.42; S, 19.83.

2- Nitro-2-(p-tolylsulfonyl)propane-l,3-diol (7). A solution 
of 1 (2.15 g, 10 mmol), diethylamine (1.60 g, 22 mmol), and 3 ml of 
36% aqueous formaldehyde in 20 ml of formic acid was stirred for 2 
hr at 50°. The solution was diluted with water and extracted with 
200 ml of CH2C12. The CH2C12 extract was washed with water, 
dried over Na2S04, and evaporated to dryness. The residue was 
purified by chromatography on silica gel, using a mixture of 
CH2C12 and EtOAc with increasing concentrations of EtOAc as the 
eluent. Recrystallization from benzene afforded 0.55 g of pure 7 
(20%): mp 100.0-105.5°; nmr (CDC13) <5 2.50 (s, 3 H, aryl CH3), 3.20 
(t, 2 H, J  = 7 Hz, OH), 4.3-4.7 (m, 4 H, CH20), 7.3-7.9 ppm (m, 4 
H, aryl protons); ir (KBr) 3480,.1550, 1350-1300, 1150 cm“ 1; mol 
wt (osmotically) 287 ±  10; mass spectrum m/e 275 (M+).

Anal. Calcd for C10Hi3N06S: C, 43.64; H, 4.76; N, 5.09; S, 11.65. 
Found: C, 43.67; H, 4.71; N, 4.90; S, 11.64.

2-Nitro-2-(p -tolylsulfonyl)-3-(phenylsulfonyl)propyl Ace­
tate (8). A solution of 3 (1.50 g, 3.75 mmol) in 15 ml of acetyl chlo­
ride was refluxed for 3 hr. Evaporation to dryness and crystalliza­
tion from EtOH gave 1.61 g of 8 (97%): mp 135.2-135.5°; nmr 
(CDCI3) i 2.00 (s, 3 H, CH3C =0), 2.50 (s, 3 H, aryl CH3), 4.30 and
4.60 (2 d, 2 H, J  = 15 Hz, S02CH2), 4.92 and 5.12 (2 d, 2 H, J  = 13 
Hz, CH20), 7.3-8.1 ppm (m, 9 H, aryl protons); ir (KBr) 1740, 
1560,1340-1180,1210,1150 cm“ 1.

Anal. Calcd for CigHi9N08S2: C, 48.95; H, 4.35; N, 3.18; S, 14.57. 
Found: C, 49.00; H, 4.30; N, 3.02; S, 14.42.

l-Nitro-l-(p-tolylsulfonyl)-2-(phenylsulfonyl)propane 
(9a). A solution of 1 (2.15 g, 10 mmol), acetaldehyde (0.97 g, 22 
mmol), and sodium benzenesulfinate (1.80 g, 1 1  mmol) in 28 ml of 
90% aqueous formic acid was stirred under nitrogen for 3 hr at 50°. 
After crystallization in a refrigerator and subsequent filtration, the 
crystals were dried in vacuo and recrystallized from Et0H-H20, 
yielding 3.26 g of 9a (85%): mp 159.2-161.2°; nmr (CDC13) S 1.75 
(d, 3 H, J  = 7 Hz, CH3CH), 2.50 (s, 3 H, aryl CH3), 4.2-4.6 (m, 1 H, 
CH3CH), 5.80 (d, 1 H, J  = 10 Hz, 0 2NCH), 7.3-8.1 ppm (m, 9 H, 
aryl protons). Refluxing of a solution of 9a in EtOH caused epim- 
erization, mp 122-156°. The 1:1 mixture of epimers gave addition­
al absorptions in the nmr spectrum: b 1.69 (d, 1 H, J  = 7 Hz, 
CH3CH), 6.20 ppm (d, 1 H, J  = 1.5 Hz, 0 2NCH).

Anal. Calcd for Ci6H17N0 6S2: C, 50.12; H, 4.47; N, 3.66; S,
16.72. Found: C, 50.23; H, 4.43; N, 3.55; S, 16.76.

l-N itro-l-(p -tolylsulfonyl)-2-(phenylsulfonyl)butane (9b) 
was prepared as described for 9a starting from 1.28 g (22 mmol) of 
propionaldehyde. The reaction mixture was allowed to stand in a 
refrigerator for several days and was subsequently filtered to re­
move tlje crystals. These crystals were dried in vacuo and recrys­
tallized from EtOH to give 1.54 g of 9b (39%): mp 136-153°; nmr 
(CDCI3) b 1.20 (t, 3 H, J  = 7 Hz, CH3CH2), 2.2-2.6 (m, 2 H, 
CH3CH2), 2.50 (s, 3 H, aryl CH3), 4.1-4.5 (m, 1  H, CH2CH), 6.03 
(d, 1 H, J  = 10 Hz, 0 2NCH), 7.3-8.0 ppm (m, 9 H, aryl protons); ir 
(KBr) 1560,1330,1150 cm“ 1.

Anal. Calcd for C17H19N0 6S2: C, 51.37; H, 4.82; N, 3.53; S, 16.13. 
Found: C, 51.14; H, 4.72; N, 3.49; S, 16.15.

l-Nitro-l-(p-tolylsulfonyl)-2-(phenylsulfonyl)-2-(p-tol- 
yl)ethane (9c). A solution of 1 (2.15 g, 10 mmol), p-methylbenzal- 
dehyde (2.64 g, 22 mmol), and sodium benzenesulfinate (1.80 g, 11 
mmol) in 28 ml of 90% aqueous formic acid was stirred under ni­
trogen for 15 hr at 70°. The reaction mixture was allowed to stand 
in a refrigerator for several days. Crystals separated, which were 
removed by filtration and dried in vacuo. Recrystallization from 
EtOH gave 0.50 g of pure 9c (11%): mp 166.9-178.2° dec; nmr 
(CDC13) b 2.31 (s, 3 H, aryl CHS), 2.44 (s, 3 H, aryl CH3 of Ts), 5.18 
(d, 1 H, J  = 12 Hz, SO2CH), 6.48 (d, 1 H, J  = 12 Hz, 0 2NCH),
6.9-7.6 ppm (m, 13 H, aryl protons); ir (KBr) 1570, 1350-1290, 
1150 cm” 1.

Anal. Calcd for C22H21NO6S2: C, 57.50; H, 4.61; N, 3.05; S, 13.94. 
Found: C, 57.34; H, 4.64; N, 2.97; S 13.97.
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The mother liquor was diluted with water and extracted with 
CH2CI2. The extract was washed with water, dried over Na2SC>4, 
and evaporated to dryness. Crystallization of the residue from 
EtOH gave 1.13 g of 1 (53%), mp 115.5-116.1°.

l-Nitro-l-(p-tolylsulfonyl)-2-(phenylsulfonyl)-2-phenyl- 
ethane (9d) was prepared from 2.32 g (22 mmol) of benzaldehyde 
following the procedure given for 9c. Recrystallization from 
(EtOAc-DMSO)-re-hexane gave 4.08 g of pure 9d (85%): mp 208.8° 
dec; nmr (DMSO-dg) 6 2.40 (s, 3 H, aryl CH3), 5.59 (d, 1 H, J  = 12 
Hz, S02CH), 7.0-8.0 ppm (m, 14 H, 13 aryl protons + 0 2NCH); ir 
(KBr) 1560,1350-1290,1150 cm“ 1.

Anal. Calcd for C21H19N06S2: C, 56.62; H, 4.30; N, 3.15; S, 14.41. 
Found: C, 56.34; H, 4.62; N, 3.00; S, 14.50.

l-Nitro-l-(p-tolylsulfonyl)-2-(phenylsulfonyl)-2-(p-chlo- 
rophenyl)ethane (9e) was prepared from p-chlorobenzaldehyde 
(2.87 g, 22 mmol) according to the procedure given for 9c. Recrys­
tallization from acetone-DMSO-water gave 2.55 g of pure 9e 
(53%): mp 192.1-193.5° dec; nmr (acetone-d6) 5 2.47 (s, 3 H, aryl 
CH3), 5.48 (d, 1 H, J  = 13 Hz, S02CH), 7.0-7.7 ppm (m, 14 H, 13 
aryl protons -F O2NCH); ir (KBr) 1560,1350—1280,1150 cm 1.

Anal. Calcd for C2iH18ClN0 6S2: C, 52.55; H, 3.78; Cl, 7.39; N, 
2.92; S, 13.36. Found: C, 52.78; H, 3.80; Cl, 7.40; N, 2.88; S, 13.40.

l-Nitro-l-(p-tolylsulfonyl)-2-(phenylsulfonyl)-2-(p-nitro- 
phenyl)ethane (9f). A solution of 1 (2.15 g, 10 mmol), p-nitroben- 
zaldehyde (3.32 g, 22 mmol), and sodium benzenesulfinate (1.80 g, 
11 mmol) in 28 ml of 90% aqueous formic acid was stirred under 
nitrogen for 1 hr at 70°. After cooling to 35° the separated solid 
was filtered off. Drying of this material in vacuo and recrystalliza­
tion from acetone-water gave 1.16 g of pure 9f (24%): mp 193.4- 
196.7° dec; nmr (acetone-d6) ô 2.45 (s, 3 H, aryl CH3), 5.70 (d, 1 H, 
J  -  12 Hz, S02CH), 7.2-8.1 ppm (m, 14 H, 13 aryl protons + 
0 2NCH); ir (KBr) 1560,1520,1350-1310,1150 cm“ 1.

Anal. Calcd for C2iHi8N208S2: C, 51.42; H, 3.70; N, 5.72; S,
13.09. Found: C, 51.44; H, 3.71; N, 5.55; S, 12.77.

l-(Phenylsulfonyl)-l-(p-nitrophenyl)-2-(p-tolylsulfon- 
yl)ethene (10). The same solution of starting materials as used for 
the preparation of 9f was stirred under nitrogen for 15 hr at 70°. 
Cooling to room temperature and filtration of the solid gave a pow­
der. Drying of this powder in vacuo and recrystallization from ace- 
tone-water gave 1.85 g of pure 10 as light-yellow needles. The 
mother liquor was diluted with water and extracted with CH2C12 
(200 ml). The CH2C12 extract was washed with water, dried over 
Na2SC>4, and evaporated to dryness. Crystallization of the residue 
from acetone-water gave another 1.06 g of 10, total yield 2.92 g 
(66%): mp 224.3-230.4°; nmr (DMSO-d6) 5 2.45 (s, 3 H, aryl CH3),
7.0-8.3 ppm (m, 14 H, 13 aryl protons + 1 vinyl proton); ir (KBr) 
1520,1350-1280,1150 cm"1.

Anal. Calcd for C21H17N06S2: C, 56.88; H, 3.86; N, 3.16; S, 14.45. 
Found: C, 56.94; H, 3.75; N, 13.12; S, 14.37.

Reduction of 9a with NaBH4. To a stirred solution of 9a (1.91 
g, 5 mmol) in 25 ml of anhydrous DMSO (under nitrogen) was 
slowly added NaBH4 (0.80 g, 20 mmol) at room temperature. After 
3 hr the solution was acidified with acetic acid and diluted with 
water. The resulting solution was extracted with 150 ml of CH2C12, 
and the CH2C12 extract washed with water, dried over Na2S0 4  and 
evaporated to dryness. The residue was diluted with EtOH and al­
lowed to stand in the refrigerator, after which the solid was filtered 
and recrystallized from EtOH, yield 0.91 g of 11 (75%), mp 66.0- 
67.2° (lit. 1 mp 67.0-67.5°).

5-Nitro-5-(p-tolylsulfonyl)-2,8-nonanedione (12). A solution 
of 1 (2.15 g, 10 mmol), methyl vinyl ketone (1.54 g, 22 mmol), and 
0.2 ml of triethylamine in a mixture of 10 ml of EtOH and 10 ml of 
CH2C12 was stirred for 1 hr at room temperature. After acidifica­
tion with acetic acid, followed by evaporation in vacuo of the 
CH2CI2 and part of the EtOH, the solution was allowed to stand in 
the refrigerator. Crystals separated which were filtered off. Recrys­
tallization from EtOH gave 0.64 g of pure 12 (1896): mp 122.7- 
123.4°; nmr (CDC13) Ô 2.17 (s, 6 H, CH3C =0), 2.50 (s, 3 H, aryl 
CH3), 2.4-3.0 (m, 8 H, CH2), 7.3-7.9 ppm (m, 4 H, aryl protons); ir 
(KBr) 1710,1550,1350-1270,1150 cm“ 1.

Anal. Calcd for C16H2iN06S: C, 54.07; H, 5.96; N, 3.94; S, 9.02. 
Found: C, 53.90; H, 6.01; N, 3.86; S, 8.93.

l-Methyl-2-acetyl-4-nitro-4-(p-tolylsulfonyl)-l-cyclohexa- 
nol (13). A solution of 1 (2.15 g, 10 mmol), methyl vinyl ketone 
(1.54 g, 22 mmol), and 0.2 ml of triethylamine in 15 ml of EtOH 
was refluxed for 5 hr. After acidification with acetic acid the solu­
tion was allowed to stand in the refrigerator. The separated crys­
tals were filtered off. Recrystallization from acetone-water gave
2.89 g of pure 13 (8196): mp 188.4-188.5°; nmr (CDCI3) 5 1.17 (s, 3 
H, CH3), 2.30 (s, 3 H, CH3C =0), 1.3-3.0 (m, 7 H, ring H), 3.83 (d,

1 H, J  = 2 Hz, OH), 7.3-7.8 ppm (m, 4 H, aryl protons); ir (KBr) 
3420, 1690, 1550, 1370-1260, 1150 cm-1; mol wt (osmotically) 354 
± 11; mass spectrum m/e 340 (M+ — CH3), 312 (M+ — acetyl), 249 
(M+ -  tolyl), 200 (M+ -  Ts).

Anal. Calcd for Ci6H2iN06S: C, 54.07; H, 5.96; N, 3.94; S, 9.02. 
Found: C, 54.19; H, 5.97; N, 3.77; S, 8.84.

5-Nitro-5-(p-tolylsulfonyl)-2-hexanone (14a). According to 
the procedure followed for the preparation of 13, 1-nitro-l-(p-tol- 
ylsulfonyl)ethane (2.29 g, 10 mmol) was treated with methyl vinyl 
ketone (0.77 g, 11 mmol) for 30 min, yield 2.80 g (94%) of 14a: mp
119.0-119.1° (from EtOH); nmr (CDC13) 5 1.90 (s, 3 H, CH3), 2.18 
(s, 3 H, CH3C = 0), 2.50 (s, 3 H, aryl CH3), 2.59 (s, 2 H, CH2C = 0),
7.3-7.9 ppm (m, 4 H, aryl protons); ir (KBr) 1710,1550,1350-1290, 
1150 cm"1.

Anal. Calcd for C,3H17N05S: C, 52.16; H, 5.72; N, 4.68; S, 10.71. 
Found: C, 52.10; H, 5.78; N, 4.61; S, 10.64.

5-Nitro-5-(p-tolylsulfonyl)-2-heptanone (14b). According to 
the procedure given for the preparation of 13, 1 -nitro-l-(p-tolyl- 
sulfonyl)propane (2.43 g, 10 mmol) was treated with methyl vinyl 
ketone (0.77 g, 11 mmol) for 30 min, yield 3.06 g (98%) of 14b: mp
84.2-84.4° (from EtOH); nmr (CDC13) 5 0.98 (t, 3 H, J  = 8 Hz, 
CH3CH2), 2.20 (s, 3 H, CH3C =0), 2.50 (s, 3 H, aryl CH3), 2.0-3.0 
(m, 6 H, CH2), 7.2-7.9 ppm (m, 4 H, aryl protons); ir (KBr) 1720, 
1550,1350-1280,1150 cm"1.

Anal. Calcd for Ci4Hi9NOsS: C, 53.66; H, 6.11; N, 4.47; S, 10.23. 
Found: C, 53.78; H, 6.08; N, 4.28; S, 10.25.

5-Nitro-5-(p-tolylsulfonyl)-5-phenyl-2-pentanone (14c). 
According to the procedure given for the preparation of 13, o-ni- 
trobenzyl p-tolyl sulfone (2.91 g, 10 mmol) was treated with meth­
yl vinyl ketone (0.77 g, 11 mmol) for 2 hr, yield 3.41 g (94%) of 14c: 
mp 105.4-106.1° (from EtOH); nmr (CDC13) S 2.10 (s, 3 H, 
CH3C =0), 2.33 (s, 3 H, aryl CH3), 2.3-3.4 (m, 4 H, CH2), 7.0-7.6 
ppm (m, 9 H, aryl protons); ir (KBr) 1720, 1550, 1350-1280, 1150 
cm“ 1.

Anal. Calcd for Ci8HI9N 05S: C, 59.82; H, 5.30; N, 3.88; S, 8.87. 
Found: C, 59.44; H, 5.36; N, 3.80; S, 8.72.

l-Cyano-3-nitro-3-(p-tolylsulfonyl)pentane (15). According 
to the procedure given for the preparation of 13, l-nitro-l-(p-tolyl- 
sulfonyl)propane (2.43 g, 10 mmol) was treated with acrylonitrile 
(0.58 g, 11 mmol) for 1 hr, yield 1.85 g (62%) of 15: mp 83.8-85.5° 
(from EtOH); nmr (CDC13) 5 0.97 (t, 3 H, J  = 7 Hz, CH3CH2), 2.26 
(q, 2 H, J  = 7 Hz, CH3CH2), 2.50 (s, 3 H, aryl CH3), 2.6-3.0 (m, 4 
H, CH2), 7.2-7.9 ppm (m, 4 H, aryl protons); ir (KBr) 2260, 1550, 
1350-1280,1150 cm"1.

Anal. Calcd for C13H16N2 0 4S: C, 52.69; H, 5.44; N, 9.45; S, 10.82. 
Found: C, 52.58; H, 5.49; N, 9.35; S, 10.73.

Registry No.— 1, 51351-89-4; 2, 52260-52-3; 3, 52358-28-8; (E)- 
4, 52260-53-4; (Z)-4, 52260-54-5; 7, 52341-43-2; 8, 52341-44-3; 9a 
epimer A, 52260-55-6; 9a epimer B, 52260-56-7; 9b, 52260-57-8; 9c, 
52260-58-9; 9d, 52260-59-0; 9e, 52260-60-3; 9f, 52260-61-4; (E)-10, 
52260-62-5; (Z)-10, 52260-63-6; 12, 52260-64-7; 13, 52260-65-8; 
14a, 52260-66-9; 14b, 52260-67-0; 14c, 52260-68-1; 15, 52341-45-4; 
formaldehyde, 50-00-0; sodium benzenesulfinate, 873-55-2; benzal­
dehyde, 100-52-7; nitrosobenzene, 586-96-9; p- dimethylaminoni- 
trosobenzene, 138-89-6; benzofuroxan, 480-96-6; acetyl chloride, 
75-36-5; acetaldehyde, 75-07-0; propionaldehyde, 123-38-6; p-me- 
thylbenzaldehyde, 104-87-0; p-chlorobenzaldehyde, 104-88-1; p- 
nitrobenzaldehyde, 555-16-8; methyl vinyl ketone, 78-94-4; 1- 
nitro-l-(p- tolylsulfonyl)ethane, 51351-86-1; l-nitro-l-(p- tolylsul- 
fonyl)propane, 42759-54-6; o-nitrobenzyl p-tolyl sulfone, 21272- 
79-7; acrylonitrile, 107-13-1.
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Several new N- vinylsulfonamides were synthesized and photochemically or thermally caused to isomerize to 
d-sulfonylvinylamines. The chain length for the isomerization of lV-methyl-JV-(a-styryl)-p-toluenesulfonamide 
photoinitiated by benzoin methyl ether is estimated to be 1430.

The irradiation of certain AT-vinylsulfonamides with 
high energy electrons was reported to induce a free-radical 
chain reaction leading to the formation of /3-sulfonylvinyl- 
amines.1 The same transformation was found to occur upon 
photolysis or thermolysis of an azonitrile initiator in the 
presence of an N- vinylsulfonamide.2 This paper details our 
study of the generality of the photo- and thermal rear­
rangement of N- vinylsulfonamides and describes the syn­
thesis of several new N- vinylsulfonamides.

Stacey, Sauer, and McKusick1 proposed the mechanism 
shown in Scheme I for the radiation-induced rearrange­
ment of iV-methyl-iV- vinylbenzenesulfonamide to N- 
methyl-2-benzenesulfonylvinylamine. Certain N- vinylsul­
fonamides were found to undergo electron-induced topo- 
tactic rearrangement in the crystalline state.

Scheme I
Initiation

C6H5S02N(CH3)CH=CH 2 ------- *- R-
1

R- +  1 — *- C6H5SO,N(CH3)CHCH2R

I
c6h5so2- + ch3n= chch2r

Propagation

C6H5SO/ +  1 — -  C6H3S02N(CH3)CHCH2S02C6H3

I
c6h 5so2- +  CH3N=CHCH 2SO,C6H5

I
ch 3n h c h = ch so 2c6h5

More recently, Graftieaux and Gardent3 reported the 
light-induced rearrangement of 3-p-toluenesulfonyl-7,8-di- 
methoxy-4,5-dihydro-3//- benzazepine-3 (2) to the sulfone,
3. A mechanism involving homolytic S-N scission with re-

TableliV-Vinylsulfonamides,p-RC6H4S02NR'C(R")=CH2
C om pd R R ' R "

5 1 c h 3 c h 3 H
6 c h 3o c h 3 H
74 CH3 c h 3 C 6H5
8 c h 3 p -  CH3O C6H4 C 6H5
9 c h 3 c h 3 p  -C H 3O C 6H4

10 B r c h 3 c 6h 5
1 1 c h 3 c h 3 p  - B r C 6H4
12 c h 3o c h 3 C 6H5
13 c h 3 M C H 3)2N C 6H4 c 6h 5
14 c h 3 C2H5 c h 3
15 H c 2h 5 c h 3

combination of the radicals in a solvent cage was suggested; 
however, no evidence was presented to rule out a Stacey- 
Sauer -McKusick chain mechanism.

Results
Synthesis. Three general methods were used for the 

preparation of the N- vinylsulfonamides of general formula
4. The literature4 reaction of acetylene with an N- alkylar-

R'

p-RC6H4S0 2Nx , R"

T

enesulfonamide was used for the preparation of 4 where R" 
= H. For the preparation of N- (a-styryl)sulfonamides (4, 
R " = aryl), the procedure1 outlined in eq 1 was used, and 
the procedure of eq 2 was used to prepare N- 2-(a1- 
kenyl)sulfonamides (4, R " = alky). The AT-vinylsulfonam­
ides prepared by these procedures are listed in Table I. The 
properties of the new N- vinylsulfonamides are summarized 
in Table II, and the properties of some of the intermediates 
are summarized in Table III.

The reaction sequence of eq 1 does not appear to be en­
tirely general for the preparation of N- ( « -styry 1) sulfon am - 
ides as evidenced by an interesting anomalous reaction 
which was found to occur in attempting to carry out the 
first step (eq 1) when R = CH3, R ' = isopropyl, and R" =
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Table II
Properties of iV-Vinylsulfonamides

Hertler

Nmr, 6 (60 MHz, CDClj),

Compel0 Mp, °C (recrystn solvent)
Method of 
synthesis ^

(H3L _ H l
N-" H2

6 liq, bp ~112 (0.005 mm) A 4.08-4 .45  (m, Htl H2), 6 .81-7 .80 (m, H3)
8 78-81 (ethanol) B 5.19 (Hj), 5.42 (H2)
9 79-82 (ether-hexane) B 4.79 (Hi), 5.33 (H2)

10 76.5-78  (methanol) B 4.91 (Hj), 5.40 (H2)
11 108-109 (methanol) B 4.85 (d, Hi, Jn  = 1 Hz), 5.43 (d, H2, 

J12 =  1 Hz)
12 86.5-88.5 (methanol) B 4.85 (Hj), 5.39 (H2)
13 131.5-133.5 (ethanol) B 5.19 (Hj), 5.44 (H2)
14 64.5-68 (heptane) C 4.75 (Hi), 5.05 (H2)
15 liq, bp 97-103° (0.05 mm) C 4.69 (Hj), 5.03 (q, H2, J2Ch3 = 1 Hz)

a Satisfactory analytical data (±0.4% for C, H, N) were reported for all new compounds listed in the table with the exception of 14 and 
15 (N): Ed. b Method A is described in ref 4. Method B is described in eq 1. Method C is described in eq 2.

RC6HiSO,NHR' +  XC6H4CHBrCOOCH3
NaH 
DM F

R'

I
r c 6h 4s o 2n c h c o o c h 3 

C6H4X (1)

lUAlH,

R'
c 6h 4x

r c 6h 4s o 2n — ^
1. TsCl
2. KOH-EtOH

R'

r c bh 4so 2n c h c h 2oh

c6h 4x

R"

R"'CONH CHCH2OOCR'" L‘A'H< > R'NHCHCH,OH

|rc6h.:4so,ci
(2 )

R'

RC6H4SO,N

R" R'

i-BuOK

f-BuOH
RC6H4S0 2NCHCH,0 3SC6H4R

R"

H. Instead of obtaining the sulfonamido ester, a sulfone 
was obtained in low yield along with isopropylamine (eq 3).

CH3CeH4S0 2NH-i-C3H7 +  C6H5CHBrCOOCH3 ----- ►

CH3C6H4S0 2CHC0 0 CH3 (3)

C6H5

Apparently, the steric hindrance at the nitrogen atom of 
the sulfonamide caused the reaction to follow the anoma­
lous course. The same sulfone was formed when iV-methyl- 
p  -toluenesulfonamide was allowed to react with methyl- 
u-chlorophenyl acetate and sodium hydride. The amount 
of sulfone found to accompany the desired sulfonamide 
ester in various other preparations seemed to increase 
when the substitution on the a-halo ester would be expect­
ed to increase the acidity of the tertiary hydrogen atom.

Photoinitiated Isomerization of N -Vinylsulfonam- 
ides. Several photoinitiators commonly used for photopo­
lymerizations were found to be useful in photoinitiation of 
the isomerization of iV-vinylsulfonamides to /3-sulfonyl- 
vinylamines. The initiators examined were benzoin methyl 
ether, Michler’s ketone-benzophenone, benzophenone-iso-

Table III
Properties of Intermediates (A and B) in Synthesis of 

N-Vinylsulfonamidesa
R ' R "  R ' R "
I I  ______ I________

r c 6h 4s o 2n -— CHCOOCH3 

A

or RC6H4S02N—  CHCH2OH 

B

Type of 
intermediate

R, R', R" 
same as in 
compound Mp, 5 C (recrystn solvent)

A 7 87.5-88.5 (ether)
A 9 104.5-105.5 (ether)
A 1 0 98-100 (ether-hexane)
A 1 1 112.5-113.5 (methanol)
A 1 2 104-107 (methanol)
A 13 114-119 (methanol)
B 12 97-99 (ether-hexane)
B 13 192-195 dec (methanol)

a Satisfactory analytical data (±0.4% for C, H, N) were reported 
for all new compounds listed in the table: Ed.

propyl alcohol, and a hexaarylbiimidazole-2-mercaptoben- 
zoxazole. The irradiation experiments are summarized in 
Table IV. From the relatively small doses required to pro­
duce substantial rearrangement, it is apparent that rear­
rangement proceeds by a mechanism involving a chain 
reaction. The benzoin methyl ether initiated isomerization 
of 7 in benzene solution was determined to have a chain 
length of 1430 assuming a quantum efficiency of 0.2 for dis­
sociation of benzoin methyl ether, which is the value mea­
sured (at 366 mii) by Pappas and Chattopadhyay5 for for­
mation of a.ar'-diisopropoxybibenzyl from benzoin isopro­
pyl ether. The photorearrangement of the N  -vinylsulfona- 
mides is strongly inhibited by oxygen consistent with a 
free-radical chain mechanism. The introduction of an alkyl 
substituent to the vinyl group of the N  -vinylsulfonamide 
greatly facilitates the photoinitiated rearrangement as can 
be seen by comparing (Table IV) the rearrangement of 14 
with 5 and 6.
Thermal Rearrangement of JV-Vinylsulfonamides.

When Af-vinylsulfonamides are heated above the melting 
point in the presence of air, they undergo rearrangement to 
(8-sulfonylvinylamines. The thermal rearrangement is less 
facile in an inert atmosphere such as nitrogen. Perhaps oxi­
dation produces an unstable intermediate which serves to
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Table IV
Photoinitiated Isomerization of IV-Vinylsulfonamides

Compd 
(wt in mg) Initiator a (wt in mg) Conditions and dose& % rearrangement0

5 (400) BME (20) N2, 94°, <1.5 J /cm 2 (C arc) 10
6 (200) BME (10) N2, rt, ~1.5 J /cm 2 (C arc) 20-33
7 (300) BME (30), 0.5 ml of CH3CN N2, 180 m J /cm 2 (366 m p) 18
7 (300) BME (30), 0.5 ml of C6H6 N2, 180 m J /cm 2 (366 m p) 26d
7 (150) Ph2CO (0.1 M), 0.963 ml of 

¿-PrOH, 0.188 ml of C6H6
N2, 720 m J/cm 2 (366 mp) 27

7 (150) CDM HABI (1), 0.25 ml of
c 6h 6

N2, 720 m J/cm 2 (366 m p) 11

7 (150) CDM HABI (0.25), 2MBO 
(0.025), 0.25 ml of C6H6

N2, 720 m J/cm 2 (366 m p) 60

7 (75) BME (7.5), 0.13 ml of CDC13 N2, 540 m J /cm 2 (366 m p) 50
7 (75) BME (7.5), 0.13 ml of CDC13 Air, 540 m j/c m 2 (366 m p) 0

10 (150) BME (15), 0.25 ml of C6H6 Air, 180 m j/c m 2 (366 m p) 0
10 (150) BME (15), 0.25 ml of C6He N2, 180 m J/cm 2 (366 m p) 19
12 (150) BME (15), 0.25 ml of CeHe N2, 180 m J/cm 2 (366 mp) 38
12 (150) BME (15), 0.25 ml of C6H6 Air, 180 m j/c m 2 (366 m p) 11
13 (150) BME (15), 0.15 ml of C6H6, 

0.15 ml of MeCN
N2, 720 m J/cm 2 (366 m p) 0

14 (150) BME (16), 0.25 ml of C6H6 N2, 720 m J/cm 2 (366 m p) 41
14 (150) BME (15), 0.25 ml of C6H6 Air, 720 m J/cm 2 (366 m p) 8-14

a BME, benzoin methyl ether; CDM HABI, 2-o-chlorophenyl-4,5-di-m-methoxyphenylimidazole dimer; 2MB0, 2-mercaptobenzoxazole. 
6 The 366-m/x exposures were carried out in rectangular 1-cm. Pyrex cells using a filtered high pressure Hg lamp at a dose rate of about 
100 nW/cm2. The carbon arc exposures were carried out with a Bausch and Lomb 4.5-A carbon arc. At the photoinitiator concentrations 
used, much more than 99% of the incident light at 366 m̂ t was absorbed. c Degree of rearrangement is determined by nmr. d Assuming a 
quantum efficiency of 0.2 for BME initiation (see ref 5), this corresponds to 1430 isomerizations per initiating radical.

Table V
Thermal Rearrangement of AI-Vinylsulfonamidesa

Compd
Conditions

(hr, temp in °C, atm) % rearrangement

7 1, 95, air 35
7 1, 95, N2 0
8 1.5, 95, air 0
9 1, 95-99, air 19

10 1, 95, air 17
11 1, 114, air 44
11 1, 116, N2 34
12 1, 95-100, air 29
12 1, 95-99, N2 16.5
13 4, 133, air 100
14 1, 95-99, air 0

a The extent of rearrangement was estimated by nmr using the 
spectra of the starting material and the product as standards.

initiate the rearrangement. The thermal rearrangement of 
/V-vinylsulfonamides is summarized in Table V. The prod­
ucts of rearrangement were obtained on a preparative scale 
by heating the A/-vinylsulfonamides above the melting 
point with azobisisobutyronitrile initiator either in air or 
nitrogen. The properties of the resulting d-sulfonylvinyl- 
amines are summarized in Table VI.

Experimental Section
Ai-Methyl-V-vinyl-p-methoxybenzenesulfonamide (6). 

Method A. A mixture of 15 g of IV-methyl-p-methoxybenzenesul- 
fonamide, 40 ml of benzene, and 0.595 g of powdered potassium 
hydroxide was heated at 160° in a 240-cc Hastalloy shaker bomb 
under 220-305 psi of acetylene for 16 hr. The resulting mixture 
was filtered, and the fíltrate was washed twice with 10% aqueous 
sodium hydroxide and once with water. After the mixture dried, 
the solvent was removed in vacuo, and the residue was distilled in

a short-path column at ~112° (0.005 mm) to give 8.4 g of N - 
methyl-IV- vinyl-p -methoxybenzenesulfonamide as a viscous liq­
uid (see Table II).

V-Methyl-V-(a-styryl)-p-bromobenzenesulfonamide ( 10 ). 
Method B. To a slurry of 345 ml of anhydrous dimethylformamide 
and 11.5 g of a 50% dispersion of sodium hydride in mineral oil was 
added 55.4 g of IV-methyl-p-bromobenzenesulfonamide. The mix­
ture was stirred for 2 hr at which time the hydrogen evolution had 
ceased. The mixture was then cooled in an ice bath at 10° and 
treated with 50.8 g of methyl n-bromophenylacetate. The mixture 
was stirred at room temperature for 1  hr. The resulting solution 
was poured into ice water and extracted twice with benzene. The 
benzene extracts were combined and washed twice with water, 
once with 1 % aqueous sodium hydroxide, and twice with water. 
The benzene solution was dried over Drierite and evaporated in 
vacuo to give 72.3 g of oil. Cooling while scratching with hexane 
caused crystallization to occur. Filtration gave 55.9 g of solid. Re­
crystallization from ether-hexane gave 33.8 g of crystals of N - 
methyl-V-(o:-carbomethoxybenzyl)-p-bromobenzenesulfonamide, 
mp 94.5-97.5°. An additional recrystallization raised the melting 
point to 98-100°.

Anal. Calcd for CisHieNBrCRS: C, 48.1; H, 4.05; N, 3.52. Found: 
C, 47.6,47.8; H, 3.96, 4.09; N, 3.39, 3.30.

To a stirred slurry of 1.85 g of lithium aluminum hydride and 
125 ml of tetrahydrofuran cooled in an ice bath was added a solu­
tion of 33 g of Af-methyl-Af-(a-carbomethoxybenzyl)-p-bromo- 
benzenesulfonamide in 83 ml of tetrahydrofuran at a rate such 
that the temperature remained near 28°. The mixture was stirred 
at room temperature for 1.25 hr, treated with an additional 0.2 g of 
lithium aluminum hydride, and stirred for 0.75 hr. The mixture 
was cooled, treated with 15 ml of water and stirred for 30 min. The 
mixture was filtered, and the filtrate was evaporated in vacuo to
27.2 g of oil. This residue was treated with 50 ml of 10% sodium hy­
droxide and sufficient ethanol to give a homogeneous solution at 
the reflux. After refluxing for 1 hr, the mixture was concentrated 
in vacuo to remove ethanol and was then treated with water and 
ether. The ether extract was washed twice with water, dried, and 
evaporated to 16.5 g of IV-methyl-IV-[a-(hydroxymethyl)benzyl]- 
p-bromobenzenesulfonamide as a viscous oil which could not 
readily be crystallized.

To a stirred solution of 18 g of p -toluenesulfonyl chloride in 80 
ml of pyridine was added dropwise with warming a solution of 16.5
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Table VI
Rearrangement Products of AT-Vinylsulfonamidesa

Conditions b Mp, 0 C (recrystn solvent) Comments

6 (1 g) 132.5-135.5 (ethyl acetate) Nmr 5 2.71 (d, J =  5 Hz, NCH3)
AIBN (50 mg) 
2.5 hr, 90°, N2 

8 (1 g) Glass e32oo Abenze"e 7500, no 8 remained
AIBN (40 mg) 
2 hr, 95°, air 

10 (1 g) 155-156.5 (ethyl acetate- Nmr 6 2.71 (d, J  = 5 Hz, NCH3),
AIBN (15 mg) heptane) 4.70 (vinyl H)
2 hr, 95°, air 

11 (750 mg) 117-119 (benzene- Nmr 6 2.65 (d, J =  5 Hz, NCH3),
AIBN (15 mg) heptane) 4.66 (vinyl H)
3.5 hr, 100°, air 

12 (1 g) 94.5-97.5  (ether- Nmr 5 2.70 (d, J = 5 Hz, NCH3),
AIBN (10 mg) heptane) 4.70 (vinyl H)
3 hr, 95-100°, air

e3560 ; cther 10,100 (sh, tail to 4700 A)13 (750 mg) 103-107
AIBN (15 mg) Nmr suggests isom eric mixture
1.5 hr, 135“, N2 

14 (700 mg) 88-91 (cyclohexane) Nmr [two isom ers (2:1)] 6 4.53 and
AIBN (15 mg) 4.98 (vinyl H trans and cis to N)
3 hr, 95-104°, air

Satisfactory analytical data (±0.4% for C, H, N) were reported for all new compounds listed in this table with the exception of the entry
for 14: Ed. 6 AIBN, azobisisobutyronitrile.

g of N-methyl-)V-[a-(hydroxymethyl)benzyl] -p  -bromobenzene- 
sulfonamide in 60 ml of pyridine over a period of 15 min. The tem­
perature was maintained at ~40° during the addition. The result­
ing solution was stirred overnight at room temperature, cooled to 
10°, and treated with a few pieces of ice. After 15 min, the solution 
was poured into a mixture of ice and hydrochloric acid. The result­
ing gummy precipitate was collected by filtration, dissolved in 
benzene, washed twice with water, dried over Drierite, and evapo­
rated in  va cu o  to give 25.6 g of IV-methyl-TV-(a-phenyl-/3-p- 
toluenesulfonoxyethyl) -p- bromobenzenesulfonamide as a viscous 
oil.

A mixture of 25.6 g of iV-methyl-JV-(a-phenyl-d-p-toluenesulfo- 
noxyethyl)-p-bromobenzenesulfonamide, 115 ml of ethanol, and 
13 g of potassium hydroxide was stirred for 2 hr at reflux under ni­
trogen. The resulting gummy precipitate was extracted with ether- 
hexane. The extract was washed twice with water, dried, and evap­
orated to 14 g of oil. Recrystallization from methanol gave 8 . 6 6  g of 
crystals of Al-methyl-7V-(a-styryl)-p-bromobenzenesulfonamide: 
mp 73.5-76° (a second recrystallization from methanol raised the 
melting point to 76.5-78°); nmr (CDC13) 5 3.09 (NCH3 ), 4.91 (vinyl. 
H cis to phenyl), 5.40 (vinyl H cis to N), 7.23-7.75 (aromatic).

A n a l. Calcd for Ci5Hi4NS02Br: C, 51.1; H, 4.00; N, 4.00; Br,
22.7. Found: C, 50.7; H, 3.96; N, 3.78; Br, 22.0.

iV-Ethyl-iV-2-propenyl-p-toluenesulfonamide (14). Method
C. To a stirred slurry of 40 g of lithium aluminum hydride in 750 
ml of tetrahydrofuran was added a solution of 1 1 0  g of 2 -acetami- 
dopropyl acetate (prepared by the reaction of acetic anhydride 
with 2-amino-l-propanol) in 250 ml of tetrahydrofuran at a rate 
such that gentle reflux was maintained. Stirring at reflux was con­
tinued for 9 hr. The mixture was cooled in ice, treated with 100 ml 
of water, stirred for 1.5 hr, and filtered. The filtrate was dried with 
Drierite and evaporated in  v a cu o  to 54.2 g of liquid. Distillation 
gave 34.2 g of N-ethyl-lV-/3-hydroxyisopropylamine, bp 60-67° 
(7-38 mm).

A n a l. Calcd for C5H13NO: C, 58.2; H, 12.7; N, 13.6. Found: C, 
58.6; H, 12.7; N, 13.5.

To a stirred solution of 15.2 g of N  -ethyl-!V-/J-hydroxyisopro- 
pylamine in 300 ml of pyridine was added a solution of 89 g of p- 
toluenesulfonyl chloride in 250 ml of pyridine at a rate such that 
the temperature remained at 40-45°. After stirring overnight at 
room temperature, the solution was cooled to 1 0 °, treated with a 
few pieces of ice, and after 2 0  min poured into excess ice and hy­
drochloric acid. The resulting gum was collected by decantation, 
dissolved in ether, washed with dilute hydrochloric acid and water,

dried, and evaporated to 28.6 g of amber oil. Recrystallization from 
ether-hexane gave 18.2 g of crystals of N -  ethyl-Af- (3-p- tolu- 
enesulfonoxy-2 -propyl)-p-toluenesulfonamide.

A mixture of 14 g of potassium t e r t -  butoxide, 100 ml of t e r t -  
butyl alcohol, and 17 g of )V-ethyl-Af-(3-p-toluenesulfonoxy-2- 
propyl)-p -toluenesulfonamide was stirred at reflux under nitrogen 
for 1 hr, cooled, diluted with ice water, and extracted with ether. 
The ether extract was washed twice with water, dried, and evapo­
rated to a crystalline residue. Recrystallization from heptane gave
6 . 8  g of crystals of N-ethyl-lV-2 -propenyl-p-toluenesulfonamide: 
mp 64.5-68°; nmr (CDCI3 ) 5 1.16 (triplet, J  =  7 Hz, CH3 of C2H5 ),
1.89 (vinyl CH3), 2.44 (aromatic CH3), 3.42 (quartet, J  = 7 Hz, 
CH2 N), 4.75 (vinyl H cis to CH3 ), 5.05 (vinyl H cis to N), 7.24-7.80 
(aromatic).

A n a l. Calcd for C12H17NO2S: C, 60.4; H, 7.15; N, 5.86. Found: C, 
60.0; H, 7.28; N, 5.40.

Methyl 2-p-Toluenesulfonyl-2-phenylacetate. A mixture of 
300 ml of dimethylformamide, 9.6 g of 50% sodium hydride dis­
persed in mineral oil, 42.5 g of N-isopropyl-p-toluenesulfonamide, 
and 45.8 g of methyl-a-bromophenyl acetate was stirred for 3 hr at 
45°. The mixture was poured into ice water and extracted with 
ether. The ether extract was washed with water three times, dried, 
and evaporated in  va cu o  to 61 g of oil. Crystallization from hep­
tane and then from methanol gave 14.7 g of methyl-2-(p-tolu- 
enesulfonyl)-2-phenyl acetate: mp 114-117° (an additional recrys­
tallization from methanol raised the melting point to 124-126°); 
nmr (CDC13) 6 2.41 (aromatic CH3), 3.75 (COOCH3), 5.08 (tertiary 
CH), 7.13-7.58 (aromatic).

A n a l. Calcd for C16H16O4S: C, 63.1; H, 5.30; N, 0.00; S, 10.5; mol 
wt, 304. Found: C, 63.2; H, 5.30; N, <0.03; S, 10.7; mol wt, 304 
(mass spectrum)

The mass spectrum of the product showed, in addition to the 
parent peak (m/e 304), a large peak at m/e 149 corresponding to 
lossofC 6H5CHCOOCH3.

The same product was obtained from the reaction of N-methyl - 
p  -toluenesulfonamide with methyl cr-chlorophenylacetate and so­
dium hydride in dimethylformamide. Methylamine was evolved 
from the reaction mixture.

Registry N o—6 , 52260-06-7; 8, 52260-07-8; 9, 52260-08-9; 10, 
52260-09-0; 11, 52260-10-3; 12, 52260-11-4; 13, 52260-12-5; 14, 
52260-13-6; 15, 52260-14-7; N -  methyl-p- methoxybenzenesulfon-
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12-8; methyl a-bromophenylacetate, 3042-81-7; N-methyl-N-(a- 
carbomethoxybenzyl)-p -bromobenzenesulfonamide, 52260-15-8;
2-acetamidopropyl acetate, 52260-16-9; N  -ethyl-TV -0-hydrcxyiso- 
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propyl-p -toluenesulfonamide, 21230-07-9.

References and Notes
(1 ) F. W. Stacey, J. C. Sauer, and B. C. McKusick, J. Amer. Chem. Soc., 81, 

987 (1959).
(2) B. C. McKusick and J. C. Sauer, U. S. Patent 2,959,617 (Nov 8, 1960).
(3) A. Graftieaux and J. Gardent, Tetrahedron Lett., 3321 (1972).
(4) T. L. Cairns and J. C. Sauer, J. Org. Chem., 2 0 , 627 (1955).
(5) S. P. Pappas and A. Chattopadhyay, J. Amer. Chem. Soc., 9 5 , 6484 

(1973).

S teric and E lectrostatic  Interactions in R eactions o f 
Carbohydrates. III.1 D irect D isp lacem ent o f the C-2 Sulfonate o f  

M ethyl 4,6- O -B enzylidene-3- O -m ethyl-2- 0-m ethylsulfonyl-/3-D -gluco-
and -m annopyranosides2

Momcilo Miljkovic,* Miodrag Gligorijevic, and Djordje Glisin

Department of Biological Chemistry, The M ilton S. Hershey Medical Center of The Pennsylvania State University,
Hershey, Pennsylvania 17033

Received April 3,1974

Heating of an N,N- dimethylformamide solution of methyl 4,6-0-benzylidene-3-O-methyl-2-O-methylsulfon- 
yl-/3-D-glucopyranoside (2) and methyl 4,6-0- benzylidene-3-O- methyl-2-O- methysulfonyl-/3-D-mannopyrano­
side (4) with potassium benzoate resulted in direct displacement of the C-2 sulfonyloxy group giving the corre­
sponding D-manno- (14, 62%) and D-gluco (13, 70%) derivatives. Methyl 4 ,6 -0 -benzylidene-3-0-methyl-2-0- 
methylsulfonyl-a-D-glucopyranoside (1) gave, under the same experimental conditions, only very small amount 
(~3%) of a product which could be the product of direct displacement (15), whereas methyl 4 ,6 -0 -benzylidene-3- 
0-methyl-2-O-methylsulfonyl-a-D-mannopyranoside (3) did not undergo direct displacement at all. The greater 
reactivity of 4 vs. 2 and the unreactivity of 1 and 3 toward the direct nucleophilic displacement was rationalized 
in terms of torsional strain and electrostatic and steric nonbonding interactions in the corresponding transition 
states.

In connection with some other work we became inter­
ested in direct displacement of the C-2 sulfonyloxy group 
of pyranosides. Our previous findings that the stereochemi­
cal course of the addition of CH^Li, CH^MgX, and NaBIG 
to the C-2 and C-4 carbonyl carbon atom strongly depend­
ed upon the anomeric configuration of the corresponding 
hexopyranosiduloses1’3 suggesting that the torsional strain 
and nonbonding steric and electrostatic interactions in the 
corresponding transition states are the decisive factors in 
determining the stereochemical course of these reactions, 
prompted us to investigate the possible relationship be­
tween the anomeric configuration and the reactivity of a 
C-2 sulfonyloxy group of hexopyranosides toward direct 
displacement.

Except for displacement of the p- tolylsulfonyl group of 
methyl 4,6-0- benzylidene-3-deoxy-2-0-p- tolylsulfonyl-a- 
D-ribo- hexopyranoside with azide,4 direct displacement of 
a C-2 sulfonyloxy group of a furanoside or a pyranoside 
ring with a charged nucleophile has not been yet reported. 
The use of an uncharged nucleophile, e.g., hydrazine, did 
result in displacement of the C-2 sulfonate in both furano­
side5-7 and pyranoside8 rings. The unreactivity of the C-2 
sulfonyloxy group toward displacement with charged nu­
cleophiles was attributed to the electron-withdrawing ef­
fect of the anomeric carbon atom and to the unfavorable 
dipolar interaction in the transition state.9-13 The greater 
reactivity of uncharged nucleophiles is displacement of the 
sulfonyloxy group at the C-2 carbon atom was ascribed to 
the reversal of polarity of one of the polar bonds in the 
transition state resulting in a dipolar attractive force.11 Al­
though some speculations on the reactivity of a C-2 sulfon­
yloxy group of 3-D-glycopyranosides having the C -l agly- 
con group equatorially oriented have been entertained,11 
direct displacement of the C-2 sulfonate of a /3-D-glycopy- 
ranoside was not thus far attempted.

The following substrates were chosen for our study: 
methyl 4 ,6 -0 - benzylidene-3-O - m ethyl-2-O- m ethylsulfon- 
yl-a-D -glucopyranoside ( l ) , 3 m ethyl 4 ,6 -0 -benzylidene-3-
O- m ethyl-2-O- m ethylsulfonyl-/3-D-glucopyranoside (2),
methyl 4 ,6 -0 - benzylidene-3-O- m ethyl-2-O- m ethylsulfon- 
yl-a-D -m annopyranoside (3), and m ethyl 4 ,6 -0 -benzyli- 
dene-3-O - m ethyl-2 -0 - m ethylsulfonyl-d-D-m annopyrano- 
side (4).

It is known14’15 that the reactivity of a sulfonyloxy group 
directly attached to a six-membered ring (cyclohexane or 
glycopyranoside) toward direct displacement with a nu­
cleophile will generally depend upon (a) gound-state ener­
gy (conformational free-energy) of the substrate and (b) 
energy of the corresponding transition state.

Whereas the ground state energy of a- and /3-D-glucopy- 
ranosides 1 and 2 and «-D-mannopyranoside 3 should not 
be significantly different, the conformational free-energy of 
/3-D-mannopyranoside 4, should be considerably higher due 
to the unfavorable dipolar interaction between the axially 
oriented C-2 methylsulfonyloxy group and the Ci-Oi and 
the C1-O5 dipoles. Consequently, the activation energy for 
direct displacement of the C-2 sulfonyloxy group of /3-D- 
mannopyranoside 4 should be lower than for displacement 
of the C-2 sulfonyloxy group of a- and /3-D-glucopyrano- 
sides 1 and 2, and o-D-mannopyranoside 3.

However, as has been already stated, the reactivity of a 
sulfonyloxy group toward direct displacement does not de­
pend solely upon the ground state energy of a substrate, 
but also upon the transition state energy level, i.e., torsion­
al strain, nonbonded steric and electrostatic interactions 
between the approaching nucleophile and/or leaving sulfo­
nate and other substituents of a six-membered pyranoside 
ring.

Thus, the “ axial”  attack of a charged nucleophile to the 
C-2 atom of 1 (a-D-glucopyranoside) resulting in transition
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1, R =  C H A  R, =  R3 =  H; R, =  CH3S03
2, R =  Ra =  H; Rj =  CH30; R, =  CHAO,
3, R =  CH30; IR =  IR =  H; R3 =  CH3S03
4, R =  R, =  H; R, =  CH30; R3 =  CH3S03
9, R =  CHA; Ri =  R3=  H; R2 =  OH

10, R =  R3 =  H ;R1 =  CH30;R2 =  0H
11, R =  CH30; R3 =  R, =  H; R, =  O il
12, R =  R2 =  H ;R 1 =  CH30 ;R 3 =  0H
13, R =  R3 =  H; Ri =  CH30; R, =  C6H5COO
14, R =  R2 =  H; Ri =  CH30; R3 =  C6H,5COO
15, R =  CH30; JR =  R  =  H; R:t =  C6H5COO
16, R =  C H A  R, =  R  =  H; R  =  C6H5COO

5, R = CH30; Rj =  H; Rj =  nucleophile; R3 =  CH3S03
6, R = H; R  =  CH30; R2 =  nucleophile; R3 =  CHaSQ3
7, R = CHA, Ri = H; R  = CH3S03; R3 =  nucleophile
8 , R = H; Rj = CH30; R  = CH3S03; R3 =  nucleophile

state 5, will give rise, owing to the flattening of the pyra- 
noside ring, to a strong torsional strain and electrostatic in­
teraction between the leaving C-2 methylsulfonyloxy and 
the axially oriented C-l methoxy group. The “ axial” attack 
of a charged nucleophile to the C-2 atom of 2 (/3-D-glucopy- 
ranoside) resulting in transition state 6 , where the nega­
tively charged nucleophile approaches the C-2 atom from a 
direction bisecting C 1 -O 1  and C1 -O 5  torsional angle, will be 
subjected to dipolar interactions between the approaching 
nucleophile and the C i-O j and the C1 -O 5 dipoles. The 
“ equatorial” attack of a charged nucleophile to the C-2 
atom of 3 (a-D-mannopyranoside) resulting in transition 
state 7 will give rise, due to the flattening of the pyranoside 
ring, to a strong torsional strain and electrostatic interac­
tion between the approaching nucleophile and the axially 
oriented C-l methoxy group. Finally, the “ equatorial”  at­
tack of a charged nucleophile to the C-2 atom of 4 (/3-D- 
mannoyranoside) resulting in transition state 8 , will be free 
both from torsional strain and dipolar interactions. In ad­
dition to the above mentioned interactions, the formation 
of transition states 5, 6 , 7 and 8  will also give rise to much 
weaker nonbonded steric interactions between the ap­
proaching nucleophile and the axially oriented hydrogen 
atoms. Thus, in transition states 5 and 6  there will be in 
each one 1,3-nonbonded steric interaction between the nu­
cleophile and the C-4 hydrogen atom, whereas in transition 
states 7 and 8 , there will be in each one 1,4-nonbonded ste­
ric interaction between the nucleophile and the C-5 hydro­
gen atom.

The already mentioned dipolar interactions between the 
axially oriented C- 2  methylsulfonyloxy group and the C j- 
Oi and the C 1 -O 5 dipoles in 4 should facilitate the forma­
tion of the transition state 8  due to electrostatic and steric 
relief.

The uncharged nucleophiles (e.g ., hydrazine) should be 
more effective for direct displacement of the C-2 sulfonyl- 
oxy group of 2  since there will be no electrostatic repulsion 
between the approaching neutral nucleophile and the C j- 
Oi and the C1 -O 5 dipoles in transition state 6 . However,

there should be little or no difference in reactivity of 
charged and uncharged nucleophiles in direct displacement 
of the C- 2  sulfonyloxy group of 1, 3, and possibly 4.

Taking into consideration the ground-state energy levels 
of 1, 2, 3 and 4 and the energy levels of Sn2 transition 
states 5 , 6 , 7  and 8 , the following order of reactivity of the 
C-2 sulfonyloxy group toward direct displacement with a 
(charged or uncharged) nucleophile could be expected: 3 > 
2 »  1 and 4.

The results of our investigation are reported in this 
paper.

T he C-2 sulfonates 1-4 were synthesized by  mesylation 
o f  m ethyl 4 ,6 -0 -benzylidene-3-0-m ethyl-o:-D -glucopyra- 
noside (9),16 methyl 4 ,6 -0 - benzylidene-3-O -m ethyl-d-D - 
glucopyranoside (10),16  m eth y l4 ,6 -0 -benzylidene-3-O -
m ethyl-a-D-m annopyranoside (11), and m ethyl 4 ,6 -0 -ben- 
zylidene-3-O -m ethyl-d-D -m annopyranoside (12) 1  with 
m ethylsulfonyl chloride in pyridine. M ethyl 4 ,6 -0 -benzyli- 
dene-3-O -m ethyl-a-D -m annopyranoside 11 was synthe­
sized by  catalytic hydrogenation o f  m ethyl 4 ,6 -0 -ben- 
zylidene-3-O - methyl-a-D-arabino- hexopyranosid-2-ulose 
using platinum on carbon (10%) as the catalyst.

Heating of an N ,N -  dimethylformamide solution of 4 
with potassium benzoate at reflux for 8  hr resulted in 
smooth displacement of the C-2 sulfonyloxy group. 1 7  In ad­
dition to small amount of starting material 4 (8 %), the only 
product which could be isolated from the reaction mixture 
was methyl 2-0- benzoyl-4,6-0- benzylidene-3-O- methyl- 
d-D-glucopyranoside (13, 70%). The structure of 13 was de­
duced from comparison (mmp, ir and nmr spectra) with an 
authentic sample, obtained by benzoylation of methyl 4,6-
0-benzylidene-3-O-methyl-d-D-glucopyranoside (10) with 
benzoyl chloride in pyridine.

Refluxing of an AT,A7-dimethylformamide solution of 2 
with potassium benzoate resulted also in displacement of 
the C-2 methylsulfonyloxy group giving, in addition to a 
small amount of starting material 2 (7%), methyl 2 -0 -ben­
zoyl-4,6-0- benzylidene-3-0- methyl-d-D-mannopyranoside 
(14, 62%); however, the reaction was considerably slower 
(120 hr). The structure of 14 has been proven by compari­
son with an authentic sample (ir and nmr spectra) obtained 
by benzoylation of methyl 4,6-0- benzylidene-3-O- methyl- 
d-D-mannopyranoside (12) with benzoyl chloride in pyri­
dine.

Refluxing o f  an N ,N -  dim ethylform am ide solution o f  1 
with potassium benzoate for 120 hr afforded, in addition to 
starting material 1 (77.5%), an extremely small am ount o f  a 
product (3.5%) which on the basis o f  com parison with an 
authentic sample synthesized by  benzoylation o f  11 with 
benzoyl chloride in pyridine (ir and nmr spectra) could be 
methyl 2 -0 -ben zoy l-4 ,6 -0 -benzylidene-3-O -m ethyl-a-D - 
m annopyranoside (15).

Refluxing of an N ,N -  dimethylformamide solution of 3 
with potassium benzoate for 1 2 0  hr afforded in addition to 
small amount of unidentified products the starting materi­
al 3 (29%) as the only isolable product. The expected direct 
displacement product, i.e., methyl 2 -0 -benzoyl-4,6-0-ben- 
zylidene-3-0-methyl-a-D-glucopyranoside (16), could not 
be found among the unidentified products.

The above experimental results strongly indicate that 
the reactivity of the C-2 sulfonyloxy group of a glycopyra- 
nosyl-2 -sulfonate toward direct displacement depends 
chiefly upon the anomeric configuration, since the torsional 
strain and dipolar interactions between an approaching nu­
cleophile or leaving sulfonate and the C-l alkoxy group in 
the transition state are the most important factors in these 
reactions. The belief that the observed “ unreactivity” of 
the C-2 sulfonyloxy group toward direct displacement may 
be a consequence of the electron-withdrawing effect of the
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anomeric carbon atom, a conclusion, which was probably 
based on unsuccessful attempts to effect the direct dis­
placement of the C-2 sulfonyloxy group of a-anomers of D - 
glycopyranosides, seems thus to have no justification.

Experimental Section
General. T h e  silica  ge l u sed  fo r  a ll c o lu m n  ch ro m a to g ra p h y  w as

E . M e rc k  (D a rm sta d t, G e rm a n y ) s ilica  gel, g ra in  s ize  < 0 .0 8  m m . 
T h e  m e ltin g  p o in ts  are  u n co rre c te d . O p tica l ro ta tio n s  w ere  d e te r ­
m in e d  w ith  a  C a ry  6 0  s p e c tr o p o la r im e te r  in  a  1 .0 -cm  ce ll. T h e  ir 
s p e c tra  w ere  r e c o r d e d  w ith  a  P e rk in -E lm e r  in fra re d  s p e c tr o p h o ­
to m e te r  M o d e l  267; th e  n m r sp e c tra  w ere  r e co rd e d  w ith  a  V arian  
T -6 0  s p e c tr o m e te r  u s in g  te tra m e th y ls ila n e  as th e  in tern a l s ta n ­
d a rd . C h e m ica l sh ifts  (o ) are  ex p re sse d  in  p a rts  p e r  m illio n .

Methyl 4,6-0- Benzylidene-3-O- methyl-2-0 -methylsulfon- 
yl-d-D-mannopyraneside (4). T o  a  p y r id in e  so lu tio n  (1 0  m l) o f  

' 12 (2 1 0  m g, 0 .71  m m o l) m e th a n e su lfo n y l ch lo r id e  (0 .21  m l, 2.71 
m m o l) w as a d d e d  a n d  th e  r e a c tio n  m ix tu re  w as k e p t  at r o o m  te m ­
p era tu re  fo r  45  m in . T h e  ex ce ss  o f  m e th a n e su lfo n y l ch lo r id e  w as 
d e s tro y e d  b y  a d d in g  m e th a n o l, a n d  so lv e n ts  w ere  e v a p o ra te d  in  
vacuo. T h e  c ru d e  r e a c tio n  p r o d u c t  w as ch r o m a to g ra p h e d  o n  silica  
gel. E lu t io n  w ith  95 :5  b e n z e n e -2 -p r o p a n o l  a f fo r d e d  p u re  c ry s ta l­
lin e  4 (1 9 6  m g, 73% ). A n  a n a ly tica l sa m p le  w as o b ta in e d  b y  r e cry s ­
ta lliz in g  4 fr o m  a c e t o n e - is o p r o p y l  e th er : m p  1 8 2 -1 8 2 .5 ° ; [a\21u  
—7 9 ° (c  1.0, C H C I3 ) ;  ir  (C H C I3) 1350 a n d  1170 c m - 1  (a sy m m e tr ic  
a n d  sy m m e tr ic  S O 2 s tre tch ); n m r (C D C I3 ) b 7 .6 -7 .2  (m , 5 , p h e n y l) ,
5.61 (s , 1, m e th in e  H  fr o m  b e n zy lid e n e  g ro u p ), 5 .16  (b r  d , J \ ti  <  1 
a n d  J 2 3  = 3 . 0  H z , 1, H -2 ) , 4 .54  (b r  s, J i  2 <  1 H z , 1, H - l ) ,  4 .5 -3 .2  
(m , 5, H -3 , H -4 , H -5 , H - 6 , H '- 6 ) ,  3 .57  (s , 6 , C - l  a n d  C -3  m e th o x y  
g r o u p s ), 3 .15  (s, 3 , m e th y l fr o m  C -2  m e th y ls u lfo n y l g ro u p ).

Anal. C a lcd  fo r  C 16 H 22 0 8S: C , 51 .33 ; H , 5 .92 ; S , 8 .57 . F o u n d : C , 
51 .51 ; H , 6 .08 ; S , 8 .67.

Reaction of Methyl 4,6-0-Benzylidene-3-0-methyl-2-0- 
methylsulfonyl-d-D-mannopyranoside (4) with Potassium 
Benzoate in Refluxing IV.iV-Dimethylformamide. A n  N,N- 
d im e th y lfo rm a m id e  s o lu tio n  (1 0  m l) c o n ta in in g  4 (1 96  m g , 0 .52  
m m o l) a n d  p o ta ss iu m  b e n zo a te  (2 2 5  m g, 1 .4  m m o l) w as h e a te d  at 
re flu x  fo r  8  h r. T h e  s o lv e n t  w as th e n  re m o v e d  in  vacuo a n d  th e  
res id u e  w as ch ro m a to g ra p h e d  o n  s ilica  g e l (2 0  g ). E lu t io n  w ith  98 :2  
b e n z e n e -2 -p r o p a n o l  g ave  tw o  fra c t io n s . T h e  fir s t  fr a c t io n  (1 4 0  m g, 
67% ) w as p u re  13, w h erea s th e  s e co n d  fr a c t io n  (3 0  m g) w as a m ix ­
tu re  o f  s ta rtin g  m a ter ia l 4, p r o d u c t  13, a n d  tw o  u n id e n tif ie d  p r o d ­
u cts . A fte r  re ch r o m a to g r a p h y  o f  th e  s e c o n d  fra c t io n  o n  silica  ge l (5 
g ) a n d  e lu t io n  w ith  98 :2  b e n z e n e -2 -p r o p a n o l  an  a d d it io n a l a m o u n t  
(7  m g ) o f  p u re  13, in  a d d it io n  t o  a sm a ll a m o u n t  (5  m g ) o f  u n id e n ­
t if ie d  p r o d u c t  a n d  sta rtin g  m a ter ia l 4 (1 7  m g; 8 % ) w as iso la ted . 
T h e r e fo r e  th e  to ta l a m o u n t  o f  p r o d u c t  13 iso la te d  fr o m  th e  
re a c tio n  w as 147 m g  (7 0% ). T h e  c o m p o u n d  13 w as id e n t ifie d  as 
m e th y l 2 - 0 -  b e n z o y l-4 ,6 - 0 -  b e n z y lid e n e -3 -O - m e th y l-d -D -g lu co p y - 
ra n os id e  b y  c o m p a r iso n  (m ix tu re  m e ltin g  p o in t , ir  a n d  n m r s p e c ­
tra ) w ith  an  a u th e n t ic  sa m p le  o b ta in e d  b y  b e n z o y la t io n  o f  m e th y l
4 ,6 -0 -b e n z y l id e n e -3 -O -m e th y l-d -D -g lu c o p y r a n o s id e  (10) w ith  
b e n z o y l ch lo r id e  in  p yr id in e .

Methyl 2-0 -Benzoyl-4,6-0 -benzylidene-3-0 -methyl-/1-D- 
glucopyranoside (13). T o  a  p y r id in e  so lu tio n  (5  m l) o f  10 (117 
m g; 0 .39  m m o l), b e n z o y l ch lo r id e  (0 .1  m l, 0 .8  m m o l) w as a d d e d  an d  
th e  re a c tio n  m ix tu re  w as k e p t  a t  r o o m  te m p e ra tu re  fo r  18 hr. T h e  
res id u e  (2 82  m g) o b ta in e d  a fte r  re m o v a l o f  p y r id in e  in  vacuo w as 
c h ro m a to g ra p h e d  o n  s ilica  gel (2 5  g ). E lu t io n  w ith  98 :2  b e n z e n e -2 - 
p ro p a n o l gave p u re  13 (1 48  m g ; 93 % ). A n a ly t ica l sa m p le  w as o b ­
ta in e d  b y  re cry sta lliza tio n  fr o m  a c e t o n e - is o p r o p y l  e th er : m p  14 6 °; 
[a ]27D - 9 °  (c  1.0 , C H C I3) ;  ir (C H C ls ) 1723 a n d  1265 c m “ 1  ( C = 0  
a n d  C — O  stre tch , b e n z o a te ); n m r (C D C 13) 5 8 .2 -7 .1  (m , 10, tw o  
p h e n y l g ro u p s ), 5 .56  (s, 1, m e th in e  H  fr o m  b e n zy lid e n e  g ro u p ),
5 .23  (b r  t , J  1 , 2  2 ,3  =  7 .0  H z , 1, H -2 ) , 4 .5 6  (d , J h2 =  7 .0  H z , 1,
H - l ) ,  3 .50  a n d  3 .45  (tw o  s, 6 , C - l  a n d  C -3  m e th o x y  g rou p s).

Anal. C a lcd . fo r  C22H24O7: C , 65 .99; H , 6 .04 . F o u n d : C , 66 .11 ; H ,
6.00.

Methyl 4,6-0 -Benzylidene-3-0 -methyl-2-0 -methylsulfon- 
y l-0 -  D-glueopyranoside (2). A  p y r id in e  s o lu tio n  (5  m l) c o n ta in ­
in g  10 (1 0 0  m g; 0 .33  m m o l) a n d  m e th a n e su lfo n y l ch lo r id e  (0 .25  m l,
3 .2  m m o l) w as k e p t  a t  r o o m  te m p e ra tu re  fo r  5 hr. T h e  ex cess  o f  
m e th a n e su lfo n y l c h lo r id e  w as d e s tro y e d  b y  a d d in g  m e th a n o l ( 1  

m l). B en zen e  w as th e n  a d d e d  a n d  so lv en ts  w ere  r e m o v e d  in  vacuo. 
T h e  resid u e  w as e x tra c te d  w ith  4:1 b e n z e n e -e th y l  a ce ta te , th e  e x ­
tra ct  w as ev a p ora ted  in  vacuo, a n d  th e  c ru d e  p ro d u c t  w as c h ro m a ­
to g ra p h e d  on  silica  ge l (3 0  g ). E lu t io n  w ith  4:1 b e n z e n e -e th y l  a c e ­
ta te  ga ve  p u re  2 (1 33  m g, 89% ) as w h ite  c ry sta llin e  m ateria l. A n a ­
ly t ica l sa m p le  w as o b ta in e d  b y  re cry sta lliza tio n  fr o m  c h lo r o fo r m -

is o p ro p y l e th er : m p  126 .5 ° [a ]27D —5 6 ° (c  1.0, C H C 13); ir (C H C I3 ) 
1370 a n d  1180 (a sy m m e tr ic  a n d  sy m m e tr ic  S 0 2 s tre tc h ); nm r 
(C D C I3) <5 7 .5 -7 .1  (m , 5 , p h e n y l) , 5 .53  (s , 1, m e th in e  H  fr o m  b e n z y l­
id e n e  g r o u p ), 3 .60  a n d  3.53  (tw o  s, 6 , C - l  a n d  C -3  m e th o x y  g ro u p s ),
3 .07  (s, 3, m e th y l fro m  C -2  m e th y ls u lfo n y l g ro u p ).

Anal. C a lcd  fo r  C u d fe O s S :  C , 51 .33 ; H , 5 .92 ; S , 8 .57 . F o u n d : C , 
51 .19 ; H , 6 .01 ; S , 8 .44.

Reaction of Methyl 4,6-0-Benzylidene-3-0-methyl-2-0 
methylsulfonyl-d-D-glucopyranoside (2) with Potassium Ben­
zoate in Refluxing N ,N  -Dimethylformamide. A n  N,N- d i- 
m e th y lfo rm a m id e  so lu tio n  (2 0  m l) c o n ta in in g  2 (164  m g, 0 .44  
m m o l) a n d  p o ta ss iu m  b e n zo a te  (3 52  m g, 2 .2  m m o l) w as h e a te d  at 
re flu x  fo r  120 hr. T h e  re a c tio n  m ix tu re  w as, a fte r  c o o lin g  t o  r o o m  
te m p e ra tu re , d ilu te d  w ith  c h lo r o fo r m  a n d  th e  p re c ip ita te  w as f i l ­
te re d  o f f . T h e  filtra te  w as e v a p o ra te d  in  vacuo a n d  th e  c ru d e  
p r o d u c t  (2 2 4  m g) w as ch ro m a to g r a p h e d  o n  s ilica  g e l (th re e  t im e s ). 
E lu t io n  w ith  99 .1  b e n z e n e -2 -p r o p a n o l a n d  9 :1 b e n z e n e -e th y l a c e ­
ta te  a f fo r d e d , in  a d d it io n  t o  so m e  sta rtin g  m a ter ia l 2 (2 7  m g , 7% ), 
p u re  14 (1 1 0  m g, 62% ) as an  a m o rp h o u s  so lid . C o m p o u n d  14 w as 
id e n t ifie d  as m e th y l 2 - 0 -  b e n z o y l-4 ,6 -0 -  b e n z y lid e n e -3 -0 -  m e th y l- 
d -D -m a n n o p y ra n o s id e  b y  co m p a r iso n  (ir  a n d  n m r sp e c tra ) w ith  an 
a u th e n t ic  sa m p le  o b ta in e d  b y  b e n z o y la t io n  o f  m e th y l 4 ,6 -0 -  b e n ­
z y l id e n e -3 -0 -  m e th y l-d -D -m a n n o p y r a n o s id e  (12) w ith  b e n zo y l 
c h lo r id e  in  p yr id in e .

Methyl 2-0 -Benzoyl-4,6-0 -benzylidene-3-0 -methyl-d-D-
mannopyranoside (14). T o  a  p y r id in e  so lu tio n  (2  m l) o f  12 (126 
m g, 0 .43  m m o l) b e n z o y l ch lo r id e  (1 .0  m l, 8 .6  m m o l) w as a d d e d  an d  
th e  re a c tio n  m ix tu re  w as k e p t  a t  r o o m  te m p e ra tu re  o v e rn ig h t. P y r ­
id in e  w as th en  e v a p o ra te d  in  vacuo a n d  th e  res id u e  w as c h r o m a to ­
g ra p h e d  o n  silica  ge l (3 0  g, e lu t io n  w ith  98 :2  b e n z e n e -2 -p r o p a n o l)  
a n d  A D O sflO  g, a c t iv ity  II; e lu tio n  w ith  h e x a n e  (1 0  m l), 1:1 h e x ­
a n e -b e n z e n e  (1 0 0  m l), a n d  b e n ze n e  (1 00  m l)] . T h e  p u re  14 th u s  
iso la te d  (1 35  m g, 79% ) w as an  a m o rp h o u s  so lid : [a ]27D —11 2 ° (c 
1.0, C H C ls ); ir (C H C I3 ) 1715 a n d  1265 c m “ 1  ( C = 0  a n d  C — O  
stre tch , b e n zo a te ); n m r (C D C I3 ) b 8 .2 -7 .2  (m , 10, tw o  p h e n y l 
g r o u p s ), 5.83 (q , J i >2 = .1 .1  a n d  j 2, 3 =  3 .2  H z , 1; H -2 ) ,  5 .63  (s, 1, 
m e th in e  H  fr o m  b e n zy lid e n e  g r o u p ), 4 .58  (d , J i  2 =  1.1 H z , 1, H - 
1), 4 .5 -3 .6  (m , 5, H -3 , H -4 , $ > 5 , H -6 , H '- 6 ), 3 .47  a n d  3 .43  (tw o  s, 6 , 
C - l  a n d  C -3  m e th o x y  g rou p s).

Anal. C a lcd  fo r  0 2 2 ^ 4 6 7 : C , 65 .99 ; H , 6 .04 . F o u n d : C , 66 .16 ; H ,
6 .05.

Reaction of Methyl 4,6-0-Benzylidene-3-0-methyl-2-0- 
methylsulfonyl-a-D-glucopyranoside (1) with Potassium 
Benzoate in Refluxing N ,N  -Dimethylformamide. A n  N,N- 
d im e th y lfo rm a m id e  so lu tio n  (1 0  m l) o f  l 3 (1 32  m g, 0 .35  m m o l) an d  
p o ta ss iu m  b e n zo a te  (238  m g, 1.5 m m o l) w as h e a te d  a t  re flu x  fo r  
120 hr. A fte r  c o o lin g  t o  ro o m  te m p e ra tu re , th e  re a c tio n  m ix tu re  
w as d ilu te d  w ith  ch lo ro fo r m . T h e  p re c ip ita te  w as f i lte re d  o f f  a n d  
th en  d is so lv e d  in  w ater. T h e  w ater  so lu tio n  w as e x tr a c te d  w ith  
ch lo r o fo r m , th e  c h lo r o fo r m  e x tra c t  w as d r ie d  o v e r  a n h y d rou s  
M gSC >4 a n d  th e  c h lo ro fo rm  e x tra ct , c o m b in e d  w ith  filtra te , w as 
e v a p o ra te d  in  vacuo. T h e  c ru d e  p r o d u c t  (1 9 2  m g) w as c h r o m a to ­
g ra p h e d  on  silica  g e l (1 0  g ). E lu t io n  w ith  98 :2  b e n z e n e -2 -p r o p a n o l 
a f fo r d e d  tw o  fra c tio n s . T h e  first  fr a c t io n  (5  m g, 3 .5% ) c o u ld  b e  th e  
p r o d u c t  o f  d ire c t  d isp la ce m e n t , i.e., m e th y l 2 - 0 - b e n z o y l-4 ,6 - 0 -  
b e n z y lid e n e -3 -O -m e th y l-a -D -m a n n o p y r a n o s id e  (1 5 ): ir (C H C I3 ) 
1715 a n d  1265 c m - 1  ( C = 0  a n d  C — O  stre tch , b e n zo a te ); n m r 
(C D C I3 ) b 8 .2 -7 .2  (m , 10, tw o  p h e n y l g ro u p s ), 5 .68  (s, 1, m e th in e  H  
fr o m  b e n zy lid e n e  g ro u p ), 5 .60  (u n re so lv e d  m , 1, H -2 ) , 4 .85  (d , J i>2 

=  1.4 H z , 1, H - l ) ,  3 .47  a n d  3 .44  (tw o  s, 6 , C - l  a n d  C -3  m e th o x y  
g ro u p s ). T h e  s e co n d  fra c t io n  (102  m g, 77 .5% ) w as, a c co rd in g  t o  ir 
a n d  n m r sp ectra , th e  sta rtin g  m a ter ia l 1 .

Methyl 4,6-0- Benzylidene-3-0-methyl-a-D-mannopyra- 
noside (1 1 ) .  A n  e th y l a ce ta te  so lu tio n  (1 6  m l) o f  m e th y l 4 ,6 -0 -  
b e n z y lid e n e -3 -O - m eth y l-a -D -arah i'rco - h e x o p y ra n o s id -2 -u lo se  
(565  m g, 1.92 m m o l) w as h y d ro g e n a te d  a t  th e  a tm o s p h e r ic  p re s ­
su re  u s in g  10%  P t  o n  c a r b o n  as th e  ca ta ly s t  (136  m g ). A fte r  2 h r  
th e  a b so rp t io n  o f  h y d ro g e n  ce a se d  a n d  th e  ca ta ly s t  w as th e n  f i l ­
te re d  o f f , w ash ed  w ith  severa l p o r t io n s  o f  e th y la ce ta te  a n d  th e  f i l ­
tra te  w as e v a p o ra te d  in  vacuo. T h e  re s id u e  w as ch ro m a to g r a p h e d  
o n  silica  ge l (6 0  g ). E lu t io n  w ith  95 :5  b e n z e n e -2 -p r o p a n o l  gave 
th re e  fra c t io n s . T h e  first  fr a c t io n  (1 6 0  m g; 28% ) w as p u re  m e th y l
4 ,6 -0 -b e n z y l id e n e -3 -O -m e th y l-a -D -m a n n o p y ra n o s id e  (1 1 ) (an  
a m o rp h o u s  so lid ), w h erea s th e  th ir d  fra c t io n  (2 6 3  m g , 46% ) w as 
p u re  c ry sta llin e  m e th y l 4 ,6 -0 -b e n z y l id e n e -3 -O -m e th y l-a -D -g lu c o -  
p y ra n o s id e  (9 ). T h e  s e c o n d  fr a c t io n  (73  m g), b e in g  a  m ix tu re  o f  9 
a n d  11, w as re ch ro m a to g ra p h e d  o n  silica  ge l (1 5  g ) u s in g  95 :5  b e n - 
z e n e - 2 -p ro p a n o l as e lu en t, w h e re b y  a d d it io n a l a m o u n ts  o f  p u re  1 1  

(3 2  m g , 5 .6% ) a n d  p u re  9 (3 8  m g , 6 .7% ) w ere  o b ta in e d . T h u s  th e  
to ta l  a m ou n ts  o f  p u re  9 a n d  11 iso la ted  a fte r  ca ta ly tic  h y d ro g e n a ­
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tion of methyl 4,6-0- benzylidene-3-O-methyl-a-D-orahmo-hexo- 
pyranosid-2-ulose were 301 mg (52.9%) of 9 and 192 mg (33.7%) of 
11 (the gluco:manno ratio being thus 1.57:1). The analytical sam­
ple of 11, an amorphous solid showed an [a]27D +76° (c 1.0, 
CHCI3); ir (CHCI3) 3560 (broad peak) and 3470 (shoulder) (OH) 
nmr (CDCI3) 5 7.6-7.3 (m, 5, phenyl), 5.58 (s, 1, methine H from 
benzylidene group), 4.77 (d, J \  2 = 1.4 Hz, 1, H-l), 4.4-3.6 (m, 6, 
H-2, H-3, H-4, H-5, H-6  and H'-6), 3.53 and 3.37 (two s, 6 , C-l and 
C-3 methoxy groups), 2.65 (d, J  = 1.4 Hz, 1, OH).

Anal. Calcd for C15H2o06: C, 60.80; H, 6.80. Found: C, 61.05; H, 
7.00.

Methyl 4,6-0 -Benzylidene-3-O- methyl-2-O- methylsulfon- 
yl-a-D-mannopyranoside (3). To a pyridine solution of 11 (87 
mg; 0.29 mmol) methanesulfonyl chloride (0.100 ml, 0.59 mmol) 
was added and the reaction mixture was kept at room temperature 
for 2 hr. The excess of methanesulfonyl chloride was destroyed by 
methanol and the solvents were evaporated in vacuo. The residue 
was chromatographed on silica gel (20 g). Elution with 97:3 ben- 
zene-2 -propanol afforded pure crystalline 3 (105 mg, 95%). An an­
alytical sample was obtained by recrystallizing 3 from acetone: mp 
185-186°; [a]27D +22° (c 0.7, CHC13); ir (CHC13) 1363 and 1170 
cm- 1  (asymmetric and symmetric S02 stretch); nmr (CDCI3) <5
7.6-7.2 (m, 5 phenyl), 5.62 (s, 1, methine H from benzylidene 
group), 5.0 (m, 1, H-2), 4.90 (d, J \ t<i < 1  Hz, 1, H-l), 4.4-S.8 (m, 5, 
H-3, H-4, H-5, H-6, and H'-6), 3.56 and 3.40 (two s, 6, C-l and C-3 
methoxy groups), 3.13 (s, 3, methyl from C-2 methylsulfonyl 
group).

Anal. Calcd for CieHazOsS: C, 51,33; H, 5.92; S, 8.57. Found: C, 
51.39; H, 5.90; S, 8.79.

Reaction of Methyl 4,6-0- Benzylidene-3-0 -methyl-2-0 - 
methylsulfonyl-a-D-mannopyranoside 3 with Potassium Ben­
zoate in Refluxing (V.iV-Dimethylformamide. An N,N- di- 
methylformamide solution (10 ml) containing 3 (202 mg, 0.54 
mmol) and potassium benzoate (202 mg, 1.26 mmol) was heated at 
reflux for 120 hr. The solvent was removed in vacuo and the resi­
due was chromatographed on silica gel (30 g). Elution yvith 2:1 ben­
zene-ethyl acetate afforded four fractions. The third fraction was 
pure starting material 3 (59 mg, 29%), whereas the other three 
fractions were unidentified products of decomposition of 3 under 
the given experimental conditions.

Methyl 2-0 -Benzoyl-4,6-0- benzylidene-3-0 -methyl-a-D-
mannopyranoside (15). To a pyridine solution of 11 (81 mg, 0.27 
mmol) benzoyl chloride (0.100 ml, 0.59 mmol) was added and the 
reaction mixture was kept at room temperature for 2 hr. The pyri­
dine was removed in vacuo and the residue was chromatographed 
on silica gel (20 g). Elution with 98:2 benzene-2-propanol gave

slightly impure 15 (111 mg). The rechromatography on slica gel (16 
g) and elution with 98:2 benzene-2-propanol afforded pure 15 (110 
mg; 100%) as an amorphous solid: [a ]27D —48° (c 1.0, CHCI3); ir 
(CHCI3) 1720 and 1265 cm- 1  (C = 0  and C—0 stretch, benzoate); 
nmr (CDCI3) b 8.2-7.2 (m, 10, phenyl), 5.68 (s, 1, methine H from 
benzylidene group), 5.61 (m, 1, H-2 ), 4.85 (d, Ji 2 5  1 Hz, 1 , H-l),
4.5-3.7 (m, 5, H-3, H-4, H-5, H-6, and H'-6), 3.46 and 3.43 (two s, 
6, C-l and C-3 methoxy groups).

Anal. Calcd for C22H24O7: C, 65.99; H, 6.04. Found: C, 66.18; H,
6 .20 .

Registry No.—1, 51016-19-4; 2, 52260-45-4; 3, 52260-46-5; 4, 
52260-47-6; 10, 35775-68-9; 11, 52260-48-7; 12, 51364-57-9; 13, 
52260-49-8; 14, 52260-50-1; 15, 52260-51-2; methyl 4,6-0-benzyli- 
dene-3-O- methyl-a-D-arabino- hexopyranosid-2-ulose, 29774-59-
2 .
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Several selected fused nitrogen heterocyclic systems, 7-amino-u-triazolo[4,5-d]pyrimidine (I), pyrazolo[l,5- 
a]pyrimidin-7-one (IV), s-triazolo[l,5-a]pyrimidin-7-one (VI), and 2-methylthiopyrazolo[l,5-a]-s-triazin-4-one 
(IX), and their N-ribofuranosides have been studied with respect to the effect of N-ribosylation on the carbon-13 
chemical shifts of the neighboring carbons. Large upfield a shifts and small downfield 0 shifts were observed in 
the nucleoside when compared to the base anion, thereby providing a convenient general method for the assign­
ment of the glycosylation site in complex fused nitrogen heterocyclic systems.

Recently, several nmr studies in this laboratory have 
demonstrated the potential use o f carbon-13 nuclear mag­
netic resonance spectroscopy as a general unequivocal 
method for the assignment o f glycosylation site in both 
five- and six-membered nitrogen heterocycles.2'3 The as­
signments were based upon the use o f previously reported

a- and ^-substitution shifts observed in other heterocyclic 
systems when the neutral species is compared with the an­
ionic form .4- 6 These shift parameters were first described 
by Pugmire and Grant from studies on the azines and their 
charged species,4’5 where nitrogen protonation resulted in 
an upfield shift for the a  carbon and downfield shifts were
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observed for the ft and y  carbon atoms when compared to 
the free base. From the results of their theoretical calcula­
tions on these systems, the observed a-substitution shifts 
have been explained on the basis of a decrease in bonding 
between N -Ctv while fi and y  shifts are the result of charge 
polarization effects.

Our carbon-13 nmr results on several five- and six-mem- 
bered nitrogen heterocycles have indicated that N-protona- 
tion and N-ribosylation result in similar a and ¡3 shifts. In 
view of the success using these substitution parameters in 
determinations of the preferred positions of the labile pro­
tons in the simple azines as well as benzimidazole, various 
purines and other fused-ring heteroaromatic systems,6’7 we 
have extended our carbon-13 nmr studies to examination of 
the effect of ribosylation on the chemical shifts of neigh­
boring carbon atoms in several selected fused nitrogen het­
erocycles. In these systems, the existence of the second ring 
provides an opportunity to examine long-range cross-ring 
effects as well as the unusual characteristics of the bridge­
head carbons.

Results and Discussion

A. 7-Amino-u-triazolo[4,5-c/]pyrimidine (I). To deter­
mine whether the effect of N-ribosylation in the fused-ring 
heterocycles is similar to the previously studied five- and 
six-membered rings, we have chosen to examine the car­
bon-13 chemical shifts of 7-amino-3-/3-D-ribofuranosyl-i>- 
triazolo[4,5-d]pyrimidine (II, Chart I) and 7-amino-2-/j-D- 
ribofuranosyl-L-triazolo[4,5-d]pyrimidine (III) and have 
compared their chemical shifts to those of the anion of 7- 
amino-u-triazoIo[4,5-d]pyrimidine (I). The glycosylation 
site in these two nucleosides had previously been assigned 
from uv spectra.8 The carbon-13 chemical shifts are sum­
marized in Table I. The C5 and C7 carbons are assigned 
based on the splitting patterns observed in the proton cou­
pled spectra. The chemical shifts of the Ca and Cb carbons 
are found to be similar to those reported for adenosine.9

In this series of compounds the Cb carbon is a to the gly­
cosylation site in II but is /3 to the glycosylated nitrogen in
III. A corresponding upfield shift of 6.8 ppm was observed
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T a b leI
Comparison of Carbon-13 Chemical Shifts for the Various Fused Nitrogen Heterocyclic Systems (See Chart I)

Compd
5 a

(
C2 c 3 cs c 6 c 7 Ca Cb

i 155.8 158.9 124.0 152.4
11 153.0 154.0 121.1 145.6
m 153.7 154.4 122.9 153.5
A 5 i - n + 2.8 +4.9 +2.9 + 6.8
¿ ö i - m + 2.1 +4.5 + 1.1 -1 .1
IV 151.3 92.9 141.2 91.7 159.4 151.7
V 142.8 96.6 138.1 93.8 156.0 141.4
AôIV_v + 8.5 -3 .7 + 3.1 -2 .1 +3.4 + 10.3
VI 152.5 154.1 97.2 160.1 158.3
VII 140.8 153.3 104.0 156.8 149.6
VIII 151.6 138.9 100.2 155.4 143.1
A|5vl_vi i + 11.7 + 0.8 -6 .8 +3.3 + 8.7
A Ô yi_V in +0.9 + 15.2 -3 .0 +4.7 + 15.2

c 7 c 8 c 2 c 4 C9 C+ C2 < c 3' C4' c 5'

IX 143.0 92.8 150.6 167.1 151.0
X 147.0 98.1 146.0 156.6 142.9 90.6 72.2 68.7 78.8 62.3
XI 148.8* 102.0 148.5* 153.3* 145.8* 91.4 74.6 70.9 80.9 63.8
A ô l x _ x -4 .0 -5 .3 +4.6 + 10.5 + 8.1
A ô IX_ XI -5 .8 -9 .2 + 2.1 + 12.8 + 5.2
A5X_XI -0 .8 -2 .1 -2 .4  -2 .2 -1 .5

a Chemical shifts measured from DMSO-d6, converted to TMS scale using Stms — t+MSO + 39.5 ppm. b Assignments tentative owing to
low signal to noise ratio in the proton-coupled spectrum.

for the Cb resonance in II whereas a downfield shift of 1.1 
ppm was observed for III when compared to the Cb chemi­
cal shift in I (Table I). The substitution parameters ob­
served here are very similar to the previously reported a- 
and d-protonation parameters of +9.04 and —1.59 ppm, re­
spectively, for the five-membered azines5 and the corre­
sponding values of +7.8 and —4.4 ppm reported for the six- 
membered azines.4 It must be noted in the case of III that 
the change in chemical shift of Cb is actually an average of 
ft and y positional effects. Furthermore, the Ca carbon of II 
and III which is d and y  to the respective glycosylation site 
shows upfield shifts of 2.9 and 1.1 ppm. This is similar to 
the reversal in trend noted by Pugmire, et al.,6 at the 
bridgehead positions in some methylpurines.

We also note that the long-range cross-ring effects are 
not preserved for the y  carbons. Upfield shifts of 2.1 and
2.8 ppm for C5 and 4.5 and 4.9 ppm for C7 were observed 
rather than the downfield 7 shifts reported in other simpler 
systems.

B. Pyrazolo[l,5-a]pyrimidin-7-one (IV). Evidence 
that glycosylation in pyrazblo[l,5-a]pyrimidin-7-one (IV) 
occurs at the N4 position was first obtained by comparing 
the pmr spectrum of this nucleoside (V) with those of sev­
eral related heterocycles. It has been observed that N- 
methylation results in an increase in the coupling constant 
between protons on neighboring carbons. Some of our re­
sults are summarized in Table II. We note that in cases 
where méthylation occurs at the Ni position, the H2-3 cou­
pling constants are of the order of 3.5 Hz, whereas méthyl­
ation at N4 results in smaller couplings of 2.0 Hz.10 Since 
ribosylation or méthylation is expected to produce very 
similar inductive effects, the fact that the observed Jh2_3 in 
Al-d-D-ribofuranosylpyrazolo[l,5-a]pyrimidin-7-one is only
2.0 Hz leads to the conclusion that N4 is the glycosylation 
site.

Confirmation of this assignment was derived from the

Table II
Some Typical Changes in Proton Coupling Constants

as a Result of N-Methylation
Compd Jpj

1.5 -Dim ethylpyrazolo[l,5-a]pyrim idin-7 -one 3.55
l,2-D im ethylpyrazol-3-one 3.50
4.5 -Di methy lpyr az olo [ 1,5 -a ]py ri midin -7 -one 2.05
5 -Methyl -4 -/3-d -ribofuranosylpyrazolo -

[l,5 -a]-pyrim id in -7-one 2.00
4 -j3- d -Ribofuranosylpyrazolofl, 5 -ajpyrimidin -

7 -one 2.00

following carbon-13 nmr studies. The proton splitting pat­
tern in the carbon-13 spectrum enables one to distinguish 
the C7 and Cb carbons where the large carbon-13-proton 
coupling is absent, since there are no protons directly at­
tached. The carbonyl carbon is assigned to the resonance 
furthest downfield in the spectrum. The specific assign­
ment of the remaining C2, C3, C5, and C6 carbons in the 
heterocycle or the nucleoside is not possible from the pro- 
ton-coupled spectra alone, since they all exhibit identical 
proton splitting patterns. From chemical shift consider­
ations, it is expected that the C2 and C5 carbons should 
occur considerably more downfield compared to the C3 and 
C6 carbons. The specific assignments of these carbons were 
achieved using off-resonance proton decoupling tech­
niques. The results are summarized in Table I.

The two carbons adjacent to the glycosylation site N4 are 
Cb and C5. When the carbon-13 shifts of the nucleoside are 
compared with those of the anion of the heterocycle, a large 
upfield shift of 10.3 ppm was observed for Cb and a smaller 
but also upfield shift of 3.1 ppm was observed for C5. The 
two ft carbons C3 and C6 also exhibit the usual downfield 
shifts of 3.7 and 2.1 ppm, respectively. The 7 shifts for C2



and C7, however, are upfield, being 8.5 and 3.4 ppm, again 
showing a reversal in trend in the long-range inductive ef­
fects.

C. s-Triazolo[l,5-a]pyrimidin-7-one (VI). There are 
three possible glycosylation sites in s-triazolo[l,5-a]pyrimi- 
din-7-one, namely, Ni, N3, and N4. Although the attach­
ment of the /3-D-ribofuranosyl moiety in position 1 could 
not be ruled out absolutely from uv data, tentative assign­
ments of the 3- and 4-/3-D-ribofuranosyl isomers had been 
reported based on comparisons of the uv spectra11 with 
those of the corresponding N3 and N4 methyl deriva­
tives.10’11

The carbon-13 chemical shifts obtained for the two nu­
cleosides of this series are presented in Table I, along with 
the carbon-13 chemical shifts of the heterocycle anion for 
comparison. The carbonyl resonance was assigned to the 
most downfield signal from chemical shift considerations 
and Cb can be assigned from the proton-coupled spectrum, 
since it is the only other carbon with no directly bonded 
protons. The C5 and Cg resonances in both nucleosides can 
be distinguished from the C2 resonance by a small geminal 
coupling arising from the adjacent proton. The upfield res­
onance is assigned to the C6 carbon by comparison with the 
chemical shifts of related compounds.

The possibility that glycosylation had occurred at Ni can 
be eliminated from the positive ft shift of 3.3 and 4.7 ppm 
observed for C 7  for nucleosides VII and VIII, respectively, 
when compared to the carbon shifts of the base anion. The 
nucleoside VII exhibits large upfield shifts of 11.7 and 8.7 
ppm for the C 2 and C b  carbon resonances, whereas the C 5 

resonance remains essentially unchanged. These a shifts 
confirm that this nucleoside is 3-d-D-ribofuranosyl-s-tri- 
azolo[l,5-o]pyrimidin-7-one (VII). In the case of the 4 iso­
mer VIII, there is little change in the chemical shift for the 
C2 carbon when compared to the base anion, but both Cb 
and C 5 resonances move upfield by 15.2 ppm and both of 
these carbons are adjacent to the glycosylation site. The C6 
resonance exhibits a downfield /? shift of 3.0 ppm. The 7  

shifts in both nucleosides are again inconsistent with the 
downfield shifts reported for other simpler ring systems, 
being +0.8 ppm for C 5 and +3.3 ppm for C7 in the 3 isomer, 
and +0.9 and +4.7 ppm for the C2 and the carbonyl carbon 
in the 4 isomer, respectively.

D. 2-Methylthiopyrazolo[l,5-a]-s-triazin-4-one (IX).
The pyrazolotriazine heterocycle (IX) also provides three 
possible sites for glycosylation, i.e., Ni, N3, and N6. We 
have examined the carbon-13 spectra of the base anion 
(IX), the corresponding nucleoside (X), and the dethiated 
derivative of the nucleoside (XI). All pertinent carbon-13 
nmr data are summarized in Table I. The assignment of the 
various carbon resonances in the heterocycle is based on 
comparison of the proton coupled and decoupled spectra. 
The C7 and C8 carbon resonances can be identified from 
large carbon-13 proton couplings. Since carbons bonded to 
nitrogen atoms are generally known to be appreciably 
deshielded relative to benzene while ft carbons are 
shielded,12 the 50-ppm difference between these two reso­
nances strongly supports the assignment of the lower field 
signal to the C7 carbon a to the nitrogen. The most down- 
field resonance in the spectrum is assigned to the carbonyl, 
C4. The remaining C2 and C9 resonances can be unequivo­
cally assigned by examining their proton splitting patterns 
in the undecoupled spectra. The C2 resonance appears as a 
singlet while C9 appears as a doublet, split by the vicinal H7 
proton.

In the nucleoside spectrum, C7, C8, and C 4 carbons are 
assigned in a similar manner. The C 9 resonance is again 
identified as a closely spaced doublet in the proton coupled 
spectrum, but the splitting pattern for the C2 resonance

Glycosylation Site in Nucleosides of Fused Heterocycles

cannot be distinguished owing to the overlap with one leg 
of the C 7 doublet. However, the C 2  carbon can be assigned 
to the only remaining downfield resonance. The chemical 
shifts of the ribose carbons are assigned by comparison 
with previously reported spectra.13

When the chemical shifts of the base carbons of the nu­
cleoside X  were compared to those of the triazine anion, 
large upfield shifts were noted for three carbons, namely, 
C2, C4, and C9, the shifts being 4.6, 10.5, and 8.1 ppm, re­
spectively. Using the previously reported large positive 
shifts observed in other heterocyclic systems upon compar­
ison of a neutral species with an anionic form, we can elimi­
nate N6 as the site of glycosylation because of the negative 
a shift (—4.0 ppm) at C 7 but it is not possible to establish 
whether Ni or N3 is the glycosylation site from these chem­
ical shift data alone.

Let us first consider the case where the ribose is attached 
at the N3 position. Examination of molecular models re­
veals that the anti conformation [for purposes of discussion 
here, the anti glycosidic conformation refers to the range of 
torsional angles about the glycoside bond such that the 4- 
keto is directed away from the furanose ring (see Chart I)] 
is impossible, since the S C H 3 substituent is too bulky to go 
over the ribose ring. In the syn conformation, the 4-keto 
group of the base would be located over the ribose ring. 
The presence of the keto group over the ring as occurs in
6-methylcytidine and other 2,6-dioxopyrimidine nucleos­
ides has been shown14 to result in C - H  bond polarization 
whereby the C2' is observed to shift upfield by 2-2.5 ppm 
while the H2’ and H3' protons shift downfield by 0.2 and 0.1 
ppm, respectively. We have therefore examined the carbon- 
13 ribose chemical shifts and have compared them to those 
of the dethiated nucleoside XI where the bulky S C H 3 

group is absent and the ribose is expected to be free to ro­
tate round the glycosyl bond. Our results (Table I) indicate 
that all the ribose carbon resonances in X  are upfield com­
pared to the dethiated analog (XI). In particular, the C2' 
and C3' carbons in X  were shifted upfield by 2.1 and 2.4 
ppm, respectively. In the :H nmr spectra, the H 2'  and H3' 
in X  occur at —5.90 and —5.66 ppm, respectively, whereas 
those for XI appear at -5.58 and —5.52 ppm. Therefore, 
the carbon shifts were observed to change in opposite di­
rections to the proton shifts of the directly bonded hydro­
gens, indicating the presence of a carbonyl group over the 
ring in X. Both the carbon-13 and proton chemical shift 
data indicate that the nucleoside X  exists predominantly in 
the syn conformation whereas the nucleoside XI exists pre­
dominantly in the anti conformation. In order to account 
for the presence of the keto group over the ring, the ribose 
must be attached to the N3 position, since the keto group 
would be too far away to exert any effect on the ribose 
shifts if the ribosylation had occurred at Ni. The large pos­
itive a shifts observed in C2 and C4 are also consistent with 
this structure. As has been observed in all of the nucleos­
ides examined in this study, a positive 7 shift is noted at C9 
(8.1 ppm).

In summary, carbon-13 nmr study of the four heterocy­
clic series have shown that large upfield a shifts and the 
small downfield ft shifts are preserved in these complex 
fused-ring systems. The only exception observed in the ft 
shift is in the case of 7-amino-2-/3-D-ribofuranosyl-i>-tria- 
zolo[4,5-d|pyrimidine (III), where a bridgehead carbon is 
involved. The 7 shifts in these systems, however, are en­
tirely inconsistent with past observations in other fused ni­
trogen heterocycles, namely, the N-methylpurines.6 The 7 
carbons in the nucleosides all exhibit upfield rather than 
downfield shifts and a wide range of magnitudes are ob­
served. Nonetheless, in most heterocyclic systems, mea­
surement of the a and ft shifts alone are sufficient to estab­
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lish the glycosylation site. This study shows that carbon-13 
nmr can readily be applied for structural assignments of 
the nitrogen at which alkylation or glycosylation has oc­
curred in complex fused heterocyclic systems.

Experimental Section
Proton magnetic resonance spectra were obtained at 60 MHz on 

a Hitachi Perkin-Elmer R-20A spectrometer in DMSO-d6 using 
DSS (sodium 2,2-dimethyl-2-silapentane-5-sulfonate) as an inter­
nal reference. A Bruker HX-90 nmr spectrometer operating at 
22.62 MHz in the Fourier transform mode was used to obtain the 
carbon-13 nmr spectra. A Fabri-Tek 1074 signal averager with 
4096 word memory was used for data accumulation and a PDP-8/e 
computer (Digital Equipment Corp.) for data processing. Saturat­
ed solutions were prepared in DMSO-ds and were studied in 10- 
mm tubes. Chemical shifts were reported in parts per million rela­
tive to TMS using the relationship St m s  = <5DMSO-d6 + 39.5 ppm.

Ultraviolet spectra were recorded on a Cary Model 15 spectro­
photometer and infrared spectra on a Perkin-Elmer 257 spectro­
photometer (KBr pellets). Specific rotations were measured in a 
1-dm tube with a Perkin-Elmer Model 141 automatic digital read­
out polarimeter. Elemental analyses were performed by MHW 
Laboratories, Garden City, Mich.

Evaporations were carried out under reduced pressure with bath 
temperature below 30°. Detection of components on silica gel F- 
254 (EM Reagents) was by ultraviolet light and by a 10% sulfuric 
acid in methanol spray followed by heating. Chromatography sol­
vent mixtures were by volume.

The anions of various heterocycles were formed by neutraliza­
tion with LiOH in DMSO-de- Trimethylsilyl derivatives of hetero­
cycles were prepared using the general procedure of Wittenburg.16 
The heterocycle of interest was heated under reflux in an excess of 
freshly distilled hexamethyldisilazane with a catalytic amount of 
ammonium sulfate under anhydrous conditions until complete so­
lution was achieved and evolution of ammonia ceased (~15 hr). 
The excess hexamethyldisilazane was removed by distillation 
under reduced pressure and the residue (syrup or crystalline solid) 
was used directly without further purification. 7-Amino-n-triazo- 
lo[4,5-d]pyrimidine, 7-amino-3-/3-D-ribofuranosyl-i)-triazolo[4,5- 
d]pyrimidine, and 7-amino-2-/3-D-ribofuranosyl-n-triazolof4,5- 
d\ pyrimidine used in this study were prepared as previously re­
ported.8 The synthesis of 3- and 4-(/3-D-ribofuranosyl)-s-triazolo[l,5- 
o]pyrimidin-7-one had been reported by Winkley, et al,,11 and Re- 
vankar, et al,le

4-/3-D-Ribofuranosy]pyrazolo[l,5-a]pyrimidm-7-one (V).
To tetra-O-acetyl-d-D-ribofuranose (10.5 g, 0.033 mol) in dry di- 
chloromethane (50 ml) at —20° was added a solution of dry dichlo- 
romethane (originally 50 ml) which had been saturated at —20° 
with dry hydrogen bromide gas. The mixture was protected from 
moisture with a drying tube and allowed to warm to 0°. The sol­
vent was evaporated and the resulting syrup was coevaporated 
twice with dry toluene (50 ml). The residual syrup was dissolved in 
“ Nanograde” acetonitrile (100 ml) and was added to the syrupy 
trimethylsilyl derivative of 7-hydroxyryrazolo[l,5-a]pyridine [pre­
pared from 4.05 g (0.030 mol) of base10] in dry acetonitrile (50 ml). 
The reaction vessel was sealed and the mixture was stirred at room 
temperature. After 3 days the reaction mixture was filtered to re­
move some heterocyclic starting material (0.7 g) and the dark fil­
trate was evaporated to a syrup. Sodium bicarbonate (5.0 g), water 
(15 ml), and ethanol (50 ml) were added. The mixture was evapo­
rated to dryness. Coevaporation with absolute ethanol several 
times afforded a dry residue which was extracted with chloroform 
(3 X 100 ml). The combined extracts were washed with cold satu­
rated aqueous sodium bicarbonate solution (2 X 10 ml) followed by 
water (3 X 10 ml) and dried over anhydrous sodium sulfate. The 
chloroform was evaporated to dryness and the residual syrup was 
dissolved in a minimum volume of chloroform and applied to a sili­
ca gel column (4.5 X 35 cm) prepacked in chloroform. The column 
was eluted with chloroform-acetone (8:2) and each of the 25-ml 
fractions was collected. The fractionation was monitored by tic 
and appropriate fractions were pooled and solvent evaporated to 
yield colorless foam, 7.40 g (75.8%).

The above blocked nucleoside (7.0 g) was dissolved in methanol- 
ic ammonia (200 ml, methanol presaturated with ammonia at 0°) 
and the solution was allowed to stand at room temperature over­
night. The crystalline solid that separated was collected and 
washed with a little methanol. The combined filtrate and washings 
were evaporated to dryness. The resulting foam was triturated 
with cold methanol, and the solid that separated was collected and
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crystallized from aqueous ethanol to provide pure V, 4.4 g (92.5%) 
(70% for two steps): mp 265°; [a]25D —23.0° (c 1.0, DMSO); uv Amax 
(pH 1) 255 nm (e 7200), 303 (8300); Amax (pH 7) 255 nm (e 7500), 
303 (8800); Amax (pH 11) 255 nm (e 7200), 303 (8550); ir Amax (KBr) 
1690 cm-1 (C = 0  of heterocycle); pmr (DMSO-de) 8 8.30 and 5.95 
(doublets, for C-5 H and C-6 H, respectively, JSi6 = 7.5 Hz) and 
8.00 and 6.60 (doublets, for C-2 H and C-3 H, respectively, t/2,3 = 2 
Hz).

Anal. Calcd for C11H13N3O5: C, 49.44; H, 4.90; N, 15.72. Found: 
C, 49.49; H, 4.89; N, 15.71.

5-Methy]-4-/3-n-ribofuranosylpyrazolo[l,5-a]pyrimidin-7- 
one. A solution of 2,3,5-tri-O-acetyl-D-ribofuranosyl bromide from
5.25 g (0.0165 mol) of tetra-0-acetyl-/3-D-ribofuranose in dry ace­
tonitrile (80 ml) was added to the trimethylsilyl derivative of 5- 
methylpyrazolo[l,5-a]pyrimidin-7-one [prepared from 2.24 g 
(0.015 mol) of base17] and the resulting solution was stirred at 
room temperature for 4 days in a sealed reaction vessel. The dark 
reaction mixture was filtered to remove some heterocyclic starting 
material (0.9 g) and the filtrate was evaporated to dryness. The 
residue was extracted with chloroform (150 ml), and the chloro­
form phase was washed with saturated aqueous sodium bicarbon­
ate solution followed by water (3 X 75 ml) and dried over anhy­
drous sodium sulfate. The chloroform was evaporated to dryness 
and the residual syrup was dissolved in a minimum volume of 
ethyl acetate and applied to a silica gel column (4.5 X 35 cm) pre­
packed in ethyl acetate-water-l-propanol (4:2:1, upper phase). 
The column was eluted with the same solvent system and 15-ml 
fractions were collected. The fractionation was monitored by tic on 
silica gel using the eluting solvent as the developer. Fractions 31- 
80 were pooled and the solvent was evaporated to yield cream-col­
ored foam, 2.25 g (61.5%): uv Amax (pH 1) 253 nm (sh) (e 6500), 298
(10,600); Amax (pH 7) 253 nm (sh) (e 6500), 300 (10,200); Amax (pH 
11) 253 nm (sh) (e 6500), 300 (10,200).

The above blocked nucleoside (2.0 g) was dissolved in methanol- 
ic ammonia (80 ml, methanol presaturated with ammonia at 0°) 
and the solution was allowed to stand at room temperature over­
night. The solution was evaporated to dryness and the residue was 
triturated with anhydrous ether (5 X 30 ml). The ether-insoluble 
material was dissolved in ethyl acetate containing a few drops of 
water and chromatographed on a silica gel column (2.5 X 35 cm) 
eluting with ethyl acetate-water-l-propanol (4:2:1, upper phase). 
The appropriate fractions were pooled and the solvent was evapo­
rated. The residue was dissolved in water (50 ml), frozen, and ly- 
ophilized to obtain hygroscopic solid, 0.9 g (65.2%), no definite 
melting point: uv Amax (pH 1) 250 nm (e 5900), 298 (8150); Amax 
(pH 7) 250 nm (c 5050), 298 (8150); Amax (pH 11) 250 nm (e 5600), 
298 (8400); ir Amax (KBr) 1680 cm- 1  (C = 0  of heterocycle); pmr 
(DMSO-d6) 8 7.90 and 6.87 (doublets, for C-2 H and C-3 H, re­
spectively, J 2,:t = 2 Hz), 5.85 (singlet, C-6  H).

Anal. Calcd for C12H15N3O5 • H20: C, 48.16; H, 5.72; N. 14.04. 
Found: C, 48.50; H, 5.51; N, 13.81.

2- Methyl thio-.3-(2,3,5-tri-0-acetyl-/3-i:>-ribofuranosyl)py- 
razo!o[ l,5-a]-s-triazin-4-one (X). A solution of 2,3,5-tri-O-ace- 
tyl-D-ribofuranosyl bromide from 7.0 g (0.022 mol) of tetra-O-ace- 
tyl-d-D-ribofuranose in dry acetonitrile (100 ml) was added to the 
trimethylsilyl derivative of 2-methylthiopyrazolo[l,5-a]-s-triazin-
4-one [prepared from 3.64 g (0.020 mol) of base18] and the result­
ing solution was stirred at room temperature for 2 days in a sealed 
reaction vessel. The brown reaction mixture was filtered to remove 
0.6 g of heterocyclic starting material. The filtrate was evaporated 
to dryness and dissolved in chloroform (150 ml). The chloroform 
solution was washed successively with saturated aqueous sodium 
bicarbonate solution (3 X 75 ml) and water (3 X 100 ml) and dried 
over anhydrous sodium sulfate. The residual foam, after removal 
of chloroform, was dissolved in a minimum volume of chloroform 
and chromatographed on a silica gel column (3.5 X 50 cm); the 
eluting solvent was chloroform-acetone (8:2 ). The appropriate 
fractions were pooled and the solvent was evaporated, which af­
forded orange-colored foam, 6.10 g (83.0%): [a]26D +13.7° (c 1.0, 
DMSO); uv Amax (pH 1) 226 nm (e 8600), 287 (9900); Amax (pH 7) 
226 nm (e 9050), 286 (10,300); Amax (pH 11) 230 nm (e 5500), 286 
(9900); ir Amax (KBr) 1340 (SCH3), 1750 cm- 1  (OAc); pmr (DMSO- 
de) 8 8.08 and 6.45 (doublets, for C-2 H and C-3 H, respectively, 
J2,3 = 2 Hz), 2.65 (singlet, for CH3).

Anal. Calcd for C17H20N4O8S: C, 46.36; H, 4.58; N, 12.72. Found: 
C, 46.56; H, 4.43; N, 12.94.

3- (2,3,5-Tri-0- acetyl-d-D-ribofuranosyl)pyrazolo[l,5-a ]-
s -triazin-4-one (XI). Freshly prepared Raney nickel (30 g) was 
added to a solution of 2-methythio-3-(2,3,5-tri-0- acetyl-d-D-ribo- 
furanosyl)pyrazolo[l,5-a]-s-triazin-4-one (X, 3.0 g, 0.0068 mol) in

Dea, Revankar, Tolman, Robins, and Schweizer
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50 ml of absolute ethanol. The suspension was heated at reflux on 
a steam bath for 1 hr. The catalyst was removed by filtration on a 
Celite pad and washed with hot ethanol (3 X 15 ml). The combined 
filtrate and washings were evaporated to dryness, dissolved in the 
minimum volume of chloroform, and chromatographed on a silica 
gel column (3.5 X 50 cm) eluting with chloroform-acetone (8.5:1.5). 
The appropriate fractions were pooled and the solvent was evapo­
rated to yield a colorless foam, 1.80 g (67.0%): [a]25D +2.7° (c 1.0, 
DMSO); uv Xmax (pH 1) 262 nm (c 10,300); Xmax (pH 7) 262 nm (e 
9900); Amax (pH 11) 262 nm (e 9900); ir Xmax (KBr) 1750 cm- 1  
(OAc); pmr (DMSO-d«) 6 8.05 and 6.50 (doublets for C-7 H and 
C-8  H, respectively, Jqy = 2 Hz), 8.20 (singlet for C-2 H).

Anal. Calcd for C16H18N4O8 • H20: C, 46.60; H, 4.89; N, 13.59. 
Found: C, 46.80; H, 4.80; N, 13.49.
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“Octakis-0-(3-aminopropyl)sucrose” (OAPS) containing about seven aminopropyl side chains per sucrose moi­
ety has been prepared by reduction of octakis-0-(2-cyanoethyl)sucrose. Measurements of its basicity and equilib­
rium constant for forming ¡mines with isobutyraldehyde have been made. OAPS is an effective catalyst for the de­
deuteration of isobutyraldehyde-2-d in aqueous solution; a pH-rate plot shows a maximum around pH 8.4 at 35°. 
Under these conditions the catalytic activity is about 14 times that which would be expected if the catalyst were 
acting only monofunctionally. Hence it is concluded that one amino group on the catalyst transforms the alde­
hyde to an iminium ion, and then the activated a-deuteron in this isobutyraldiminium ion is removed by another 
amino group from the same molecule of catalyst. Reasons why this bifunctional catalytic activity is more efficient 
than that due to polyethylenimines, but less efficient than that due to 8-emino-l-dimethylamino-2 -octyne, are 
discussed.

Primary amine salts catalyze a-hydrogen exchange reac­
tions of isobutyraldehyde-2-d, acetone-c?6> and other al­
dehydes and ketones by transforming them to iminium 
ions, whose «-hydrogen atoms are much more rapidly re­
moved by bases than are the a-hydrogen atoms of the origi­
nal carbonyl compounds.2’3 The monoprotonated forms of

Me2CDCHO + R N H 3* ^  Me2CDCH— N H R *  + H 20  

M e 2C D C H = N H R + + B Me2C=CHNHR + BD
BH H2°

Me2C=CHNHR — *■ — *■ Me2CHCHO + RNH3

amines of the type Me2N(CH2)nNH2, where n is 2, 3, 4, 
and 5, show a catalytic activity toward isobutyraldehyde-
2-d that increases monotonically with increasing basicity 
(increasing n ),4’5 but the monoprotonated form of 3-di- 
methylaminopropylamine is by far the best catalyst 
toward acetone-d6-4,6 These results indicate bifunctional

CD3

Me2N -C H 2-C H 2

1

catalysis of the dedeuteration of acetone-dB via a transi­
tion state like 1. The absence of such catalysis in the case of 
isobutyraldehyde-2-d was explained in terms of the desta­
bilizing steric interactions between a methyl group from 
the aldehyde and the NH-bound methylene group from the 
catalyst that would be present in the analogous transition 
state for isobutyraldehyde. Such strain may be avoided if 
the basic group that removes the a-deuteron and the pri­
mary amino group that forms the iminium ion are sepa­
rated by a long enough chain for internal deuteron removal
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to be feasible in the trans form of the intermediate imi- 
nium ion. This requirement is met in polyethylenim- 
ineslb’7’8 and 8-amino-l-dimethylamino-2-octyne,5 which 
are bifunctional catalysts for the dedeuteration of isobutyr- 
aldehyde-2-d. The catalytic activity of polyethylenimines 
is considerably reduced by their tendency to tie up the al­
dehyde as imidazolidine derivatives, and the understanding 
of their catalysis is made difficult by the varied and incom­
pletely known structures of these rather random polymers. 
To avoid these disadvantages but maintain the advantage 
of having a large number of amino groups in a -small space, 
we decided to prepare octakis-O- (3-aminopropyl)sucrose 
and to study its catalytic activity.

Preparation and Properties o f “ Octakis-0-(3-am ino- 
propyl) sucrose.”  The material labeled cyanoethyl sucrose 
used as the starting material fell short of being pure octa­
kis-O-(2-cyanoethyl)sucrose in that it contained about 0.8 
wt % water, 3.75 wt % bis(2-cyanoethyl) ether, and an aver­
age of only about 7.5 cyanoethyl groups per sucrose moiety. 
Furthermore, about 23% of the disaccharide derivatives 
had been hydrolyzed to monosaccharide derivatives. Hy­
drogenation of this material at low pressure using Raney 
nickel in ammoniacal methanol9 followed by chromato­
graphic purification gave an off-white, amorphous, hygro­
scopic solid, which will be called OAPS. This material fell 
short of being pure octakis-O- (3-aminopropyl)sucrose in 
that it contained about 1.55 molecules of water and 1.35 
molecules of carbon dioxide (probably present as carbonate 
or bicarbonate) per molecule of sucrose moiety. Also there 
were only about seven 3-aminopropyl groups per sucrose 
moiety, and there were probably about 0.14 secondary 
amino groups10 per sucrose moiety.

Interpretation of the titration curve of OAPS was com­
plicated by the presence of the carbonate impurity. The 

-eight breaks that might be expected if the eight pK  values 
were widely enough separated were not observed. This fact, 
the impure nature of the material, and the difficulties of 
estimating activity coefficients for species with as many as 
eight positive charges discouraged us from trying to calcu­
late the true pAa values. Instead, pAapp values, where A app 
is defined in eq 1, were calculated at various points

. _  [H+][Am]
app [AmH+] (1)

throughout the titration. [Am] and [AmH+] are the concen­
trations (normalities) of unprotonated and protonated 
amino groups in the solution. Corrections for the effect of 
the carbonate impurity on the titration were made by use 
of the ionization constants of carbonic11 acid and by using 
the Davies equation12 to calculate activity coefficients, with 
ionic strengths being calculated as if each protonated 
amino group were an independent unicharged cation. A 
plot of pAapp vs. the fraction of amino groups protonated in 
a titration of 0.0865 N  (in amino groups) OAPS with 1.000 
M  hydrochloric acid is shown in Figure 1. Because of the 
carbonate impurity 30% of the amino groups were already 
protonated at the start of the titration; pAapp values ob­
tained within 10% of the end point were regarded as too un­
reliable to plot. The monotonie decrease in pAapp that ac­
companies addition of acid reflects the fact that the amino 
groups protonated early in the titration have few proton­
ated amino groups in the same molecule whereas those pro­
tonated near the end of the titration have many.

The equilibrium “ constant” for isobutyraldimine forma­
tion, defined as shown in eq 2, in which the concentrations 
of ¡mine and amine will be expressed as normalities and the

- _  D M
Im ~  [i -  PrCHOjLAmJ (2 )

Figure 1. Plot of pAapp of OAPS vs. fraction protonation in water 
at 35°.

concentration of aldehyde will include that of the aldehyde 
hydrate in equilibrium with it, should have a value that de­
pends on the extent of protonation of the OAPS and, to a 
lesser degree, on the extent of imine formation, since elec­
tron-withdrawing substituents are known to decrease equi­
librium constants for the formation of imines from isobuty­
raldéhyde.13 Two independent methods, both used pre­
viously,13 were used to obtain values of Kim. In one method 
the effect of OAPS on the absorption at the 285-nm maxi­
mum of isobutyraldéhyde was determined and the imine 
(and any other products formed) was assumed to have the 
same absorbance as the amine from which it was formed. In 
calculating Aim, 1 equiv of amine was assumed to be used 
up per mole of aldehyde that disappeared. Small correc­
tions also had to be made for the shift in the carbonate- 
bicarbonate equilibrium brought about by the drop in pH 
that accompanied addition of aldehyde to the OAPS solu­
tion. A A im value of 46 Af_1 was obtained using a solution 
whose equilibrium pH was 10.1 and a value of 21 M~l at a 
pH of 8.39, where the average amino group has a larger 
number of electron-withdrawing ammonio substituents in 
the same molecule with it. Values were also calculated from 
the magnitude of the drop in pH that accompanied addi­
tion of isobutyraldéhyde to an OAPS solution. As in the 
case of monoamines,13 imine formation causes the pH to 
drop because the concentration of free amine decreases. In 
the case of OAPS, however, the introduction of electron- 
withdrawing aldimino substituents reduces the basicity of 
free amino groups in the same molecule, thus making the 
decrease in pH larger than it would otherwise be. Our in­
ability to assess the substituent effect of aldimino groups 
on the basicity of OAPS decreases the reliability of Aim 
values determined by the pH method. However, uv mea­
surements support the assumption that an amount of iso­
butyraldéhyde that lowers the pH of an OAPS solution to 
the same extent that a given amount of strong acid does 
also lowers its pAapp value by about the same amount. This 
assumption led to Aim values of 24, 25, 36, 35, and 36 M -1 
at pH’s of 7.98, 8.39, 8.68, 8.71, and 9.04, respectively. If 
small amounts of large-ring aminals are also formed in the 
reaction of isobutyraldéhyde with OAPS, the assumption 
of 1:1 stoichiometry used in calculating A Im will be in 
error. Small amounts of this side reaction will have little ef-
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Table I
Kinetics of the Dedeuteration of Isobutyraldehyde-2-d 

in Water at 35° a

[Catalyst], ̂
PH

105 ft, 
sec“l

0.08654 9.82 8.55
0.08634 9.33 14.20
0.08624 9.04 16.22
0.08614 8.71 17.60
0.0858 8.39 20.02
0.0856 7.98 17.50
0.0855 7.64 13.01
0.0854 7.25 7.11
0.0859 8.68 19.22
0.0959 8.53 21.5
0.0482 8.62 15.8
0.0241 8.42 7.38
0.189 8.54 35
0.086e 9.09 1.60

“ [Me2CDCHO]o = 0.046. 6 OAPS, unless otherwise noted. 
c Normalities in total amine (protonated, unprotonated, or in the 
form of imine). d Using 3-week-old catalyst solutions. e 2-Methoxy- 
ethylamine.

feet on the K\m values calculated from uv data; they will 
make the K  jm values calculated from pH measurements 
somewhat larger than they should be. When the logarithms 
of the K  im values reported here are placed in the plot of log 
K im for monoamines vs. pK 13 the average deviation (0.06) 
is not much larger than that observed with the monoam­
ines of the type RCH2NH2, where R contains an sp3-hybri- 
dized carbon atom at its point of attachment (0.05). This 
suggests that our values refer very largely to imine forma­
tion.

Catalysis by OAPS. Catalysis of the dedeuteration of 
isobutyraldehyde-2-d in aqueous solution at 35° was stud­
ied in the presence of 0.0860 ±  0.0006 N  (in total amine) 
OAPS at a number of pH’s and at pH 8.52 ±  0.10 in the 
presence of several different concentrations of OAPS, with 
the results shown in Table I. All the runs were carried out 
with fresh catalyst solutions except the first four, in which 
solutions that were about 3 weeks old were used. The fact 
that the rate constant obtained in the fourth run is 8% 
smaller than that obtained in the ninth run, which is al­
most a duplicate of it, suggests a small amount of deterio­
ration of the catalyst solution on standing. However, cor­
rection for such deterioration would not significantly 
change any conclusions drawn from the plot of k vs. pH 
shown in Figure 2.

The plot, in Figure 3, of k vs. the concentration of cata­
lyst at pH 8.5, including a point for 0.086 N  catalyst inter­
polated from Figure 2 and one for no catalyst calculated 
from the catalysis constants for water and hydroxide ions, 
suggests that the rate may level off at higher concentra­
tions, but the amount of catalyst available was not suffi­
cient to test this suggestion. This tendency for the rate to 
level off as the catalyst concentration increases resembles 
that observed with polyethylenimineslb-7’8 and is explained 
in the same way. Most of the reaction proceeds via the 
rapid reversible transformation of isobutyraldehyde-2-d to 
a complex, which is mainly imine, with much smaller 
amounts of iminium ion. The rate-controlling step is a 
first-order reaction of the complex, in which the iminium 
form is attacked by an amino group present in the same 
ion. The rate of reaction by this mechanism would have to

Figure 2. Rate constants for dedeuteration of 0.0546 M  isobutyr- 
aldehyde-2 -d by 0.086 N  OAPS at various pH’s in water at 35°.

Figure 3. Rate constants for dedeuteration of 0.0546 M  isobutyr- 
aldehyde-2-d at pH 8.5 in the presence of various concentrations of 
OAPS in water at 35°.

level off when there is enough catalyst to transform all the 
aldehyde to complex. Since ultraviolet measurements show 
that 0.086 N  catalyst complexes about 30% of the aldehyde 
at pH 8.5, the first-order rate constant for reaction of com- 
plexed aldehyde must be about (20 X 10-5/0.3), or 7 X 10-4 
sec-1.

The pH-rate profile shows a clear maximum around pH
8.4. The principal reason for this maximum is that at lower 
pH there are not enough unprotonated amino groups to 
provide the required internal basic catalysis, and at higher 
pH not enough of the complexed aldehyde is in the proton­
ated active iminium form. The location of the maximum 
may be rationalized as follows. Take the rate-controlling 
step as being a reaction between the isobutyraldiminium
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v =  &[Am][lmH+] (3)
ion (ImH+) and amine (Am) with rate as shown in eq 3. Let
the equilibrium constant for the formation of the iminium 
ion from aldehyde and primary ammonium ion be K\. This 
gives eq 4, which may be compared with eq 5 for the ob­
served first-order rate constant kx to give eq 6. The species

v =  M I[Am ][Am H +][RCHO] (4)

v =  fe jR C H O kta! (5)

kx =  feAI[Am ][Am H +][RCH O ]/[RCH O ]total (6)
Am and AmH+ are not constant species; the average Am in 
an acidic solution, for example, is in a molecule with more 
positively charged ammonio substituents and so it is more 
weakly basic than the average Am in a more basic solution. 
Hence k and K\ are pH dependent. However, it is known 
from studies of catalysis of the dedeuteration of isobutyral- 
dehyde-2-d by various primary ammonium salts in the 
presence of pyridine buffers that when Am is held constant 
and AmH+ is varied a plot of log (kKi) vs. pK,\mH has a 
slope of about — 0.40.14 Similarly, a study of catalysis by 
methylammonium ions in the presence of various tertiary 
amines shows that a plot of log (kKi) vs. pAAmH has a slope 
of about 0.42.15 Hence, when both Am and AmH+ are var­
ied, with the decrease in the basicity of the former being 
equal to the increase in acidity of the latter, the product 
kKi should not change very much. The product 
[Am] [AmH+] would have a maximum value at the pH at 
which the amine and ammonium concentrations are equal 
if the sum of these two concentrations were kept constant. 
However, this sum increases somewhat with decreasing pH 
because of the concomitant decrease in the equilibrium 
constant for imine formation (K\m), which also causes the 
ratio [RCHO]/[RCHO]totai to increase with decreasing pH. 
Therefore the rate maximum is expected to occur at a pH 
somewhat lower than the pH at which OAPS is half proton- 
ated. This pH is 9.27 in the absence of isobutyraldehyde 
but it would be somewhat lower in the presence of the alde­
hyde, which lowers the basicity of the OAPS. Hence the oc­
currence of the rate maximum at pH 8.4 is consistent with 
the proposed mechanism.

Like any amine, OAPS must have the ability to act as a 
monofunctional catalyst in the dedeuteration of isobutyral- 
dehyde-2-d. Bifunctional catalysis will be observable only 
if it is as important as monofunctional catalysis or more so. 
(Monofunctional catalysis can lead to rate eq 4 if the amine 
and ammonium groups are in different catalyst molecules.) 
We have estimated the efficiency to be expected of mono­
functional catalysis in two ways. We have studied the cata­
lytic activity of 2-methoxyethylamine, a compound whose 
steric requirements near the reaction center resemble those 
of OAPS and whose basicity (pKa = 9.09) is about the 
same as that of half-neutralized OAPS (pA app = 9.27). At 
pH 9.09, where its catalytic activity via the iminium-ion 
mechanism should be nearly maximal, 2-methoxyethylam- 
ine is seen (from the last entry in Table I) to be only about 
one-tenth as good a catalyst as is OAPS under the same 
conditions. We also used the extensive previous work on 
amine catalysis of the dedeuteration of isobutyraldehyde-
2-d to estimate the monofunctional catalytic activity, 
employing linear free energy relationships as described in 
more detail in several other cases.5’6-16 Application of this 
method to the run with 2-methoxyethylamine gave a k of
1.7 X 10~5 sec-1, in good agreement with the value shown 
in Table I. Application to the run on OAPS at pH 8.39 gave 
the value 1.4 X 10-5 sec-1. According to this estimate 92.7% 
o f the reaction at pH 8.39 arises from bifunctional cataly­
sis, 5.5% from the attack of an amino group from one OAPS

molecule on an isobutyraldiminium ion derived from an­
other OAPS molecule, 1.7% from attack of an amino group 
on free isobutyraldehyde-2-d, and 0.1% from all other 
mechanisms combined. From these figures it follows that 
the average effective concentration of the amino groups in 
the same molecule with an isobutyraldiminium ion is 0.28
N.

On a normality basis the catalytic activity of OAPS is 
about three times that of PEI-50,000lb (polyethylenimine 
with an average molecular weight of 50,000, the most active 
of the PEI catalysts studied) at concentrations around 0.1 
N; furthermore, aldehyde complexed to OAPS is about 
three times as reactive as that complexed to PEI-50,000, at 
the optimum pH’s of about 8.5 and 7.5, respectively. One 
advantage of OAPS over PEI is that it gives less nonpro­
ductive binding; much of the aldehyde bound by PEI is 
held as imidazolidine derivatives. Also, nearly all the amino 
groups of OAPS are primary and hence suitable for imine 
formation as well as basic catalysis, whereas about three- 
fourths of the amino groups in PEI are rather hindered sec­
ondary and tertiary amino groups, which probably give 
negligible amounts of iminium ion formation and consider­
ably less basic catalysis than they would if they were less 
hindered. On the other hand, PEI has a lower equivalent 
weight than OAPS and is almost as good a catalyst on a 
weight basis. The activity of OAPS is only about one-third 
that of the monoprotonated form of l-dimethylamino-8- 
amino-2-octyne,5 which has an unhindered tertiary amino 
group, the most effective type of basic catalyst.15'17 In gen­
eral, it seems that the “ shotgun” approach of using cata­
lysts such as OAPS and PEI’s can give bifunctional cataly­
sis, but that carefully designed bifunctional species offer 
more promise for highly effective bifunctional catalysis.

Experimental Section
“ Octakis-0-(2-cyanoethyl)sucrose.”  Eastman cyanoethylsu- 

crose [ir (neat) 3480 (OH), 2950 and 2900 (CH), 2260 (C=N), and 
110 0  cm- 1  (C-O); nmr (CDCla) i  7.35 (t, 16.1, J  = 6 Hz, CH2CN),
6.27 (m, 29.1, OCH2C and OCHC2), 4.68 (d, 0.16, J  = 3 Hz, 
0 2CHC), and 4.40 ppm (d, 0.9, J  = 3 Hz, 0 2CHC)] was ordinarily 
used without further treatment.

Anal. Calcd for C36H46N80 ii: C, 56.39; H, 6.05; N, 14.61. Found 
(average of four analyses with standard deviations): C, 55.34 ±
O. 09; H, 6.18 ± 0.04; N, 14.06 ±  0.10.

The doublets at r 4.40, 4.68, and 5.42 ppm were attributed to C- 
1  hydrogen atoms of the glucose moiety of cyanoethylsucrose, cy- 
anoethylated «-glucose, and cyanoethylated /3-glucose, respective­
ly. This attribution was supported by the increasing size of the r
4.68 and 5.42 ppm peaks (the latter being a doublet with a cou­
pling constant of 6.4 Hz) and the decreasing size of the r 4.40 ppm 
peak in samples that had been hydrolyzed with acidic aqueous 
methanol for increasing lengths of time. It is also supported by ob­
serving that the corresponding doublets of sucrose, a-glucose, and 
/3-glucose fall at r 4.53 (J = 3 Hz), 4.70 (J = 3 Hz), and 5.30 ppm (J  
= 7 Hz), respectively. 18 From the relative peak areas and the as­
sumption that cyanoethylated fructose (whose pmr spectrum 
would be obscured by that of cyanoethylsucrose) was present in 
the same amount as cyanoethylated glucose, it was calculated that 
77% of the sucrose moieties were intact and 23% had been hydro­
lyzed to monosaccharide derivatives. By a method analogous to 
that described in more detail in connection with octa(aminopro- 
pyl)sucrose, the average number of cyanoethyl groups per sucrose 
moiety (whether the sucrose moiety exists in the unhydrolyzed 
form or not) was calculated so as to give the best possible agree­
ment with the elemental analysis of the material. The value 7.36 
[plus the amounts of water and bis(2 -cyanoethyl) ether known to 
be present] gave calculated carbon, hydrogen, and nitrogen con­
tents within 0.14 of the average experimental values. This value is 
within the experimental uncertainty of the value 7.6, which was 
calculated from the integrated nmr spectrum.

The water content of this material was found to be 0.8 wt % by 
Karl Fischer titration. Attempts at molecular distillation were un­
successful but small foreruns of bis(2 -cyanoethyl) ether were ob­
tained. High-pressure liquid chromatography using a Porosil C
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(silica gel) column showed that a solution of 2.69 g of the cyanoeth- 
ylsucrose in enough ethyl acetate to give a volume of 10  ml was 
0.0814 M  in bis(2-cyanoethyl) ether. This corresponds to a bis(2- 
cyanoethyl) ether content of 3.75% by weight.

“ Octakis-0-(3-aminopropyl)suerose.” Reduction of octacy- 
anoethylsucrose with hydrogen over Raney nickel19 in acetic anhy­
dride gave material that may well have been the acetyl derivative 
of the desired product. However, attempts at basic hydrolysis gave 
either too little reaction or dark brown syrups. Attempted reduc­
tion using a rhodium catalyst gave no reaction in twice the time re­
ported for complete reduction of several 3-alkoxypropionitriles.20 
Reduction with diborane21 gave material whose nmr spectrum 
showed the presence of little, if any, of the desired product. The 
method finally adopted used activated Raney nickel (W. R. Grace 
Co.) at about 60 psi of hydrogen pressure.9 In a typical run 10.0 g 
of cyanoethylsucrose and about 40 g of Raney nickel in 250 ml of 
methanol saturated with ammonia at 10 ° gave complete reduction 
in 4 hr at 54°. Three filtrations, the last through 2.0-m Millipore 
Polyvic, and solvent removal in vacuo gave a viscous green syrup 
that was dissolved in water, centrifuged, filtered again through Po­
lyvic, and freeze dried, leaving 8.8 g (85%) of pale green semisolid 
material.

Chromatography of material prepared as described on basic alu­
mina, Florisil, and activated charcoal using water-methanol 
mixtures gave various combinations of little or no material eluted 
from the column and products of decomposition. Gel permeation 
chromatography using 0.0100 M  aqueous sodium chloride as the 
eluent, monitored by optical rotation measurements, gave only one 
peak with an elution volume only slightly greater than the void 
volume when Sephadex G-10 was used. Sephadex G-25 gave slower 
elution but shoulders on the single peak as the only evidence of 
separation. With Sephadex G-15 on a 2.75 X  53 cm column, two 
peaks were obtained, the larger with the same relative elution vol­
ume as a mol wt 400 ethylene glycol telomer and the smaller (more 
rapidly eluted) with the same relative elution volume as a mol wt 
800 ethylene glycol telomer. Preparative scale chromatography was 
carried out with 4-5-g samples of material using a 5 X 92 cm col­
umn and in some runs a third fraction, with apparent molecular 
weight about 1100, was observed. The mol wt 800 fraction com­
prised about 15% of the material put on the column and its nmr 
spectrum indicated the presence of about 65% sucrose derivative. 
Rechromatography gave in 4% overall yield a mol wt 800 fraction 
that appeared to be chromatographically homogeneous: nmr (D20) 
r 8.10  (quintet, 15.9, J  = 6.5 Hz, CH2CH2CH2), 7.10 (t, 15.5, <7=7 
Hz, CH2N), 6.15 (m, 29.7, OCH2C and OCHC2), 5.25 (s, DOH), and 
4.35 ppm (0.9, 0 2CHC). A number of batches of doubly chromato­
graphed OAPS were combined to give the one homogeneous sam­
ple that was used for the analyses and kinetic studies.

Anal. Calcd for CaeHvsNgOn: C, 54.11; H, 9.84; N, 14.02. Found: 
C, 48.12,48.29; H, 8.54, 8.55; N, 11.46,11.30.

When this material stood in deuterium oxide containing hydro­
chloric acid, the r 4.31 ppm peak, which was attributed to a su­
crose derivative, gradually disappeared, and peaks at t 4.50 and 
5.20 ppm, which were attributed to the a and d forms of a glucose 
derivative, appeared and grew. The t 5.20 peak was about 20% 
larger than the 4.50 ppm peak. The maximum possible area of a t
4.50 ppm peak in the purified OAPS corresponded to the presence 
of no more than 15% fructose and glucose derivatives, assuming a 
1 : 1  ratio of fructose to glucose and a 1 :1 .2  ratio of a- to fl-glucose 
derivative.

Titration with standard hydrochloric acid gave a sharp end 
point, from which an equivalent weight of 119.9 was calculated. 
The carbonate content was determined by acidification of an aque­
ous solution to the titration end point and injection on a 6 ft X 0.25 
in. Poropak QS column at 70°. Peak areas were calibrated using 
carbon dioxide solutions prepared by acidifying standard aqueous 
sodium bicarbonate solutions. Manipulations were carried out so 
as to prevent premature loss of carbon dioxide from the aqueous 
solutions, and 0.192 mol of carbon dioxide per equivalent of base 
was found.

The Van Slyke analysis method used gave 99.9% of the theoreti­
cal amount of nitrogen, with a standard deviation of 0.7%, for frac­
tionally distilled 3-methoxypropylamine. For bis(3-aminopropyl) 
ether that was 99.3% pure by glpc and contained 98.7% of the ex­
pected amount of base by titration, 99.5 ±  0.9% of the theoretical 
amount of nitrogen was obtained. Four determinations on the 
OAPS used for kinetic studies gave 0.0848 ±  0.0010 N  for the pri­
mary amine concentration of solutions that were 0.0865 N  in total 
base. This corresponds to 0.98 equiv of primary amine per equiva­
lent of base.

The absence of a nitrile band from the infrared spectrum and 
blank experiments on bis(2 -cyanoethyl) ether showed that less 
than 1 % of the nitrile groups in the reactant escaped reduction.

The elemental analysis was used to calculate the water content 
and the average number of hydroxy groups per sucrose moiety 
that had been transformed to H2NCH2CH2CH20  or 
RNHCH2CH2CH2O groups. Let n be the number of aminopropylat- 
ed hydroxy groups, w the number of water molecules, c the num­
ber of carbon dioxide molecules, and s the number of secondary 
amino groups per sucrose moiety (including those that have been 
hydrolyzed to glucose and fructose derivatives).22 The carbon, hy­
drogen, and nitrogen contents may then be expressed as shown in

%C =  96. 38(12. 011)(12 +  3n +  c)/m  (7) 
%H =  96. 3 8 (1 .008)(22 + In +  2w -  3 s ) /w (8 )  

%N =  96. 38 (14 .007)(n -  s )/m  (9)

m =  342.30 + 5 7 .096w + 18 .015 mi +
4 4 .0 13 c -  17.031s (10)

eq 7-9, in which the term 96.38 arises from the presence of 3.62% 
sodium chloride and m is an apparent molecular weight, which is 
defined in eq 10. The equivalent weight, Van Slyke determination, 
and carbon dioxide analysis show that s and c are equal to 0.0196« 
and 0.1882«, respectively. Substitution of these values into eq 7- 
10  and determination of the values of n and w that permitted cal­
culation of %C, %H, and %N with the smallest sum of the squares 
of the deviations gave values of 7.16,1.55, 0.14, and 1.35 for n, w, s, 
and c, respectively. This corresponds to 6.88 3-aminopropyl 
groups per sucrose moiety. Most of the 1.55 molecules of water 
may be accounted for as carbonate if the carbon dioxide is present 
in this form (rather than as carbamates) and much of the remain­
der may be that which has gone into the hydrolysis of ~15% of the 
sucrose moieties.

The Carbobenzoxy Derivative of “ Octakis-0-(3-aminopro- 
pyl)sucrose.” In hope of obtaining a crystallizable product OAPS 
was carbobenzoxylated.23 To 1.0 g of crude OAPS and 1.94 g of so­
dium bicarbonate in 50 ml of 85:15 methanol-water was added 2.22 
g of recrystallized benzyl chloroformate with stirring during 1  hr. 
After stirring overnight the solution and a white syrup were sepa­
rated from white crystals of sodium salts. Addition of 50 ml of 
water to the solution precipitated a syrup that was combined with 
the syrup that had separated during the reaction. Three more pre­
cipitations by water from methanol gave 2.20 g (94%) of the carbo­
benzoxy derivative: ir (neat) 3340 (N-H), 3075 and 3040 (aromatic 
C-H), 2950 and 2880 (aliphatic C-H), 1700 (C =0), 1135, and 1080 
cm- 1  (C—O); nmr r 8.5 (m, 17.2, CCH2C), 7.0 and 6.6 (m, 44.0, 
CCH2N and OCH-), 5.1 (s, 15.8, PhCH20), and 2.9 ppm (s, 39.3, 
Ph). Theoretical integrals are 16, 45, 16, and 40, respectively. The 
material gave a negative ninhydrin test. It could not be crystal­
lized, but a methanol solution deposited some white flakes when 
cooled to —78°. Hydrogenolysis of these flakes and of the material 
remaining in solution was carried out in methanol using 5% palla­
dium on charcoal. The nmr spectra and gel permeation chromato­
grams of the OAPS produced showed some differences but not 
enough to promise a useful method of purification.

Kinetics. The rate of dedeuteration of isobutyraldehyde-2-d 
was followed by extracting the acid-quenched reaction mixture 
with chloroform and making nmr measurements on the ex­
tracts.2,17 The pH of an OAPS solution was adjusted by addition of 
hydrochloric acid and measured again after the addition of alde­
hyde. The change in pH caused by addition of aldehyde was the 
basis of one of the two methods used for calculating Kjm. On the 
average, six points were taken per kinetic run.

Registry No.—Octakis-O-(2-cyanoethyl)sucrose, 18304-13-7; 
octakis-0-(3-aminopropyl)sucrose, 52341-49-8; isobutyraldehyde-
2-d, 4303-51-9.

References and Notes
(1) (a) This investigation was supported in part by Public Health Service 

Grant GM 18593 from the National Institute of General Medical Sci­
ences. Abstracted from the Ph.D. Dissertation of S. S. Ulrey, 1973. Part 
XVII in the series "Catalysis of «-Hydrogen Exchange." (b) Part XVI: J. 
Hine and R. L. Flachskam, Jr., J. Org. Chem., 39, 863 (1974).

(2) J. Hine, B. C. Menon, J. H. Jensen, and J. Mulders, J. Amer. Chem. 
Soc., 88, 3367(1966).

(3) M. L. Bender and A. Williams, J. Amer. Chem. Soc., 88, 2502 (1966).
(4) J. Hine, M. S. Cholod, and J. H. Jensen, J. Amer. Chem. Soc., 93, 2321

(1971).



3236 J. Org. C hem ., Vol. 39, N o. 22, 1974 Minami, Niki, and Agawa

(5) J. Hine, J. L. Lynn, Jr., J. H. Jensen, and F. C. Schmalstieg, J. Amer. 
Chem. Soc., 95, 1577(1973).

(6) J. Hine, M. S. Cholod, and R. A. King, J. Amer. Chem. Soc., 96, 835 
(1974).

(7) J. Hine, F. E. Rogers, and R. E. Notari, J. Amer. Chem. Soc., 90, 3279 
(1968).

(8) J. Hine, E. F. Glod, R. E. Notari, F. E. Rogers, and F. C. Schmalstieg, J. 
Amer. Chem. Soc., 95, 2537 (1973).

(9) Cf. W. Huber, J. Amer. Chem. Soc., 66, 876 (1944).
(10) The formation of (RCH2)2NH is a common side reaction in the reduction 

of RCN.
(11) D. D. Perrin, “ Dissociation Constants of Inorganic Acids and Bases in 

Aqueous Solution,”  Butterworths, London, 1969, p 152.
(12) C. W. Davies, J. Chem. Soc., 2093 (1938).
(13) J. Hine, C. Y. Yeh, and F. C. Schmalstieg, J. Org. Chem., 35, 340 

(1970).
(14) J. Hine, B. C. Menon, J. Mulders, and J. P. Idoux, J. Org. Chem., 32, 

3850(1967).

(15) J. Hine, J. Mulders, J. G. Houston, and J. P. Idoux, J. Org. Chem., 32, 
2205 (1967).

(16) J. Hine, K. W. Narducy, J. Mulders, F. E. Rogers, and N. W. Flachskam, 
J. Org. Chem., 38, 1636 (1973).

(17) J. Hine, J. G. Houston, J/ H. Jensen, and J. Mulders, J. Amer. Chem. 
Soc., 87, 5050(1965).

(18) Cf. “ Sadtler Nuclear Magnetic Resonance Spectra,”  Sadtler Research 
Laboratories, Inc., Philadelphia, Pa., 1969, No. 6242 and 6245.

(19) Cf. F. E. Gould, G. S. Johnson, and A. F. Ferris, J. Org. Chem., 25, 1658 
(1960).

(20) M. Freifelder, J. Amer. Chem. Soc., 82, 2386 (1960).
(21) Cf. H. C. Brown and B. C. Subba Rao, J. Amer. Chem. Soc., 82, 681 

(1960).
(22) In this calculation a molecule of tetrakis(aminopropyl)glucose plus a 

molecule of tetrakis(aminopropyl)fructose will appear as a molecule of 
octakis(aminopropyl)sucrose plus a molecule of water.

(23) Cf. J. D. Dutcher, D. R. Walter, and O. Wintersteiner, J. Org. Chem., 28, 
995 (1963).

Synthesis of a-Ylidene-7 -butyrolactones Using an 
a-Phosphono-Y-butyrolactone Carbanion

Toru Minami,* Ichiro Niki, and Toshio Agawa

Department of Petroleum Chemistry, Faculty of Engineering, Osaka University, Yamadakami, Suita, Osaka, 565, Japan

Received May 22, 1974

R e a c tio n s  o f  an  a -p h o s p h o n o -Y -b u ty ro la c to n e  ca rb a n io n  w ith  a ld e h y d e s , k e to n e s , h e te ro cu m u le n e s , a n d  n itr o - 
s o b e n ze n e  ga ve  a -y lid e n e -y -b u ty r o la c to n e s  a n d  a -a n il in o -y -c r o to n o la c to n e  in  g o o d  y ie lds .

Phosphono carbanions bearing an electron-withdrawing 
substituent on the carbon a to the phosphorus function are 
useful reagents for olefin synthesis.1 As an extension of this 
phosphonate olefin synthesis, we have investigated the 
reactions of an a-(0 ,0-diethylphosphono)-7-butyrolactone 
carbanion ( l )2 with aldehydes, ketones, heterocumulenes, 
and nitrosobenzene.

The phosphonate carbanion 1 easily reacted with benzal- 
dehyde to give only a-trans- benzylidene-7-butyrolactone
(2) in almost quantitative yield, regardless of the reaction 
temperatures employed. The structure of 2 was determined 
as follows. The nmr spectrum (CDCI3) of 2 shows /3-methy­
lene (d-t, 2 H), 7-methylene (t, 2 H), phenyl (s, 5 H), and 
olefinic protons (t, 1 H) at 5 3.10, 4.45, 7.30, and 7.40, re­
spectively. Although it is anticipated that the olefinic pro­
ton of the trans isomer would be observed downfield from 
the corresponding proton of the cis isomer, with the above 
data alone we cannot determine whether 2 is the trans or 
cis isomer. However, a change of solvent from CDCI3 to 
benzene-dr; produced a downfield shift of 0,20 ppm for the 
olefinic proton of 2, whereas other protons suffered upfield 
shifts of 0.30-1.10 ppm. This result suggests that the ole­
finic proton is situated at the cis position to the carbonyl 
group.3 Therefore, the structure was determined to be a- 
fran.s-benzylidene-7-butyrolactone.

Reactions of 1 with p- nitrobenz-, cinnam-, and trichlo- 
roacetaldehyde similarly gave a-trans- (p - nitrobenzyli- 
dene)- (3), n-cinnamylidene- (4), and a-trans- (2,2,2-tri-

trans cis
2, R = Ph 6 b, R = i-Pr
3, R = ,p-N02C6H4 7b, R = Et
4, R = PhCH=CH
5, R = CC13 

6a, R = ¿-Pr 
7a, R = Et

chloroethylidene)-Y-butyrolactone (5) in 71, 55, and 100% 
yields, respectively.

In contrast,, the reactions with isobutyr- and propional­
déhyde resulted in the formation of the mixtures of the cor­
responding a-trans- (6a and 7a) and a-cis- (substituted yl- 
idene)-y-butyrolactones (6b and 7b), ratios of which were 
approximately 1:1 and 3:2 by nmr, in good yields. Although 
separation of individual a-trans- (6a) and a-cis-(isobutyli- 
dene)-Y-butyrolactone (6b) was unsuccessful, their struc­
tural assignments rested upon nmr data and hydrogenation 
of the mixture over a platinum/carbon catalyst to a-isobu- 
tyl-7-butyrolactone (8).

Thus, in the cases using aldehydes containing bulky sub­
stituents such as the phenyl,, styryl, and trichloromethyl 
groups, only trans olefins were obtained, but use of al­
dehydes having rather small substituents such as the iso­
propyl and ethyl groups yielded mixtures of trans and cis 
olefins.

Interestingly, the reaction with 0- phthalaldehyde gave a 
mixture of a,a'-his(trans,trans-o- xylidene)- (9a, 47%) and 
a,a'-bis(cis,trans-o- xylidene)-Y-butyrolactone (9b, 7.3%).

In the reaction with p-phthalaldehyde, a,a'-bis- 
(trans,trans-p- xylidene)- (10a) and a,a'-his(cis,trans-p- 
xylidene)-7-butyrolactone (10b) were likewise obtained in 
67 and 4.4% yields. No corresponding n,c/-bis(cis,cis- xyli- 
dene)-Y-butyrolactones could be detected in either reac­
tion. Although the formation of the trans,trans isomers, 9a 
and 10a, in both reactions is in accord with the results ob-
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Table I
a-Ylidene-7 -butyrolactones

0

Ir (Nujol), cm-l
Substituents t’C=C=N  or Empirical

Compd Ri R2 Yield, % Mp [bp (mm)], * C 'C n 1! 0 0 II 0 11 n formula a

2 H
3 H
4 H
5 H
6a + 6b H or ¿-P r
7a + 7b H or Et

9a H

9b H

Ph 100
p -  N 02C6H4 71
PhCH =CH  55
CC13 100
¿-P r or H 89
Et or H 100

118.5 1640
189-190 1640
135-136 1630
76.0 1650
[55-57 (0.5)] 1650
[60 (0.5)] 1670

255-259 1640

152-153 1645

CuH10O2
ChH9N04
C i3Hi20 2

CeH50 2Cl3
C 8Hi20 2

c 7h 10o 2

C16Hi40 4

Ci6Hi40 4

n
10a H V-0

67 283-284 1640 Ci{H140 4
h , 

d

10b H j> 4.4 208-210 1630 C16Hi40 4

11 -(C H 2)5- 92 [106 (0.5)] 1670 Ci0Hi4O2
12 = N -w  -Bu 91 [110-115 (0.5)] 2050 c 9h 13n o 2
14 = n - c 6h u 95 2050 C4iH15N02
16 = C P h 2 100 132-133 1945 c 18h 14o 2
17 = C (P h )E t 100 60-61 1940 c 14h140 2
18 = C (P h )M e 81 Viscous liquid 1950 Ci3H420 2

a S a t is fa c t o r y  a n a ly t ic a l  d a t a  ( ± 0 . 4 %  fo r C ,  H ,  N )  w ere fo u n d  fo r a l l  new  c o m p o u n d s e x c e p t fo r c o m p o u n d s 1 2 , 14 , a n d  18  in  th e  ta b le .

Scheme I

tained above with bulky monoaldehydes, the formation of 
the cis,trans isomers, 9b and 10b, is difficult to explain.

The reaction with cyclohexanone similarly gave a-cyclo- 
hexylidene-7-butyrolactone (11) in 92% yield but the reac­
tion with benzophenone afforded no olefin.

Reactions with isocyanates and ketenes under mild con­
ditions yielded ketenimines 12 and 14 and aliénés 16, 17, 
and 18 in almost quantitative yields (Scheme I). The acid- 
catalyzed hydrolysis of the ketenimines readily led to a- 
carbamoyl-y-butyrolactones 13 and 15.6 Hydrogenation of 
the aliéné 18 ever a platinum/carbon catalyst gave a-(2- 
phenylpropyl)-7-butyrolactone (19)6 in quantitative yield.

The reaction with nitrosobenzene gave a-anilino-7-cro- 
tonolactone (20, 94%), which was heated together with di- 
phenylketene in a sealed tube to yield 2,3,3a,4,6,6a-hexahy- 
dro-2,6-dioxo-l,3,3-triphenyl-lff -furo[3,4-b [pyrrole (21,
35%) as the only isolable product.

These results are summarized in Table I.

Experimental Section4
General Procedure. T o  s o d iu m  h y d r id e  ( 5 0 % , 0 .50  g, 0 .0 1  m o l) 

in  40 m l o f  d r y  b e n z e n e  w as a d d e d  d ro p w is e  a -d ie t h y lp h o s p h o n o -
7 -b u ty ro la c to n e 6 (2 . 2 2  g, 0 . 0 1  m o l) in  1 0  m l o f  d r y  b e n z e n e  w it h  
s t ir r in g . A ft e r  th e  a d d it io n , th e  s o lu t io n  w as s t ir r e d  a t  5 0 -6 0 °  fo r 
30  m in  u n t il  gas e v o lu t io n  h a d  cea sed . T o  th e  r e s u lt in g  y e llo w is h - 
o ra n g e  s o lu t io n  w ere a d d e d  0 . 0 1  m o l o f  a ld e h y d e s  (o r ke to n e s, h e t - 
e ro c u m u le n e s , o r n itro so b e n z e n e ) in  10  m l o f  b e n z e n e . T h e  re a c ­
t io n s  w ere r u n  u n d e r  d r y  N 2.

a-frarcs-Benzylidene-7 -butyrolactone ( 2 ) .  T o  a  b e n z e n e  s o lu ­
t io n  c o n ta in in g  th e  p h o s p h o n a te  c a rb a n io n  1  p re p a re d  ab o ve  w as 
a d d e d  f r e s h ly  d is o ille d  b e n z a ld e h y d e  (1.0 6  g, 0 . 0 1  m o l)  in  1 0  m l o f 
b e n z e n e  w it h  s t ir r in g  a n d  th e n  th e  re a c t io n  m ix t u r e  w as re flu x e d  
fo r 2 .5  h r . A f t e r  re m o v a l o f  in s o lu b le  s o d iu m  d ie t h y l  p h o s p h a te  b y
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filtration, the filtrate was concentrated in vacuo to give 3.90 g 
(100%) of 2. The crude product 2 was recrystallized from benzene- 
hexane to afford the pure sample as white needles: nmr (CDC13) ó
3.10 (d-t, J  = 7.5, 3 Hz, 2 H, OCH2CH2-), 4.45 (t, J =  7.5 Hz, 2 H, 
OCH2CH2-), 7.30 (s, 5 H, phenyl protons), and 7.40 (t, J  = 3 Hz, 1
H, olefinic proton); nmr (CgDe) b 2.00 (d-t, 2 H), 3.80 (t, 2 H), 7.10 
(s, 5 H), and 7.60 (t, 1 H); mass spectrum (70 eV) m/e 174 (M+), 
146 (M+ -  CO), and 129 (M+ -  C02 -  H).

In the reaction at ambient temperature for 2.5 hr, an only trans 
isomer 2 was similarly obtained in 98% yield.

Reduction of a-(Isobutylidene)-7 -butyrolactone (6a and 
6b). A solution of 1.00 g (7.14 mmol) of a mixture of 6a and 6b dis­
solved in ethanol was shaken in a hydrogen atmosphere over Pt02. 
After the theoretical amount of hydrogen was consumed (50 hr), 
the reaction was stopped. The catalyst was removed and the solu­
tion was concentrated. The residue was vacuum distilled to give
I. 01 g of a-isobutyl-y-butyrolactone (8): bp 56° (0.4 mm); n 20D
1.4446; ir (neat) 1760 cm- 1  (C =0); mass spectrum (70 eV) m/e 142 
(M+); nmr (CCI4) 5 0.95 (d, J  = 6 Hz, 6 H, methyl protons), 1.10-
2.50 (m, 6 H, methylene and methine protons), and 4.20 (split t, 2 
H, O CH2CH2-).

Anal. Caled for CsHi4 02: C, 67.57; H, 9.93. Found: C, 67.45, H, 
10.32.

a,a'-Bis(o-xylidene)-7 -butyrolactone (9a and 9b). The reac­
tion was carried out using the procedure described above with 1 
and o-phthalaldehyde. After removal of insoluble sodium diethyl 
phosphate by filtration while hot, the filtrate was allowed to stand 
at room temperature overnight. The resulting solid was filtered 
and recrystallized from a large quantity of ethanol-benzene to give 
pure ff,«'-bis(tranx,/rans-o-xylidene)-7 -butyrolactone (9a, 
47%): nmr (DMSO-c¿6) á 3.20 (d-t, J  = 7.5, 3 Hz, 4 H, OCH2CH2-), 
4.40 (t, J  = 7.5 Hz, 4 H, OCH2CH2-), 7.55-7.67 (4 H, phenyl pro­
tons) and 7.70 (t, J  = 3 Hz, 2 H, olefinic proton); mass spectrum 
(70 eV) m/e 270 (M+), 241 (M+ -  CO -  H), 226 (M+ -  2COs).

The filtrate was concentrated and the resulting solid was recrys­
tallized from benzene-hexane to afford pure a,a'-bis(cis,trans-o- 
xylidene)-7 -butyrolactone (9b, 7.3%): nmr (CDCI3) 6 3.20 (d-t, 
J  = 7.5, 2 Hz, 4 H, OCH2CH2-), 4.40 (t, J  = 7.5 Hz, 4 H, OCH2- 
CH2-), 7.20 [t, J  = 2 Hz, 1 H, trans H of -HC=C(CO)-], 7.30-7.45 
(s, 4 H, phenyl protons), and 7.60 [t, «7 = 3 Hz, 1 H, cis H of 
-HC=C(CO)-]; nmr (C6D6) b 1.90-2.40 (2 d-t, J  = 7.5, 3, 2 Hz, 4 
H, OCH2CH2-), 3.35-3.70 (2 t, J  = 7.5 Hz, 4 H, OCH2CH2-), 6.67 
[t, J  = 2 Hz, 1 H, trans H of -HC=C(CO)-], 7.12 (d, 4 H, phenyl 
protons), and 7.80 [t, J  = 3 Hz, cis H of -HC=C(CO)-]; mass 
spectrum (70 eV) m/e 270 (M+), 241 (M+ -  CO -  H), 226 (M+ -  
C02), and 182 (M+ -  2C02).

2,3,4,5,-Tetrahydro-2-oxo-3-[(butylimino)methylene]furan
(12). To 200 ml of a benzene solution of 1 (0.04 mol), butyl isocy­
anate (3.96 g, 0.04 mol) in 50 ml of benzene was added at 0° with 
stirring. Then the reaction temperature was generally raised to 60° 
and held at that temperature for 1 hr. After similar work-up, dis­
tillation of the residue gave 6.10 g (91%) of 12: bp 110-115° (0.5 
mm); nmr (CC14) b 0.90-2.00 (m, 7 H, NCH2CH2CH2CH3), 3.00 (t, 
J  = 7.5 Hz, OCH2CH2-), 3.60 (t, J  = 6 Hz, NCH^), and 4.20 (t, J  
= 7.5 Hz, OCH2CH2-); mass spectrum (70 eV) m/e 167 (M+) and 
110 (M+ — Bu).

The satisfactory analytical data for 12 were not reported be­
cause of its instability.

a-(n-Butylcarbamoyl)-7 -butyrolactone (13). A solution of 12 
(3.0 g, 0.018 mol) in ethanol (50 ml) containing 0.5 N  hydrochloric 
acid (2 ml) was refluxed for 48 hr. After removal of solvent in 
vacuo, the residue was extracted with chloroform, followed by 
washing with water and drying over sodium sulfate. The chloro­
form layer gave 3.04 g (92%) of 13. Recrystallization of crude 13 
from benzene-hexane (1:1) afforded the pure sample: mp 49°; ir 
(Nujol) 3210 (NH), 1770 (lactone C =0), and 1630 cm- 1  (amide 
C = 0); nmr (CC14) b 0.70-1.55 (m, 7 H, NCH2CH2CH2CH3),
2.15-2.80 (m, 2 H, OCH2CH2-), 3.00-3.75 (m, 3 H, methine and 
NCH2-protons), 4.15-4.50 (split t, 2 H, OCH2CH2-) and 7.40 (t, J  
= 6 Hz, NH); mass spectrum (70 eV) m/e 185 (M+) and 141 (M+ — 
CO).

Anal. Caled for C9H15N0 3: C, 58.36; H, 8.16; N, 7.56. Found: C, 
58.05; H, 8.21; N, 7.59.

a-Anilino-y-crotonolactone (20). To 100  ml of a benzene solu­
tion of 1 (0.02 mol) was added nitrosobenzene (2.14 g, 0.02 mol) in 
benzene (20 ml) at 0° with stirring. Then the solution was stirred 
at ambient temperature for 2 hr. After similar work-up, 20 was ob­

tained (3.28 g, 94% yield). Recrystallization of crude 20 from ben­
zene-hexane gave the pure sample as white needles: mp 152-153°; 
ir (Nujol) 3300 (NH), 1745 (0 = 0 ), and 1654 cm- 1  (C=C); nmr 
(DMSO-d6) b 4.95 (d, J  = 2 Hz, 2 H, OCH2CH=), 6.70 (t, J  = 2. 
Hz, 1 H, olefinic proton), 6.75-7.30 (m, 5 H, phenyl protons), and 
8.20 (broad, 1 H, NH); mass spectrum (70 eV) m/e 175 (M+) and 
147 (M+ -  CO).

Anal. Calcd for Ci0H9NO2: C, 68.56; H, 5.18; N, 8.00. Found: C, 
68.21; H, 5.19; N, 8.02.

Reaction of 20 with Diphenylketene. A solution of 20 (0.84 g,
4.8 mmol) and diphenylketene (1.86 g, 9.6 mmol) in 20 ml of dry 
benzene was heated at 160° for 2.5 hr in a sealed tube. Then the 
reaction mixture was chromatographed on alumina to give 0.60 g 
(35%) of 2,3,3a,4,6,6a-hexahydro-2,6-dioxo-l,3,3-triphenyl- 
l/f-furo[3,4-6]pyrrole (21) and 0.30 g of unidentified brown, 
polymeric liquid. Recrystallization of crude 21 from benzene-hex­
ane gave the pure sample: mp 142-143.5°; ir (Nujol) 1780 (lactone 
C = 0) and 1745 cm- 1  (lactam C =0); nmr (CDC13) 6 2.00 (t-d, J  = 
6, 15 Hz, 1 H, methine proton), 2.75 (d-t, J  = 15, 10.5 Hz, 1 H, 
methine proton), 4.30 (d-d, J  = 10.5, 6 Hz, 2 H, methylene pro­
tons), and 7.30 (broad s, 15 H, phenyl protons); mass spectrum (70 
eV) m/e 369 (M+), 250 (M+ -  PhNCO), 248 (M+ -  Ph -  C02), 
and 194 (Ph2CCO+).

Anal. Calcd for C24Hi9N0 3: C, 78.03; H, 5.18; N, 3.79. Found: C, 
78.03; H, 5.23; N, 3.96.

a-Ylidene-y-butyrolactones6 3-7, 10, 11, 14, 16-18. These de­
rivatives were similarly obtained from 1 and p-nitrobenz-, cin- 
nam-, trichloroacet-, isobutyr-, propion- and p-phthalaldehydes, 
cyclohexanone, cyclohexyl isocyanate, and diphenyl-, phenylethyl, 
and phenylmethylketenes. Yields and some physical data of the 
products are shown in Table I.
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A structural proof for fagaronine has been attained by synthesis. The sequence employed represents a new ap­
proach to the synthesis of such alkaloids by use of the Kessar benzyne cyclization. Various phenolic protecting 
groups were explored, of which the isopropoxy group was found to be most compatible with the overall synthetic 
scheme.

Recently, an extremely active antileukemic alkaloid, fa­
garonine, was isolated1 from Fagara zanthoxyloides  (Ruta- 
ceae). The structure o f fagaronine was left somewhat in 
doubt, however, as spectral methods were insufficient to 
absolutely distinguish between la  and lb, although la  was 
suggested1 as the more likely structure.

la, Rj =  H; R  = CH3; X =  Cl~
b, R! = CH3; R  = H; X = Cl~
c, R3 =  H; R  = CH3; X =  CH30S03-

We wish to report a short synthesis o f fagaronine which 
chemically establishes its structure unambiguously, sup­
porting Farnsworth’s recent2 spectroscopic structural 
proof. The basis o f the method is the Kessar phenanthri- 
dine synthesis,3 which has been applied for the first time 
for the preparation o f benzophenanthridine alkaloids.

R esults and Discussion
Our synthesis is outlined in Scheme I. The key transfor­

mation in this synthetic approach is the cyclization of the 
anil 6 . Attempts to cyclize 6a failed completely, presum­
ably because o f the presence o f a free phenolic group. Pos­
sible reasons for such failures have been discussed by Kes­
sar. 3

Therefore, a series of protecting groups was examined. 
The choice o f a suitable group unexpectedly proved to be 
the most imposing problem o f the synthesis. With model 
compounds seven different phenolic protecting groups were 
investigated. Six were discarded for the reasons shown in 
Table I. Although some limited success was achieved with 
the benzyl group in model compounds, only the isopropoxy 
group4 possessed none o f the undesirable properties listed 
in Table I.

Nitration o f 2,3-dimethoxynaphthalene with fuming ni­
tric acid in acetic acid gave all three possible nitro isomers 
as reported5 by Chang, Moore, and Scheuer. However, we 
have circumvented the laborious chromatographic separa­
tion procedure5 by the use o f suitable crystallization sol­
vents, from which all three isomers can be obtained in pure 
form. The progress o f the successive fractional crystalliza­
tions was monitored by liquid chromatography.63

Cleavage o f 2  carried to 50% completion gave a 1 : 1  
mixture61" o f 3a and 3b, which were readily separated by 
crystallization. The compound 3a is known,7 being the ex­
clusive product of the photolysis o f 2 in CH3CN-O .8  N  
NaOH in H 2O. The photolysis procedure7 was found to be 
inconvenient for larger scale preparative work.

The nitrophenol 3a was smoothly isopropylated in DMF 
and isopropyl bromide in the presence of K 2CO3.8 Reduc­
tion o f the nitro groups in 4 was achieved by Pd/C  and hy-

Seheme I

3a, R  = H; R  = CH3
b, R  = CH3; R = H
c, Rj = R  = H

6a, R = H
b, R = ¿-Pr

lc

drazine in ethanol,9 giving the naphthylamine 5 in high 
yield. Condensation of 5 with o-bromoveratraldehyde pro­
ceeded rapidly to give the anil 6 b. Cyclization of the anil 
under the Kessar conditions3 (NaNH2 in liquid NH 3) gave 
the extremely insoluble benzophenanthridine 7.

Originally, we had planned to cleave the isopropoxy 
group to give 8 and then N-alkylate the phenolic free base. 
Indeed, the isopropoxy group was easily and selectively re­
moved in the presence of the methoxy functionalities4 in 
H Br-HOAc at 100°. Unfortunately, 8 alkylated poorly and 
inconsistently under the reaction conditions (40-65% con­
version was typical). Further, the free base 8 is difficult to 
separate from lc .

However, N-alkylation of 7 directly gave reasonable con­
version. Isolation o f the mixture and reexposure to the 
reaction conditions (dimethyl sulfate, xylene, nitrobenzene, 
180°) cleaved the isopropoxy group and a careful work-up
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Table I
Protecting Groups ArOR

R Reason for rejection

H b, d , f
CH2OCH3 b, e , f
S 0 2C6H5 gso2 C sH4N0 2 ~p c
c h 2c 6h 5 a, e , f
C 0 2Me c
c h 2c h 2c 6h 5 b , c

a Renders extreme lability to the intermediate naphthylamine. 
h Interferes with the anil formation reaction. c Unstable to liquid 
NH3-NaNH2. d Prevents cyclization (see text). 'Renders the 
product free base soluble (insolubility is important for the isola­
tion step), f Interferes with N-alkylation. g Could not be removed 
after completion of the N- alkylation step.

(see Experimental Section) gave a fair conversion to lc. 
Exchange of the methosulfate conterion for chloride in 
aqueous NaCl10 yielded a sample of la  identical in all re­
spects with authentic fagaronine. Work in progress indi­
cates that this synthetic method is adaptable to the synthe­
sis o f many benzophenanthridine alkaloids in sufficient 
amounts for possible preclinical or clinical testing.

Experimental Section
5-Nitro-2,3-dimethoxynaphthalene (2). The procedure of 

Bell and Buck11 was followed for the nitration. A solution of 150 g 
of 2 ,3 -dimethoxynaphthalene in 1800 ml of acetic acid was treated 
with a mixture of 150 ml of fuming nitric acid in 150 ml of acetic 
acid. After stirring for 50 min, the mixture was poured into 3 1. of 
cold water and extracted twice with a total of 1100 ml of CHCI3. 
The organic layer was extracted with 2 1. of 12.5% KOH. A green 
solid formed and the emulsion was filtered. The organic extract 
was combined with an additional washing of 100 ml of CHCI3 and 
dried. Removal of the solvent gave 157.5 g of a mixture of the 1-,
5-, and 6-nitro isomers. The crude residue was dissolved in 2400 ml 
of 95% ethanol and allowed to stand overnight. Filtration gave 65 g 
of the 5 and 6 isomers uncontaminated by the 1 isomer. Further 
crystallization of this mixture from ethyl acetate or acetic acid 
gave pure 2, mp 158-159° (lit.5 mp 157-158°).

2-Hydroxy-3-methoxy-5-nitronaphthalene (3a). Method A. 
Photolysis according to Havinga7 of a solution of 700 mg of 2 in 5 1. 
of a mixture of 65% CH3CN and 35% 0.8 N  NaOH through a Pyrex 
filter with a 450-W Hanovia lamp gave, after 1 hr, a deep red solu­
tion. The CH3CN was removed by rotary evaporation and the 
basic solution was extracted several times with CHCI3. The aque­
ous layer was acidified and again extracted with CHCI3. The latter 
extract was dried, the solvent was removed, and the residue was 
crystallized from ethanol-water to yield 550 mg (90%) of 3a: mp
126-127° (no literature melting point given); nmr (CDCI3) 5 4.12 
(s, OCH3), 6.15 (s, OH), 7.33 (s, H4), 7.35 (t, J  = 8 Hz, H6), 7.92 (d 
ofd, J =  1.5, 8 Hz, H6),8.05 (s, Hi), 8.17 (d o f d , J =  1.5, 8 Hz, H7); 
uv (EtOH) Xmax 357 nm (log e 3.65), 222 (4.85); ir (CHC13) 3542 
(OH), 1515 and 1345 cm- 1  (NO2).

Anal. Calcd for CnHgN04: C, 60.27; H, 4.13; N, 6.39. Found: C, 
60.43; H, 4.07; N, 6.33.

Method B. A solution of 20 g of 2 in 500 ml of HOAc and 100 ml 
of 48% HBr was heated at 100° for 3 hr, which brought the reac­
tion to approximately 50% completion. The solution was poured 
into 2.0 1. of H20  and extracted several times with CHCI3. The or­
ganic extract was washed several times with water to remove small 
amounts of 3c formed as a by-product of the reaction. Shaking 
with 10% NaOH formed a deep red aqueous layer which was 
washed several times with CHC13. The combined organic layers 
yielded the neutral fraction of 2, mp 155-157°. Acidification of the 
aqueous layer and extraction with CHCI3, drying, and solvent re­
moval gave the phenolic products as an approximate 1 : 1  mixture of 
3a and 3b. Fractional crystallization alternately from benzene and 
CH3CN gave pure samples of the two isomers: 3a, 1.5 g, mp
124.5-126° (CH3CN); 3b, 3.7 g, mp 159-160° (benzene), nmr 
(CDCI3) 6 4.10 (s, -OCH3), 6.22 (s, OH), 7.25 (s, H4), 7.38 (t, J  = 8 
Hz, He), 8.0 (d of d, J  = 2, 8 Hz), H6), 8.18 (s, Hx), 8.20 (d of d, J  = 
2, 8 Hz, H7).

Anal. Calcd for CnH9N04: C, 60.27; H, 4.13; N, 6.39. Found: C, 
60.32; H, 4.29; N, 6.40.

2-Isopropoxy-3-methoxy-5-nitronaphthalene (4). To 5 g of
3a in 10 ml of DMF was added 10 g of anhydrous K2CO3.8 Isopro­
pyl bromide (10  ml) was added and the mixture was heated at 
100°. After 2.5 hr the red color faded and was replaced by a yellow 
precipitate. The mass was poured into water and extracted with 
CHCI3. The organic layer was extracted several times with water to 
remove the DMF, then dried and evaporated. Recrystallization of 
the residue from ethanol yielded 5.5 g (92%) of 4: mp 109-110°; 
nmr (CDCI3) b 1.48 [d, J  = 6 Hz, -CH(CH3)2], 4.05 (s, -OCH3), 
4.78 [septet, J  = 6 Hz, -CH(CH3)2], 7.23 (s, Hi), 7.43 (t, J  = 8 Hz, 
H6), 7.95 (d of d, J  = 2, 8 Hz, Hs), 8.08 (s, H4), 8.18 (d of d, J  = 2, 
Hz, H7); uv (EtOH) Xmax 357 nm(log £ 3.75), 260 (sh) (4.04), 223 
(4.79); ir (CHC13) 1510 and 1339 cm" 1 (N02).

Anal. Calcd for C14H15N04: C, 64.36; H, 5.78; N, 5.36. Found: 
C, 64.68; H, 5.58; N, 5.31.

2-Isopropoxy-3-methoxy-5-aminonaphthalene (5). The gen­
eral procedure9 of Dewar and Mole was used. Ethanol (100 ml), hy­
drazine (5 ml), 4 (5.0 g), and 10% Pd/C (0.5 g) were heated on a 
steam bath for 1 hr. Filtration through a filter cell removed the 
Pd/C and evaporation of the ethanol and hydrazine with the aid of 
benzene gave 4.4 g (99%) of a viscous oil which, after standing 
overnight, contained a few tiny crystals. Addition of ether induced 
complete crystallization. Sublimination gave an analytical sample: 
mp 88-89°; nmr (CDC13) b 1.37 [d, J = 6 Hz, -CH(CH3)2], 3.81 (s, 
-OCH3), 3.91 (broad s, -NH2), 4.63 [septet, J  = 6 Hz, -CH(CH3)2],
6.55 (d of d, J  = 4, 5 Hz, 1 H), 6.95-7.18 (m, 4 H); uv (EtOH) Xmax 
308 nm (log e 3.48), 254 (4.57), 241 (4.36), 222 (4.52); ir (CHCI3) 
3470 and 3395 cm- 1  (NH2).

Anal. Calcd for C14H17N02: C, 72.72; H, 7.36; N, 6.06. Found: C, 
72.45; H, 7.51; N, 5.89.

2-Bromo-4,5-dimethoxybenzal-2'-isopropoxy-3'-methoxy- 
5-naphthyIamine (6b). A 100-ml benzene solution of 5 (4.0 g) and 
o-bromoveratraldehyde (4.24 g) was refluxed with a Dean-Stark 
trap until water evolution ceased. Removal of the benzene gave a 
yellow solid. Trituration with ether and filtration yielded 7.45 g 
(91%) of 5, mp 150-152°. An analytical sample crystallized from 
ethyl acetate had mp 153-154°; nmr (CDC13) b 1.46 [d, «7 = 6 Hz, 
-CH(CH3)2], 3.96 (s, OCH3), 4.06 (s, 2 -OCH3), 4.76 [septet, J  = 6 
Hz, -CH(CH3)2], 6.90-7.60 (m, 5 H), 7.70 (s, 1 H), 8.0 (s, 1 H), 9.25 
(s, -C H =N -); uv (EtOH) Xmnx 358 nm (log e 3.86), 332 (3.91), 280 
(4.20), 246 (sh) (4.73), 217 (4.79); ir (CHC13) 1621 cm" 1 (C=N).

Anal. Calcd for C23H24BrN04: C, 60.26; H, 5.27; N, 3.05. Found: 
C, 60.09; H, 5.17; N, 2.75.

2-Isopropoxy-3,8,9-trimethoxybenzo[c]phenanthridine (7).
Cyclization of 6 was by the method of Kessar.3 To a suspension of 
sodium amide (from 2.10 g of Na) in liquid ammonia was added 7.0 
g of 6b as a finely pulverized powder. After 0.5 hr, ammonium 
chloride was added until the red-brown color of the ammonia 
changed to yellow. Work-up of the residue after evaporation of the 
NH3 with CHC13 and water gave, after drying and evaporation of 
the organic layer, a dark yellowish-brown oil. Addition of 200 ml of 
ethanol and boiling on a steam bath caused precipitation of a yel­
low solid. Filtration yielded 1.38 g (24%) of 7, mp 264-266°. An an­
alytical sample crystallized from CH3N02 had mp 270-272°; nmr 
(CD3C02D) b 1.49 [d, J  = 6 Hz, CH(CH3)2], 4.09 (s, OCH3), 4.13 (s, 
OCH3), 4.24 (s, OCH3), 4.90 [septet, J  = 6 Hz, -CH(CH3)2], 7.41 
(s, 1 H), 7.67 (s, 1 H), 7.87 (s, 1 H), 7.98 (d, J  = 9 Hz, 1 H), 8.22 (s, 
1 H), 8.29 (d, J  = 9 Hz, 1 H), 9.47 (s, 1 H); uv (EtOH) Xmax 328 nm 
(log c 4.04), 310 (sh) (4.36), 285 (4.80), 275 (4.80); ir (CHC13) 1623 
cm- 1 (-C =N -).

Anal. Calcd for C23H23N04: C, 73.19; H, 6.14; N, 3.71. Found: C, 
73.05; H, 6.24; N, 3.74.

2-Hydroxy-3,8,9-trimethoxybenzo[c]phenanthridine (8). To
a solution of 7 (200 mg) in 15 ml of HOAc was added 1 ml of 48% 
HBr. After heating for 3 hr, tic indicated the absence of 7. The 
mixture was poured into water, neutralized to pH 8 , and extracted 
with CHC13. Evaporation of the dried solvent gave 160 mg (90%) of 
a tan solid. Crystallization from EtOAc gave a sample: mp 274- 
276°; nmr2 (DMSO-d6) S 4.05 (s, OCH3), 4.12 (s, OCH3), 4.17 (s, 
OCH3), 7.38 (s, Hi), 7.70 (s, H7 or Hw), 7.86 (d, J  = 9 Hz, H i2),
8.15 (s, H7 or H10), 8.55 (d, J  = 9 Hz, H „), 8.68 (s, H4), 9.35 (s, 
He); uv (EtOH) Xmax 228 nm (log £ 4.21), 27 (5.02), 283 (5.03), 315 
(4.45); ir (CHC13) 3510 (OH), 1624 cm“ 1 (C=N).

Fagaronine Methosulfate (lc). A 400-mg sample of 7 was 
heated at 180° in 8 ml of nitrobenzene and 4 ml of xylene. Dimeth­
yl sulfate (1  ml) was added down the condenser. The mixture dark­
ened immediately and heating was continued for 7 min. After cool­
ing, ether was added and the precipitate (380 mg) was collected by
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filtration. An nmr spectrum in DMSO-d6 indicated approximately 
70% alkylation and that the isopropoxy group was still present. 
The entire sample was reexposed to the above reaction conditions. 
After heating for 10 min, the mixture was allowed to cool. The pre­
cipitate of about 200 mg was collected by filtration and shown by 
nmr to be a 1:1 mixture of 8 and lc. The filtrate was added to 25 
ml of ether and the brownish precipitate was collected (150 mg). 
Tic analysis indicated the absence of any of the free base 8. Re­
crystallization of this material from methanol gave 95 mg of pure lc: mp >350° dec, softens at 220°; nmr12 (DMSO-dg) 8 3.77 (s, 
-OSO3CH3), 4.08 (s, OCH3), 4.15 (s, OCH3), 4.26 (s, OCH3), 5.03 (s, 
NCH3), 7.63 (s, Hd, 7.97 (s, H7), 8.23 (s, H4), 8.25 (d, J  = 9 Hz, 
H12), 8.35 (s, H jo), 8.85 (d, J  = 9 Hz, Hu), 9.99 (s, H6).

Anal. Calcd for C22H23NO8S • H20: C, 55.11; H, 5.22; N, 2.92. 
Found: C, 54.97; H, 5.04; N, 2.97.Fagaronine Chloride (la). The exchange of counterions was 
by the method of Zee Cheng and Cheng.10 In an 8% aqueous NaCl 
solution (12 ml) was suspended 50 mg of lc. After stirring for 0.5 
hr at room temperature, filtration gave 36 mg (88%) of la, mp
198-200°, with resolidification and remelting at 260-261° (lit.1 
202°, 255°). The nmr, ir, uv, and base-shifted uv were identical 
with those of an authentic sample.2
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A new stress metabolite of the sweet potato has been isolated and identified as l-(3-furoyl)-4,8-dimethyl-7- 
hydroxy-l,6-nonanedione (7-hydroxymyoporone). The structure assignment was based on spectral data and 
transformation to 3-methyl-5-(3-furoyl)pentanoic acid. The degradation product was synthesized by a reaction 
sequence involving the acylation of methyl 3-methyl-5-oxocyclopentanecarboxylate with 3-furoyl chloride and 
cleavage of the resulting diketo ester with aqueous base. The toxicity of 7-hydroxymyoporone is similar to that of 
the well-known sweet potato phytoalexin, ipomeamarone.

Sweet potatoes, when infected by fungus or when 
subjected to certain other stress conditions, elaborate nu­
merous furanoid metabolites, all of apparent terpenoid ori­
gin.1 Ipomeamarone was the first of these to be isolated

0

II
2CCH2CH(CH3)2 

ipomeamarone

and identified.2 The compound is hepatotoxic and is usual­
ly the most abundant of the furan metabolites. We have 
been particularly interested in a group of 1,4-dioxygenated
l-(3-furyl)pentanes, also isolated from mold-damaged 
sweet potatoes.3 These compounds, especially l-(3-furyl)-
4-hydroxy-l-pentanone (4-ipomeanol), show a marked spe­
cific pulmonary toxicity in laboratory animals.

O OH
Il I
CCH2CH2CHCH3

4-ipomeanol

As part of our continuing investigation of the phytoalex­
ins of the sweet potato, we have isolated a new furanoses­
quiterpene which has been identified as l-(3-furyl)-7-hy- 
droxy-4,8-dimethyl-l,6-nonanedione (7-hydroxymyopo­
rone, l).4 The compound was obtained from sweet potato 
slices that had been incubated with cultures of Ceratocys- 
tis fimbriata.5 The isolation involved extraction into ethyl 
acetate and chromatography on silica gel followed by pre­
parative glpc of the partially purified material, after treat­
ment with a trimethylsilylating reagent. The trimethylsilyl 
ether was cleaved with tetra-n-butylammonium fluoride6 
to give the pure metabolite in a yield of 20 mg/kg of sweet 
potatoes (wet weight).
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The empirical formula, C15H2204, of 1 was established 
from the elemental analysis and from the parent ion at m/e 
266 in the mass spectrum. The l-(3-furyl)-l-alkanone moi­
ety was indicated by the characteristic pmr signals (<5 6.72, 
7.41, and 8.00) for the furyl protons7 and by the conjugated 
carbonyl stretching frequency (1670 cm-1 ) and the furyl 
absorptions (3130, 1560, 1500, and 870 cm-1) in the in­
frared spectrum and further substantiated by the ion at 
m/e 95 (3-furyl-C =0+) in the mass spectrum. The pres­
ence of a nonconjugated ketone and a hydroxyl group was 
also inferred from the infrared spectrum.

Compound 1 gave a positive test with Tollen’s reagent 
which suggested the presence of an acyloin structure, since 
the spectra provided no evidence for the presence of any 
other easily oxidized group. Pmr spectra limited the possi­
ble locations for the acyloin group. In the spectrum of the 
trimethylsilyl ether of 1, the methinyl proton appeared as a 
doublet at 5 3.55; after cleavage of the silyl ether this signal 
was transformed into a less clearly defined multiplet at 5
4.01. The partial structure

O OH

— C— CHCH—

is indicated for 1. If a normal sesquiterpene skeleton, such 
as that in ipomeamarone, can be assumed, then the keto 
and hydroxyl groups of the acyloin must respectively be at 
positions 2 and 3, 6 and 5, or 6 and 7. The first of these 
possibilities can be immediately eliminated by the presence 
of an intense ion at m/e 110 (3-furyl-C(OH)=CH2-+) in 
the mass spectrum. The third possibility, but not the sec­
ond, was in accord with the mass spectrum. Interpretation 
was complicated by an apparent isomerization of 1 into 
acyloin 2 in the mass spectrometer. Such a rearrangement 
of ff-ketols in the mass spectrometer has previously been 
observed.8 Assignments for major fragment ions from 1 and 
2 are shown below.

Ions at m/e 194, 166, and 147 are thought to result from a 
cleavage between carbons 6 and 7 concurrent with a hydro­
gen shift and followed by further fragmentation.

Further evidence for the proposed structure 1 was ob­
tained by cleavage of the acyloin with sodium periodate. 
Carboxylic acid 3 obtained from the oxidation gave a par­
ent ion at m/e 210 in the mass spectrum, suggesting the 
empirical formula C11H14O4, as would be expected with ox­
idative cleavage between positions 6 and 7. The presence in 
3 of the l-(3-furyl)-l-alkanone moiety and the carboxylic 
acid group was substantiated by pmr and infrared spectra.

O CH3 O
II I II
CCH2CH2CHCH2COH

3
Unequivocal proof of the structure of 3 was obtained by 

independent synthesis. A Dieckmann cyclization of the di­
methyl ester of 3-methyladipic acid gave a 2.5:1 mixture of 
keto esters 4 and 5. Useful quantities of pure 4 could not be

6

obtained by distillation or chromatography, but acylation 
of the mixture with 3-furoyl chloride gave 6 which is the ac­
ylation product of 4. A small quantity of isomer 7 may have 
been formed, but it was not detected. The difference in rate 
of acylation of 4 and 5 is ascribed to steric hindrance 
caused by the C-methyl group in 5. The fact that the mix­
ture of unreacted 4 and 5 recovered from the reaction was 
significantly enriched in 5 is consistent with this difference 
in reactivity. In a similar reaction sequence beginning with 
a Dieckmann condensation of the diethyl ester of 3-methy- 
ladipate followed by alkylation with ethyl bromoacetate, 
Sorm reported finding only products resulting from alkyla­
tion of the ethyl ester homolog of 4.9

The pmr spectrum of 6 suggested that it was a mixture of 
diastereoisomers, but supported its gross structure. The 
mass spectrum provided further support; a strong ion at 
m/e 69 is assigned as CH3C H = C H C = 0 +, derived from a 
fragmentation of the cyclopentanone ring.10 Loss of this 
fragment is consistent with structure 6 but not 7.

Reaction of 6 with aqueous base at room temperature 
gave a 20% yield of racemic 3 as a crystalline product. The 
material could not be compared by mixture melting point194
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with the optically active material obtained by oxidation of 
1, but their identity was otherwise established by spectro­
scopic (ir, pmr, mass spectral) comparison.

In preliminary studies 7-hydroxymyoporone was found 
to be hepatotoxic to mice upon intraperitoneal administra­
tion of 200-250 mg/kg doses.

Experimental Section
The infrared spectra were obtained using a Perkin-Elmer Model 

621 spectrophotometer. Pmr spectra were obtained using a JEOL 
JMN-MH-100 spectrophotometer with tetramethylsilane (TMS) 
as internal standard. Cmr spectra were obtained using a Varian 
XL-100 equipped with a Transform Technology, Inc., TT-100 
Fourier transform accessory; TMS was used as the internal stan­
dard. Mass spectra were obtained using an LKB gas chromato­
graph-mass spectrometer, Type 9000. Ultraviolet spectra were ob­
tained using a Cary Model 14 recording spectrophotometer. Gas- 
liquid phase chromatography (glpc) was carried out using a Aero­
graph Model A-700 gas chromatograph. Optical rotatory disper­
sion was measured using a Cary Model 60 spectropolarimeter. Mi­
croanalyses were performed by Galbraith Laboratories, Knoxville, 
Tenn. Melting points were taken on a Thomas-Hoover capillary 
melting point apparatus and are corrected.

Bioproduction of 7-Hydroxymyoporone (1). Sweet potatoes 
( 1 1  kg), washed with sodium hypochlorite solution, cut into 1 -cm 
thick slices, and coated with a 15% mannitol solution, were inocu­
lated with Ceratocystis fimbriata grown in a potato starch- 
sucrose medium. Six days after inoculation, the slices were frozen 
with Dry Ice and ground in a grain mill. The ground material was 
extracted with ethyl acetate and the ethyl acetate solution was 
dried and concentrated to yield 23.8 g of brown oil. The oil was 
placed on a 5-cm diameter column containing 125 g of silica gel 
(Matheson Coleman and Bell, Grade 62, 60-200 mesh) and eluted 
first with hexane, then with ether-hexane (1:19). The ether- 
hexane eluent contained 2.0 g of a yellow oil which, according to 
glpc, contained three major components in approximately 1:3:10 
ratio. Silylation of 700 mg of the mixture with Tri-Sil/BSA (Pierce 
Chemical Co.) and preparative glpc using a 2.5 m X 1 cm glass col­
umn containing 10% UC-W98 on 80/100 Chromosorb Q operated 
at 205° and 125 ml/min helium flow produced 140 mg of the tri- 
methylsilyl derivative of the major component: pmr (CCI4) 5 0.10 
(s, 9 H), 0.92 (m, 9 H), 1.58 (m, 2 H), 1.95 (m, 2 H), 2.37 (m, 2 H),
2.62 (t, J  = 7 Hz, 2 H), 3.55 (d, J  = 7 Hz, 1 H), 6.59 (m, 1 H), 7.27 
(m, 1 H), and 7.82 (m, 1 H); m/e 338 (M+).

The purified silyl ether (107 mg) was dissolved in tetrahydrofur- 
an (THF) and treated with 1 ml of 1 N  tetra-n-butylammonium 
fluoride in THF at 0° for 10 min. The THF was removed by evapo­
ration in a stream of nitrogen and the residue was placed on a 
small column of deactivated silica gel and eluted with ether- 
hexane (1:1). Evaporation of the solvent gave 75 mg of 1 as a color­
less oil: [a]26D +12.3° (c 0.64, CH3OH); ir (CHCI3) 3480, 3130, 
2955, 2865, 1705, 1670, 1560, 1500, 1460, 1150, and 870 cmr1! pmr 
(CDCI3) 5 0.72 (d, J  = 7 Hz, 3 H, CH3), 0.96 (d, J = 7 Hz, 3 H, 
CH3), 1 . 1 2  (d, J  = 7 Hz, 3 H, CH3), 1.50-1.85 (m, 2 H, 4- and 8- 
CH), 1.95-2.30 (m, 2 H, 3-CH2), 2.41 (m, 2 H, 5-CH2), 2.78 (t, J  = 7 
Hz, 2 H, 2-CH2), 3.37 (broad singlet, 1 H, OH), 4.01 (m, 1 H, 7- 
CH),11 6.72 (m, 1  H, 4-furyl), 7.41 (m, 1 H, 5-furyl), and 8.00 (m, 1 
H, 2-furyl); uv (CH3OH) 213 nm U 6600) and 253 (3000); major 
mass spectral peaks at m/e (rel intensity) 266 (2), 233 (2), 195 (60), 
194 (71), 193 (27), 166 (83), 147 (85), 137 (38), 123 (77), 110 (69), 95 
(100), 73 (38), 71 (19), and 55 (58); cmr (CCI4) 15.1 (methyl at C-4),
19.8 (methyls at C-8), 28.6 (C-8), 30.8 (C-3 or C-4), 30.9 (C-4 or C-
3), 37.8 (C-2), 45.1 (C-5), 81.0 (C-7), 108.8 (4-furyl), 127.7 (3-furyl),
143.9 (5-furyl), 147.0 (2-furyl), 193.4 (C-l), and 211.3 ppm (C-6).

Anal. Calcd for Ci5H220 4: C, 67.64; H, 8.33. Found: C, 67.88; H,
8.42.

Periodate Oxidation of 1. Sodium periodate (75 mg, 0.35 
mmol) dissolved in 4 ml of 1 N  sulfuric acid was added to 90 mg 
(0.33 mmol) of 1 in 5 ml of methanol. After heating at 40° for 15 
min, the solution was cooled and extracted with ether. Extraction 
of the ether with sodium bicarbonate, followed by acidification and 
ether extraction of the aqueous phase, then drying and concentrat­
ing the ether solution gave 3-methyl-5-(3-furoyl)pentanoic acid
(3). Recrystallization from hexane gave colorless needles: mp 47- 
48°; ir (CC14) 3360-2790, 3145, 2965, 1710, 1680, 1560, 1510, 1455, 
1410, 1390, 1380, 1295, 1160, and 875 cm"1; pmr (CDCI3) b 1.01 (d, 
J  = 7 Hz, 3 H, CH3), 1.54-2.20 (m, 3 H), 2.31 (three-line multiplet 
with 6 Hz separation between lines, 2 H, 2-CH2), 2.78 (t, J  = 7 Hz,

2 H, 5-CH2), 6.76 (m, 1  H, 4-furyl), 7.40 (m, 1 H, 5-furyl), 8.02 (m, 
1 H, 2-furyl), and 9.60 (broad singlet, 1 H, C02H); major mass 
spectral peaks at m/e (rel intensity) 210 (2), 164 (2), 151 (1), 150
(1 ), 123 (3), 111 (1), 110 (28), 96 (6), 95 (100), and 67 (9). The opti­
cal rotatory dispersion was obtained in the 275-400-nm region: 
[a]325 -70° (c 0.039, CH3OH).

Synthesis of 3. Dimethyl 3-methyladipate (5 g, 27 mmol), sodi­
um hydride (50% oil dispersion, .5 g, 104 mmol), benzene (75 ml), 
and 5 drops of methanol were heated at reflux for 1 hr. After this 
time the mixture was cooled and poured into 100 g of ice and 15 ml 
of acetic acid. The layers were separated and the aqueous layer was 
extracted with ether. The combined organic layers were washed 
with water, saturated sodium bicarbonate, and saturated sodium 
chloride, then dried and concentrated. The residue was distilled to 
give 2.9 g (70% yield) of a colorless liquid: bp 110-111° (14 Torr) 
[lit.12 bp 110° (16 Torr)]; pmr (CC14) b 1.1-1.3 (m, apparently a 
pair of doublets superimposed on a doublet, 3 H), 1.6-2.8 (m, 5 H),
3.0-3.4 (m, 1 H), and 3.70-3.85 (m, 3 H). On the basis of integra­
tion of the signals at b 1.1-1.3 the material was estimated to be a 
2.5:1 mixture of methyl 3-methyl-5-oxocyclopentanecarboxylate
(4) and methyl 2-methyl-5-oxocyclopentanecarboxylate (5).

The mixture of keto esters 4 and 5 (2.5 g, 16 mmol) was added 
slowly to 0.5 g (21 mmol) of sodium hydride suspended in benzene 
and then stirred at room temperature for 30 min. After this time
3-furoyl chloride, prepared from 2.0 g (18 mmol) of 3-furoic acid 
and 5 ml of oxalvl chloride, was added and the reaction mixture 
was refluxed for 1  hr. The mixture was allowed to cool and then fil­
tered. Chromatography (silica gel, ether-hexane, 1:49) of the resi­
due obtained from concentration of the filtrate produced 1.0  g of 
unreacted 4 and 5 and 1.4 g of 2-(3-furoyl)-2-carbomethoxy-4- 
methylcyclopentanone (6): ir (neat) 3150, 2960, 1765, 1730, 1670, 
1560, 1510, 1455, 1435, 1305, 1285, 1265, 1240, 1160, 1145, 1035, 
875, 865, and 735 cm“ 1; pmr (CDC13) b 0.96 (d, J  = 6 Hz, 3 H, 4- 
CH3), 1.85-3.10 (m, H), 3.71 (s, 3 H, OCH3), 6.71 (m, 1 H, 4-
furyl), 7.39 (m, 1 H, 5-furyl), and 8.08 (m, 1 H, 2-furyl); major mass 
spectral peaks at m/e (rel intensity) 250 (5), 181 (20), 149 (17), 95 
(100), 69 (9), and 39 (18).

Anal. Calcd for Ci3Hj40 5 : C, 62.39; H, 5.63. Found: C, 62.30; H,
5.43.

Diketo ester 6 (1.1 g, 4.4 mmol) was suspended in 10 ml of water 
containing 0.6 g (10 mmol) of sodium hydroxide and stirred at 40°. 
After 3 hr the mixture was extracted with ether, then acidified and 
again extracted with ether. The second ether extract was dried and 
concentrated to give 0.92 g of acidic material. Two recrystalliza­
tions from hexane produced 0.19 g (20% yield) of 3 as white nee­
dles: mp 58-59°; ir (CHC13) 3370-2850, 3150, 2965, 2935, 1710, 
1680, 1560, 1510, 1460, 1410, 1390,1380, 1295, 1160, and 875 cm“ 1; 
pmr (CDCI3) b 1.02 (d, J = 7 Hz, 3 H, CH3), 1.40-2.20 (m, 3 H), 
2.31 (three-line multiplet with 6 Hz separation between lines, 2 H,
2-CH2), 2.82 (t, J  = 7 Hz, 2 H, 5-CH2), 6.75 (m, 1  H, 4-furyl), 7.41 
(m, 1 H, 5-furyl), 8.03 (m, 1 H, 2-furyl), and 10.9 (broad singlet, 1 
H, C02H); major mass spectral peaks at m/e (rel intensity) 210 (3), 
164 (2), 151 (1), 150 (2), 123 (4), 111 (4), 110 (53), 96 (6), 95 (100), 
and 67 (5).

Anal. Calcd for C11H14O4: C, 62.85; H, 6.71. Found: C, 63.02; H,
6.58.

About 20 mg of 3-furoic acid (mp 118-121°) was obtained from 
the hexane-insoluble material by recrystallization from benzene.
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Catechinic acid, a base rearrangement product of the flavanol catechin, has been shown by both chemical and 
X-ray evidence to be the enol of 6-(3,4-dihydroxyphenyl)-7-hydroxy-2,4,9-bicyclo[3.3.1]nonatrione (5). The 
structure of this product is relevant to the transformation which occurs to polyflavanoids in wood and bark when 
similarly treated with base to give “bark phenolic acids.”

Polyphenolic polymers derived from substituted flavan-
3-ols or flavan-3,4-diols occur in all species of coniferous 
bark investigated thus far and in the heartwood and bark 
of a significant number of deciduous trees.1 Part of this 
polymeric material cannot be extracted from wood or bark 
by inert solvents such as ethanol or hot water but can only 
be isolated by extraction with hot, dilute aqueous base or 
alkaline bisulfite solution.2 Since the base-isolated prod­
uct3 shows the analytical properties of a carboxylic acid 
with a mass of ~800 Daltons/-COOH,4 the question arose 
as to whether carboxyl groups are present in the polymer in 
situ4-5 or generated through alkaline rearrangement and/or 
oxidation of a flavanol unit during the extraction proce­
dure.6 Catechin (2) is an excellent model for the principal 
structural unit 1 in conifer bark polyphenolic polymers.7

OH

Treatment of 2 with base could be expected to provide in­
sight into any corresponding reactions taking place in the 
polymer.

Treatment of (-F)-catechin (2) with refluxing 0.5% NaOH 
for 45 min gave a >90% yield of an optically active amor­
phous acidic material which we have named catechinic acid 
(CA). Combustion analyses suggested the formula 
C15H16O7, i.e., a hydrated catechin, but analyses of deriva­
tives favored C15H14O6, with a mole of water of hydration. 
Similarly, crystalline material obtained from acetone con­

tained acetone of crystallization. Titration showed behav­
ior consistent with a monocarboxylic acid (pKa ~  4.3).

Methylation of CA with Me2S04 in acetone yielded two 
neutral derivatives, C18H20O6. Both displayed nmr signals 
indicating three methoxyl groups, and the names trimeth- 
ylcatechinic acid (TMC) and trimethylisocatechinic acid 
(TMIC) were assigned.

The nmr spectrum of TMC showed three aromatic pro­
ton signals as a multiplet r 3.1-3.4. In a 220-MHz spectrum 
these appeared as two doublets (J ~  10 Hz) and a singlet. 
This observation, together with the appearance of two of 
the methoxyl signals at a normal aromatic ether value of r 
6.14, indicated that the 3,4-dihydroxyphenyl ring of cate­
chin had survived intact. The remainder of the spectrum, 
however, was inconsistent with the presence of a phloroglu- 
cinol system or indeed with any additional aromatic pro­
tons. The analysis of KOH fusion products from CA 
showed the absence of phloroglucinol and the presence of 
pyrocatechol and protocatechuic acid. Thus, an extensive 
modification of the parent structure was indicated.

Of the six oxygen atoms, two can be assigned as above to 
phenolic groups. One was found to be a reactive carbonyl 
(discussed below) with an ir absorption at 1740 cm-1 in 
TMC, and a fourth is a secondary hydroxyl as shown by an 
-OH stretch in the ir (3580 cm-1) and by an «-proton sig­
nal at t 5.55 which shifts to 4.28 on acetylation. The re­
maining oxygens were presumably associated with the acid 
function and in TMC led to a methoxyl signal at r 6.41 and 
a carbonyl band at 1650 cm-1.

Although it has been generally assumed that the acidity 
of bark phenolic acids reflects the presence of carboxyl 
groups, the carbonyl absorption at 1650 cm-1 is inconsist­
ent with a simple methyl ester. The value agrees, however, 
with those reported for enol ethers derived from f) dike­
tones. Comparison with literature values for model systems 
showed excellent agreement in the ir8 (1650 and 1600 
cm-1), uv9 [CA enolate anion at 285 nm (e 19,300), methyl 
ether at 232 (12,300) and 260 (14,000)], and nmr10 (a H of
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methyl ether r 4.25,1 H singlet). This view allowed the for­
mulation of a partial structure of CA as 3 and additionally 
accounted for the formation of two very similar trimethyla- 
tion products in terms of methylation at either end of an 
unsymmetrical anion.

The reactivity of the isolated carbonyl function was 
shown by the failure of diazomethane methylation of CA to 
give either of the trimethyl ethers described above. Instead, 
a permethylated product, C19H22O6, was obtained which 
contained an epoxide ring resulting from methylene addi­
tion to the carbonyl. The same product was prepared upon 
diazomethane treatment of trimethylcatechinic acid. Simi­
larly, mild hydrogenation of catechinic acid over palladium 
yielded a diol which could be trimethylated and then dia- 
cetylated.

The relationships among the six unassigned protons were 
deduced by examination of the nmr spectra of these deriva­
tives. The single proton (H d ) a to the hydroxyl group ap­
peared routinely as a six-line signal derived from a triplet 
(J  = 11-12 Hz) and a doublet (J = 5 Hz). The spin con­
stants correspond to the presence of one adjacent equatori­
al (He) and two axial (H b , H e) protons. Three 1 H signals 
at higher field also showed large coupling constants: He t
6.90 (dd, J = 11, 4 Hz), Hc at 7.36 (ddd, J  = 12, 5, 4 Hz), 
and Hb at 8.02 (td, J  = 12, 4 Hz). The shifts and coupling 
constants are consistent with assignment of He and He as 
the axial protons adjacent to Hd, while He is the equatorial 
one, also geminally coupled to Hb. The downfield position 
of He required it to be benzylic and thus located the dim- 
ethoxyphenyl substituent.

The additional couplings of HB, He, and He indicated 
the presence of other proton(s) coupled with J ~  4 Hz. 
These could be equated with an ill-resolved two proton sig­
nal at r ■—-6.6, and, since this shifts upfield to ~7.2 following 
addition to the reactive carbonyl, it was ascribed to equato­
rial a,a' substituents (H a , H f ) on the ketone. Thus the re­
mainder of the structure could be formulated as 4.

Consideration of the partial structures 3 and 4 leads to a 
final structure 5 (or its enol tautomer) for CA. This formu- 5

OH

0

5
lation accounts for all of the spectral properties of the ma­
terial and is reasonably derived from 2 by any of a number 
of base-catalyzed routes, of which that shown is only one 
possibility. The fact that the relative stereochemistry of CA 
corresponds to that of catechin might appear to favor a 
concerted anionic rearrangement, but, since the product is 
in the most stable conformation, no firm judgement? can be 
made. Further studies on this point are being undertaken.

Methylation of the enolizable /3 diketone system may po­
tentially occur on either oxygen, as is shown by the concur-

rent formation of two trimethyl derivatives. An assignment 
of the structures may be made by noting that the nmr 
shifts of the enol ether protons are strikingly different in 
the two compounds. Examination of models suggests that 
the higher field signals (trimethylcatechinic acid, r 6.41; cf. 
trimethylisocatechinic acid, r 6.17) correspond to the 
structure in which the methoxyl is on the same side of the 
bridged ring as the aromatic substituent. This is oriented 
by steric forces so that the methoxyl lies above the aromat­
ic plane and is embedded in the shielding cone produced by 
the ring current. Thus trimethyl catechinic acid has been 
assigned the structure 6. Methylation by diazomethane

6
gives predominantly products with the high-field ether, 
and these have been assigned the corresponding structure.

The direction of addition to the bridge carbonyl and thus 
the stereochemistry of the products has not been proved 
unambiguously. We favor the structure 7 for permethylca- 
techinic acid, however, on the basis of the nmr spectrum of 
the diacetate prepared from the diol 8 formed by reduction

of 7. In this product the secondary acetate, like all the acet­
ates in this series, shows its methyl signal at the high value 
of r 8.2. This, like the corresponding upfield shift of the 
enol methyl ether, undoubtedly reflects the position of the 
methyl in the shielding cone of the phenyl group. The terti­
ary acetate, however, appears at r 7.77, i.e., has a signifi­
cant downfield shift. This may be ascribed both to its axial 
orientation with respect to the cyclohexane ring11 and to 
the fact that the mean position of the methyl is in the plane 
of the aromatic ring and is thus deshielded. The alternative 
orientation for the hydroxyl would place the acetate methyl 
above the plane of the enolic system and so should lead to 
increased rather than decreased shielding. The diacetate 
derived from the diol 9 obtained by hydrogenation and 
methylation of 5 shows the same shifts and presumably has 
the same stereochemistry.

To confirm the proposed structure a single-crystal X-ray 
structure determination on trimethyl catechinic acid (6) 
has been carried out. This study, the details of which will 
be reported elsewhere,12 confirmed our deductions in all re­
spects and showed the molecule represented in Figure 1. In 
particular, the phenyl ring is oriented approximately nor­
mal to the plane of the cyclohexanone, with the enol ether 
lying above it, as suggested above.

Although no studies have yet been carried out to com-
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Figure 1. X-Ray structure of trimethylcatechinic acid.

pare 5 directly with “ bark phenolic acids,”  the similarities 
of their physical properties, the known presence of cate- 
chin-derived units (1) in bark,7 and the similarity of the 
conditions used to produce acidic products, all lead us to 
believe that 2 —► 5 is a suitable model for the more complex

OH

1

I»*
5

reaction. It may thus be suggested that the polymeric bark 
phenolic acids contain an enolic hydroxyl rather than a car­
boxyl group as previously postulated.4

Experimental Section
Ir spectra were taken on a Perkin-Elmer Model 21 or on a Beck­

man Model IR-120 instrument. Nmr data were obtained from Sad- 
tler Research Laboratories, Inc. (Varían A-60A or HA-100D) or 
were taken on a Varían T-60. The 220-MHz spectra were measured

by the Varian Corporation as a courtesy. Uv spectra were mea­
sured on a Cary 11 MS. Mass spectral data were obtained by Mor­
gan Schaffer Corp. on a Hitachi Perkin-Elmer RMU-6D. Combus­
tion analyses were performed by A. Bernhardt, Elbach uber Engel- 
skirchen, West Germany.

Column chromatography was carried out on Mallinckrodt silica 
gel, 200-325 mesh, and tic on Brinkman silica gel G. Three solvent 
systems were used: A, 5:4:1 toluene-Et0 Ac-HC02H; B, 200:47:15:1 
benzene-EtOH-H20-H OAc— upper phase; C, 9:1 EtOAc-MeOH 
+ 1% HOAc.

Preparation of Catechinic Acid (5). (+)-Catechin (2.0 g) was 
added to a refluxing solution NaOH (1.0 g) in 200 ml of H20  in a 
three-necked flask supplied with a continual N2 flush. After 45 
min the reaction was cooled in ice, treated with IR-120 resin (H+ 
form, 35 ml), and stirred for 1 hr. The resin was filtered off and the 
solution evaporated to dryness to give a light brown resinous prod­
uct. This was dissolved in acetone (200 ml) and the solution con­
centrated in vacuo until precipitation occurred. The precipitate 
was filtered off to give 1.37 g of catechinic acid-acetone complex as 
a white crystalline solid: mp 168-170°; ir (KBr) 1745 (s), 169*5 (s), 
1610 (s), 1535 (m) cm-1; uv (H20) 285 nm (f 19,300). Evaporation 
of the acetone mother liquor gave 0.44 g of unsolvated catechinic 
acid, essentially the same on tic comparison (solvent C).

A sample of catechinic acid purified by repeated precipitation 
from acetone with ether and dried at 75° (0.02 Torr) was a white 
amorphous powder, charring at 200- 220°.

Anal. Calcd for C15H14O6 • H20: C, 58.44; H, 5.23; mol wt, 308. 
Found: C, 58.82, 58.87; H, 5.16, 5.28; mol wt, 311 (neut equiv).

Trimethylation of Catechinic Acid, Catechinic acid (500 mg), 
acetone (60 ml), Me2S04 (1.4 ml), and K2CO3 (8.0 g) were refluxed 
overnight. Tic (solvent B) showed predominantly two products. 
These were separated by multiple elution tic to give 211 mg of tri­
methylcatechinic acid (more mobile) and 88 mg of the isomer.

Trimethylcatechinic Acid (6). Trimethylcatechinic acid crys­
tallized from hexane-CH2Cl2 as white crystals: mp 193-194°; ir 
3580 (w), 1740 (s), 1660 (s), 1600 (s), 1520 (s) cm“ 1; uv (95% EtOH)
232 nm (r 12,300), 260 (14,000); [a]25D (CHCI3, c 1.18 g/100 ml) 
+ 202°; nmr (CDCI3 220 MHz) r 3.14 (d, 1), 3.30 (m, 2), 4.25 (s, 1),
5.55 (td, 1, J  = 11.5, 5.5 Hz), 6.11 (s, 3), 6.12 (s, 3), 6.41 (s, 3), 6.63 
(m, 2), 6.90 (dd, 1, J = 11, 4 Hz) 7.36 (ddd, 1, J = 12, 5.5, 3.5 Hz),
8.02 (dd, 1, J  = 12, 4 Hz); mass spectrum (rel intensity) 332 (96), 
288 (6), 260 (5), 257 (6), 191 (10), 181 (20), 165 (18), 151 (100), 137
(25).

Anal. Calcd for C18H2o06: C, 65.05; H, 6.07; m/e 332 (100), 333
(20.01), 334 (3.09). Found: C, 65.21, 65.19; H, 6.20, 5.95; m/e 332 
(100), 333 (20.13), 334 (2.95).

Acetylation with Ac20  and NaOAc overnight in refluxing ben­
zene yielded after preparative tic (solvent B) the monoacetate: ir 
(CHCI3) 1730 (s), 1650 (s), 1590 (s) cm“ 1; uv (95% EtOH) 232, 259 
nm; nmr (CDC13) r 3.25 (s, 1), 3.34 (q, 2), 4.21 (s, 1), 4.28 (m, 1),
6.14 (s, 3), 6.16 (s, 3), 6.44 (s, 3), 6.65 (m), 7.20-8.15 (m), 8.21 (s, 3).

Trimethylisocatechinic Acid. Trimethylisocatechinic acid did 
not crystallize: ir (CHCI3) 3570 (w), 1735 (s), 1655 (s), 1602 (s), 
1515 (s) cm-1; uv (95% EtOH) 230, 256 nm; nmr (CDCI3) r 3.23 (s, 
1), 3.33 (m, 2), 4.28 (s, 1), 5.61 (td, 1 ,J  = 11.5, 5.5 Hz), 6.17 (s, 9),
6.60 (m, 2), 6.95 (dd, 1, J  = 11, 4 Hz), 7.35 (m), 8.00 (m); mass 
spectrum (rel intensity) 332 (100), 288 (29), 266 (29), 260 (16), 245 
(11), 217 (15), 191 (27), 181 (9), 162 (11), 151 (86).

Anal. Calcd for Ci8H20O6: m/e 332 (100), 333 (20.01), 334 (3.09). 
Found: m/e 332 (100), 333 (19.98), 334 (3.08).

Acetylation overnight with Ac20-NaOAc in refluxing benzene 
yielded the amorphous monoacetate: ir (CHCI3) 1736 (s), 1660 (s), 
1605 (s) cm-1; uv (95% EtOH) 232, 255 mn; nmr (CDCI3) r 3.22 (s, 
1), 3.35 (dd, 2), 4.16 (s, 1), 4.30 (td, 1) 6.12 (s, 3), 6.16 (s, 6), 6.63 (m,
3), 7.35 (ddd, 1), 8.03 (m, 1), 8.20 (s, 3).

Dihydrotrimethylisocatechinic Acid. Trimethylisocatechinic 
acid (50 mg) was hydrogenated at 50 psi overnight in MeOH (20 
ml) with platinum oxide (40 mg). Preparative tic (solvent B) gave 
recovered starting material (8.5 mg) and product (14 mg): ir 
(CHCls) 3580 (w), 1640 (s), 1598 (s), 1510 (s) cm“ 1; uv (95% EtOH) 
232, 252 nm; mass spectrum (rel intensity) 334 (96), 316 (4), 273
(34), 193 (20), 164 (19), 151 (100), 137 (30).

Anal. Calcd for C18H220 6: m/e 334 (100), 335 (20.04), 336 (3.10). 
Found: m/e 334 (100), 335 (20.13), 336 (10.6).

Permethylcatechinic Acid (7). Catechinic acid (500 mg) in 
MeOH was treated with an excess of diazomethane in ether at 4° 
for 2 days. Evaporation gave a viscous oil which was purified by 
preparative tic (solvent B) to give a white amorphous solid (310 
mg): ir 3528 (w), 1652 (s), 1602 (s), 1521 (s) cm "1; uv (95% EtOH)
233 (11,400), 254 (12,800) nm; nmr (CDCI3, 220 MHz) r 3.16 (d, 1),
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3.31 (m, 2), 4.40 (s, 1) 5.75 (td, 1, J = 11, 5 Hz), 6.14 (s, 3), 6.15 (s,
3), 6.46 (s, 3) 6.83 (dd, 1, J  = 11, 4 Hz), 7.14 (s, 2), 7.71 (m, 4), 8.00 
(td, 1, J  = 12, 4 Hz); mass spectrum (rel intensity) 346 (52), 274 
(4), 193 (24), 180 (27), 167 (51), 162 (30), 151 (100).

Anal. Calcd for Ci9H2206: C, 65.88, H, 6.40; m/e 346 (100), 347
(21.1) , 348 (3.32). Found: C, 65.71; H, 6.36; m/e 346 (100), 347
(21.1) , 348 (3.88).

Treatment of trimethylcatechinic acid with CH2N2 gave a prod­
uct which was identical by tic and ir.

Acetylation of permethylcatechinic acid with NaOAc and Ac20  
in benzene gave the acetate as a viscous oil: ir (CHCI3) 1735 (s), 
1660 (s), 1605 (s), 1522 (s) cm-1; uv (95% EtOH) 237, 252 nm; nmr 
(CDCI3) t 3.25 (s, 1), 3.35 (m, 2), 4.35 (s, 1), 4.46 (m, 1), 6.15 (s, 3),
6.17 (s, 3), 6.49 (s, 3), 6.56 (m, 1), 7.14 (s, 2), 7.69 (m), 7.80-8.15 
(m), 8.21 (s, 3); mass spectrum (rel intensity) 388 (26), 328 (100), 
313 (7), 299 (12), 193 (46), 180 (25), 151 (60), 137 (22).

Anal. Calcd for C2iH2407: m/e 388 (100), 389 (23.3), 390 (4.00). 
Found: m/e 388 (100), 385 (23.7), 390 (4.09).

Dihydropermethylcatechinic Acid (8). Permethylcatechinic 
acid (50 mg) was hydrogenated for 5 hr at 50 psi with 5% Pd/C 
(100 mg) in MeOH (30 ml). Preparative tic (solvent B) gave 30 mg 
of amorphous product: ir (CHCI3), 3620 (w), 3440 (w), 1647 (s), 
1605 (s), 1522 cm-1; uv (95% EtOH) 230, 258 nm; nmr (CDCI3) r
3.30 (m, 3), 4.55 (s, 1), 5.87 (m, 1), 6.16 (s, 3), 6.17 (s, 3), 6.55 (s, 3),
6.85 (br s), 7.45 (m), 7.9 (m), 8.65 (s, 3); mass spectrum (rel intensi­
ty) 348 (34), 193 (7), 181 (12), 179 (26), 164 (13), 151 (100), 138 
(17).

Anal. Calcd for Ci9H240 6: m/e 348 (100), 349 (21.1), 350 (3.32). 
Found: m/e 348 (100), 349 (21.1), 350 (3.35).

Acetylation with NaOAc and Ac20  in benzene gave the diacetate 
as a white solid: ir (CHCI3) 1732 (s), 1655 (s), 1608 (s), 1523 (s) 
cm-1; uv (95% EtOH) 233, 255 nm; nmr (CDCI3) t 3.35 (m, 3),
4.48 (s, 1), 4.52 (m, 1), 6.14 (s, 3), 6,16 (s, 3), 6.52 (s, 3), 6.65 (m),
7.6-8.02 (m), 7.78 (s, 3), 8.17 (s, 3), 8.38 (s, 3).

Trimethyldihydrocatechinic Acid (9). Catechinic acid (400 
mg) in MeOH was hydrogenated for 5 hr at 50 psi over 5% Pd/C 
(500 mg). The filtered reaction mixture was evaporated to dryness 
and then treated with excess CH2N2 at 4° for 3 days. Evaporation 
in vacuo gave a viscous oil which was purified by preparative tic 
(solvent B) to give the major product (90 mg): ir (CHCI3), 3620 (w), 
3420 (w), 1649 (s), 1602 (s), 1520 (s) cm -1; uv (95% EtOH) 232, 254 
nm; nmr (CDCI3) r 3.42 (m, 3), 4.54 (s, 1), 5.94 (m), 6.17 (s, 3), 6.20 
(s, 3), 6.34 (m), 6.54 (s, 3), 6.70 (dd, 1), 7.27 (m, 2), 7.93 (m); mass 
spectrum (rel intensity) 334 (55), 316 (4), 304 (8), 273 (4), 193 (10), 
183 (11), 179 (15), 167 (27), 165 (28), 151 (100), 137 (81).

J. Org. Chem., Vol. 39, No. 22, 1974 3247

Anal. Calcd for Ci8H220 6: m /e 334 (100), 335 (20.04), 336 (3.11). 
Found: m /e 334 (100), 335 (20.02), 336 (4.35).

Acetylation with Ac20 , NaOAc, and benzene at reflux gave the 
diacetate as an amorphous white solid: ir (CHC13) 1738 (s), 1660 (s) 
1605 (s), 1523 (s) cm-1; uv (95% EtOH) 237, 252 nm; nmr (CDCI3) 
t 3.35 (m, 3), 4.43 (s, 1), 4.50 (m, 1), 4.80 (t, 1), 6.14 (s, 3), 6.16 (s,
3), 6.53 (s, 3), 6.65 (dd, 1), 7.06 (m, 2), 7.77 (s, 3), 8.02 (m), 8.20 (s,
3); mass spectrum (rel intensity) 418 (19), 358 (31), 298 (30), 283
(9) , 266 (100), 255 (12), 251 (11), 239 (11), 214 (19), 193 (44), 180 
(12), 165 (20), 151 (75), 137 (67).

Anal. Calcd fcr C22H260s: m /e 418 (100), 419 (24.4), 420 (4.5). 
Found: m /e 418 (100), 419 (24.7), 420 (4.6).
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The reduction of 6/3-bromo-4-methylcholest-4-en-3-one with a large excess of lithium aluminum hydride (19 
equiv of H- ) in ether results in the formation of 4a-methylcholest-5-en-3/S-ol in high yield (~84%). Reduction of 
the bromide with lithium aluminum deuteride under similar conditions gives [3a,4/3-2H2]-4a-methylcholest-5- 
en-3/3-ol. Unexpectedly, reduction of 6/3-bromo-4-methylcholest-4-en-3-one with lithium aluminum hydride at a 
lower molar ratio (3 equiv of H- ) gave good (̂—31%) yields of 4d-methylcholest-5-en-3/f-ol (in addition to 4a- 
methylcholest-5-en-3/3-ol and a third compound which was not identified). The 4d-methylcholest-5-en-3/3-ol 
formed under these conditions by reduction of the bromide with lithium aluminum deuteride was labeled in the 
3a and 4a positions.

The C-4 déméthylation of sterol precursors of cholesterol 
is an important process which has received considerable at­
tention.2 The initial déméthylation of 4,4-dimethyl precur­
sors has been reported to proceed with initial removal of 
the equatorial 4a-methyl group with subsequent inversion 
of the axial 4/1-methyl group to the equatorial position.3-5 
We have been interested in the stereochemical fate of the 
C-4 hydrogen in the déméthylation of 4a,-monomethyl in­

termediates. Preliminary studies of the conversion of 
[2,2,4-3H3]-4a,14a-dimethylergosta-8,24(28)-dien-3/3-ol 
into [2,2,4-3H3]-(24R)-24-ethylcholesta-5,22-dien-3/S-ol by 
the Chrysophyte Ochromonas malhamensis have indicated 
that during the second déméthylation the axial 4/3 hydro­
gen appears to be inverted to the equatorial 4a position.6 
We have now directed our efforts at developing a synthetic 
route to give a 4u-methyl-4/3-tritio substrate which can be
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used to study the second C-4 demethylation during choles­
terol biogenesis. This paper describes our studies involving 
the hydride reduction of 6/3-bromo-4-methylcholest-4-en-
3-one.

Several years ago Ireland, Wrigley, and Young7 reported 
that lithium aluminum hydride reduction of 6/3-chlorocho- 
lest-4-en-3/?-yl benzoate yielded cholest-5-en-3/3-ol. It was 
shown by chemical modification and infrared studies of the 
product formed by lithium aluminum deuteride reduction 
of the allylic chloride that the deuterium was stereospecifi- 
cally introduced into the 4/3 position. These results were 
explained by a mechanism involving an intramolecular at­
tack (SNi') of hydride on the double bond at C-4 followed 
by double-bond rearrangement resulting in the loss of bro­
mide ion to give [4/3-2H]-cholest-5-en-3/3-ol. There have 
been no further studies, however, of the detailed mecha­
nism of this reaction. More recently Knapp, Goad, and 
Goodwin6 have found that reduction of 6d-chloro-(24S)-
24-ethylcholesta-4,22-dien-3/3-yl acetate by lithium alumi­
num deuteride gave [4/3-2H]-(24S)-24-ethylcholesta-5,22- 
dien-3/3-ol. Degradation of this substance demonstrated 
that the isotopic hydrogen had been stereospecifically in­
troduced into the 4/3 position. Collins and Hobbs8 have re­
ported that sodium borohydride reduction of 6/3-bromocho- 
lest-4-en-3-one in diglyme gave cholesterol in high yield, 
although no experimental details were given. The com­
bined results of these studies indicated that hydride reduc­
tion of 6/3-bromo-4-methylcholest-4-en-3-one might pro­
vide an attractive route for the synthesis of 4a-methylcho- 
lest-5-en-3/3-ol labeled with isotopic hydrogen at carbon 
atoms 3 and 4.

Results and Discussion
Methods that have been used successfully to deconjugate 

cholest-4-en-3-one (VII) proceed in only very low yields

Compd R, R, Rs
i H H H

ii H 2E H
hi H CE, H
IV CH:1 H H
V 2fl CH:) 2H

VI ch3 -’H -H

Ri Ra
Compd R, R,

VII H E

vni CE, E
IX H Br
X CE, Br

When applied to the deconjugation of 4-methylcholest-4- 
en-3-one (VIII). For example, Birch reduction of 4-methyl- 
cholesta-3,5-dien-3-acetate, followed by hydride reduc­
tion gave the allylic alcohol, 4-methylcholest-4-en-3/3-ol, 
demonstrating rapid reconjugation of the double bond 
prior to reduction of the C-3 ketone.9 Similarly, sodium bo­
rohydride reduction of 4-methylcholesta-3,5-dien-3-ace- 
tate gave a complex mixture of which the major products 
are the two allylic alcohols, 4-methylcholest-4-en-3/?-ol and
4-methylcholest-4-en-3a-ol. 4a-Methylcholest-5-en-3/8-cl 
and 4/?-methylcholest-5-en-3/?-ol could be isolated in only 
low yield.9-11 In addition, kinetically controlled protona­
tion of the enolate. anion of VIII gave only starting materi­
al.

The first step in our alternative approach to this prob­
lem involved bromination of 4-methylcholest-4-en-3-one

(VIII) with N- bromosuccinimide to give 6/3-bromo-4-meth- 
ylcholest-4-en-3-one (X) in high yield.12 Initially, we con­
ducted the reductive rearrangement of 6/3-bromo-4-methyl- 
cholest-4-en-3-one (X) with a large excess of lithium alu­
minum hydride (19 equiv of H~). From the analogy of the 
similar hydride reduction of 6/3-bromocholest-4-en-3-one
(IX) , we expected hydride reduction of X  to proceed with 
the formation of 4a-methylcholest-5-en-3/3-ol (III). Our re­
sults indicate that this is the case. Two minor components 
(<10%) of the crude reaction mixture, 4-methyl-cholest-4- 
en-3/3-ol and 4-methylcholest-4-en-3a-ol, were inseparable 
from III on thin layer chromatography but could be re­
moved by crystallization. After purification by crystalliza­
tion, 4a-methylcholest-5-en-3/3-ol (III), chromatographi- 
cally homogeneous on thin layer and gas liquid chromato­
graphic analysis, was obtained in high yield (-~84%). Nucle­
ar magnetic resonance (nmr) studies showed resonance 
compatible with an olefinic proton, the axial C-3 proton, 
and the secondary 4a-methyl group (d, J  = 6 Hz). The lat­
ter was more easily seen in the 60-MHz spectrum by the 
use of the Eu(dpm).t shift reagent. Reduction of 6/3-bromo-
4- methylcholest-4-en-3-one (X) with lithium aluminum 
deuteride under the same conditions gave [3a,4/3-2H2]-4a- 
methylcholest-5-en-3/3-ol (V). The mass spectra of III and 
V were in accord with the assigned structures (see Experi­
mental Section). The nmr spectrum of V contained a sin­
glet for the C-4 methyl group which was more easily seen in 
the spectrum expanded with Eu(dpm)3. No absorption due 
to the C-3 proton was present in the spectrum. The com­
bined results of the nmr and mass spectral studies indicate 
the location of the isotopic hydrogen at C-3 and C-4. In 
analogy with examples cited earlier we interpret our results 
as compatible with an initial reduction of the C-3 ketone 
followed by intramolecular hydride attack with double­
bond participation (SNi') in the formation of III and V. A 
mechanism for this type of reaction has been suggested by 
Ireland, Wrigley, and Young.7

Unexpectedly, when the molar ratio of hydride to 6/3- 
bromo-4-methylcholest-4-en-3-one (X) was decreased (3 
equiv of H- ), it was found that 4/3-methylcholest-5-en-3/3- 
ol (IV) was formed in substantial amounts. Analysis of the 
crude reaction mixture by gas-liquid chromatography (glc) 
indicated the presence of two minor components with re­
tention times corresponding to those of 4-methylcholest-4- 
en-3/3-ol and 4-methylcholest-4-en-3a-ol and two major 
components with retention times corresponding to those of 
4a-methylcholest-5-en-3/3-ol (III) and 4/3-methylcholest-
5- en-3/3-ol (IV). The former compound was partially puri­
fied by preparative thin layer chromatography (tic) but was 
shown (by nmr and mass spectral (ms) studies; see Experi­
mental Section) to be contaminated by one or more other 
compounds whose precise chemical nature has not been es­
tablished. 4/3-Methylcholest-5-en-3/?-ol (IV) Was isolated 
from the crude reaction mixture in pure form by prepara­
tive tic and crystallization. The isolated compound showed 
mobilities identical with that of authentic 4/3-methylcho- 
lest-5-en-3/3-ol (IV) (prepared by an alternate route13) on 
tic and glc analyses. The nmr spectrum showed the pres­
ence of an olefinic proton, the axial C-3 proton, the allylic 
C-4-proton, and the 4/3-methyl group. The latter three-pro­
ton doublet was easily seen in the spectrum expanded with 
Eu(dpm)3 (d, J  = 8 Hz).

Assignment of the position of the C-4tx proton in the 
spectrum of IV was confirmed by the reduction of X  with a 
limiting amount of lithium aluminum deuteride. Purifica­
tion of the material chromatographing with IV gave 
[3a,4a-2H2]-4/3-methylcholest-5-en-3/3-ol (VI). In the nmr 
spectrum of this substance the downfield methine proton



and the axial C-3 proton were not present, confirming that 
these two hydrogens originate from deuteride. In addition, 
in the spectrum of VI the C-4/3 methyl resonance was pres­
ent as a singlet. The downfield position of the allylic C-4 
proton and the C-3 proton in IV and the increased coupling 
of the axial C-4/3 methyl group must reflect considerable 
distortion of ring A. This distortion probably results from 
the large 1,3 interaction between the C-4/3 methyl group 
and the C-19 methyl group. In III this interaction is re­
lieved and the C-4 allylic proton is evidently under the 
methylene envelope in the spectrum of this compound.

The formation of 4/3-methylcholest-5-en-3/3-ol (IV) by 
reduction of 6/3-bromo-4-methylcholest-4-en-3-one with 
limiting amounts of hydride represents a unique and unex­
pected result. Additional detailed chemical and kinetic 
studies are indicated to define the precise mechanism of 
the reaction leading to the formation of IV under these 
conditions. The observed results do provide a new, simple 
synthetic route for the preparation of 4/3-alkyl substituted 
A5-sterols. Moreover, the results described herein provide 
an approach to the stereospecific introduction of isotopic 
hydrogen at carbon atoms 3 and 4 of 4-alkyl substituted 
A5-3/3-hydroxysterols.

Experimental Section
General. The 4-methyl-choIest-4-en-3-one was synthesized by 

the method of Atwater.14 Tic was performed on plates spread with 
silica gel H using chloroform as the developing solvent. For analyt­
ical purposes the plates were spread at a thickness of 0.25 mm and 
spot colors were detected by spraying the plate after development 
with molybdic acid spray followed by brief heating to 80°. For pre­
parative experiments the plates were spread 0.50 or 1.0 mm thick 
and, after two developments in chloroform, the bands were visual­
ized by spraying the plates with an acetone solution of Rhodamine 
6G followed by uv irradiation. Glc was performed using a Hewlett- 
Packard Model 402 instrument equipped with dual flame ioniza­
tion detectors. The columns were packed (6 ft X 0.25 in., o.d.) with 
the following phases: 1% SE-30, 1% QF-1, 3% OV-1, and 3% OV-17 
on Gas-Chrom Q (100-120 mesh). The carrier gas was helium with 
a flow rate of 66 ml/min. Ms analyses were determined on a CEC 
Model 21-110 B double focusing instrument. Nmr spectra were re­
corded on a Perkin-Elmer HR-12 spectrometer in CDCI3 solution 
with TMS as the internal standard. The nmr absorptions are re­
ported as parts per million (5) downfield from the TMS internal 
standard. The lanthanide shift reagent europium(III) dipivaloyl- 
methanoate [Eu(dpm)3] was purchased from Alpha Inorganics 
(Beverly, Mass.). Lithium aluminum hydride was purchased from 
Research Organic/Inorganic Chemicals (Sun Valley, Calif.). Lithi­
um aluminum deuteride was purchased from E. Merck (Darm­
stadt). Authentic samples of 4-methylcholest-4-en-3a-ol and 4- 
methyIcholest-4-en-3/3-ol were prepared by hydride reduction of
4-methylcholest-4-en-3-one. An authentic sample of 4/3-methyl- 
cholest-5-en-3j3-ol was prepared by the method of Julia and La- 
vaux.13 Melting points were recorded on a Thomas-Hoover melting 
point apparatus and are uncorrected. Infrared (ir) spectra were re­
corded on a Beckman IR-9 spectrometer using KBr pellets.

4a-Methylcholest-5-en-3/3-oI (III). 4-Methylcholest-4-en-3- 
one (2.04 g) was refluxed with N- bromosuccinimide (960 mg) in 
CCI4 (40 ml) for 30 min. The solution was cooled in an ice bath and 
the precipitated succinimide was removed by filtration. The fil­
trate was evaporated to dryness to give an orange gum which was 
dissolved in a small amount of ether. Addition of cold methanol re­
sulted in the formation of fine needles. Recrystallization of the 
first and second crops gave pure 6/3-bromo-4-methyl-cholest-4- 
en-3-one (X): 1.28 g; mp 132-133° dec (lit.12 mp 135°); uv Xmax 
(ETOH) 262 nm (log e 4.10) [lit.12 Xmax (ETOH) 262 nm (log e 
4.11)]; ir rmax (KBr) 1673 cm-1; ms (rel intensity), 478 and 476 (M, 
5% and 6%), 398 and 396 (100 and 75%), 397 (M -  Br; 38%), 384 
(12%), 283 (21%), 275 (16%), 261 (9%), 247 (24%), 243 (11%); nmr
1.48 (s, 3 H, deshielded C-19 CH3), 1.86 (s, 3 H, C-4 CH3), 5.45 (m,
1 H, C-6 H). The bromide (180 mg, 3 mmol) was dissolved in ether 
(10 ml) and added to a slurry of lithium aluminum hydride (500 
mg, 53 mequiv of H~) in ether (100 ml). After the mixture was 
stirred for 30 min, excess hydride was decomposed by the slow ad­
dition of ethyl acetate (50 ml). Hydrochloric acid (2 N, 50 ml) was 
added and the isolated organic layer was washed thoroughly with
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dilute sodium bicarbonate and water, dried over anhydrous sodi­
um sulfate, and evaporated to dryness. Analysis of the crude prod­
uct by glc indicated that the major component of the reaction mix­
ture cochromatographed with authentic III. Two minor compo­
nents (<10%) of the crude reaction mixture, 4-methylcholest-4-en- 
3/S-ol and 4-methyIcholest-4-en-3a-ol, were inseparable from III 
on tic but could be removed by crystallization. Crystallization from 
ethanol-water yielded 4«-methylchplest-5-en-3/3-ol in the form of 
fine needles (124 mg): mp 166-167° (lit.13 mp 162-163°); uv, only 
end absorption; ir Kmax (KBr) 3440, 1064 cm-1; ms (rel intensity) 
400 (M, 100%), 385 (M -  CH3, 29%), 382 (M -  H20, 38%), 367 (M 
-  CH3 -  H20, 26%), 343 (8%), 33115 (12%), 301 (7%), 287 (M -  
side chain, 8%), 275 (20%), 269 (M — H20  -  side chain, 9%), 261 
(3%), 247 (7%), 227 (M — H20  — side chain — 42, 8%); nmr 1.05 (s, 
3 H, C-19 CH3), 1.09 (d, 3 H, C-4 CH3, /  = 6 Hz), 3.11 (m, 3 H, C-3 
H), 5.35 (m, 1 H, C-6 H). The isolated product showed a single 
component on tic and on glc (on the four systems described above).

[3a,4S-2H2]-4a-Methylcholest-5-en-3/l-ol (V). 6/?-Bromo-4- 
methylcholest-4-en-3-one (X, 130 mg) was reduced with lithium 
aluminum deuteride (500 mg) as described above. Crystallization 
of the product from ethanol-water gave V as plates: mp 165-166°; 
ir %ax (KBr) 3410, 1080 cm-1; ms (rel intensity) 402 (100%), 387 
(20%), 384 (43%), 369 (26%), 344 (12%), 33115 (14%), 301 (9%), 289 
(5%), 275 (29%), 271 (10%), 261 (5%), 247 (12%), 229 (10%); nmr
1.09 (s, 3 H, C-4 CH3), 5.42 (m, 1 H, C-5 H), absence of the C-3 H 
resonance. The isolated product showed a single component on tic 
and on glc (on the four systems described above).

4d-Methylcholest-5-en-3/?-ol (IV). 6/?-Bromo-4-methylcho- 
lest-4-en-3-one (130 mg) was reduced with lithium aluminum hy­
dride (7 mg, 7.4 mequiv of H_) as described above (except for the 
lower molar ratio of hydride). Analysis of the crude reaction mix­
ture by glc indicated the presence of two minor components with 
retention times corresponding to those of 4-methylcholest-4-en- 
3/3-ol and 4-methylcholest-4-en-3a-ol and two major components 
with retention times corresponding to 4«-methylcholest-5-en-3/l- 
ol (III) and 4/?-methylcholest-5-en-3/?-ql (IV). Analysis of the 
crude reaction mixture by tic indicated two major components 
with Rf values of 0.19 and 0.23. The mixture was subjected to pre­
parative tic.

The more polar major component was crystallized from ethanol- 
water to give 4/3-methylcholest-5-en-3/?-ol (IV, 30.4 mg) in the 
form of needles: mp 135-137° (lit.13 mp 132-134°); ir i/max (KBr) 
3410,1026,1062 cm"1; ms 400 (M, 100%), 385 (M -  CH3, 25%), 382 
(M -  H20 , 32%), 367 (M -  CH3 -  H20, 33%), 343 (9%), 33115 
(36%), 301 (7%), 387 (M -  side chain, 9%), 275 (19%), 269 (M -  
H20  -  side chain, 10%), 261 (3%), 247 (9%), 227 (M -  HaO -  side 
chain — 42, 8%); nmr 1.06 (s, 3 H, C-19 CH3), 1.12 (d, 3 H, C-4 
CH3, J = 8 Hz), 2.60 (m, 1 H, C-4 H), 3.71 (m, 1 H, C-3 H), 5.40 (m, 
1 H, C-6 H). The compound showed a single component on tic and 
on glc (on the four systems described above) with the same mobili­
ty as authentic IV.

The less polar major component (52.8 mg) from the preparative 
tic showed only one component on glc (on the four systems de­
scribed above) and on tic on silica gel H and silica gel H-silver ni­
trate plates as the free alcohol and in the form of the acetate deriv­
ative. The mobilities were the same as that observed with authen­
tic III and its acetate derivative. However, both ms and nmr analy­
ses indicated the presence of one or more other components. For 
example, the nmr spectrum showed the presence of absorptions, in 
addition to those of III, at 3.90 (m), 4.97 (m), 5.60 (m), and 8.44 (s). 
The latter signal is compatible with a methyl group attached to an 
olefinic carbon. The mass spectrum showed the same ions as seen 
in III and, in addition, showed ions at 398 (30%), 365 (4%), 332 
(17%), 285 (3%), and 279 (6%). The precise nature of the compo­
nents) present in addition to III is not known. However, these 
data suggest that one of the components has two double bonds. 
The ir spectrum showed no absorption due to a carbonyl function. 
Analysis of the uv spectrum of the product showed only end ab­
sorption in the 210-nm region, indicating the absence of a conju­
gated diene system.

[3a,4a-2H2]-4^-Methylcholest-5-en-3d-ol (VI). Reduction of 
6/3-bromo-4-methylcholest-4-en-3-one (X) with lithium aluminum 
deuteride (7 mg, 7.4 mequiv of D_) in ether was effected and the 
crude reaction mixture was subjected to preparative tic as de­
scribed in the case of the synthesis of IV. The more polar major 
component on tic was crystallized from ethanol-water to yield 
[3a,4a- 2H2] -4/3-methylcholest-5-en-3/3-ol (VI, 19.1 mg) in the form 
of needles: mp 131°; ir rmax (KBr) 3448,1064 cm-1; ms (rel intensi­
ty) 402 (100%), 387 (28%), 284 (41%), 369 (32%), 344 (10%), 33115 
(36%), 301 (7%), 289 (18%), 275 (11%), 271 (9%), 261 (3%), 247
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(10%), 229 (7%); nmr 1.12 (s, 3 H, C-4 CH3), no resonance for the 
C-3 proton. The compound showed a single component on analysis 
by tic and glc (on four systems noted above).

The less polar major component (19.0 mg) on tic showed a mass 
spectrum which was very similar to that of [3a,4/J-2H2]-4a-methyl- 
cholest-5-en-3/3-ol (V) with additional ions at 399 (90%) and 366 
(3%). The nmr spectrum showed the presence of signals 4.95 (m),
5.62 (m), and 8.43 in addition to the resonances seen in the spec­
trum of III. The spectrum showed no absorbance at 3.71 (C-3 H) or 
at 3.90 seen in the spectrum of the less polar component obtained 
as a by-product in the synthesis of IV.

Registry No.—Ill, 15073-00-4; IV, 1251-98-5; V, 52259-51-5; VI, 
52259-52-6; VIII, 2041-92-1; X, 2239-49-8.

References and Notes
(1) This investigation was supported by grants from the National Heart and 

Lung Institute (HL-15376) and the Robert A. Welch Foundation (C-583).

(2) J. L. Gaylor, Advan. Lipid Res., 10, 89 (1972), and references cited 
therein.

(3) K. B. Sharpless, T. E. Snyder, T. A. Spencer, K. K. Maheshwari, G. 
Guhn, and R. B. Clayton, J. Amer. Chem. Soc., 90, 6874 (1968).

(4) R. Rahman, K. B. Sharpless, T. A. Spencer, and R. B. Clayton, J. Biol. 
Chem., 245, 2667 (1970).

(5) E. L. Ghisalberti, N. J. De Souza, H. H. Rees, L. J. Goad, and T. W. 
Goodwin, J. Chem. Soc. C, 1403 (1969).

(6) F. F. Knapp, L. J. Goad, and T. W. Goodwin, Chem. Commun., 149
(1973).

(7) R. E. Ireland, T. I. Wrigley, and W. G. Young, J. Amer. Chem. Soc., 81, 
2818(1959).

(8) D. J. Collins and J. J. Hobbs, Aust. J. Chem., 17, 677 (1964).
(9) T. Esmon, F. F. Knapp, and G. J. Schroepfer, unpublished experiments.

(10) A. D. Tait, J. Chem. Soc., 1850 (1964).
(11) S. Julia and J. P. Lavaux, Bull. Soc. Chim. Fr., 1231 (1963).
(12) C. W. Shoppee, F. P. Johnson, R. E. Lack, R. J. Rawson, and S. Stern- 

hell, J. Chem. Soc., 2476 (1965).
(13) S. Julia and J. P. Lavaux, Bull. Soc. Chim. Fr., 81 (1963).
(14) N. W. Atwater, J. Amer. Chem. Soc., 82, 2847 (1960).
(15) This Ion has been shown to result from an unusual Intramolecular trans­

fer of the 3,5-hydroxyl group to the charge-retaining fragment with con­
comitant loss of carbon atoms 1 through 4 and their other substituents:
F. F. Knapp and G. J. Schroepfer, Jr., Chem. Commun., 537 (1974).

Studies in M ass Spectrom etry. A Comparison of the E lectron Im pact and  
Chem ical Ionization Fragm entations o f 8,9-Dehydro-2-adam antanol 

and 2 -e x o  -Protoadam antenol
Barbara L. Jelus, Burnaby Munson, Kevin A. Babiak, and Roger K. Murray, Jr.*

Department of Chemistry, University of Delaware, Newark, Delaware 19711 

Received April 11,1974

Electron impact (electron energies of 70, 20, and 14.2 eV) and chemical ionization (methane, isobutane, hydro­
gen, nitrogen, and nitric oxide-nitrogen mixtures as reagent gases) spectra were obtained for 8,9-dehydro-2-ada- 
mantanol (1) and 2-exo-protoadamantenol (2). Within the limits of experimental reproducibility, the mass spec­
trométrie behavior of the two alcohols was identical when the site of ionization was the alcohol functional group. 
Only under conditions of electrophilic addition ionization were significant differences observed between 1 and 2.

Significant attention has been devoted to comparisons of 
the behavior of cyclopropylcarbinyl and homoallyl deriva­
tives in solvolytic reactions.1 Although it has been contend­
ed that “ most of the [solvolytic] reactions of allylcarbinyl 
derivatives may be explained on the basis of the formation 
of a cyclopropylcarbinyl cation,”  2 considerable controversy 
exists concerning the detailed structures of the intermedi­
ate species involved in these reactions.1-3

In light of these studies, it is striking that no detailed 
comparison of the mass spectrometric behavior of any cy­
clopropylcarbinyl and homoallyl derivatives has appeared. 
We now wish to report our results concerning the behavior 
of 8,9-dehydro-2-adamantanol (1) and 2-exo-protoadaman- 
tenol (2) in the mass spectrometer employing both electron 
impact and chemical ionization techniques.

Electron Impact Spectra. The partial electron impact 
mass spectra of 1 and 2 measured at 70, 20, and 14.2 eV are 
reported in Table I. The most striking conclusion resulting 
from a comparison of these data is that there is little differ­
ence in the electron impact fragmentations of 1 and 2 over 
this range of energies. Indeed, any differences in the ionic

Table I
Partial Electron Impact Spectra of 1 and 2

f-----------------------  % ionization11' 6 ( 100/,/saT1fpie Zi) -----------------------
f -  70 eV----x r~ 20 eV — n t— 14. :2 eV —x

rr / e 1 2 1 2 l 2 Comment

43 0.9 1.0 0.9 0.8 0.8 0.6
54 2.6 2.4 3.5 3.1 3.0 1.8
57 1.6 1.9 1.7 1.6 1.5 1.1
72 3.2 4.4 6.8 6.3 9.4 8.9
77 4.3 3.4 0.8 1.0
78 4.9 4.9 5.3 5.4 4.9 4.9
79 12.4 14.2 12.4 14.4 6.8 6.7 c 6h 7
80 6.9 9.7 11.4 11.2 11.9 10.8
91 5.0 4.2 3.3 3.4 2.0 2.0 c 7h 7
92 1.1 1.1 1.0 1.1 0.7 0.7
93 1.6 1.7 1.8 1.9 1.3 1.4

104 1.8 2.5 3.1 2.9 3.9 3.3 M -  (H20  + C2H4)
108 1.2 1.5 2.3 2.1 2.8 2.5
117 4.0 5.0 6.9 6.2 6.1 5.6 M -  (OH + CH„)
132 1.4 2.1 2.6 2.3 4.0 3.1 M -  (H20 )
133 0.3 0.7 0.9 0.7 1.3 0.8 M -  (OH) and I3C

of M -  (H20 )
150 7.6 10.0 12.3 14.2 21.2 28.4 M

“ The ion intensities reported are uncorrected for 13C isotope. 
6 The reproducibility of the per cent ionizations reported is ±15% 
of the reported value.

abundances of 1 and 2 reported in Table I are within the 
limits of experimental reproducibility. The absence of sig­



nificant differences in the electron impact spectra of 1 and 
2 is compatible with a common structure for the decompos­
ing molecular ions produced by direct ionization with elec­
trons of these energies.

The electron impact mass spectra of a number of 2-sub- 
stituted adamantanes have previously been reported,4-7 
and the major fragment ions obtained from the structurally 
similar alcohol (1) are consistent with these results. How­
ever, in contrast to the reported 70-eV electron impact 
spectrum of 2-adamantanol (3),5 1 shows a much more in­
tense molecular ion and a much less abundant (M -  
H20)-+ ion. Thus, relative to 3, the presence of the cyclo­
propyl moiety in 1 stabilizes the molecular ion and inhibits 
the loss of water from it upon electron impact.

Further examination of Table I shows that as the elec­
tron energy is decreased from 70 to 14.2 eV a decrease in 
the overall amount of fragmentation of the molecular ions 
of both 1 and 2 occurs. However, even at the lowest energy 
of 14.2 eV, sufficient differences are not present in the 
abundances of the fragment ions of 1 and 2 to reveal any 
significant differences in the structures of the decomposing 
molecular ions of 1 and 2. Thus, differentiation of 1 and 2 
by electron impact mass spectrometry is essentially impos­
sible.

Chemical Ionization Spectra. Chemical ionization 
mass spectrometry8’9 is a form of mass spectrometry in 
which the sample is ionized as the result of an ion-molecule 
reaction between the sample and the ions of some reactant 
species. The ions of the reactant species are formed by a 
combination of electron impact ionization and ion-mole­
cule reactions in a high-pressure mass spectrometer source. 
The reactions in the mass spectrometer source of these 
reactant ions with the sample, which is present only in 
trace amounts, produce the chemical ionization mass spec­
trum of the sample. The chemical ionization mass spectra 
of substances are usually markedly different from the spec­
tra produced by electron impact ionization and thus the 
chemical ionization mass spectrum of a compound will 
often reflect different aspects of its structure than will the 
electron impact spectrum. Moreover, by varying the nature 
of the reactant ions, chemical ionization experiments can 
be carried out which specifically effect proton or hydride 
transfer, massive particle addition, or charge exchange.

Proton Transfer Chemical Ionization Spectra. If the 
reagent gas employed in chemical ionization produces reac­
tant ions which act as Br0nsted acids in the gas phase, then 
the resulting sample spectrum will be due to (M + H)+ and 
any of its fragment ions. Of course, as the proton affinity of 
a species decreases, the strength of its conjugate Br0nsted 
acid increases. Consequently, in chemical ionization the 
H34" reactant ion in hydrogen is a stronger Br0nsted acid 
than the CH5+ and C2H5+ reactant ions formed in meth­
ane, which in turn are stronger protonating reagents than 
the t -C4H9+ reactant ion in isobutane.10 Thus, by varying 
the acid strength of the reactant ion, it is possible to vary 
the exothermicity of the proton transfer reaction and hence 
the resulting fragmentation.

The chemical ionization spectra of 1 and 2, which were 
obtained with hydrogen, methane, and isobutane as re­
agent gases, are summarized in Table II. As expected, the 
extent of fragmentation of 1 and 2 decreases as the acid 
strength of the reagent ions decreases; i.e., the greatest 
fragmentation occurs with hydrogen and the least with iso­
butane. With hydrogen as the reagent gas, the extent of de­
composition of the (M + H — H20)+ ions is extensive, but 
there are essentially no differences present in the relative 
abundances of the fragment ions of m/e less than 133 in 
the hydrogen spectra of 1 and 2. This suggests that with
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Table II
Protonation Chemical Ionization Spectra of 1 and 2

m/e

r

1

H2 -------s
2

% ionization0 >b
,—  ch4 ----N

1 2

( 100/j/ s a m p l e /j)
*"C4H10--- '

1 2

>

Comment

67 2.4 2.5 1.0 1.0 1.4
69 1.0 1.1 3.1
71 0.9 1.1 0.8 1.0 2.1
79 4.7 4.6 1.2 1.0 1.1 1.3 c 6k 7
81 2.2 2.5 0.6 0.6 0.9
91 12.8 15.0 9.6 13.0 5.6 7.5 C 7 H 7

92 1.1 1.2 0.8 1.2
93 2.2 2.1 1.1 1.0 2.1
95 1.5 1.9 0.5 0.6 2.2

105 2.2 2.0
107 1.8 2.5
113 5.1 2.4
121 2.6 3.2 1.6 1.8
131 2.6 2.4 1.0 1.0
132 0.4 0.6 0.5 0.3
133 38.0 34.6 57.8 53.7 62.1 73.4 M -  OH
134 3.6 3.8 6.7 5.6 7.2 8.9
135 1.2 1.7
149 10.7 10.3 9.2 8.2 1.1 2.4 M -  H
150 2.1 1.5 2.7 2.7 0.9 1.1 M
151 0.8 1.1 2.5 4.0 0.9 1.6 M + H
179 0.2 M + C 2 H 5

191 0.04 M + C3H5
a The ion intensities reported are uncorrected for 13C isotope.

b The reproducibility of the per cent ionization reported is ±  15% 
of the reported value.

hydrogen as reagent gas the decomposing ions of m/e 133 
from 1 and 2 have the same structure. Furthermore, al­
though the methane chemical ionization spectra of 1 and 2 
show significantly less decomposition of the ions with m/e 
133 than is the case with hydrogen, the relative abundances 
of the low-mass fragment ions in the methane spectra of 1 
and 2 are essentially identical. Thus, it also appears with 
methane as reagent gas that the decomposing ions of m/e 
133 from 1 and 2 have the same structure. However, specu­
lation on the structures of these fragment ions is unwar­
ranted in the absence of precise mass measurements and 
studies with labeled compounds.

The most intense ion in the isobutane chemical ioniza­
tion spectra of 1 and 2 is the (M — OH)+ ion. Although this 
ion is obviously formed by the removal of the hydroxyl 
group from the alcohols, it is not clear whether the m/e 133 
ion results from a proton transfer reaction followed by dis­
sociation

C.oHuOH +  f-CjH9+ — -  C10H13OH2+ +  C,H5

C10H13OH2+ —  C10H,3+ +  H20  

or an abstraction reaction.
C10H13OH +  i-C,Hs+ — ► C10Hi3+ +  i-C,HaOH

The extent of fragmentation of the (M — OH)+ ions in 
the isobutane chemical ionization spectra of 1 and 2 is sig­
nificantly less than that observed with hydrogen or meth­
ane as reagents. The small differences in the isobutane 
spectra of 1 and 2 may be real and may indicate differences 
in the structures of the decomposing (M — OH)+ ions. 
However, the differences in the isobutane chemical ioniza­
tion spectra of 1 and 2 are not sufficiently great to warrant 
confident interpretation.
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Table III
Partial N2 and N2-NO Chemical Ionization 

Spectra of 1 and 2
r  % ionization“’ 6 (100fi/ s!ujjp]e/j)

m ¡ e
' ------N2'

1 2
-̂N2/7.3°/o NO-> 

1 2 Comment

72 1.4 1.3
77 1.3 1.2 0.2
78 4.8 4.2 0.4 0.4
79 21.4 24.5 3.1 2.5 c 6h ,
80 6.5 7.0 1.0 1.0
91 6.9 7.3 3.7 1.7 c 7h 7
92 1.5 1.8 0.4 0.3
93 3.0 3.0 0.9 0.8

104 1.2 1.2 0.1 0.1 M -  (H20  + C2H4)
108 0.7 0.8 0.4 0.4
117 3.9 3.5 0.6 0.6 M -  (OH + CH4)
132 1.4 1.4 0.5 0.4 M - H 20
133 14.0 13.3 26.0 8.8 M -  OH
150 2.6 3.5 17.4 19.2 M
162 1.2 1.2 M + NO -  H20
180 22.8 42.4 M + NO

“ The ion intensities reported are uncorrected for 13C isotope.
6 The reproducibility of the per cent ionizations reported is ±15% 
of the reported value.

Isobutane chemical ionization spectra of several aliphatic 
alcohols have been reported.11 For secondary alcohols there 
were observed, in addition to (M — OH)+, (M — H)+, and 
(M + H)+ ions, two ions, (M + 39)+ and (M + 57)+, which 
have been attributed to the association of the OsH;;4" and 
C4Hg+ ions of the isobutane plasma with the molecule.11 
Although (M + 39)+ and (M + 57)+ ions are present in the 
isobutane chemical ionization spectrum of an alcohol of 
similar structure, namely 3,12 and the addition of f-C4H9+ 
to olefins to form (M + 57)+ ions has been reported,13 (M + 
39)+ and (M + 57)+ ions were not observed in the isobu­
tane chemical ionization spectra of 1 or 2. This suggests 
that either the basicities of 1 and 2 are sufficiently in­
creased relative to 3 so that the f-C4Hg+ ion acts only as a 
Brpnsted acid with 1 and 2 to form (M + H)+ ions, some of 
which then decompose, or the “ unsaturation” present in 1 
and 2 increases the stability of the (M — OH)+ ions suffi­
ciently so that the decomposition of the (M + 57)+ ions is 
essentially complete.

Although it is apparent that the chemical ionization 
spectra of 1 and 2 are different from the electron impact 
spectra and emphasize different aspects of the two alco­
hols, it is obvious that the chemical ionization spectra 
could not be employed to confidently differentiate I and 2.

Charge Exchange Spectra. If the reagent gas em­
ployed in chemical ionization does not contain hydrogen, 
then proton transfer reactions cannot occur. When non­
hydrogen-containing gases (e.g., the rare gases, nitrogen, 
oxygen, carbon monoxide, and nitric oxide) are used in 
chemical ionization experiments, the principal ion-mole­
cule reaction which occurs is charge exchange.14 Thus, the 
radical molecular ion of the sample results from an electron 
transfer reaction (where G-+ is the reactant ion).

M +  G -+ — * M •+ +  G

At pressures of about 1 Torr, the mass spectrum of nitro­
gen consists of three major ionic species (N 2+ , N 3 + , and 
N 4 "1), all of which are rather high-energy ions that react by 
charge exchange and produce significant amounts of frag­
ment ions of the sample. The nitrogen charge exchange

Table IV
Metastable Transitions Observed in the N2-5% NO 

Chemical Ionization Spectra of 1 and 2

f------------------------1 ----------------------------------- ^
(M + NO)*-------------- -  (M + NO -  H20)*
(M + NO)*-------------- *- M-*
(M + NO)*--------------- -  (M -  OH)*
(M + NO)*---------------- m /e  91
(M + NO -  H20)* — -  m /e  91

(—  2 'i
(M + NO)*------------- ► (M + NO -  H20)*
(M + NO)*------------- - M-*
(M -  OH)*--------------- m /e  117
M,+ ------------------------► m /e  117

spectra of 1 and 2 are summarized in Table III. Once again, 
the striking similarities in the behavior of 1 and 2 are im­
mediately apparent. As is typical,14 these charge exchange 
spectra are much more closely related to the electron im­
pact spectra of 1 and 2 than to the chemical ionization 
spectra of these alcohols. However, it is to be noted that 
whereas upon electron impact 1 and 2 prefer dehydration 
to loss of hydroxyl, (M — H20)-+/(M  — OH)+ ~  4-11, this 
behavior is reversed under charge exchange: (M — 
HzO)-+/(M  -  OH)+ ~0.1.

Recently, mixtures of 1-10 mol % of nitric oxide in nitro­
gen have been employed as charge exchange chemical ion­
ization reagents.15’16 Mixtures of greater than 5 mol % of 
nitric oxide in nitrogen produce mostly NO+ ions. Pre­
viously, it has been shown that chemical ionization with 
pure nitric oxide also produces NO+ in high abundance 
which can function as (a) an electron acceptor to provide 
M-+ radical ions, (b) a hydride abstracting agent to give (M 
— H)+ ions, or (c) an electrophile to produce (M + NO)+ 
ions.17

The chemical ionization spectra of 1 and 2 produced with 
a 7.3 mol % mixture of nitric oxide in nitrogen are summa­
rized in Table III. Inspection of Table III shows that there 
are considerable differences in the nitric oxide-nitrogen 
chemical ionization spectra of 1 and 2 and that under these 
conditions 1 and 2 can clearly be distinguished. Thus, (M + 
NO)+ is the dominant ion in the spectrum of 2 and (M + 
NO)+:M+:(M — OH)+ 5:2:1, whereas in 1 the ion distri­
butions are quite different and (M + NO)+:M+:(M — OH)+ 
=* 0.9:0.7:1. That the amount of fragmentation in 1 and 2 is 
less in nitric oxide-nitrogen than in nitrogen reflects the 
fact that the recombination energy o f nitric oxide is consid­
erably less than that of nitrogen.14

The differences in behavior of 1 and 2 with nitric oxide- 
nitrogen chemical ionization are graphically illustrated in 
Figures 1 and 2, in which the contributions of the four 
major ions [(M + NO)+, M-+, (M — OH)+, and m/e 79 
(perhaps protonated benzene)] in the spectra of 1 and 2 rel­
ative to the total sample ionization are plotted as a func­
tion of the mole per cent of nitric oxide in the nitric oxide- 
nitrogen mixtures. Striking differences for 1 and 2 are evi­
dent in the curves for the (M + NO)+ and (M — OH)+ ions. 
At least some of the (M — OH)+ ions formed from 1 result 
from the decomposition of the (M + NO)+ adduct, since a 
metastable transition is observed for this process (see 
Table IV). However, no metastable transition was observed 
for this process in 2. The curves for the variation in concen­
tration of the M-+ ions with increasing nitric oxide concen­
tration are similar for 1 and 2 and metastable transitions 
for (M + NO)+ ions decomposing to M-+ ions are present 
for both 1 and 2. The marked decrease in the nitric oxide-
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mole % NO
Figure 1. Behavior of several ions in the nitric oxide-nitrogen 
chemical ionization spectra of 1 as a function of the amount of ni­
tric oxide present.

nitrogen spectra in 1 and 2 of the relative abundance of the 
major fragment ion in the nitrogen charge exchange spec­
tra, i.e., m/e 79, suggests that this ion is not produced to a 
significant extent by reactions of NO+. The small amounts 
of m/e 79 that are still present at high concentrations of ni­
tric oxide may result from a slow reaction of NO+ or they 
may result from reactions of the small amounts of N2+, 
N3+, or N4+ ions that are present in the reagent gas.

Hunt and Ryan have reported that the nitric oxide 
chemical ionization spectra of secondary alcohols show 
abundant (M — 1)+, (M — 17)+, and (M — 2 + 30)+ ions.17 
It was proposed that the (M — 2 + 30)+ ion is formed by 
oxidation of the alcohol and subsequent attachment of 
NO+ to the resulting ketone.17 However, reaction of NO+ 
with 1 and 2 yields (M + 30)+ ions and no (M — 2 + 30)+ 
ions. Thus, it appears that the addition of NO+ to I and 2 
does not involve exclusive reaction at the alcohol substitu­
ent, but rather extensive electrophilic attack occurs at the 
cyclopropyl or olefinic moieties of I and 2. Such behavior is 
not unprecedented, as the addition of NO+ to olefins and 
olefinic alcohols to produce (M + 30)+ ions has recently 
been observed,18 and the nitric oxide chemical ionization 
spectrum of cholesterol also shows an abundant (M + 30)+ 
ion.14

The major reactions of NO+ with alcohols 1 and 2 can be
summarized as follows:

M +  NO+ —

— *• (M + NO)+ (a)
(M +  NO+)* — — «- M+ + NO (b)

L—■ (M - OH)+ +  HNO, (c)
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Figure 2. Behavior of several ions in the nitric oxide-nitrogen 
chemical ionization spectra of 2 as a function of the amount of ni­
tric oxide present.

Electrophilic attack to produce (M + NO)+ is necessarily 
an exothermic reaction. The relative amounts of addition 
and reaction, i.e., a us. b + c, depend upon the stability of 
the addition ion and the stabilities of the possible reaction 
ion products. Thus, if reactions b and c are endothermic, 
then electrophilic addition is expected to predominate. If 
reactions b and c are strongly exothermic, then the prod­
ucts of these reactions should predominate and relatively 
little electrophilic addition should be observed. If the reac­
tions are approximately thermoneutral, then small differ­
ences in the heats of formation of the reactants and prod­
ucts may produce significant changes in the ionic product 
distribution. Since the ratio (M + NO)+/M-+ is substan­
tially larger for 2 than for 1, it would appear that charge ex­
change to 2 is less exothermic than charge exchange to 1, 
and, consequently, that the ionization potential of I is 
slightly lower than the ionization potential of 2.

Experimental Section
All electron impact spectra were obtained with a Du Pont CEC

21-110B mass spectrometer. The source block temperature was 
100-120°, the repeller voltage 0 V, and the accelerating voltage 8 
kV. The low-voltage electron energy was calibrated against the ap­
pearance potential of the CH3+ ion in methane.19 At ionization 
energies much below 14.0 eV the total beam current was so small 
that reproducible spectra could not be obtained with the electron 
multiplier detector being used.

The chemical ionization experiments were carried out with a Du 
Pont CEC 21-110B mass spectrometer that had been modified for 
high-pressure operation.14'20 The experimental conditions em­
ployed were: source block temperature 100- 120°, accelerating volt­
age 6 kV, electron energy 400-600 eV, repeller field strength 0 V / 
cm, and source pressure 0.7-1.0 Torr. The technique for the mix­
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ing of reagent gases for chemical ionization experiments has been 
described.16

All samples were introduced into the source region of the mass 
spectrometer by direct insertion probe. An all glass probe (manu­
factured by Mass Spectrometer Accessories, College Station, Tex.), 
which has a separate heating and control system, was used in all 
experiments. Probe temperatures necessary for sample vaporiza­
tion were 35-45°.

8,9-Dehydro-2-adamantanol (1) was prepared by the sodium 
borohydride reduction of 8,9-dehydro-2-adamantanone (4) as de­
scribed by Baldwin and Foglesong.21 However, an improved proce­
dure for the synthesis of 4 was employed.22

2-exo -Protoadamantenol (2). To 10 ml of an 80% aqueous ace­
tone solution which was 0.05 M  in perchloric acid was added 100 
mg of 1. The solution was stirred at reflux for 18 hr and then dilut­
ed with 20 ml of water, neutralized with saturated sodium bicar­
bonate solution, and extracted with ether (3 X 30 ml). The com­
bined ether extracts were washed with water and dried over anhy­
drous magnesium sulfate, and the solvent was evaporated at re­
duced pressure. Glpc analysis (10 ft X 0.25 in. FPAP column, 190°, 
60 ml/min of He) of the residue indicated a single component and 
pmr analysis (integration of the olefinic proton signals vs. chloro­
form as an internal standard) showed that the olefinic product was 
obtained in nearly quantitative yield. Pure 2 was isolated by glpc 
(above conditions) to give a white solid: mp 188-189°; pmr 
(CDCI3) 6 6.45-5.9 (m, 2 H, olefinic protons), 3.71 [(hr s, IV1/2 =
3.2 Hz, CH(OH)], 2.7-1.2 (m, 13 H); ir (CC14) 3630, 3350, 3035, 
2920, 2865, 2850, 1460, 1430, 1365, 1210, 1175, 1150, 1100, 1060, 
1050,1030,1015,1000, 975, 945, 920,900, and 700 cm -1.

Anal. Calcd for C10H14O: C, 79.96; H, 9.39. Found: C, 79.82; H, 
9.27.

The skeletal framework of 2 and the skeletal position and stere­
ochemistry of the hydroxyl substituent in 2 were established by 
conversion of 2 to the known alcohol,23 2-exo-protoadamantanol
(5). A solution of 40 mg of 2 in 25 ml of ethanol was stirred with 
100 mg of 5% palladium on charcoal under an atmosphere of hy­
drogen for 24 hr. The reaction mixture was then diluted with 100 
ml of pentane and filtered to remove the catalyst. The catalyst was 
washed with pentane (2 X 20 ml) and the combined organic ex­
tracts were washed with several portions of water and then dried 
over anhydrous magnesium sulfate.

Evaporation of the solvent at reduced pressure provided an oily 
residue which glpc analysis (5 ft X 0.25 in. FFAP column, 175°, 60 
ml/min of He) showed contained a single component. Isolation of 
this compound by glpc (above conditions) gave pure 5, which was

identified by comparison of its ir spectrum with that of an authen­
tic sample.23
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Reductive phénylation of anthracene and naphthalene via treatment of the hydrocarbons with metals (sodium 
or potassium) in liquid ammonia and then with halobenzenes furnished 9-phenyl-9,10-dihydroanthracene and 
isomeric 1-phenyldihydronaphthalenes and 2-phenyldihydronaphthalenes in good yields. With lithium metal 
only the reduction of the hydrocarbon is obtained. A benzyne mechanism is proposed.

Metal-ammonia reduction and reductive alkylation of 
hydrocarbons have been widely used.2 The structures of 
the dihydroaromatic products obtained by metal-ammonia 
reductions correlate to a remarkable degree with predic­
tions of Hiickel molecular orbital theory,3 and several hy­
drocarbons such as naphthalene,4 anthracene,2b phenan- 
threne,5 chrysene,6 cycloheptatriene,7 fluoranthene,8 bi­
phenyl,9 and terphenyl10 have been reduced to the anions 
and then alkylated. The reductive méthylations of anthra­
cene, benz[a]anthracene, and dibenz[o,/i]anthracene occur

with regiospecificity to furnish the «'s-dialkyldihydro de­
rivatives.11

However, as far as we know, no attempt was made to per­
form a reductive arylation of these hydrocarbons. The re­
cently discovered reaction of phenyl radical with hydrocar­
bons such as indene, fluorene, 1,3-pentadiene, and aneth­
ole12 by the Sr n I mechanism13 to furnish the aryl-substi­
tuted hydrocarbons prompted us to investigate the possi­
bility of phenylating aromatic hydrocarbons under reduc­
tive conditions, and we performed some reactions to try the



reductive arylation of two hydrocarbons, anthracene and 
naphthalene.

Results and Discussion
When bromobenzene or chlorobenzene were added to a 

solution of anthracene dianion prepared from the reaction 
of anthracene with 2 equiv of potassium metal in liquid 
ammonia,2b they reacted immediately, before the addition 
of potassium metal as electron source to form phenyl radi­
cals,12’13 giving a mixture of 9,10-dihydroanthracene (40- 
55%), 9-phenyl-9,10-dihydroanthracene (35-45%), 9,9-di- 
phenyl-9,10-dihydroanthracene (4-10%) and 9,10-diphe- 
nyl-9,10-dihydroanthracene (2-6%).

There are three possible mechanisms to explain this 
reaction. The first is direct nucleophilic displacement of 
halogen. This possibility has been rejected because aromat­
ic nucleophilic substitution occurs very slowly if at all, with 
unactivated aromatic substrates.14

The second is electron transfer from the dianion to the 
halobenzene, giving the radical anion of the latter, which 
then decomposes to phenyl radical, and the reaction with 
the anion in the usual SRNl mechanism12’13 (eq 1).

An2- -I- PhX — *- An--  + PhX-
(1)PhX-  — ► Ph- + X-

The electron transfer reaction between dianions and 
neutral molecules is a known process.15 Iodobenzene and 
diphenyliodonium bromide gave this reaction with the ace- 
tonate anion in liquid ammonia,16’17 and the rate of decom­
position of the former is dramatically increased by irradia­
tion with near-uv lamps,16 whereas bromobenzene or chlo­
robenzene do not react without irradiation.16 Trimethyl - 
phenylammonium iodide and diethylphenyl phosphate also 
give phenyl radicals when treated with potassium metal17 
or irradiated in liquid ammonia.16

If the first step in this reaction is an electron transfer, 
any one of the substrates cited above should give this reac­
tion and also the same product distribution. However, tri- 
methylphenylammonium iodide or diethylphenyl phos­
phate neither in the dark nor irradiated with 350-nm uv 
lamps gave phenylated products. This rules out the elec­
tron transfer mechanism.18 However, the addition of potas­
sium metal to a mixture of anthracene dianion and tri- 
methylphenylammonium iodide led to the formation of 9- 
phenyl-9,10-dihydroanthracene in small yield (run 12, 
Table I) probably through an Sr n I mechanism.

The third is the benzyne mechanism. Lindow, Cortez, 
and Harvey demonstrated that the biphenyl dianion and 
anthracene dianion react with ammonia to give the mo­
noanion and amide ions (eq 2), the proton addition is es-

An2- + NH3 5=± AnH" + NH2-  (2)

sentially an irreversible process by experiments with deute­
rium exchange, and there are doubts whether these di­
anions can exist in ammonia at all.9

It is known that amide ion reacts with halobenzenes to 
give o-halophenyl anion, which then decomposes to ben­
zyne,19® which in turn could be trapped by anthracene 
mono- or dianion, giving the observed products (Scheme I). 
Reactions of benzyne with carbanions are well known.196

9,9-Diphenyl-9,10-dihydroanthracene and 9,10-diphe- 
nyl-9,10-dihydroanthracene are products from 9-phenyl-
9,10-dihydroanthracene anion and benzyne, and represent 
a double arylation.

Since the formation of benzyne requires a reaction medi­
um basic enough to form the o-halophenyl anion, addition 
of lithium metal to form the dianion, instead of potassium 
metal, will reduce the basicity of the solution owing to the
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Scheme I
X X

insolubility of the lithium amide in ammonia,20 which will 
shift the equilibrium of eq 2 to the right. As expected, when 
lithium metal was used to form anthracene dianion in am­
monia, and chlorobenzene was added, no reaction occurred 
(run 5, Table I).

In the reaction of anthracene dianion with a fivefold ex­
cess of chlorobenzene, there is no increase in the yield of 
phenylation (run 3, Table I), and when anthracene dianion 
was half neutralized by adding 1 equiv of solid ammonium 
bromide to form anthracene monoanion, and chloroben­
zene was added, no phenylation products were found (run 
6, Table I).

From the observations discussed above, we conclude that 
the anthracene dianion is basic enough to be in equilibrium 
with amide ion, and form benzyne from halobenzenes, and 
the latter reacts with anthracene anion to form the prod­
ucts observed.

Further evidence to demonstrate that the reaction occurs 
via a benzyne mechanism is the lack of the reaction of 2,6- 
dimethylchlorobenzene with naphthalene dianion, owing to 
the impossibility of this substrate forming benzyne.21

All these reactions were carried out after 5 min of the 
formation of the anion of the reduced species (mono- or di­
anion), which is recognized by the formation of the red 
color. When the halobenzene was added 60 min after the 
red color had been formed, no phenylated products were 
formed (run 7, Table I). When the halobenzene was added 
15 min after the red color had been formed, a decrease in 
the yield was observed (run 8, Table I). These phenomena 
are not fully understood and are discussed in the reductive 
phenylation of naphthalene.

Reductive Phenylation of Naphthalene. Metal-am­
monia reduction of naphthalene and its derivatives is a 
well-known reaction, and the reduction proceeds through 
naphthalene radical anion and dianions.2 It is generally as­
sumed that the position of protonation by a suitable proton 
donor is governed by the charge distribution in these inter­
mediates species as provided by esr data22 or quantum 
chemical calculations.3’23

The reduction of naphthalene with lithium metal in liq­
uid ammonia is very rapid and the initially formed product 
is 1,4-dihydronaphthalene, undergoing amide-catalyzed
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Table I
Reactions of Anthracene Dianion with Monosubstituted Benzenes in Liquid Ammonia

Product yield, %e '^-

Rim
Anthracene,

mol
K metal, 

mol PhX Mol
r
DHAa 9-PDHA6 9, 9-DPDHAc

......\
9 , 10-DPDHAd

l 0.104 0.208 Cl 0.112 54 36 4 2
2 0.120 0.300 Cl 0.132 38 43 11 6
3 0.128 0.260 Cl 0.64 35 40 16 6
4 0.140 0.086* Cl 0.048 40 41 8 4
5 0.040 0.280* Cl 0.152 100
6! 0.072 0.144 Cl 0.072 100
7 0.052 0.108 c v 0.052 100
8 0.048 0.101 Cl* 0.048 78 17
9 0.192 0.404 Br 0.212 41 44 9 3

10 0.100 0.200 +NMe3 0.100 100
11 0.048 0.104 +NMe3 0.052* 100
12 0.056 0.112 +NMe3 0.056m 95 5"
13 0.024 0.052 DEPP0 0.024 100

a 9,10-Dihydroanthracene. 6 9-Phenyl-9,10-dihydroanthracene. c 9,9-Diphenyl-9,10-dihydroanthracene. d 9,10-Diphenyl-9,10-dihydro- 
anthracene. c Yields determined by glpc. f Aniline and biphenylamine were detected in small amounts (1-6%). g Na metal. h Li metal.
‘ After the formation of anthracene dianion, 0.072 mol of NH^Br was added. 1 PhCl was added after 60 min of formation of anthracene di­
anion. k PhCl was added after 15 min of formation of anthracene dianion. 1 Irradiated with 350-nm uv lamps. m 0.080 mol of K metal was 
added to produce phenyl radicals. Other products detected but not quantified: benzene, aniline, and biphenylamine. 0 Diethylphenyl phos­
phate ester.

Table II
Reactions of Naphthalene Dianion with Monosubstituted Benzenes in Liquid Ammonia

Product yield, %e 'C

Run
Naphthalene,

mol
K metal, 

mol PhX Mol
7

DHNa l-PDHN6 2 -PDHNC DPDHNd

l* 0.044 0.092 Cl 0.044 33 T 7 32 T 6 25 T 3 3 T 1
2" 0.048 0.100 Br 0.048 35 30 28 2
3* 0.040 0.080 Cl 0.040 100
4 0.040 0 .100J Cl 0.040 100
5 0.028 0.056 *NMe3 0.028 100
6 0.042 0.084 2,6-DMCB* 0.042 100

a Dihydronaphthalenes. b Isomeric 1-phenyldihydronaphthalenes; no attempt was made to identify them. c Isomeric 2-phenyldihydro-
naphthalenes; no attempt was made to identify them. d Diphenyldihydronaphthalenes. e Yields determined by glpc. f Aniline and biphenyl­
amine were detected in small amounts. g Average of four runs. h Average of two runs. ‘ Two runs, at 15 and 60 min after the formation of the 
naphthalene dianion. 3 Li metal. n 2,6-Dimethylchlorobenzene, recovered almost quantitatively.

isomerization to 1,2-dihydronaphthalene in about 1 hr at 
—33°.24

When naphthalene dianion was formed by the reaction 
of potassium metal and naphthalene in liquid ammonia, 
and chlorobenzene or bromobenzene were added, a com­
plex mixture of products was found, mainly 1,2-dihydro­
naphthalene and 1,4-dihydronaphthalene (33-35%), 1 - 
phenyldihydronaphthalenes (30-32%), and 2-phenyldihy- 
dronaphthalenes (25-28%). By gas-liquid partition chro­
matography technique, there were several peaks with simi­
lar retention times, probably due to isomeric 1-phenyldihy- 
dronaphthalenes and 2-phenyldihydronaphthalenes. No 
attempt to isolate them was made, and the crude products 
of phenylation were dehydrogenated to 1-phenylnaph- 
thalene and 2-phenylnaphthalene and characterized as 
such.

When lithium metal was used instead of potassium metal 
to form naphthalene dianion, no reaction occurred (run 4, 
Table II), and when trimethylphenylammonium iodide was 
used instead of chlorobenzene or bromobenzene, no reac­
tion occurred either (run 5, Table II).

All these facts suggest, as in the reductive phenylation of 
anthracene, that a benzyne mechanism occurs. As a means

to demonstrate absolutely the formation of benzyne as a 
route to phenylated products, we turned our attention to 
arylation with 2,6-dimethylchlorobenzene, which cannot 
form an aryne with a strong base.21

As anticipated, it was unreactive with the naphthalene 
dianion under the same experimental conditions as chloro- 
or bromobenzene, and it was recovered unchanged (run 6, 
Table II).

From these observations, we conclude that the reaction 
of alkali metals with naphthalene in liquid ammonia gives 
naphthalene dianion, which is protonated by the ammonia 
in the sense of eq 2, and the amide ion precipitates (lithium 
amide) or gives benzyne (potassium amide) with haloben- 
zenes, which reacts with naphthalene anion, giving 1-phen- 
yldihydronaphthalenes and 2-phenyldihydronaphthalenes 
in almost the same ratio, independently of the halobenzene 
used, probably owing the presence of two isomeric anions.

It is known that 1,4-dihydronaphthalene is formed first 
and then by an amide-catalyzed reaction gives 1,2-dihydro­
naphthalene.24 In an attempt to try to obtain selective 
phenylation of naphthalene, once it was formed, 1 hr was 
allowed to pass at -33 ° before the addition of the haloben­
zene, but no phenylated products were found. In the previ­



ous reactions, only 5 min was allowed to pass before the ad­
dition of the halobenzene. The reaction was repeated after 
15 min had passed and again no phenylated products were 
found.

This rapid decay of the reactivity of the naphthalene 
anion is not fully understood, but it could be due to the 
slow protonation of the naphthalene monoanion by ammo­
nia to give the reduced and neutral dihydronaphthalene 
and amide anions (eq 3).

Naph2- +  NH3 NaphH-  +  NET (fast) (2)

NaphH”  +  NH3 5=± NaphH2 +  NH2"  (slow) (3)

Kinetic and equilibrium studies of the protonation of the 
dihydronaphthalene anion and dihydroanthracene anion 
are being developed in our laboratories to test this idea.

Experimental Section
General. Boiling and melting points have not been corrected. 

Nmr spectra were recorded on a Varian T-60 nuclear magnetic res­
onance spectrometer with CC14 as solvent and all spectra are re­
ported in parts per million relative to TMS (6). All ir spectra are 
recorded on a Beckman IR-8 spectrophotometer. Ultraviolet spec­
tra were recorded on a Beckman DB-6 spectrophotometer. Thin 
layer chromatography was performed on silica gel plates. Gas chro­
matographic analyses were performed on a F & M biomedical gas 
chromatograph, Model 400, with flame ionization detector and 
yields were determined by peak area with a 6 ft X %6 in. column 
packed with 4% silicon rubber SE-30 on 60-80 Chromosorb P.

Reagents. Naphthalene (Eastman), anthracene (Fluka), chloro­
benzene (Fluka), and bromobenzene (Fluka) were commercially 
available and were used as received. Trimethylphenylammonium 
iodide and diethylphenyl phosphate ester were available from pre­
vious work.17 2,6-Dimethylchlorobenzene was obtained by a Sand- 
meyer reaction of 2,6-dimethylaniline (K & K Laboratories): bp 
181-184° (720 mm) (lit.25 bp 185-187°); nmr 5 2.32 (s, 6 H) and
7.12 (s, 3 H). Alkali metals were cut in small pieces and washed 
free of oil with dried ether or pentane immediately before addition 
to reaction mixtures. Liquid ammonia was dried with sodium 
metal and distilled under nitrogen into the reaction flask.

Reductive Phenylation of Anthracene. A procedure for re­
ductive phenylation of anthracene is representative. The reaction 
was performed in a three-neck round-bottom flask fitted with a 
Dry Ice-isopropyl alcohol condenser, stirred by a magnetic stirrer 
and constantly swept by a slow stream of dry nitrogen. To distilled 
liquid ammonia (350 ml) potassium metal (0.101 mol) was added 
and solid anthracene (0.048 mol) was added to the blue solution. 
After the blue color of the alkali metal had changed to a dark or­
ange-red color (about 4-8 min), bromobenzene (0.053 mol) was 
added drop by drop from a separatory funnel. At the end the color 
changed to a dark violet. After 10 min of reaction, solid ammonium 
chloride was then added to quench the reaction, followed by 150 
ml of diethyl ether, and the ammonia was allowed to evaporate. 
The ether extract was washed with water and dried over anhy­
drous Na2S04. A small portion of the ether extract was analyzed 
by glpc. The ether was evaporated from the rest of the ether layer, 
and the residue was fractionately sublimed. The products isolated 
were 9,10-dihydroanthracene (60-70°, 1 Torr), mp 106-108° (lit.26 
mp 89-90°), nmr spectrum 5 3.86 and 3.94 (2 H), 5.14 (1 H), and 
an authentic sample,27 and 9-phenyl-9,10-dihydroanthracene 
(110-115°, 1 Torr), recrystallized from ethanol, mp 88-90° (lit.28 
mp 89-90°), nmr spectrum 6 3.86 and 3.94 (2 H), 5.14 (1 H), and 
ca. 7.2 (13 H) [lit.28 (CS2 as solvent) 5 3.70 and 3.88 (2 H) and 5.04 
(1 H)]. A sample was dehydrogenated to 9-phenylanthracene by 
heating with sulfur at 190-200° during 30 min, and the residue was 
crystallized from ethyl alcohol, mp 150-152° (lit.29 mp 154-155°).

A mixture of 9,9-diphenyl-9,10-dihydroanthracene and 9,10- 
diphenyl-9,10-dihydroanthracene sublimed at 150-160° (1 Torr), 
determined by nmr and glpc analysis. 9,10-Diphenyl-9,10-dihydro- 
anthracene was isolated pure by fractional recrystallization from 
diethyl ether, mp 188-193° (lit.30 mp 194-195°), and by nmr anal­
ysis there were two isomers, cis and trans, d 5.25 and 5.33 (2 H) and
7.13 and 7.22 (18 H). After the ether was distilled off, 9,9-diphe- 
nyl-9,10-dihydroanthracene was obtained, nmr 5 3.86 (2 H) and ca.
7.1 (18 H).

Attempt to Phenylate Anthracene Dianion with Trimethyl­
phenylammonium Iodide. The procedure was similar to the
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phenylation using halobenzenes, except that solid trimethylphe­
nylammonium iodide was added. The reactions were carried out in 
the dark, or irradiated with two 350-nm 250-W high-pressure mer­
cury lamps (Philips, Model HPT) during 1 hr. The reactions were 
quenched and the work-up was similar to the previous one, but no 
phenylated products were found.

Potassium Metal as Catalyst. The procedure was similar to 
the method described previously.12 Once trimethylphenylammon­
ium iodide was added to the anthracene dianion in ammonia, po­
tassium metal was added in small pieces. After all the K metal was 
added, the reaction was quenched by adding ammonium chloride 
and the work-up was similar to those of the other reactions. 9-Phe- 
nyl-9,10-dihydroanthracene was obtained in 5% yield by glpc.

Reductive Phenylation of Naphthalene. The procedure was 
similar to the reductive phenylation of anthracene. To 250 ml of 
dry ammonia, K metal (23 mmol) was added and solid naphtha­
lene (11 mmol) was added to the blue solution. When the blue 
color o f the alkali metal had changed to a dark red color (about 3-7 
min) and after 5 min with this color, chlorobenzene (11 mmol) was 
added and the reaction mixture was quenched by adding ammo­
nium chloride after 10 min of reaction. The ammonia was allowed 
to evaporate and the residue was treated with water and twice ex­
tracted with diethyl ether. The ether extract was washed with 
water and dried over anhydrous Na2S04. A small portion of the 
ether was analyzed by glpc. The ether was evaporated and the resi­
due was treated with powdered sulfur (11 mmol) and heated to 
230-240° for 0.5 hr.31 The black residue was extracted with ether, 
and a small portion was analyzed by glpc. The ether was evapo­
rated and vacuum distilled, giving naphthalene, 1-phenylnaph- 
thalene (210-230°, 67 Torr), and 2-phenylnaphthalene (230-250°, 
67 Torr). Pure 1-phenylnaphthalene was obtained by column chro­
matography on silica gel, using light petroleum as solvent, giving a 
waxy, white solid, uv (cyclohexane) Amax 228 and 285 nm [lit.32 uv 
(cyclohexane) Amax 228 and 285 nm], 2-Phenylnaphthalene was pu­
rified by recrystallizatio'n in ethanol, giving a white solid, mp 102- 
103° (lit.33 mp 101-102°), uv (cyclohexane) Amax 250 and 285 nm 
[lit.34 uv (cyclohexane) Amax 250 and 285 nm].
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Stereoselective Organometallic Alkylation Reactions. III. “Ate” Complex 
Addition to Cyclic and Bicyclic Ketones1
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The stereochemistry of addition of a variety of “ ate” complexes with such ketones as 4-tert- butylcyclohexan- 
one, 3,3,5-trimethylcyclohexanone, norcamphor, and camphor has been studied. The reaction of LiAl(CH3)4 and 
LiAl(i- C4Hg)3CH3 with 4-tert- butylcyclohexanone in benzene, diethyl ether, tetrahydrofuran, and dimethoxy- 
ethane results in predominant axial attack to form equatorial alcohol (via méthylation), regardless of reactant 
ratio or reaction time. However, the reaction of other “ ate”  complexes such as LiB(CH3)4 and Li„M (CH3)2+„ 
compounds (where M = Mg and Zn and n = 1, 2, or 3) with 4-tert- butylcyclohexanone yields predominantly 
equatorial attack in diethyl ether. Reaction of all ate complexes studied with 3,3,5-trimethylcyclohexanone yields 
100% axial alcohol. Reaction of norcamphor and camphor with all ate complexes studied yields 95% endo alcohol 
and 99% exo alcohol, respectively, regardless o f reactant ratio.

Ate complexes are the result of interaction between an 
electron-deficient metal alkyl and a Lewis base.2 Trimeth- 
ylaluminum, for example, exists as a dimer with two meth­
yl groups bridge bonded in such a way that the coordina­
tion about the aluminum atom is tetrahedral.3 In ether so­
lution the weak methyl bridge bonds are broken in favor of 
ether solvation of the trimethylaluminum. If methylithium 
is added to the solution, the ether molecule is replaced by a 
methyl carbanion to form the ate complex LiAl(CH3)4. Ba­
sically these are simply acid-base reactions where the 
Lewis acid [A1(CH3)3] reacts with a base (e.g., ether or 
CH3Li) to form a salt. In general, the tendency toward

C H 3 .C H 3 C H 3
A l^  A l ^  

C H ^  X C H T  X C H 3

2 Et/)

2CH.IÌ

2 (C H 3)3 A l-O E t2

2 L iA l(C H 3)4

(D

ate complex formation and the stability of the complex de­
pend to a large degree on the particular metals involved 
and to a lesser degree on the ligand size and charge. For ex­
ample, the tendency of the adducts LiM(C6H5)3 to disso­
ciate into phenyllithium and M(C6H5)2 increases in the 
order LiBe(C6H5)3 < LiZn(C6H5)3 < LiMg(C6H5)3 < 
LiCd(CeH5)3 < LiHg(C6H5)3. In general, the smaller the 
central metal atom and the more electropositive the group 
I metal the more stable is the adduct. Indeed, in the above 
series the largest metal, mercury, shows no tendency to 
form an adduct.

No reports concerning either the mechanism or stereo­
chemistry of ate complex addition to ketones has appeared 
in the literature. Since the central metal atom of ate com­
plexes such as LiAl(CH3)4 or Li2Mg(CH3)4 do not have

available orbitals for complexation with a carbonyl group 
as do (CH3)3A1 and (CH3)2Mg, there is reason to believe 
that the mechanism and hence stereochemistry of reaction 
should be different. In addition it was felt that since lithi­
um is capable of complexing with carbonyl compounds, 
possibly ate complexes of the type Li„M(CH3)2+„ might 
react by complexation of the lithium atom with the carbon­
yl oxygen atom. Such possibilities, in addition to recent re-

> C  =  0hvi
R — M — R

> 0 = 0

M — R

R ‘
/

ports concerning the composition of ate complexes in solu­
tion,4 have prompted us to investigate these compounds as 
stereoselective alkylating agents.

Experimental Section
Materials. Methyllithium was obtained from Foote Mineral Co. 

and was used without further purification. Analysis of CH3Li gave 
CH3:Li ratios ranging from 0.95:1 to 1:1 and essentially no halide 
was detected. Solutions of CH3Li were refrigerated in serum 
capped bottles and their concentrations were checked prior to use. 
Dimethylmagnesium was prepared from dimethylmercury by reac­
tion with Dow Chemical Co. doubly sublimed magnesium turn­
ings.5 Trimethylborane was prepared by reaction of BF3 • 
0(C 2H5)2 with méthylmagnésium bromide. The trimethylborane 
was distilled from the reaction vessel and collected at Dry Ice-ace­
tone temperature. Dimethylzinc was prepared by reaction of méth­
ylmagnésium bromide with anhydrous zinc chloride followed by 
distillation of the dimethylzinc under reduced pressure. Potassium 
tert- butoxide was prepared by reaction of potassium metal with 
excess tert-butyl alcohol. Excess tert-butyl alcohol was removed
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under vacuum at 80°.6 Trimethyl- and triisobutylaluminum, ob­
tained from Texas Alkyls, were purified by vacuum distillation.

4-tert- Butylcyclohexanone (Frinton) was distilled under vacu­
um and found by glpc to be 99.9% pure. Tetradecane (99.9% pure, 
Chemical Sample Co.) was used as an internal standard. 3,3,5-Tri- 
methylcyclohexanone (99% pure, Chemical Sample Co.) was dis­
tilled over 4A molecular sieves at 1 mm at 80°. Norcamphor (97% 
pure, Aldrich Chemical Co., Milwaukee, Wis.) was sublimed at 1.8 
mm at 53° and found by glpc to be 99% pure. Camphor (Fisher 
Scientific Co.) was sublimed at 2 mm at 75° twice and found by 
glpc to be 99% pure.

Preparations. LiB(CH3)4 and LiAl(CH3)4 were prepared by ad­
dition of CHijLi to an excess of trimethylborane and trimethylalu- 
minum, respectively, in diethyl ether.7 The products were purified 
by removal of all solvent and excess boron or aluminum alkyl by 
gentle heating (70°) under vacuum followed by redissolution in the 
appropriate solvent. Ether solutions of LiAl(i-C4H9)3CH3 were 
prepared by adding a benzene solution of (t-ChHgHAl to ether 
Analysis after removal of ether indicated the product to be LiAHt- 
C4Hg)3CH3 • Even mild heating results in the elimina­
tion of isobutylene. Benzene solutions of LiAl(i- C4H9)3CH3 were 
prepared by adding a benzene solution of (i-C4H9)3A1 to ether 
desolvated (90°, 100 /a, 24 hr) CH3Li.

Tri-n- octylpropylammonium bromotrimethylaluminate was 
prepared by addition of an appropriate amount of (CH3)3A1 in 
ether or benzene to dry tri-n-octylpropylammonium bromide. In 
the ether case, ate complex formation was indicated by the fact 
that the ammonium salt, which shows little solubility in diethyl 
ether, immediately dissolved on addition of trimethylaluminum. 
Preparation of ate complexes such as KMg(CH3)20 -i- C4H9, KA1- 
(CH3)30 -i-C 4H9, LiMg(CH3)3, Li2Mg(CH3)4, Li2Zn(CH3)4, etc., 
were prepared by mixing the appropriate alkali metal alkyl or alk- 
oxide to the appropriate alkaline earth metal alkyl in the appropri­
ate ratios. No attempt was made to characterize these ate com­
plexes since information concerning their formation and stability 
exists in the literature.2’4

Reactions. All reactions were carried out on a vacuum manifold 
equipped with three-way glass stopcocks attached to T 24/40 inner 
joints. Round-bottom flasks equipped with T 24/40 outer joints 
were attached to the manifold and the system was evacuated, 
flamed, and refilled with nitrogen three times prior to use. Stan­
dard solutions of reagents were introduced into the reaction vessel 
via syringes equipped with stainless steel needles. Mixing was ac­
complished via rapid stirring with a Teflon stirring bar. After a de­
sired amount of time had elapsed, the reaction mixtures were hy­
drolyzed with distilled water or saturated ammonium chloride and 
prepared for analysis.

Analysis. Product analysis for the isomeric alcohols resulting 
from methylation of 4-tert- butylcyclohexanone,3,3,5-trimethylcy- 
clohexanone, and norcamphor have been previously described.8 
Products resulting from methylation of camphor were analyzed by 
glpc. The identity of the peaks was determined by comparison of 
the hydrolyzed products formed on reaction of camphor with 
methyllithium and methylmagnesium bromide.9

Aluminum analysis was carried out by EDTA-zinc acetate titra­
tion at pH 4 using dithizone as an indicator. Magnesium and zinc 
analysis were carried out by EDTA titration at pH 10 using Erio- 
chrome Black T as an indicator. Potassium and lithium analysis 
were carried out employing flame photometry. Gas analysis was 
carried out on a high vacuum line.

Results and Discussion
The stereochemistry of reaction of ate complexes of mag­

nesium, boron, and zinc with several ketones is illustrated 
in Table I. The stereochemistry of addition of CH3Li, 
(CH3)2Mg, and (CH3)2Zn is also shown for comparison. 
The data in Table I represents only a fraction of the total 
data collected, but demonstrates all factors discussed. The 
principle feature of all these reactions is that attack by the 
ate complex occurs predominantly at the less hindered side 
of the carbonyl group in every case. In addition, the ratio of 
isomeric alcohols obtained by alkylation with ate com­
plexes is essentially the same as that found for alkylation 
by the separate reagents which compose the ate complex. 
Thus, the following general reaction scheme, employing 
Li2Mg(CH3)4 as a specific example, can be written for ate 
complex addition to ketones. The fact that the separate

Li2Mg(CH3)4 2CH3Li + Mg(CH3)2

k e t o n e k e t o n e

1 p a t h  I p a t h  II

k e t o n e  

p a t h  III (2)

products products products

reactants in each case [CH3Li, (CH3)2Mg, and (CH3)2Zn] 
give the same stereochemistry as the ate complex appears 
to indicate that ate complex alkylation may occur via paths 
II and III rather than path I. To investigate this more fully, 
the ate complex LiMg(C6H5)2CH3 was prepared. The sepa­
rate reactants CH3Li which attacks 4-tert-butylcyclohexa­
none predominantly from the equatorial side and 
(C6H5)2Mg which attacks 4-tert- butylcyclohexanone to a 
slightly greater extent from the axial side might form an 
ate complex from which the stereochemistry of methyl 
transfer would be considerably different from that ob­
served with CHaLi. If the latter proved to be the case, it 
would strongly indicate that path I is the correct descrip­
tion of ate complex alkylation. Unfortunately, 
LiMg(C6H5)2CH3 methylates 4-tert- butylcyclohexanone 
with essentially the same stereochemistry as CHaLi. Thus, 
a clear choice between path I and paths II and III cannot 
be made, although it appears that these reactions are pro­
ceeding by path I.

The presence of a salt, tri-n- octylpropylammonium bro­
mide, in the reaction of CH3MgBr with 4-iert-butylcyclo­
hexanone had negligible effect on the stereochemistry. Ate 
complex formation was definitely indicated in this case 
since the ammonium salt itself is insoluble in diethyl ether 
but dissolves on addition of an equivalent amount of 
CH3MgBr [or (CH3)3A1]. The addition of a strong base, po­
tassium tert-butoxide, in the reaction of (CH3)2Mg, 
(CH3)3A1, and CH3MgBr with the same ketone has no ef­
fect on the stereochemical results.

Special mention must be made of alkylation involving 
LiB(CH3)4 with 4-tert- butylcyclohexanone.This ate com­
plex, as previous reports indicate,7 is stable in a variety of 
polar solvents, e.g., water, isopropyl alcohol, diethyl ether, 
and benzene.10 Attempted alkylation of 4-teri-butylcyclo­
hexanone using LiB(CH3)4 in diethyl ether, isopropyl alco­
hol, or benzene at room temperature failed to yield any evi­
dence of the expected alcohols even after prolonged reac­
tion times. Although no reaction was observed in isopropyl 
alcohol at reflux temperature, reaction did occur slowly in 
benzene at reflux temperature to yield 48% total alcohol 
products after 3 days at a 5:1 reagentrketone reactant ratio. 
Although it is not clear whether reaction occurred via path 
I or path II in this case, it is noteworthy that to our knowl­
edge this is the first reported alkylation of a ketone by a 
saturated alkylborane.

The isomer ratios in all reactions reported in this paper 
are independent of reaction time. Consequently, isomer 
equilibrium is not a factor under the conditions of these 
reactions.

The ate complexes of aluminum are considered separate­
ly due to the unusual stereochemistry observed in their 
reaction with 4-tert-butylcyclohexanone (Tables II and
III). Lithium tetramethylaluminate alkylates 4-tert-butyl­
cyclohexanone predominantly from the most hindered 
axial side in diethyl ether, tetrahydrofuran, and dime- 
thoxyethane. This is an unusual result because all reagents 
except excess (CH3)3A1 in benzene7 and (CH3)2Zn and 
(CH3)2Cd in the presence of magnesium halide11 attack 
this ketone from the less hindered equatorial side. The per 
cent equatorial alcohol formed (—58%) is essentially the 
same in all solvents and is independent o f reactant concen­
trations and ratios. In the more basic solvents, a greater 
amount of ketone is recovered indicating a larger percent-
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Table I
Reaction of Ate Complexes of Boron, Magnesium, and Zinc with Ketones in Diethyl Ether

Reagent
Initial

concentration, M Ratio of 
reagent:ketone Ketone °

% axial alcoholb 

OH
% equatorial alcoholb

ch3

CH3Li 0.76 4.0 A 65 35
(CH3)2Mg 0.44 4.0 A 70 30
(CH3)2Zn 0.20 4.0 A No reaction
LiB(CH3)4 0.20 1.0 A No reaction after 

4 days
LiB(CH3)4 0.20 3.0 A No reaction after 

4 days
LiB(CH3)4 0.20 5.0 A 67c 33c
LiMg(CH3)3 0.22 1.0 A 69 31
LiMg(CH3)3 0.36 4.0 A 70 30
Li2Mg(CH3)4 0.14 2.0 A 69 31
L i3Mg(CH3)5 0.14 2.0 A 71 29
LiMg(C6H5)2CH3 0.10 1.0 A 65tf 35d
LiZn(CH3)3 0.23 1.0 A 64 36
LiZn(CH3)3 0.37 4.0 A 70 30
L i2Zn(CH3)4 0.14 2.0 A 68 32
L i3Zn(CH3)5 0.14 2.0 A 69 31
KMg(CH3)20  -t -C4H9 0.027 4.0 A 71 29
[(» -C 8H17)3C3H7N]Mg(CH3)2Br 0.132 3.0 A 75 25

Reagent
Initial

concentration, M
Ratio of

reagent; ketone Ketone

% axial alcohol b % equatorial alcohol

CH3Li 0.19 1.0 B 100 0
(CH3)2Mg 0.21 1.0 B 100 0
(CH3)2Zn 0.16 1.0 B No reaction
LiMg(CH3)3 0.36 4.0 B 100 0
Li2Mg(CH3)4 0.21 1.0 B 100 0
Li3Mg(CH3)5 0.27 4.0 B 100 0
LiZn(CH3)3 0.25 1.0 B 100 0
Li2Zn(CH3)4 0.30 4.0 B 100 0
Li3Zn(CH3)5 0.25 4.0 B 100 0

I exo alcohol 0 ! endo alcohol0

Reagent Initial
concentration, M Ratio of 

reagent: ketone Ketone CH;t OH

CH3Li 0.80 4.0 c 5 95
(CH3)2Mg 0.46 3.0 c 5 95
(CH3)2Zn 0.28 3.0 c No reaction
LiMg(CH3)3 0.33 3.0 c 5 95
L i2Mg(CH3)4 0.28 1.0 c 5 95
Li3Mg(CH3)5 0.27 3.0 c 5 95
LiZn(CH3)3 0.32 1.0 c 5 95
Li2Zn(CH3)4 0.32 3.0 c 5 95
Li3Zn(CH3)5 0.27 3.0 c 5 95
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Table I
(Continued)

%' exo alcohol % endo alcohol

CHgLi 0.23 1.0 D 99 1(CH3)2Mg 0.51 4.0 D 99 1(CH3)2Zn 0.22 4.0 D No reactionLiMg(CH3)3 0.37 4.0 D 99 1Li2Mg(CH3)4 0.22 1.0 D 99 1Li3Mg(CH3)5 0.27 4.0 D 99 1LiZn(CH3)3 0.39 4.0 D 99 1Li2Zn(CH3)4 0.22 1.0 D 99 1Li3Zn(CH3)5 0.26 4.0 D 99 1
a A, 4-tert-butylcyclohexanone; B, 3,3,5-trimethylcyclohexanone; C, norcamphor; D, camphor. b Normalized as % axial (exo) alcohol 

+ % equatorial (endo) alcohol = 100%. c Reaction was carried out in refluxing benzene for 3 days. Total yield of alcohol products was 48%. 
Reaction in benzene at room temperature was not carried out owing to low solubility of LiB(CH.i)4 in benzene. d Méthylation products.

age of enolization. Lithium triisobutylmethylaluminate 
yields even larger percentages of equatorial alcohol via 
methylation, although large amounts of reduction product 
are formed.

The reason for the unusually high percentage of axial at­
tack in these cases is not immediately obvious. The normal 
controlling factors of the stereochemistry of alkylation, ste- 
ric approach control, and torsional strain are not sufficient 
to explain the observed isomer ratios in these reactions.12 
The “ Compression Effect,” which was shown to be the con­
trolling factor in the alkylation of 4-tert-butylcyclohexan- 
one with excess (CH3)3A1 in benzene and proposed for the 
(CH3)2Zn and (CH3)2Cd reactions,12 may also be the con­
trolling factor in the LiAl(CH3)4 reactions. However, noth­
ing is known about the mechanism of ate complex addition 
to ketones and the exact way in which a compression effect 
might operate is not clear.

The stereochemistry of addition of aluminum ate com­
plexes to 4-tert- butylcyclohexanone in benzene is illus­
trated in Table III. In 1:1 reactant ratio LiAl(CH3)4 gives 
slightly less axial attack on 4-tert-butylcyclohexanone in 
benzene (48%) than in polar solvents (58%). In addition, 
the observed isomer ratio of the product is dependent on 
reactant ratio with the percentage of axial attack increasing 
as the ate complex:ketone ratio increases.

The reaction of LiAl(i-C4H9)3CH3 with 4-tert-butylcy­
clohexanone in benzene yields no methylation product, 
whereas in diethyl ether a significant percentage of methyl­
ation product (~30%) is observed. In addition, the percent­
age of equatorial alcohol formed via reduction of the ke­
tone increases significantly in going from diethyl ether 
(52%) to benzene (69%) at the higher reagent:ketone ratios. 
The mechanism of reduction of ketones by these types of 
ate complexes is not known, but is expected to be signifi­
cantly different from that proposed for aluminum alkyls13 
since all primary coordination sites on the aluminum atom 
are occupied. However, we found that lithium triisobutyl­
methylaluminate prepared in ether is isolated as the 
monoetherate [LiAl(j'-C4H9)3CH3 • 0(C 2H5)2] even after 
the liquid compound is subjected to vacuum (100 fi, 24 hr, 
room temperature). Thus, it appears that one molecule of 
ether is specifically solvated to each molecule of ate com­
plex and therefore it is possible that complexes such as 
LiAl(CH3)4-ketone play an important role in the mecha­
nisms of both alkylation and reduction.

If coordination of the ketone takes place at lithium, it is 
possible to draw a reasonable transition state for the reac­
tion. Coordination of the carbonyl oxygen atom by lithium 
followed by a rate-determining carbanionic attack at the 
carbonyl carbon atom is somewhat reminiscent of the reac-
R'2C = 0  +  LiAH^Cth — *■

R' \
^ C = 0 , .

R '"x

chJ  /
>A1— R
/  \

R R

Li

R"
/ R

Li A1 (3) 
X R ^  X R

R'
where R"

R'
\

. / I
CH3

tion of ketones with R3A1 compounds in 1:2 ratio where the 
first molecule coordinates the carboxyl oxygen and the sec­
ond attacks the carbonyl carbon. The fact that the stereo­
chemistry of ate complex alkylation reveals predominant 
axial attack rather than the usual 30:70 (axiakequatorial) 
ratio observed by those reactions that proceed through a 
four-center transition lends some support to the proposed 
mechanism. It is not necessary that the transition state be 
cyclic; indeed one could picture a consecutive bimolecular 
reaction in which the lithium ion complexed carbonyl 
group is then attacked by the tetraalkylaluminate ion.

R ',C = 0  +  LÍAIR3CH3
R'

R'
:c=o

L i [AlEaCHj]

R' + ^ L i

BT ! ^ > i  / R
CH3— A1— R 

_ \  K 
R

R"
R

L i' ’ A l ^  
X R /  X R

(4)

It is possible that coordination takes place through the 
aluminum atom rather than lithium; however, solvation 
studies on LiAl(CH3)4 with ether solvents indicates that 
the ether is attached to lithium and not aluminum and fur-



Ashby, Chao, and Laemmle3262 J. Org. Chem., Vol. 39, No. 22, 1974

Table IIReaction of Ate Complexes of Aluminum with Ketones in Polar Solvents'

Reagent
Initial

concentration, M
Ratio of 

re agent; ketone Ketone

% axial alcohol0
OH

% equatorial alcohol
ch3

LiAl(CH3)4 0.15 1.0 A 42 58
LiAl(CH3)4 0.21 4.0 A 42 58
LiAl(CH3)4 0.18 1.0 A 44= 56e
LiAl(CH3)4 0.37 4.0 A 43c 57e
LiAl(CH3)4 0.39 1.0 A 43á 57d
LiAl(CH3)4 0.63 4.0 A 44á 56¿
LiAl(¿ -C 4H9)3CH3 0.10 1.0 A 18e 82e
LiAl(¿ -C4H9)3CH3 0.30 3.0 A 31e 69e
L iA l(i-C 4H9)3CH3 0.355 1.0 A 31e 69e
L iA l(f-C 4H9)3CH3 0.461 3.0 A 33e 67e
(w-C8H17)3C3H7NAl(CH3)3Br 0.044 1.0 A 81 19
(w-C8H17)3C3H7NAl(CH3)3Br 0.132 3.0 A 77 23

Reagent
Initial

concentration, M
Ratio of

re agent; ketone Ketone

% axial alcohol b v % equatorial alcohol b

LiAl(CH3)4 0.40 1,0 B 100 0
LiAl(CH3)4 0.54 4.0 B 100 0

Reagent
Initial Ratio of

concentration, M reagent; ketone Ketone

% exo alcohol % endo alcohol

LiAl(CH3)4 0.19 1.0 C 5 95
LiAl(CH3)4 0.61 4.0 C 5 95

% exo alcohol % endo alcohol

LiAl(CH3)4 0.58 4.0 D 99 1
“ Diethyl ether unless otherwise noted. 6 Normalized as % axial (exo) alcohol +  % equatorial (endo) alcohol = 100%. c Tetrahydrofuran. 

d Dimethoxyethane. e Méthylation product. The major product of these reactions was the reduction product (66 to 75%). In all cases the 
reduction product was composed of 48% axial alcohol and 52% equatorial alcohol.

R'2C = 0  +  LiAlR3CH3 — ►

R' •
C— R' CH3 1

O f j 1 / R '

K  Î ' > c h 3 R / 0C\
Al R'Al

_ R ^  V R _R X  X R

thermore the observed stereochemistry is not consistent 
with this suggestion.

Similar mechanistic suggestions could be made to ex­
plain the reduction reactions; however, there is even less 
justification than exists for the alkylation reactions to dis­
cuss these reactions at this time.

As was noted in the ether case, the addition of an equiva­

lent amount of tri-rc- octylpropylammonium bromide to 
(CHsJaAl in benzene does not alter the stereochemistry ob­
served in the 1:1 (CH3)3Al-ketone:reactant ratio. However, 
in a 3:1 reactant ratio, A1(CH3)3 yields 90% axial attack on
4-terf-butylcyclohexanone,7 whereas (n-C4H9)3-C3H7NAl- 
(CH3)3Br gives 76% equatorial attack, providing strong evi­
dence that the principle species in solution in the latter 
case is the proposed ate complex. In every case the ate com­
plexes involving the R4N+ cation attacked 4-tert- butylcy- 
clohexanone more from the less hindered equatorial side 
than the corresponding Li+ cation complexes. This result 
could be interpreted simply as a steric effect; however, the 
possibility also exists that the difference is due to the fact 
that the Li+ cation can complex the carbonyl oxygen, 
whereas the NR4+ cation cannot and therefore one might
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Table IIIReaction of Ate Complexes of Aluminum with 4-feri-ButylcycIohexanone in Benzene
Reagent

Initial
concentration, M Ratio of 

reagent:ketone % axial alcohol0 % equatorial alcohol0

LiAl(CH3)4 0.012 1.0 52 48
LiAl(CH3)4 0.012 4.0 42 58
LiAl(z -C4H9)3CH3 0.085 1.0 T race6 O6
L iA l(j-C 4H9)3CH3 0.26 3.0 0 b 06
( n  -C 8H17)3C3H7NAl(CH3)3Br 0.044 1.1 75 25
( n  -C 8H17)3C3H7NAl(CH3)3Br 0.132 3.1 76 24

° Normalized as —% axial alcohol +  % equatorial alcohol = 100%.6 Méthylation product. The only product of these reactions was reduc­
tion product with no recovered ketone. The reduction product was composed of 39-31% axial alcohol and 61-69% equatorial alcohol at the 
low and high ratios, respectively.

Table IVStereochemistry of Alkylation of 4-tert-Butylcyelohexanone by LiAl(CH3>4 as a Function of Temperature“
Temp, °C Solvent [LiAl(CH3)4 ], M LiAl(CH3)4/ketone

% yield of 
alcohol products

% yield of 
axial products

25 Benzene 0.012 1.0 79 52
25 Benzene 0.012 4.0 99 42

5 Benzene 0.0093 1.0 14 48
5 Benzene 0.0098 4.0 20 49

25 Ether 0.15 1.0 87 42
25 Ether 0.21 4.0 97 42

0 Ether 0.24 1.0 40 35
0 Ether 0.48 4.0 61 32

-75 Ether 0.091 1.0 8 36
-75 Ether 0.11 4.0 11 37

a All reaction times, 20 hr. b Normalized as —% ketone + % alcohol = 100%. c Normalized as - %  axial alcohol +  % equatorial alcohol =
100%.

Table VPer Cent Recovered Ketone from Reaction of a Variety of Metal Alkyls and Ate Complexes with 4-tert-Butylcyclohexanone under IdenticalReaction Conditions“
Ate complex % recovered ketone

Li3Mg(CH3)5 6
Li2Mg(CH3)4 8
CH3Li 10
LiMg(CH3)3 19
Li3Zn(CH3)5 19
Li2Zn(CH3)4 22
(CH3)2Mg 28
LiZn(CH3)3 33
LiAl(CH3)4 33
(CH3)3A1 59
(CH3)2Zn 99

° Conditions: time, 2 hr; temperature, 25°; organometallic re­
agent concentration, 0.2 M ; reagent: ketone ratio, 2:1.

expect substantial differences in the respective transition 
states.

Owing to the unusually high percentage of axial attack 
observed in the alkylation of 4-ieri-butylcyclohexanone by 
LiAl(CH3)4, a study of the temperature dependence of the 
observed isomer ratio obtained from this reaction was un­
dertaken. It was felt that, if the activation enthalpies lead­
ing to axial and equatorial alcohol were significantly differ­
ent, the isomer ratio might be controlled simply by control­
ling the temperature. The results, illustrated in Table IV, 
demonstrate that temperature has a noticeable, but small, 
effect on the observed isomer ratio.

Finally, to evaluate various organometallic reagents in

terms of their use as alkylating agents, a series of reactions 
involving reaction of these reagents with 4-ferf-butylcyclo- 
hexanone was carried out to determine their relative yields. 
The results, shown in Table V, should not be considered a 
representation of relative reactivities since recovery of ke­
tone occurs via enolization as well as via lack of addition.
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The synthesis of alkenes from carbonyl compounds and carbanions a to silicon is described. Methylenation of 
carbonyl compounds was accomplished by their reactions with trimethylsilylmethyl carbanion followed by treat­
ment with thionyl chloride or acetyl chloride. Additions of organolithiums to triphenylvinylsilane were used as a 
method to generate a-silylalkyllithiums which reacted with carbonyl compounds to give the corresponding alk­
enes. A simple synthesis of the sex pheromone of gypsy moth by this method is reported.

A general method for the synthesis of alkenes can be rep­
resented by eq 1. The Wittig reaction3 (Y = PR3+) and its 
many modifications are based on the key role of phospho­
rus in the carbanion formation as well as the elimination 
steps. An interesting alternative is Corey’s olefin synthesis 
from sulfinamide derivatives (Y = SONR2).4 The use of 
other sulfur derivatives has subsequently been reported.5-6 
This paper describes our studies in the synthesis of alkenes 
from reaction of carbonyl compounds with carbanions a to 
silicon (Y = SiRs).

" C = 0  +  — C— Y

- 0  Y 
II

/ C = c ; ^  +  “ 0 — y  (î)

In 1962, Gilman and Tomasi7 studied the reaction of tri- 
methylsilylmethylenetriphenylphosphorane (III) with ben- 
zophenone. They obtained tetraphenylallene (IV), a prod-

C f t
> 3 = 0  +  ( C6H5)3P = C H  Si (CH3)3

C A  in
C A

' A = p = c
C A

/ C A ,

X C A
IV

uct which they considered as rather unexpected. It was in 
1968 that Peterson,8 in extending his work on the genera­
tion of a-silyl carbanions,9 demonstrated the alkene syn­
thesis based on eq 1 (Y = SiR3). Thus, the formation of IV 
from the reaction of III with benzophenone can be viewed 
as a special case of alkene synthesis via a-silyl carbanion.

At about the same time, we initiated our studies on the 
use of silicon compounds for a variety of organic synthe­
ses.10-12 This general interest led to a study of the olefina- 
tion reaction using a-silyl carbanions. We have subsequent­
ly reported our preliminary results1 on this reaction.

Results and Discussion
In order for the reaction (eq 1, Y = SiR3) to be a viable 

method of forming the carbon-carbon double bond, two 
conditions must be met: first, a facile method of generating 
carbanions a to silicon must exist; and second, the elimina­
tion of the siloxy group from the d-silyl oxyanion adduct 
(II, Y = SiR3) must occur readily. We shall now examine 
these two conditions.

Methods of Generating Carbanions a  to Silicon. One
of the simplest ways of preparing a-silyl carbanion is the

reaction of a-halosilanes with magnesium13-14 or lithium. 
The synthetic utility of this reaction is considerably en­
hanced by the fact that a-halosilanes can in turn be pre­
pared by free-radical halogénation of alkylsilanes.15 Alter­
natively, metal-halogen exchange reactions between a- 
halosilanes and alkyllithiums can lead also to the formation 
of a-silylalkyllithium compounds.15

Li

M =  MgBr or Li

It has recently been shown by Peterson9-16 that the high­
ly reactive n-butyllithium-tetramethylethylenediamine 
complex (rc-BuLi-TMEDA) can metalate a number of 
weakly acidic heteroatom-substituted methanes. This pro­
vides a useful method for preparing a-silylakyllithium 
compounds, especially when the alkyl group is further acti­
vated, for example, eq 2. We found that benzyltrimethylsil-

n-BuLi-TMEDA
(C H A SiC A C A ---------------- (CHASiCHUCA (2)

V

ane can also be metalated by alkyllit'hium in hexamethyl- 
phosphoramide (HMPA). However, neither of these meth­
ods can be used to generate carbanions on long-chain alkyl 
carbon moieties. Peterson metalated n-butyltrimethylsil- 
ane with n-BuLi-TMEDA and found that metalation oc­
curred mainly on the methyl carbons.17 We have also at­
tempted the metalation of n-hexyltriphenylsilane and 
found the metalation not to occur on the alkyl chain.

A solution to this problem is to take advantage of the 
discovery by Cason and Brooks that alkyllithium can add 
across the double bond of triphenylvinylsilane to give a me­
talated silane.18 Thus, carbanions of general structure VI 
can be generated by the reaction of equimolar quantities of 
organolithium compound and triphenylvinylsilane in ether.

(CA)HSiCH=CH2 +  RLi — -  (C A )3SiCHCH2R

I i
VI

The usefulness of this method may be further extended 
by the recent report of Buell, et al.,19 which indicated that 
Grignard reagents can also add to activated vinylsilanes, 
for example, eq 3. It is therefore apparent that with a judi-
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ch2r
I

(CH3)2SiCH=CH2 +  RMgX — ■ (CH3)2SiCHMgX (3)

OC2H5 OC2H5
v n

cious choice of one of the above methods, a-silyl carbanions 
of diverse structures can be synthesized.

Elimination of the /S-Silyl Oxyanion Adduct II. The 
formation of alkene and siloxy anion from the adduct II 
was found to occur spontaneously when the alkene was 
nonterminal. Although there is no direct evidence, decom­
position is assumed to proceed through a four-membered 
cyclic transition state.20’21 When the alkene was terminal, 
the lithium or magnesium salt of the adduct II did not de­
compose under the reaction conditions. On working up, the 
/3-silylcarbinol can be obtained in good yield. While d-elim- 
ination of silylcarbinol under acidic conditions may be ef­
fected,22 the resultant alkene may isomerize and thus it 
cannot be considered as a good synthetic method. Peter­
son8 overcame this problem by converting the /3-silylcarbi- 
nol to the corresponding sodium salt, which would then de­
compose in refluxing tetrahydrofuran to the alkene. He at­
tributed the difference to the more ionic character of the 
sodium salt. We found that a satisfactory solution to this 
problem is to treat the adduct II in situ with either thionyl 
chloride or acetyl chloride. The alkene can in general be 
formed in good yield without contamination of other dou­
ble-bond isomers. The reaction is assumed to proceed via 
the derivative VIII.24

CT SiR 
II

\ l< S ^ S iR ,
0 >  p .

Table I
Methylenation of Carbonyl Compounds

Carbonyl compd
Organometallic 

reagent used
Decompn
agent*used

Yield of 
olefin, a c.

2 -Methylhept -2 - (CH3)3SiCH2MgCl SOCl2 57
en-6 -one

2 -Methylhept -2 - (CH3)3SiCH2Li SOCl2 53
en -6 -one

Cyclohexanone (CH3)3SiCH2MgCl CH3COC1 Quant
/3-Ionone (CH3)3SiCH2MgCl CH3COC1 52
Cyclohex -2 -enone (CH3)3SiCH2Li CH3COC1 20c

° Isolated yield except where noted. 6 Determined by nmr. c By 
comparison with authentic sample prepared according to W. J. 
Barley and J. C. Goossens, J. Amer. Chem. Soc., 78, 2804 (1956).

butyllithium or methyllithium in HMPA. The existence of 
the carbanion was demonstrated by quenching the mixture 
with D2O and was recovered and found to be >85% deuter- 
ated at the benzyl group by nmr. The red carbanion solu­
tion was treated with the appropriate carbonyl compound. 
The mixture, after stirring at room temperature, gave the 
alkene directly in reasonable yield. We have obtained stil- 
bene from benzaldehyde and 1,2-diphenylpropene from ac­
etophenone. In both these cases as well as subsequent ones, 
where E -Z  isomerism is possible, both isomers were ob­
tained. We have not examined the effect of solvents or ad­
ditives on the ratio of isomers.24

Substituted Ethylidenes. Carbanions of structure VI 
were generated by the reaction of equimolar quantities of

(C6H;)>JSiCH=CH2 + RLi — » (QH^SiCHLiCHJR -
VI

VIII

P c = c P  +  RsSi— O— X—
II
0

Methylenation. Trimethylsilylmethylmagnesium chlo­
ride or trimethylsilylmethyllithium was prepared in ether 
by reported procedures.13-15 The appropriate carbonyl 
compound in ether was added and the reaction mixture was 
refluxed for 1-2 hr. To the reaction mixture, a slight excess 
of thionyl chloride or acetyl chloride was added and stirred 
for 1 hr. After working up, the product could be isolated in 
moderately good yield (Table I). The terminal alkene thus 
obtained was generally free from contamination with other 
double-bond isomers. Also, an isolated double bond in 
other parts of the molecule was not affected. Because of the 
ready availability of chloromethyltrimethylsilane and thus 
the corresponding organometallics, this method offers an 
attractively simple way of converting carbonyl compounds 
to the corresponding methylene derivatives. In certain 
cases, it is superior to the Wittig reaction.23

This method of methylenation is applicable to a,/?-unsat- 
urated ketones. /3-Ionone was converted in reasonable yield 
to the correspdnding methylene derivative. On the other 
hand, methylenation of cyclohex-2-enone gave only a 20% 
yield of 3-methylenecyclohexene. It seemed that 1,4-addi­
tion as well as polymerization predominated in this case.

Benzylidene Formation. The trimethylsilylbenzyl carb­
anion V was prepared from trimethylbenzylsilane and n-

R R
^ C = 0  +  (CH3)3SiCHLiC6H5 — ' ^C=CHC(iH3 

R' V R1

R2
'^ o =chch2r

w

organolithium and triphenylvinylsilane in ether.18 Quench­
ing experiments with D2O indicated that the carbanion 
deteriorated on standing, since the percentage of deuteri­
um incorporation in the isolated substituted ethyltriphen- 
ylsilane decreased rapidly. To the carbanion solution, the 
appropriate carbonyl compound was added. The mixture, 
on working up, gave the corresponding alkene in good yield. 
We have prepared 1-phenyl-l-heptene, 2-methyl-6-hepta- 
decene, 2,6-dimethyl-2,6-dodecadiene, and 1,3-diphenyl - 
propene by this method (Table II).

We have also examined the efficacy of the a-silylalkyl- 
magnesium halide (VII), prepared by the addition of Gri- 
gnard reagent ot an activated vinylsilane, in this olefina- 
tion. In agreement with the report by Buell, et al.,13 we 
found that isopropylmagnesium chloride indeed added to 
dimethylvinylethoxysilane to generate the corresponding 
adduct VII (R = ¿-Pr). When benzaldehyde was added to a 
solution of adduct VII, a reaction occurred. The reaction 
mixture was quenched with acetyl chloride. On working up, 
the products were found to be benzyl acetate and tetra- 
methylbis[l-(3-methyl-l-(E)-butenyl)]disiloxane (IX). 
There was no trace of product which could be identified as 
due to the addition of the carbonyl compound to the Gri- 
gnard reagent VII. While the formation of benzyl alcohol 
(as the acetate) is not entirely unexpected and can be ac­
counted for satisfactorily by the usual hydride transfer 
mechanism, we are nevertheless surprised by the domi­
nance of reduction over the addition process. This seems to 
be the common feature of VII on reaction with carbonyl
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Table II
Olefination of Carbonyl Compounds by a-Silyl Carbanions Formed from Addition of 

Organolithium to Vinyltriphenylsilane

Carbonyl compd Organolithium a-Silyl carbanion Product
Yield, % 

(E:Z)

CgHjCHO n -BuLi CH3(CH2)2CHSi(C6H5)3 1 -Phenyl-1 -heptene11 50(1:1)
CH3(CH2)9CHO 3-Methylbutyl-

lithium
(CH3)2CH(CH2)3CHSi(C6H5)3 2 -Methyl -6 -heptadecene6 69(1:1)

2 -Methylhept -2 - 
en -6 -one

rc-BuLi CH3(CH2)4CHSi(C6H5)3 2,6 -Di methy 1 -2,6 - 
dodecadiene®

34(1:1)

C6H5CHO C6H5Li C6H5CH2CH -Si(C6H5)3 1,3 -Diphenylpropene11 40(1:1)
c h 3(c h 2)9c h o 4 -Methylpentyl - (CH3)2CH(CH2)4CHSi(C6H5)3 2 -Methyl -7 -octadecene® 50(1:1)

lithium
“ Reference 34. b Bp 111-112° (0.35 nm); nmr (CDC13) 0.95 (m, 9 H), 1.4 (broad s, 20 H), 2.05 (m, 5 H), 5.45 ppm (m, 2 H); mass spectrum 

M + 252. c Bp 58-60° (0.1 mm); nmr (neat) 0.95 (t, 3 H), 1.25 (broad, 5 H), 1.58 and 1.62 (s, 9 H), 2.0 (broad, 6 H), 5.05 (t, 2 H); mass spec­
trum M + 194. d Spectroscopic data in agreement with literature values: E.K. Ramino and W.A. Bonner, J. Org. Chem., 31, 396 (1966) . e See 
Experimental Section.

H
I

R/SiCH =CH R +  — C—
IX I

OMgX

compounds which we have examined. Thus, acetophenone 
and 2-methylhept-2-en-6-one also gave the corresponding 
alcohols, which were characterized as the acetates. The 
other products in these reactions were the disiloxanes IX. 
The ease of hydride transfer may be a reflection of the “ /? 
effect” of silicon.25’26- It is known, for example, that car- 
bene insertion into alkylsilanes occurred exclusively at the 

position.27
Sex Pheromone of Gypsy Moth. The structure of the 

sex pheromone of gypsy moth (Disparlure) has recently 
been identified as «s-7,8-epoxy-2-methyloctadecane28 
(XI).

CH3
I
CH CH2 +  (C6H5)SiCH— CH2 — -

/  \  /  \
CH, CH2 CH2Li

CH,

/C H  /O H , /C H 2/S i(C 6H5)3 ch3(CH2)9CH=o ^

CH3 CH, CH2 CH

Li
CH,
I

CH,— CH— (CH2)tCH=CH(CH2)9CH3 — «- 
X

CH,
I

CH
/  \

CH, (CH2)4CH— CH— (CH2)9CH,
o

XI
A simple synthesis of this compound was achieved by the 

silicon method.29 4-Methylpentyllithium, prepared from 
the corresponding chloro compound, was allowed to react 
in situ  with triphenylvinylsilane. Undecanal was added to 
the reaction mixture. On working up, a 50% yield of 2- 
methyl-7-octadecenes (X) was obtained. This was convert­
ed to the corresponding epoxides by m-chloroperbenzoic 
acid in quantitative yield. The epoxides, on nmr analysis, 
were found to be a 1:1 mixture of cis and trans isomers.

hV - y

R,'Si— C^ /  O
I Mg 

H X

They were identical in all respects with an authentic mix­
ture.30 Under field test, they showed the appropriate bio­
logical activities.30

Experimental Section

All reactions were conducted in glassware that was dried, either 
overnight in an oven at 130° or by flame drying under nitrogen. 
The reactions were all conducted under a nitrogen atmosphere up 
to the hydrolysis step. Stirring was done with magnetic stirring 
bars unless otherwise noted. HMPA and TMEDA were distilled 
and stored over molecular sieves. Absolute diethyl ether was stored 
over sodium ribbon and used without further purification. Boiling 
and melting points were uncorrected. Spectra were recorded on the 
following instruments: nmr, Varian T-60 and A-60; ir, Perkin- 
Elmer 257; uv, Unicam SP-800; mass spectra, AEI MS-902 at 70 
eV. Vpc was done on a Hewlett-Packard 7570 gas chromatograph 
and the columns were 12 ft of UCW-98 or SE-30 unless otherwise 
noted. Column chromatography was carried out with silica gel, 
mesh size 100-200, by Grace.

I. Methylenation. A. Reaction of 2-Methylhept-2-en-6-one- 
Trimethylsilylmethylmagnesium Chloride Adduct with 
Thionyl Chloride. To a stirred solution of trimethylsilylmethyl- 
magnesium chloride, made from 2.5 g (0.02 mol) o f chloromethyl- 
trimethylsilane and 0.5 g (0.02 mol) of magnesium turnings in 25 
ml of diethyl ether, was added a solution of 2.5 g (0.02 mol) of 2- 
methylhept-2-en-6-one in 5 ml of diethyl ether.

The addition was done dropwise at such a rate that a gentle re­
flux of the mixture was maintained. The reaction mixture was re­
fluxed with continued stirring. After 3 hr, the reaction mixture was 
cooled in an ice bath and 1.8 ml (0.025 mol) o f thionyl chloride was 
added. The ice bath was removed and stirring was continued at 
room temperature. After 1 hr, the reaction mixture was hydrolyzed 
by the dropwise addition of a saturated ammonium chloride solu­
tion. The coagulated solid was filtered off and washed with diethyl 
ether. Distillation of the combined filtrate-washings gave 1.4 g 
(57%) of 2,6-dimethyl-l,5-heptadiene as a clear, colorless liquid: 
bp 135-136°; n23D 1.4385 [lit.31 bp 69-70° (80 mm), n ,8D 1.4461]; 
nmr (neat) 1.52 (s, 3 H), 1.62 (s, 6 H), 2.06 (m, 4 H), 4.64 (s, 2 H),
5.06 ppm (m, 1H); ir (neat) 3080 (w), 2970, 2925 (s), 2865 (m), 1660 
(m), 1460,1452,1390 (m), 895 c m '1 (s).

B. Reaction of /3-Ionone-Trimethylsilylmethylmagnesium 
Chloride Adduct with Acetyl Chloride. To a stirred solution of 
trimethylsilylmethylmagnesium chloride, made from 1.25 g (0.01 
mol) of chloromethyltrimethylsilane and 0.25 g (0.01 mol) of mag­
nesium turnings in 15 ml of diethyl ether, was added dropwise 1.9 
g (0.01 mol) of (3-ionone in 5 ml of diethyl ether. After the mixture 
was refluxed with stirring for 3 hr, the reaction mixture was al­
lowed to cool to room temperature and 0.8 g (0.01 mol) of acetyl 
chloride was added to the stirred solution. Stirring was continued 
at room temperature for 1 hr, whence the reaction mixture was hy­
drolyzed by a saturated ammonium chloride solution. The coagu­
lated solid was filtered off and washed with diethyl ether. The 
combined filtrate-washings were evaporated to remove the solvent 
to give 2.0 g of pale brown oil. High-vacuum distillation of this oil 
afforded 1.1 g (52%) of olefin as a clear colorless liquid:33 bp 46- 
47° (0.05 mm) [lit.32 bp 113-115° (15 mm)]; n21D 1.5147; uv (etha-
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Table III

Reaction 
time,a hr

Wt crude, 
9

%  starting 
material 

left ft
Wt product 
recrystd, g

%
yield

Mp,c
°C

Absd at,
2160 cm '

1 . 2 5 0 . 3 5 3 0 . 3 0 . 2 0 60 7 4 - 7 6 0 .2 9
1 . 7 5 0 .4 0 2 9 .2 0 . 2 0 60 7 4 - 7 7 0 .2 7 5
2 .2 5 0 .3 5 2 7 .8 0 . 2 0 60 7 4 - 7 7 0 .2 6
3 .2 5 0 .4 0 2 5 .2 0 . 1 5 4 5 7 3 - 7 6 0 .2 0
4 .2 5 0 .2 5 2 5 .5 0 . 1 0 4 2 7 3 - 7 7 0 .0 8 3

a Includes time for addition. 6 Calculated from the relative inte­
gration per olefinic vs. aromatic proton, respectively. c Reported 
mp 77-78° for n-hexyltriphenylsilane. d For a concentration of 250 
mg/cc. Value given is corrected for absorption (0.030) observed 
for nondeuterated n-hexyltriphenylsilane.

nol) 228 nm (t 10,600), 262 (10,200) [lit.32 2 28 nm (t 633), 262 
(611)]; nmr (CC14) 0.96 (s, 6 H), 1.6 (s, 3 H), 1.82 (s, 3 H), 2.28 (m, 6 
H), 4.8 (s, 2 H), 5.95 ppm (s, 2 H); ir (neat) 3100 (w), 2930, 2940, 
2880 (s), 2840 (m), 1612, 1460, 1393, 1381, 1370 (m), 985, 900 cm“ 1 
(s).

II. Benzylidene Formation. Reaction of Trimethylsilylben- 
zyl Anion with Benzaldehyde. To a stirred, ice-cooled solution of
1.64 g (0.1 mol) of benzyltrimethylsilane in 10 ml of HMPA was 
added 0.01 mol of methyllithium in pentane. Stirring was contin­
ued for 2 hr, when a solution of 1.1 g (0.01 mol) of benzaldehyde in 
5 ml of diethyl ether was added. The ice bath was removed and the 
reaction mixture was stirred at room temperature. After 1 hr, the 
mixture was poured into 25 ml of ice-cooled 1% hydrochloric acid. 
The ether layer was separated and the aqueous layer was extracted 
with two 10-ml portions of ether. The combined ether extracts was 
washed with water, dried over sodium sulfate-sodium carbonate, 
and then film evaporated to give 2.4 g of brown liquid. Recrystalli­
zation of the crude material from ethanol gave 0.6 g of frans-stil- 
bene, mp 124-125°. The filtrate was evaporated and distillation of 
the resulting liquid gave 0.3 g of cis-stilbene, bp 105-106° (5 mm) 
(total yield of stilbene, 50%).

III. Substituted Ethylidenes. A. Quenching Experiments. 
Reaction of n-Butyllithium with Triphenylvinylsilane. To a
stirred solution of 2.5 ml (0.005 mol) of n-butyllithium-hexane was 
added a solution of 1.43 g (0.005 mol) of triphenylvinylsilane in 50 
ml of diethyl ether dropwise over 1.25 hr. At the completion of ad­
dition, 10 ml of the reaction mixture was withdrawn and added to 
2 ml of frozen D20. The ether layer was separated, dried over sodi­
um sulfate, and evaporated to give n-hexyltriphenylsilane. Similar 
samples were taken at intervals of additional stirring of 0.5, 1, 2, 
and 3 hr. The nmr (CC14) of the crude product was recorded in 
each instance. The samples were then purified by recrystallization 
(absolute ethanol) and dried, and the ir (CCI4) was recorded from 
1900 to 2800 cm-1 for C-D absorption (~2160 cm-1). The results 
are given in Table III. The 1.25-hr sample showed 77% D incorpo­
ration by mass spectrometry.

B. Olefination. Reaction of 1-Triphenylsilyl-l-hexyllithium 
with Benzaldehyde. To a stirred solution of 2.2 ml (0.005 mol) of 
n-butyllithium-ether was added a solution of 1.43 g (0.005 mol) of 
triphenylvinylsilane in 50 ml of diethyl ether dropwise over 1.75 
hr. After 5 min, to the stirred mixture was added 0.53 g (0.005 mol) 
of benzaldehyde over 15 min. The reaction mixture was stirred 
under reflux for 30 hr. The cooled mixture was poured into 50 ml 
of 10% aqueous ammonium chloride solution and the ether layer 
was separated. The aqueous layer was extracted with two 25-ml 
portions of ether. The ether fractions were combined, dried over 
sodium sulfate, and evaporated to give 2.2 g of a mixture of pale 
yellow oil and white solid. Treatment with n-pentane and filtra­
tion afforded 0.6 g of triphenylsilanol, mp 156-157.5°. The filtrate 
was evaporated to an oil, which was distilled to give 0.4 g (46%) of
1-phenylheptene (1:1 E:Z by vpc): bp 46° (0.01 mm) [lit.34 bp 90- 
94° (3-4 mm)] ir (neat) 2910 (w), 2830 (s), 2770 (m), 1610 (w), 1502 
(m), 1478, 1458 (m), 973 (s), 772 (m), 747 (s), 704, 697 cm-1 (s); 
nmr (CC14) 0.9 (t, 3 H), 1.48 (m, 6 H), 2.2 (m, 2 H), 6.13 (m, 2 H),
7.23 ppm (s, broad, 5 H); mass spectrum M+ m/e 174.

C. Sex Pheromone of Gypsy Moth. 1. Reaction of 1-Tri- 
phenylsilyl-6-methylheptyllithium with Undecanal. To a 
stirred, ice-cooled solution of 13 ml (0.01 mol) of 4-methylpentylli- 
thium and 1.2 g (0.01 mol) of tetramethylethylenediamine was 
added a solution of 2.8 g (0.01 mol) of triphenylvinylsilane in 50 ml 
of diethyl ether dropwise over 3 hr. The reaction mixture was 
stirred for 30 min more and a solution of 1.6 g (0.01 mol) of unde-

Table IV
Compd ug/trap Insects trapped

6,7 -Epoxy -2 -methylheptadecane 2 0 2 3

2 16
0 . 2 e

7,8 -Epoxy -2 -methyloctadecane 2 0 4 0

2 3 0

0 . 2 2 5

Dispar lure (85% cis) 2 0 7 1

2 3 6

0 . 2 2 8

canal in 10 ml of diethyl ether was added over 15 min. The ice bath 
was removed and the mixture was refluxed for 45 hr. The cooled 
reaction mixture was poured into 50 ml of 10% aqueous ammonium 
chloride solution, the ether layer was separated, and the aqueous 
layer was extracted with two 25-ml portions of ether. The com­
bined ether extracts were washed successively with 1 N  hydrochlo­
ric acid and water, and dried over sodium sulfate-sodium carbon­
ate. The dried ether solution was evaporated to give 4.75 g of a 
mixture of white solid and liquid. The mixture was treated with 50 
ml of n-hexane, cooled, and filtered to give 1.02 g of triphenylsilan­
ol, mp 149-153°. The filtrate was film evaporated to give 3.57 g of 
light brown liquid, which was column chromatographed (hexane 
and hexane-chloroform) to give 1.82 g of crude product and 0.46 g 
(0.0016 mol) of unreacted triphenylvinylsilane. Distillation of the 
crude material gave 1.2 g (50%, based on silane) of 2-methyl-7-oc- 
tadecene (E-Z  mixture): bp 101-103° (0.09 mm); n 25D 1.4444; nmr 
(CDCI3) 0.93 (m, 9 H), 1.33 (s, broad, 22 H), 2.01 (m, 5 H), 5.46 
ppm (m, 2 H); ir (neat) 3002 (w) 2920, 2862, 2843 (s), 1468 (m), 
1386, 1380, 1369 (w), 970 (m), 728 cm-1 (w); mass spectrum M+ 
m/e 266.28

2. Biological Activities. Two compounds, 6,7-epoxy-2-methyl- 
heptadecane (cis:trans 1:1) and 7,8-epoxy-2-methyloctadecane 
(cis:trans 1:1), synthesized by the silicon method, were tested for 
activity toward gypsy moth30 with the following results (Table IV). 
Insects trapped were the total in three replecates. Chemicals were 
formulated with 2 mg keeper/trap.

D. Reaction of Benzaldehyde-l-(Dimethylethoxysilyl)-3- 
methylbutylmagnesium Chloride Adduct with Acetyl Chlo­
ride. A solution cf isopropylmagnesium chloride [made from 1.57 g 
(0.2 mol) of isopropyl chloride and 0.5 g (0.2 mol) of magnesium 
turnings in 5 ml of diethyl ether] and 2.6 g (0.2 mol) of vinyldi- 
methylethoxysilane was refluxed with stirring for 20 hr. To the 
stirred, cooled (to room temperature) reaction mixture was added 
a solution of 2.1 g (0.02 mol) of benzaldehyde in 5 ml of diethyl 
ether dropwise over 15 min. After stirring for 1 hr more, 1.45 ml 
(0.02 mol) of acetyl chloride was added and the mixture was stirred 
at reflux. After 5 hr, heating was discontinued and the mixture was 
left standing at room temperature. After 43 hr, the reaction mix­
ture was hydrolyzed by dropwise addition of saturated ammonium 
chloride solution. The combined filtrate-washings were evapo­
rated to give 4.5 g of brown liquid. Attempted distillation gave 
mixtures as evidenced by vpc. Further purification by column 
chromatography (hexane and hexane-CHCD mixtures) gave 1.3 g 
(50%, based on silane used) of tetramethylbis[1-(3-methyl-1-(£ )- 
butenyl)]disiloxane [bp 67.5° (6 mm); nmr (CCI4) 0.13 (s, 6 H), 
0.96 (d, J  = 7 Hz, 6 H), 2.11 (m, 1 H), 5.17 (d, J  = 17.5 Hz, 1 H),
5.73 ppm (d of d, J = 17.5 and 5 Hz, 1 H); ir (neat) 2960 (vs), 2876 
(s), 1630 (s), 15 (m), 1415, 1388, 1370, 1325 (w), 1260 (vs), 1225, 
1175 (w), 1080 (s), 1050 (vs), 995 (s), 840, 805, 790 cm-1 (vs); mass 
spectrum M + m/e 270] and 1.5 g (50%) of benzyl acetate, bp 82- 
83° (5 mm).

Registry No.— 2-Methylhept-2-en-6-one, 110-93-0; chloro- 
methyltrimethylsilane, 2344-80-1; thionyl chloride, 7719-09-7;
2,6-dimethyl-l,5-heptadiene, 6709-39-3; /3-ionone, 14901-07-6; ace­
tyl chloride, 75-36-5; /3-ionone methylene derivative, 52260-01-2; 
benzyltrimethylsilane, 770-09-2; benzaldehyde, 100-52-7; trans- 
stilbene, 103-30-0; cis- stilbene, 645-49-8; triphenylvinylsilane, 
18666-68-7; n-hexyltriphenylsilane, 18751-09-2; (E)-l-phenylhep- 
tene, 10201-58-8; (Z)-l-phenylheptene, 10201-59-9; undecanal,
112-44-7; l-triphenylsilyl-6-methylheptyllithium, 52260-02-3; 
(Z)-2-methyl-7-octadecene, 35354-39-3; (£)-2-methyl-7-octade- 
cene, 40302-56-5; cis -6,7-epoxy-2-methylheptadecane, 52260-03-4;
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trans- 6,7-epoxy-2-methylheptadecane, 52260-04-5; cis- 7,8-epoxy-
2-methyloctadecane, 29804-22-6; trans- 7,8-epoixy-2-methylocta- 
decane, 42991-03-7; vinyldimethylethoxysilane, 5356-83-2; isopro­
pyl chloride, 75-29-6; tetramethylbis[l-(3-methyl-l-(Ê)-buten- 
yl)]disiloxane, 52260-05-6.
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The reaction of carboxylic acid anhydrides with carbonyl 
compounds has been known since the beginning of this cen­
tury.1 These reactions appear to involve initial formation of 
a gem-bisester, RC[OC(0)R']2, but may proceed to form 
other compounds, including enol esters.2 While studies3 
have appeared on the synthetic aspects of this reaction, 
comparatively little has been done to elucidate the mecha- 
nism(s) of these reactions. The most extensive study to 
date appears to be that of Mazur and coworkers4 on the 
reaction of ketones with trichloroacetic anhydride.

The broad application of trifluoroacetic anhydride 
(TFAA) to synthetic organic chemistry,5 the greater reac­
tivity of TFAA compared to trichloroacetic anhydride, 
TCAA, and the suitability of TFAA as an nmr solvent have 
prompted our investigation into the reaction(s) of TFAA 
with carbonyl compounds.6 This report deals with the reac­
tion of nonenolizable aliphatic and aromatic carboxal- 
dehydes with TFAA.

Aliphatic Carboxaldehydes. Nonenolizable aliphatic 
carboxaldehydes were selected for study because they 
could not readily lose trifluoroacetic acid and would, there­
fore, lead to stable adducts.7 The aldehydes selected for ex­
amination were 2,2-dimethylpropanol (pivalaldehyde, 1),
2-methyl-2-phenylpropanal (2), and 2-methyl-2-p-meth- 
oxyphenylpropanal (3). These aldehydes reacted with ex­

cess TFAA to yield the anticipated l,l-bis(trifluoroace- 
toxy)-2,2-dimethylpropane (4), l,l-bis(trifluoroacetoxy)- 
2-methyl-2-phenylpropane (5), and l,l-bis(trifluoroace- 
toxy)-2,2-dimethylpropane (4), l,l-bis(trifluoroacetoxy)- 
tively. No other products could be detected by nmr; these 
products appear to be stable indefinitely in TFAA at 25°.

CH3

l
2,
3,

H3C— C— CHO +  CF:iC(0)0C(0)CF:! — -  

R

R =  CH:i 
R =  C{iH,
R =  p-CH3OC6H3

c h 3
I

H3C— C— CH(0C(0)CF3)2 

R
4, R =  CH3
5, R =  C6H5
6, R =  p-CH3OC6H4

The rate of adduct formation was followed by integration 
of both the decreasing carboxaldehyde resonance and the 
new methine resonance in the product. The reaction exhib­
ited pseudo-first-order behavior. The half-lives, ti/2, for the 
reactions are similar but suggest some steric hindrance to 
adduct formation in going from 1 to 2 and 3 (txi/2 = 20 min, 
i2i/2 = 125 min, t3i/2 = 130 min).8

The pmr spectra of these adducts are included in Table 
I. It is noteworthy that adduction “ shifts” the aldehydic 
resonance upfield by ca. 2 ppm, since this, when necessary, 
can serve as a useful diagnostic tool for the presence of the 
carboxaldehyde group.

Aromatic Carboxaldehydes. Benzaldehydes, like the 
nonenolizable aliphatic carboxaldehydes, react with TFAA 
to produce gem-bis(trifluoroacetates). Again, these esters
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Table I
Proton Chemical Shifts for¿fem-Bis(trifluoroacetates)a

R = (CF3C 02)2CH - R' = (CF3C 02)2CHC(CH3)2-

Compd Registry no. X Chemical shifts

(CFjCO^CH - 6 C-2,6HC C-3,5HCl'1 Others
1 -R -4 -X -Benzenes 52195-50-3 H 7.82 7.35-7.65

52195-51-4 F 7.87 7.66 7.16
52195-52-5 Cl 7.83 7.58 7.43

Cle 7.80 7.52 7.46
52195-53-6 Br 7.82 7.51 7.61
52195-54-7 CN' 7.97 7.80 7.80
52195-55-8 n o2 7.96 7.88 8.36
52195-56-9 OCH3 7.80 7.53 6.94 OCH3 3.71
52217-40-0 CH3 7.79 7.48 7.25 ch3 2.33
52195-57-0 n (ch3)2 7.72 7.43 6.75 n (ch3)2 2.92

(c f 3c o 2)2ch - C-2,4,5,6 H
1 -R -3 -X -Benzenes 52195-58-1 OCH3 7.80 6.90-7.35 o c h 3 3.80

52195-59-2 ch3 7.75 7.21-7.45 ch3 2.31
52195-60-5 n o2 8.01 7.70-8.60

(CF3C02)2CH- C-3,4,5,6 H
1 -R -2 -X -Benzenes 52195-61-6 OCHj 8.25 6.95-7.60 OCHj 3.88

52195-62-7 ch3 8.02 7 10-7.65 CHg 2.60
(c f 3c o 2)2ch— C-3,5 H C-2,6 CH3 C-4 CH3

1-R -2,4,6-X-Benzene 52195-63 -8 ch3 8.29 6.87 2.55 2.24
(c f 3c o 2)2ch -

1 -R-2,3,4,5,6-X-Benzene 52195-64 -9 F 8.13
(c f 3c o 2)2ch - C-10H C-1,8 H C-2,7 H C-3,6 H C -4,5 H

9 -R -Anthracene 52195-65-0 F 9.40 8.21 8.54 7.50 7.30 7.72
(c f 3c o 2)2ch - C -2,6 H C-3,5 H

1 -R' -4 -X -Benzenes 52195-66-1 H 7.08 7.15-7.50 R'CH3 1.55
52195-67-2 OCH3c 7.02 7.36 6.86 R'CH3 1.53

o c h 3 3.68
(c f 3c o 2)2c h - Others

R-X 52195-68-3 ch3 7.13 q ( j  = 5.5 Hz) CH3 1.74
52195-69-4 c 2h5 6.97 t (J  = 5.5 Hz) CHS 1. 1 1  - c h 2- 2.08
52195-70-7 c (ch3)3 6.76 s ch3 1. 12

a All chemical shifts are reported in parts per million (5) downfield from internal tetramethylsilane. 6 The methine proton, 
(CF3C 02)2CH-, is a singlet except where indicated.c The aromatic chemical shifts in the para-substituted compounds were estimated by 
analyzing the spectrum as a two-spin AB system. d Verification of the aromatic assignments was obtained by plotting the C-3,5 H chemical 
shifts us. the semiempirical parameter, Q, as shown by W. B. Smith and J. L. Roark, J. Amer. Chem. Soc., 89, 5018 (1967) . e These chemical 
shifts were taken from the isolated compound in CDC13. < The reaction between 4-cyanobenzaldehyde and TFAA is complex and will be dis­
cussed in a future communication.

exhibit the benzylic methine resonance, ArCHfO- 
C(0)CF3]2, ca. 2 ppm upfield from the resonance of the 
corresponding aldehyde (Table I). Although the chemical 
shift of the benzylic methine proton is not readily correlat­
ed with the electronic nature of the ring, it is at lower field 
when a given substituent is ortho to the carboxaldehyde 
group than when it is para or meta. For example, this reso­
nance occurs at 8 7.79 for the p-tolualdehyde adduct but at 
8 8.02 for the o-tolualdehyde adduct. This suggests a con­
formational change which places that proton, on the aver­
age, closer to the aromatic plane in the ortho-substituted 
benzaldehyde (B favored at the expense of A, below). Such 
an alteration should reduce the repulsion between the 
ortho substituent and the triffuoroacetoxy groups.

When 9-anthraldehyde is dissolved in trifluoroacetic an­
hydride it rapidly forms the corresponding bis(trifluoroace- 
tate) (7). The pmr spectrum of this adduct contains a

methine resonance at 8 9.4. This resonance undergoes an 
18% nuclear Overhauser enhancement9 when the aryl pro­
tons adjacent to it (C-Ha) are irradiated. Observation of 
the NOE suggests an average conformation for the adduct 
which is similar to that of the parent aldehyde10 and which 
possesses its “ benzylic”  hydrogen close to, or in, the aryl 
plane. Furthermore, these results are consistent with the 
ortho effect noted above.

The rate of reaction of aryl carboxaldehydes, studied by 
pmr, followed pseudo-first-order kinetics. While some com­
pounds (e.g., P-CH3OC6H4CHO) reacted too rapidly for ac­
curate kinetic study, the logarithm of the observed half- 
lives (Table II) produced a straight line when plotted 
against the a constant for the substituent but not when 
plotted against c +. The p value for the reaction was found 
to be —2.5.11

While the gem- bis(trichloroacetates) are reported4 to be 
comparatively stable and capable of purification by distil-
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Table II
Reactivity of Aldehydes with Trifluoroacetic 

Anhydride0 ’6

Compd
*1/2 (32’),

min Registry no.

p -Anisaldéhyde < l 123-11-5
o -Anisaldéhyde < l 135-02-4
p -Dimethylaminobenzaldehyde <1° 100-10-7
p -Tolualdehyde 9 104-87-0
o -Tolualdehyde 10 529-20-4
m -T olualdehyde 17 620-23-5
Benzaldehyde 34 100-52-7
p -Fluorobenzaldéhyde 35 459-57-4
m -Anisaldéhyde 41 591-31-1
p -Chlorobenzaldéhyde 70 104-88-1
p -Bromobenzaldéhyde 84 1122-91-4
m -Nitr obenzaldehyde 800 99-61-6
p -Nitrobenzaldehyde 1970 555-16-8
Pentafluorobenzaldehyde ~7 days 653-37-2

a In each instance the product was identified as the bis(tri- 
fluoracetate) by proton and fluorine magnetic resonance spec­
troscopy. 6 Registry no., 407-25-0. c Amide formation prevented use 
of the isomeric aminobenzaldéhydes.

lation, gem- bis(trifluoroacetates) are easily converted to 
carbonyl compounds and TFAA. Thus, attempts at remov­
al of TFAA from solutions of these esters in TFAA by dis­
tillation (bp 40°) normally afforded only starting aldehyde. 
However, diesters could be isolated by removing the excess 
of TFAA at reduced temperature (below 0°) and pressure. 
For example, «,«-bis(trifluoroacetoxy)-p- chlorotoluene 
could be separated from TFAA and dissolved in deuter- 
iochloroform to afford an nmr spectrum consistent with the 
assigned structure (Table I).

Mechanism. There are two mechanisms which could ac­
count for gem-bisester formation. One (A, below) involves a

RCHO +  [CF:,C(0)]i> — ► [R+CH0C(0)CF3CF)C02-]  — >►
R C H [ 0 C ( 0 ) C F 3]2 (A )

R  H  ( K  ) C F 3
C  C
Il | 3 = ±  R C H (O C O C F 3)2 (B)

° 4 c i o
F:,C/ ||

0

nucleophilic attack by the carbonyl group upon TFAA to 
form a carbocation and a trifluoroacetate anion. While not 
discussed by Mazur4 in their study of TCAA, this could not 
be ruled out, a priori, for reactions of TFAA because triflu­
oroacetate is a better leaving group than is trichloroacetate. 
However, the absence of rearrangement during the reaction 
of 1,2, and 3 and the virtually identical rates of reaction of 
2 and 3 would appear to rule this mechanism out. One 
might have imagined that even a moderate increase in posi­
tive charge at the carbonyl carbon would have resulted in 
participation by the p-methoxyphenyl group in 3. Further­
more, if a free carbocation were involved one would have 
anticipated that the rate of reaction of substituted benzal- 
dehydes would have followed <r+ rather than a.

These data argue in favor of a fairly concerted addition, 
one which may be viewed as a cycloaddition reaction of 
TFAA across the carbonyl group (B).

Experimental Section
Instruments and Techniques. Spectra were recorded on a Var- 

ian HA-100 spectrometer. The nuclear Overhauser enhancement

experiments were performed using a Hewlett-Packard 200CD os­
cillator. The per cent enhancement was determined by comparing 
the intensity of the enhanced spectra to the intensity of the spec­
trum during off-resonance irradiation. An average of ten values 
was used to calculate the NOE.

All samples were prepared in an excess of TFAA (ca. 10:1 v/w). 
Trifluoroacetic anhydride and tetramethylsilane were vacuum dis­
tilled from calcium hydride into the nmr tube containing the sam­
ple. The tubes were then sealed under vacuum. Progress of the 
reaction was followed by integrating the aldehydic and the adduct 
proton resonances at appropriate intervals. The initiation time, to, 
was obtained by extrapolating the linear plot (per cent reaction us. 
time) back to 0% reaction. The half-life, 11/2, was taken from the 
plot at the point where the reaction was 50% complete. Reactions 
were normally followed through 3 half-lives.

Syntheses. Most of the aldehydes were available commercially 
and were purified by recrystallization or distillation. Solid samples 
were dried in vacuo over phosphorus pentoxide; liquids were dried 
over calcium hydride. All commercial samples were homogeneous 
(nmr) after such treatment.

2-p-Methoxyphenyl-2-methylpropanal. The procedure of 
Kuntzel, Wolf, and Schaffner12 was used to prepare 2-p-methoxy- 
phenyl-2-methylpropanoic acid in 44% yield. (The work-up was al­
tered slightly by refluxing the crude product in 10% sodium hy­
droxide to saponify residual ester.)

A solution of 12.2 g (0.0628 mol) of 2-p-methoxyphenyl-2-meth- 
ylpropanoic acid in 20 ml of thionyl chloride was refluxed for 20 
min. After removal of volatiles, vacuum distillation afforded 11.1 g 
(0.0515 mol) of 2-p-methoxyphenyl-2-methylpropanoyl chloride, 
bp 125-135° (0.1 Torr). Reduction of the acid chloride was accom­
plished by slowly adding a cooled (0°) solution of 12.5 g of lithium 
aluminum tri-ieri-butoxyhydride in 40 ml of tetrahydrofuran to
11.0 g of acid chloride dissolved in 120 ml of cold (—68°) tetrahy­
drofuran. After addition was completed, the reaction mixture was 
allowed to warm to 10°. The desired product was isolated by pour­
ing the reaction mixture over an equal volume of ice, acidifying 
with 50 ml of dilute hydrochloric acid, and extracting with methy­
lene chloride (2 X 100 ml). Drying of the extract, followed by re­
moval of solvent, afforded 7.9 ml of yellow oil shown (nmr) to be 
70% aldehyde and 30% alcohol. Distillation yielded 4.9 g (0.0275 
mol, 53% yield) of 2-p-methoxyphenyl-2-methylpropanal, bp 90- 
95° (0.1 Torr) [lit.12 bp 143-148° (10 Torr)].

2-Phenyl-2-methylpropanal. The preparation of 2-phenyl-2- 
methylpropanal was similar to that used to prepare 2-p- methoxy- 
phenyl-2-methylpropanal. The desired product was obtained in 
about 50% yield, based upon the acyl halide, bp 92-96° (0.2 Torr) 
[lit.12 bp 105-120° (10 Torr)].
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Registry No.—2, 3805-10-5; 3, 32454-14-1; 2-p-methoxy- 
phenyl-2-methylpropanoic acid, 2955-46-6; 2-p-methoxyphenyl-2- 
methylpropanoyl chloride, 40919-14-0; 2-phenyl-2-methylpropa- 
noyl chloride, 36293-05:7.
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Great interest has developed in recent years in phase 
transfer processes, especially liquid-liquid phase trans­
fer.1'2 The elegant paper of Starks1 on the usefulness of 
several liquid-liquid phase transfer catalysts gives several 
examples of how the process may be used as a routine syn­
thetic tool. We have extended this work to a solid-liquid 
phase transfer process using the acetoacetic ester conden­
sation as a representative example of this principle.

The catalyst used in this study was a long-chained ali­
phatic quaternary ammonium salt, “ Alaquat 336,” 1’3 which 
consists of mixed trialkylmethylammonium chlorides (av­
erage molecular weight 5031). It is insoluble in water and 
soluble in all common organic solvents. The basic process 
was to generate a solid reactive anion which is normally in­
soluble in organic solvents, use the phase transfer catalyst 
to transport this anion into the organic phase, then allow 
this anion to react in the organic phase. The reactive anion 
generated in this study was the methyl acetoacetate anion. 
Once dissolved by the phase transfer catalyst in the organic 
solvent, this anion reacted with an alkylating agent to give 
the traditional acetoacetic ester alkylated product.

There have been numerous studies4’5 directed at the al­
kylation pattern of ambident ions in both protic solvents 
(usually alcohols) and polar aprotic solvents. The major 
difference in these two systems seems to be that carbon al­
kylation is favored in protic solvents while O-alkylation is 
favored in polar aprotic solvents [especially in hexamethyl- 
phosphoramide4® (HMPA)]. In our study it was found that 
alkylation of the acetoacetate anion in benzene using ben­
zyl chloride as the alkylation reagent gave predominantly 
(>99%) carbon alkylation with no detectable oxygen alkyl­
ation.6 Thus, this process offers a reversal of the usually 
observed results in aprotic solvents in that carbon alkyla­
tion is favored, thereby giving an alternative to the usual 
procedure of using protic solvents to favor carbon alkyla­
tion. It also offers the advantage that no solvolysis products 
arising from alkylating reagent-solvent interactions are 
possible, thus eliminating a major side product of reactions 
run in protic solvents. This advantage is especially impor­
tant when small amounts of valuable alkylating reagents 
are required, such as geranyl bromide.

The experimental conditions using this solid-liquid 
phase transfer process are exceedingly simple. The concen­
tration of catalyst has an effect on the rate of reaction.

Table I
Catalyst Concentration Using Benzyl Chloride as the

Alkylating Reagent
Ratio®,b Yield,''d %

N o catalyst 25
25:1 61
20:1 70
10:1 85

“ Standard conditions consist o f  benzene as solvent; 
8-hr reflux; sodium m ethyl acetoacetate/benzyl chloride 
ratio 2 :1 ; the reaction was protected from  moisture during 
the reaction. 6 M olar ratio o f  catalyst to alkylating agent. 
Catalyst av m ol wt 503. '  Isolated yields by  distillation. 
d Gc analysis shows only one peak > 99%  purity by inte-
gration.

Table II
Solvent Effects on Alkylation Yields

Solvent® Yield,6 %

Benzene 85
Toluene 82
Chloroform 56
Carbon tetrachloride 42
Hexane 40

“ Standard conditions: 8-hr reflux, sodium methyl
acetoacetate/benzyl chloride/catalyst ratio 2 0 :10 :1 . 1 Iso-
lated m onoalkylated yields by distillation.

Table III
Alkylation Products

Alkylating agent® Product,**>c %

Allyl bromide 85
Benzyl chloride 85
Geranyl bromide 85
Dim ethylallyl chloride 37
Allyl chloride 30

° Standard conditions: 8-hr reflux, benzene solvent; 
sodium methyl acetoacetate/alkylating agent/catalyst ratio 
2 0 :10 :1 . 6 Product isolated by  distillation. 'O n ly  m ono­
carbon alkylation observed.

Using benzene as a solvent and 8-hr reflux as a standard 
condition, we found that a 10:1 alkylating reagent/catalyst 
molar ratio gave consistently high yields. All reactions with 
catalyst were accelerated over control experiments without 
catalyst. These results are tabulated in Table I. We also 
found that benzene was not the only solvent one could use. 
In effect, all commonly used solvents ranging from benzene 
to hexane may be used. These results are tabulated in 
Table II. One might note that in hexane the monocarhon 
alkylated product was obtained in 40% yield. The alkyla­
tion in hexane, without added catalyst, gave essentially no 
alkylation product (<5%). The reaction using different al­
kylating reagents is shown in Table III.

It is interesting to speculate on the anion species in solu­
tion. The initial transfer would give a quaternary ammo­
nium methyl acetoacetate species which is soluble in non­
polar solvents because of the large hydrophobic properties 
and symmetry of the transfer reagent.7 In our system, we 
looked for not only oxygen alkylation but dialkylation, 
both carbon-carbon and carbon-oxygen. Again we found 
very little, if any, of either product.4'6 In the studies of al­
kylation in aprotic solvents two factors seem to control the 
alkylation pattern, that of the nature of the alkylating re­
agent and the tightness of the generated ion pair. The lat­
ter4 seems to be most important in the control of these 
reactions. For example, in solvents like HMPA very loose 
ion pairs are formed, thus favoring the formation of O-al-
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kylated products. This process has been used in several syn­
thetic sequences8 where O-alkylated material was the de­
sired product. From our work it would seem to us that we 
are dealing with a very tight ion pair, thus the resulting 
carbon, instead of oxygen, alkylation. While it is true that 
activated alkylating agents tend to alkylate on carbon, the 
shift from polar protic solvents to polar aprotic solvents 
gives a much higher percentage of oxygen alkylation. Thus, 
le Noble48 reports a 13% yield of O-alkylated product, a 
51% yield of C-alkylated product, and a 36% yield of di-C- 
alkylated product when methyl acetoacetate anion is al­
kylated with benzyl chloride in HMPA. le Noble48 also re­
ports that allyl chloride alkylation of methyl acetoacetate 
anion gives 17% O-alkylation, 45% C-alkylation, and 38% 
di-C-alkylation. le Noble48 reports that, in a series of acti­
vated alkylating reagents (substituted benzyl chlorides), he 
obtains O-alkylated products ranging from 10 to 40% when 
HMPA was used as the solvent. These ratios of oxygen vs. 
carbon alkylation are almost never seen when these alkyla­
tions are carried out in polar protic solvents.9

le Noble, as well as others,4b’c also reports high yields of
O-alkylated product when ethyl bromide was used as the 
alkylating agent with HMPA as solvent (i.e., 45% yield). 
Kurz,4b>c et al., observed the same trend with similar 
nonactivated alkylating reagents. We used n- butyl bro­
mide as the alkylation reagent in our system and obtained 
less than 5% O-alkylated product. This result thus mimicks 
the alkylation pattern found in polar protic solvents. The 
reaction, however, had to be run for a longer time period 
than with our activated alkylating reagents to obtain a rea­
sonable yield. When nonactivated halides are used in the 
traditional acetoacetic ester condensation (using absolute 
alcohol as a solvent), very little solvolysis of the alkylating 
reagent is observed. Thus, our system does not offer any 
substantial advantage in either yield or product distribu­
tion from the traditional procedure when nonactivated ha­
lides are used as alkylating reagents. However, when using 
activated alkylating reagents, an advantage in both alkyla­
tion products and suppression of side reactions is achieved 
by using the solid-liquid phase transfer process. This is 
especially true when small quantities of radioactive alkylat­
ing reagents10 are used in the synthesis of biogenetic pre­
cursor molecules such as geraniol, farnesol, etc.

It is also known that aggregate formation can contribute 
to the reactivity of an anion48’11-12 in solution. We do not 
know what the aggregate properties of our system are nor 
how it affects the alkylation distribution. From the alkylat­
ing pattern we can only say that our species seems different 
from most other aprotic ion pairs and that this property 
may be used synthetically to give carbon alkylation almost 
exclusively.

Experimental Section
Boiling points and melting points are uncorrected. Nmr spectra 

were recorded on a Varian A-60 and a Joelco HA-100 nmr spec­
trometer. Infrared spectra were recorded on a Perkin-Elmer Model 
457 grating spectrophotometer. Mass spectral data were obtained 
on a Hitachi Perkin-Elmer RMU-6E spectrometer. Gas chromato­
grams were run on a Varian Model 1400 gas chromatograph using a 
flame ionization detector.

Reaction of Methyl Acetoacetate with Benzyl Chloride. 
General Procedure. Sodium hydride (5.0 g of a 50% dispersion in 
mineral oil, 0.104 mol) was added to a 500-ml three-neck flask fit­
ted with a mechanical stirrer (good stirring is essential), reflux 
condenser, and addition funnel fitted to provide an inert atmo­
sphere. The sodium hydride was washed free of mineral oil with 
small portions of anhydrous benzene, 200 ml of anhydrous benzene 
being added as solvent after the mineral oil was removed. With 
stirring, methyl acetoacetate (11.6 g, 0.100 mol) was added drop- 
wise with the evolution of hydrogen. The solution was stirred until 
no more evolution of hydrogen was observed. At this point “ Ala-

quat 336” (2.5 g, 0.005 mol, dried by benzene azeotrope and dilut­
ed to a 0.001 mol/ml standard solution in benzene) was added and 
the solution was brought to reflux. At reflux benzyl chloride (6.3 g, 
0.050 mol), dissolved in a few milliliters of benzene, was added at a 
reasonable rate and the solution was refluxed for 8 hr after the ad­
dition was completed. The solution was then cooled and acidified 
with 1 N  HC1, the organic layers were separated (small amounts of 
ether may be added to break any emulsion formed at this point), 
the organic phase was washed with 5% sodium bicarbonate and 
brine, and the resulting organic phase was dried over magnesium 
sulfate. The solvent was removed on a rotary evaporator at 16 mm 
and the resulting oil was distilled to give 8.77 g of 3-carbomethoxy-
4-phenylbutanone as a clear oil, bp 98-109° (0.05 mm) (85% yield). 
The catalyst remained as a dark residue in the distillation flask 
and was discarded. Gc analysis on a 10 ft 5% FFAP column showed 
only one peak which was >99% pure by integration. Infrared spec­
tral analysis showed that the 1685- and 1630-cm_1 peaks (O-al- 
kylated product) were missing and only those attributed to carbon 
alkylated acetoacetic esters were present. The nmr showed no ab­
sorption at r 4.8-5.2 (characteristic o f vinyl protons). A small por­
tion of the clear oil was hydrolyzed, decarboxylated, and shown to 
consist of only 4-phenyl-2-butanone.

An alternative procedure for the work-up was to remove the 
methyl acetoacetate, after removal by solvent, by vacuum evapora­
tion at 0.05 mm pressure and room temperature. The resulting oil 
was chromatographed, using benzene as solvent, over either alumi­
na or silica gel. This removes the catalyst from the product and the 
resulting oil was distilled using a Kuhlrohr apparatus after remov­
al of benzene, to give the same product obtained above. This work­
up procedure is more convenient when working on a small amount 
(~  1-2 g) than the distillation procedure above.

Reaction of Methyl Acetoacetate with Allyl Bromide. The 
general procedure described above was used. Obtained was a clear 
oil, 4-carbomethoxy-l-hexen-5-one, bp 38-43° (0.1 mm) (94.7% 
yield). Ir and nmr analysis showed no peaks characteristic of O- 
alkylated material.6 Gc analysis showed only one peak of >99% pu­
rity.

Reaction of Methyl Acetoacetate with Allyl Chloride. The
general procedure described above was used. Obtained was a clear 
oil, 4-carbomethoxy-l-hexen-5-one, bp 36-39° (0.05 mm) (30% 
yield). Ir and nmr analysis showed no peaks characteristic of O- 
alkylated material.6 Gc analysis showed only one peak of >99% pu­
rity.

Reaction of Dimethylallyl Chloride with Methyl Acetoace­
tate. Dimethylallyl chloride was synthesized from isoprene accord­
ing to the procedure of Roux and Kotzanevas.13 The chloride was 
kept at —20° until used. The general procedure described above 
was used for the alkylation. Obtained was a clear oil, 3-carbome- 
thoxy-6-methyl-5-hepten-2-one, bp 55-60° (0.6 mm) (36.8% yield). 
Ir and nmr analysis showed no peaks characteristic of O-alkylated 
material. Gc showed one peak of >98% purity with a minor uni­
dentified peak (^s2%).

Reaction of Geranyl Bromide with Methyl Acetoacetate.
Geranyl bromide was synthesized according to the procedures of 
Meyers.14 The material was used immediately after synthesis. The 
standard procedure described above was used. Obtained was a 
slightly yellow oil, 3-carbomethoxy-6,10-dimethyl-5,9-undecadien-
2-one, Kugirohr distillation, bp 120-130° (0.5 mm) (85.1% yield). 
Ir and nmr analysis showed no absorptions characteristic of O-al­
kylated material.6 Gc analysis showed only one peak of >99% pu­
rity.

One gram of the above oil was hydrolyzed using KOH in metha­
nol at room temperature for 48 hr. Acidification using glacial acetic 
acid and removal of solvent gave an oil which was distilled by 
Kugirohr distillation at 100° (0.1 mm). The resulting oil was taken 
up in ether and washed with 5% NaHC03. The ether was dried 
(MgSOi) and solvent was removed to yield geranyl acetone which 
gc analysis showed to be >95% of the trans product. The trans 
stereochemistry showed that very little isomerization occurred 
during the reaction.

The 85.1% yield reported above represents our best yield. The 
synthesis of geranyl bromide gave variable yields depending on 
how the bromide was generated14 from the alcohol. Yields of ger­
anyl bromide were estimated to-range from 55 to 85%, several syn­
thetic procedures being tried.
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The present paper describes a new synthetic method for 
cyclopentanecarboxylates (1) by the reaction of 1,3-diio-

dopropane with an «,/3-unsaturated ester in the presence of 
copper and isonitrile (RNC) (Table I). This reaction was

KOEW + ;c=cc
Y = C 0 2R'

Cu-RiNC
(1)

found in the course of exploratory studies on the synthetic 
reactions caused by Cu-RNC mixture. Previously we have 
found1 that an aliphatic halide reacts with metallic copper 
in the presence of RNC to form the corresponding organo- 
copper-isonitrile complex, which then adds to a,/3-unsatu- 
rated carbonyl and nitrile compounds in the manner of a 
conjugate addition. Moreover, an organocopper-isonitrile 
complex bearing a halogen atom in the same molecule read­
ily undergoes cyclization by the intramolecular elimination 
of copper halide-isonitrile complex. The following cyclo­
propane syntheses, for example, have been based upon this 
interesting reactivity of organocopper-isonitrile complex.

r r 'Cci2 +  ^ : c = c ^
Y

Cu-R"NC

Cl Cu(R"NC)n
I I I

RR'C— C— C— Y
I I

Y
i, R = Ph, C 02R " ',  and CN; R ' = Cl2

ii, R = CH2= C H ;  R ' = H3

—CuCI(R"NC)m

IV

R— C-----C—  (2)
V  / \

The reaction described in the present paper (eq 1) af­
fords a five-membered ring. For this reaction the transient 
formation of a 3-iodopropylcopper-isonitrile complex may 
be proposed, which is followed by the subsequent addition 
to an cq/i-unsaturated carbo ester and the final cyclization 
through the intramolecular elimination of the copper ha- 
lide-isonitrile complex.

Results and Discussion
On heating a mixture of 1,3-diiodopropane, diethyl fu- 

marate, cyclohexyl isocyanide, and metallic copper in re­
fluxing toluene under nitrogen, trans- 1,2-dicarbethoxycy- 
clopentane was produced in a high yield and high selectivi-, 
ty. Also the reaction of 1,3-diiodopropane with diethyl ma- 
leate by an identical procedure gave the same product. 
Since it has been found by us that maleate is readily isom- 
erized to fumarate by the Cu-RNC system,1 and that cyclo­
propane-, cyclopentane-, and cyclohexane-cis-l,2-dicar- 
boxylates are isomerized to the corresponding trans isomers, 
respectively, under the present reaction conditions, it is 
conceivable that diethyl maleate is converted to diethyl fu­
marate prior to the cyclization reaction and/or that cis-
1,2-dicarbethoxycyclopentane once formed is converted to 
trans- 1,2-dicarbethoxycyclopentane.

Similarly, the reaction of 1,3-diiodopropane with methyl 
acrylate afforded cyclopentanecarboxylic acid methyl ester 
in 58% yield. Use of electron-deficient olefins other than 
fumarate, maleate, and acrylate in the present reaction, 
however, gave rise to decreased yields and selectivities of 
the corresponding cyclopentane derivatives.

3,3-Bis(iodomethyl)oxetane can be used in place of 1,3- 
diiodopropane. The product is the corresponding oxaspi- 
rane carboxylate (2). Cyclization of tetraiodoneopentane 
with fumarate gave 3 instead of the spirocyclononanetetra- 
carboxylate. Compound 3 is supposed to be produced 
through intermediate 4.4

Employment of iodides in the present reaction is essen-
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Table I
Reaction of Diiodopropane with the Cu(0)-lsonitrile Complex in the Presence of

a -Unsaturated Esters

Halide 
(registry no. ) Olefin

(registry no. ) Conditions Product (%)a* ̂ Registry no.

i (c h 2)3i
(627-31-6)

trans -C2H50 2C C H =C H C 02C2H5 
(623-91-6)

110°, 13 hr
„CACA

a  (9° )cXCOXA
la

30689-38-4

i (c h 2)3i cis -C2H50 2C C H =C H C 02C2H5 
(141-05-9)

110°, 13 hr
,.c o x a

a  ^
VCO,C,H,

la

i (c h 2)3i c h 2= c h c o 2c h 3
(96-33-3)

80°, 12 hr O ,  (58)dCOXH,
lb

4630-80-2

o c x CfW

(2402-82 -6)

trans -C2H50 2C C H =C H C 02C2H5 110°, 14 hr OCX"“  (46r’8COXH,
2a

52239-59-5

o '"y
v  CHJ

cis -C2H50 2C C H =C H C 02C2H5 110°, 14 hr
,XOl,C2H,

o q  (23)c,e
COXH,

2a

o 0 < CH!l c h 2= c h c o 2c h 3 80°, 15 hr A d .  (66)^COXH,
2b

52239-60-8

(ic h 2)4c
(1522-88-9)

trans -C2H50 2C C H =C H C 02C2H5 110°, 12 hr
h Q - C O T A  (5 0 )c

COXH,
3

52239-61-9

i (c h 2)4i
(628-21-7)

trans -C2H50 2C C H =C H C 02C2H5 110°, 15 hr O “ C0ïCA (37)c
COXA

7

17357-22-3

i (c h 2)4i cis -C2H50 2C C H =C H C 02C2H5 110°, 13 hr
(  V —COX,Hr,
M  _ “ (55)

COXH,
7

° All new compounds in the table gave satisfactory elemental analyses. 6 The yields of products are not necessarily optimum, since only 
one or two experiments have been done for each combination. c Cyclohexyl isocyanide was used. d teri-Butyl isocyanide was used. « Stereo­
chemistry of 2a has not been definitely determined. However, the trans configuration was deduced from the following reasons: either diethyl 
fumarate or maleate react with 3,3-bis(iodomethyl)oxetane to yield the same product, and cis-l,2-dicarbethoxycyclopentane is readily 
isomerized to the trans isomer under the present reaction conditions.

Y =  COJR'

2

ICH,X .CHJ r
c y '  +

ICh X X ICH,

ic h ,n

ic h / Ka
c o 2c 2h 5

H '
c=cc ,H

'CO,C2H5

Cu-RNC

Cu-RNC
-CH. C02C2H6 (4)

c o2c2h 5

tial. 1,3-Dichloro- and 1,3-dibromopropane gave the cyclo­
pentane products only in low yields.

The present cyclization may be explained by a scheme 
involving an intermediate of 3-iodopropylcopper-isonitrile 
complex (5) which is initially formed by the reaction of di­
iodopropane with Cu-RNC.1’2 The addition of 5 to a,fi-un­
saturated ester gives the second organocopper species (6), 
which in turn undergoes the cyclization by the intramolec­
ular 1,5-elimination of CuI-RNC complex (Scheme I).

Scheme I
ICH2CH2CH2I +  Cu-RNC — *- ICH.,CH,CH2Cu(RNC)„

5

1 /
C H - C ^

/
c h 2J C u (R N C )„

—Cui(RNC)m

V 6

1
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Table II
Characterization of Products0

Ir, cm * a Nmr, rb Mass, m ie

la 1733 5.84 (q, 4 H, J  =  7.5 Hz), 6.68-7.06 
(m, 2 H), 7.62-8.92 (m, 6 H), 8.74 
(t, 6 H, 7.5 Hz)

lb 1735 6.30 (s, 3 H), 6 .90-7 .50 (m, 1 H), 
7 .92-8.47 (m, 6 H)

128 (M*)

2a 1730 5.49 (s, 4 H), 5.90 (q, 4 H, J  =  6.5 
Hz), 6 .62-7 .10 (m, 2 H), 7 .58-7.90 
(m, 4 H), 8.79 (t, 6 H, J  = 6.5 Hz)

2b 1735 5.41 and 5.42 (two s, 4 H), 6.30 (s,
3 H), 6 .90-7 .50 (m, 1 H), 7 .75-8.20 
(m, 6 H)

3 3060, 1732, 1650, 895 5.24 (s, 2 H), 5.84 (q, 4 H, J  =  7.0 Hz), 
7 .10-8 .25 (m, 8 H), 8.77 (t, 6 H,
J  = 7 . 0  Hz)

240 (M*)

7 1732, 890 5.87 (q, 4 H, J  =  7.0 Hz), 7 .25-7 .60 
(m, 2 H), 7 .85-9 .00 (m, 8 H), 8.81 
(t, 6 H, J =  7.0 Hz)

“ Neat. b CDCI3 solution with T M S .c Satisfactory analytical data were reported for all compounds in the table.

The intermediacy of 3-iodopropylcopper-iscnitrile com­
plex 5 is supported by the formation of cyclopropane in the 
treatment of 1,3-diiodopropane with the Cu-RNC system 
in the absence of olefin at about 100°. In the presence of an 
a,/3-unsaturated carboester, however, the formation of cy­
clopropane as a by-product was almost negligible.

The reaction of 1,4-diiodobutane with fumarate by the 
Cu-RNC system produced acyclic compounds 8 and 9 
along with the desired product, trans- 1,2-cyclohexanedicar 
boxylate (7).

I(CH2)4I +  irans-Et02CCH==CHC02Et

CO; K i 

^ ^ ^ C O .E t

7
(37%)

+  CH2=CH CH 2CH2CHC02Et +  

CHCOoEt
8

(19%)

CH3(CH2)3CHC02Et
'  I (5)

CH2C02Et 
9

(8%)

110°. After the reaction mixture was heated for 12 hr at 110°, it 
was treated with ether to remove copper iodide-isonitrile complex. 
The extract was concentrated and distilled in vacuo, trans-1,2- 
Diethoxycarbonylcyclopentane was isolated in a yield of 90% by 
preparative glpc. The structure of the product was confirmed by 
spectral data and elemental analysis. These data are shown in 
Table II.

Reaction of Trimethylene Diiodide with Methyl Acrylate 
by Copper-Isonitrile System. A mixture of 1.48 g (5 mmol) of 
trimethylene diiodide, 1.72 g (20 mmol) of methyl acrylate, and 4 
ml of benzene was added with stirring to a mixture of 1.27 g (20 
mg-atoms) of metallic copper, 3.32 g (40 mmol) of fert-butyl isocy­
anide, and 6 ml of benzene at 80°. After the reaction mixture was 
heated for an additional 12 hr at 80°, the mixture was extracted 
with ether. The extract was concentrated and analyzed by glpc. 
Methyl cyclopentanecarboxylate was isolated in a yield of 58%. 
Reactions of 3,3-fcis(iodomethyl)oxetane and tetramethylene di­
iodide with olefins by the copper-isonitrile system were carried out 
by simOar ways.

Reaction of Pentaerythrityl Tetriodide with Diethyl Fuma­
rate by the Copper-Isonitrile System. A mixture of 2.30 g (4 
mmol) of pentaerythrityl tetriodide, 1.72 g (10 mmol) of diethyl fu­
marate, 1.27 g (20 mg-atoms) of metallic copper, 4.40 g (40 mmol) 
of cyclohexyl isocyanide, and 20 ml of toluene was stirred at 110° 
for 12 hr. The reaction mixture was extracted with ether. The ex­
tract was concentrated and distilled in vacuo. 3,4-trans-Diethoxy- 
carbonylmethylenecyclohexane was isolated in a yield of 50%.

Experimental Section
Reagents. Metallic copper was prepared by reducing5 CuS04 

with zinc powder and dried under nitrogen. tert-Butyl and cyclo­
hexyl isocyanide were prepared by Ugi’s procedure.6 Olefins such 
as fumarate, maleate, and acrylate were commercial reagents and 
purified by distillation under nitrogen prior to use. Trimethylene 
diiodide and 3,3-bis(iodomethyl)oxetane were synthesized by the 
reaction of the corresponding dichloride and Nal in acetone.7 Pen­
taerythrityl tetriodide8 was prepared by iodination of pentaeryth­
rityl tetrabromide, which was synthesized by the reaction of penta- 
erythritol and PBr3.9 Tetramethylene diiodide was prepared by 
the reaction of tetrahydrofuran with KI, orthophosphoric acid, and 
phosphoric anhydride.10

Reaction of Trimethylene Diiodide with Diethyl Fumarate 
by the Copper-Isonitrile System. Under nitrogen, 1.48 g (5 
mmol) o f trimethylene diiodide in 4 ml of toluene was added drop- 
wise with stirring over 30 min, to a preheated mixture of 1.27 g (20 
mg-atoms) of metallic copper, 4.40 g (40 mmol) of cyclohexyl isocy­
anide, 1.72 g (10 mmol) of diethyl fumarate, and 6 ml of toluene at

Registry No.— Copper, 7440-50-8; cyclohexyl isocyanide, 931-
53-3; ierf-butyl isocyanide, 7188-38-7.
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As the chain length and substitution of olefins are in­
creased, an overall decrease in the rate of their PdCl2-cata- 
lyzed oxidation occurs.1 Long-chain a-olefins are oxidized 
to methyl ketones only very slowly in entirely aqueous so­
lutions of PdCl2. Clement and Selwitz2 found that oxida­
tion rates of higher olefins are increased in aqueous N,N- 
dimethylformamide (DMF) solution while double-bond 
isomerizations are decreased. In a study of a-olefin oxida­
tions with the Clement-Selwitz system, we consistently ex­
perienced DMF hydrolysis during oxidations. This resulted 
in the evolution of CO2 (from formic acid oxidation3) and 
the formation of PdCl2(HNMe2)2. Eventually, the PdCl2 
catalyst becomes completely poisoned.

As illustrated by the results given in Table I for the oxi­
dation of 3,3-dimethylbut-l-ene, rapid oxidation can be 
achieved in aqueous 3-methylsulfolane (3-methyltetra- 
methylenesulfone). Of the four solvent combinations listed 
in Table I, the aqueous 3-methylsulfolane system is clearly

Table I
Solvent Dependence on 3,3-Dimethylbut-l-ene 

Oxidation“

Solvent (50 ml)
H2O,

ml
Reaction 
time, hr

Alkene 
conversion, 

% b
3, 3-Dimethylbutan- 

2-one yield, %c

3 -Methylsulfolane 7 1 . 4 -100 91
NMP 7 7 . 5 -100 79
DMF 7 8 . 0 -7 0 33
DMF 0 8 . 0 -7 0 58

“ All solutions contained 200 mmol of 3,3-dimethylbut-l-ene, 
20 mmol of PdCl2, and 20 mmol of CuCl2-2H20 . Reactions were 
conducted at 70-80° under 40-99 psig O2. b Estimated by glpc as 
wtketone/(wtaikene + wtketone) x 100%. c Distilled yield based on 
200 mmol of 3,3-dimethylbut-l-ene.

superior with respect to reaction rate and product yield. 
Sulfolanes are chemically very stable, and their low volatil­
ity allows easy product recovery. Sulfolane and 3-methyl­
sulfolane can be used interchangeably, but sulfolane is less 
expensive and more readily available. Aqueous iV-methyl- 
pyrrolidone (NMP) is an improved solvent compared to the 
corresponding DMF system, but its performance is less sat­
isfactory than sulfolane’s. The oxidation is very much slow­
er in entirely aqueous media.

At high alkene to PdCl2 mole ratios, high selectivities to 
the ketone are obtained only at moderate olefin conver­
sions (e.g., entry 1 in Table II). In oxidations with similar 
turnover numbers of Pd, the highest selectivity to the ke­
tone occurs at the highest alkene to PdCl2 ratio (Table II )..

Table II
Selectivity to Ketone at High Alkene to PdCl2 Ratios

Mole ratio of 
3, 3-dimethylbut-l-ene 

to PaCl2
Alkene

conversion,
%

Number 
of Pd 

turnovers
Selectivity to 

3, 3-dimethy^btítan-2-one,

421 24 1 0 1 96
211 59 123 81
1 0 0 1 0 0 1 0 0 77

When low selectivities are observed, they are a result of 
further reactions of the ketone. Two by-products which

have been isolated are l-chloro-3,3-dimethylbutan-2-one 
and 2,2-dimethylpropanoic acid.

Experimental Section
3,3-Dimethylbut-l-ene and the sulfolanes were Phillips Petrole­

um Co. products and were used without purification. Palladium 
chloride was purchased from Engelhard Industries. Other reagents 
were obtained commercially in high purity.

Small-Scale 3,3-Dimethylbut-l-ene Oxidations. Solvent 
studies were performed in a 6-oz (177 ml) aerosol compatibility 
bottle equipped with a stainless steel cap and sealed by a neoprene 
rubber ring. The cap was fitted with a pressure gauge and a valve 
connected to an oxygen source. After the bottle was charged with 
the desired reactants, as described in Table I, the bottle was pres­
sured to 30-45 psig with 0 2 and was then immersed in an oil bath 
held at 70-80°. The mixture was magnetically stirred, and whenev­
er the pressure dropped to 40 psig, oxygen was added to increase 
the pressure to ca. 80 psig. After completion of the reaction, the 
reaction mixture was distilled, and all the material distilling up to 
106° was collected. The organic portion of the distillate was redis­
tilled, and 3,3-dimethylbutan-2-one was collected at 100-106°. 
This fraction and its immediate forerun were analyzed by glpc on a 
6 ft X 0.125 in. column packed with 10% SP-1200-1% H3PO4 on 
80/100 Chromosorb W AW temperature programmed from 80 to 
140°. Each yield shown in Table I is the sum of the ketone product 
contained in these two fractions. The 100-106° fraction was 96- 
99% 3,3-dimethylbutan-2-one.

In the third entry in Table I, a glpc analysis of the gas phase in 
the bottle after completion of the reaction showed it to be 28% 
C 02. The analysis was performed on a 20 ft X 0.25 in. column 
packed with 20% bis(2-methoxyethoxy)ethyl ether on 35/80 Chro­
mosorb P at 40°. Filtration of this reaction mixture before distilla­
tion gave 2.40 g (37%) of gold PdCl2(HNMe2)2 contaminated with 
a small amount of a green solid (a copper complex?). The complex 
has an ir spectrum identical with that of dimethylamine. Recrys­
tallization of the sample from CH2Cl2-pentane afforded yellow 
crystals, mp 213-215° dec.

Anal. Caled for C„H14Cl2N2Pd: C, 17.96; H, 5.28; Cl, 26.50; N, 
10.48; Pd, 39.80. Found: C, 17.85; H, 4.93; Cl, 27.2; N, 10.48; Pd,
40.5.

Large-Scale 3,3-Dimethylbut-l-ene Oxidation. A similar 
procedure was used for the three reactions, so only a representa­
tive example is given. 2,2-Dimethylbutane, bp 49°, was present as 
an inert internal standard to monitor losses of 3,3-dimethylbut-l- 
ene, bp 41°, due to evaporation. A 300-ml 316-S.S. stirred auto­
clave with a glass cup insert was charged with 67.2 g (800 mmol) of
3.3- dimethylbut-l-ene, 0.34 g (1.9 mmol) of PdCl2, 0.66 g (3.9 
mmol) o f CuCl2 • 2H20, 6 ml of 0.4 N HC1, 50 ml of sulfolane, and
16.8 g of 2,2-dimethylbutane. The autoclave was pressured to 220 
psig with 0 2 and was then heated to 120-130°. Heatup required 0.5 
hr. The oxidation was allowed to proceed for 2.5 hr, and each time 
the pressure fell to 250 psig, oxygen was added until the pressure 
was 310 psig. The reactor was cooled to 25° over 2.5 hr. The prod­
uct mixture was distilled at 1 mm with a pot temperature of 80°, 
and the distillate was trapped at —78°. The organic portion of the 
distillate was redistilled at atmospheric pressure, collecting 3,3- 
dimethylbut-l-ene and 2,2-dimethylbutane at 40-49° and 3,3-di- 
methylbutan-2-one at 95-106°. The alkane-alkene fraction was 
analyzed by glpc on a 20 ft X 0.125 in. column packed with 20% 
tris-l,2,3-(2-cyanoethoxy)propane on 60/80 Chromosorb P. The 
alkane recovery was 14.0 g (83.5%), and the alkene recovery was
42.9 g (63.9%). Assuming that the rate of evaporation is the same 
for both the alkane and the alkene, the actual 3,3-dimethylbut-l- 
ene conversion is calculated to be 23.5%. The total yield of 3,3- 
dimethylbutan-2-one was 18.0 g (95.8% selectivity based on 23.5% 
alkene conversion).

In a separate high-conversion alkene oxidation, two of the more 
prevalent by-products were isolated by preparative glpc and were 
identified by their ir, nmr, and mass spectra. 2,2-Dimethylpropa- 
noic acid was confirmed by comparison of its ir spectrum with 
Sadtler4 Spectrum No. 6355. The ir and nmr spectra of 1-chloro-
3.3- dimethylbutan-2-one compare favorably with published6 spec­
tral information. Both compounds have the appropriate molecular 
ions in their mass spectra.
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In an attempt to prepare a series of aromatic imidoyl 
chlorides as intermediates, 2,-(methylthio)acylanilides (1) 
were treated with phosgene in a manner similar to that re­
ported for the preparation of imidoyl chlorides.1 Although 
our attempt did not produce the desired imidoyl chlorides,
e.g., 3, we did discover a convenient method of preparing 
2-substituted benzothiazoles, 4.

Results and Discussion

4'-Chloro-2'-(methylthio)cyclopropanecarboxanilide 
(lb) reacted with phosgene in ethyl acetate at 50-55° (8 
hr). Under these conditions, 4b was obtained in 10% yield. 
No attempt was made to optimize the yield. The nmr spec­
trum of 4b showed the expected proton count, shifts of 
three aromatic protons at 7-8 ppm, and the five cyclopro­
pyl protons at 5 1.2 (CH2CH2) and 2.4 ppm (CH). Consis­
tent with the structure of 4b, the mass spectrum shows the 
correct molecular ion at m/e 209, 211 (M+, base peak), in­
dicating the presence of one chlorine atom in the molecule.

When 2/-(methylthio)trifluoroacetanilide (lc) was treat­
ed with phosgene under similar conditions, starting materi­
al, lc, was recovered unchanged after 96 hr at 80°. At­
tempted reaction with phosgene in refluxing toluene con­
taining catalytic amounts of dimethylformamide was also 
unsuccessful. It was not possible to obtain 2-(trifluo- 
romethyl)benzcthiazole (4c) by either procedure.

The formation of benzothiazoles, 4, from 1 and phosgene 
suggests that phosgene is attacked by the oxygen rather 
than the nitrogen of the anilide. O-Acylation of amides has 
been demonstrated.2’3 Thus, the O-acylated intermediate, 
2, initially formed from 1' and phosgene apparently loses 
carbon dioxide and hydrogen chloride with formation of re­
active imidoyl chloride,1 3, which is converted into the ben­
zothiazole, 4, by loss of methyl chloride.

In a similar manner, the reaction of l,l-dimethyl-3-(2/- 
(methylthio)phenyl)urea (5) with phosgene in p-dioxane 
was found to give the hydrochloride of the known 2-(di-

As a model compound, 2/-(methylthio)acetanilide (la) 
was converted with phosgene into 2-methylbenzothiazole 
(4a) in 86% yield. In a convenient procedure, the reactants 
were heated (80°) and stirred in p-dioxane. After 0.5 to 1 
hr, the hydrochloride of 2-methylbenzothiazole was isolat-

- c o 2

a, R =  CH3; X =  H

b, R =  < ]  ; X =  Cl

c, R =  CF3; X =  H

ed. Prolonged heating (8 hr at 80-98°) brought about evo­
lution of hydrogen chloride to give 4a as the only detecta­
ble reaction product.

7 10

c r

8 11
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methylamino)benzohiazole4 (8) in 39.7% yield in addition 
to 3-(dimethylcarbamoyl)benzothiazolin-2-one (11) in 
60.2% yield. The structure of 11 is supported by elemental 
analysis, infrared spectroscopy, nmr and mass spectrum. 
Evidence for the structural assignment of 11 includes C = 0  
absorption at 1755 cm-1 in the infrared spectrum. The nmr 
spectrum contains two unsplit methyl signals at 3.05 and 
3.15 ppm, whereas the aromatic region displays a multiplet 
at 7.1 ppm. In the mass spectrum of 11, the molecular ion is 
observed at m/e 222 (M+). The initial fragmentation pat­
tern is characterized by the loss from the parent ion of a 
carbonyl (C = 0 ) and dimethylcarbamoyl group, 
(CH3)2NCO (base peak), to give m/e 122.

The reaction of urea 5 with phosgene follows two major 
pathways. Initial attack by the urea oxygen (path a), simi­
lar to that which occurs in the anilide-carbonyl chloride 
reaction, gives chloroformamidine 7, as an intermediate via 
6, which cyclocondenses to give 2-(dimethylamino)benzo- 
thiazole (8). Alternately, attack of phosgene by the urea ni­
trogen atom (N3) affords the intermediate allophanoyl 
chloride 10 by way of 9; loss of methyl chloride from 10 
gives 11 directly. The formation of intermediates analogous 
to 7 and 10 is well documented in the literature.1’5

Experimental Section
2'-(Methylthio)acetanilide (la). This compound was prepared 

in 90.1% yield from 2-aminothioanisole and acetyl chloride in te- 
trahydrofuran in the presence of triethylamine as acceptor for hy­
drogen chloride; colorless crystalline solid, mp 111-113° (lit.6 mp
114-115°).

4'-Chloro-2'-(methylthio)cyclopropanecarboxanilide (lb).
This compound was prepared in 95% yield from 2-amino-5-chloro- 
thioanisole7 and cyclopropanecarbonyl chloride as outlined above 
for la: mp 117-119°; ir (KBr) 3260 (NH) and 1655 cm-1 (C—O); 
nmr (CDCI3) 5 0.7-1.8 (5, m, cyclopropyl), 2.4 (3, s, CH3), and 7-9 
ppm (3, m, ¿ 6H3); mass spectrum (70 eV) m/e 243 (M+), 196, 194 
(M+ -  CH3S), 175,173 (M+ -  C3H5CO), 69 (C3H5CO), 41 (C3H5).

Anal. Calcd for C11H12CINOS: C, 54.7; H, 5.0; N, 5.8. Found: C, 
54.5; H, 5.4; N, 5.6.

2'-(Methylthio)-2,2,2-trifluoroacetanilide (lc). This com­
pound was prepared analogously in 89.4% yield from 2-amino- 
thioanisole and trifluoroacetyl chloride in the presence of 1 molar 
equiv of triethylamine: mp 45-47°; ir (KBr) 3220 (NH) and 1740 
cm' 1 (C = 0 ); nmr (DMSO-de) S 2.4 (3, s, CH3), 7.3 (4, q, C6H4), 
and 11.0 ppm (1, s, NH).

Anal. Calcd for C9H8F3NOS: C, 46.0; H, 3.4; N, 6.0. Found: C, 
45.7; H, 3.3; N, 5.7.

2-Methylbenzothiazole Hydrochloride and 2-Methylbenzo- 
thiazole (4a). To a stirred solution of 13.5 g (0.075 mol) of la in 
200 ml of p- dioxane was added dropwise a solution of 30.0 g (0.30 
mol) of phosgene (caution: highly toxic) in 50 ml of p-dioxane. 
The resulting yellow solution was heated to reflux (80-85°). After
3.5 hr, a sample was withdrawn, cooled, filtered, and dried to give a 
crystalline solid: mp 180-183°; ir (KBr) 2600 cm-1 (HX-salt); nmr 
(DMSO-dg) 5 2.9 (3, m, CH3), 7-8.2 (4, m, aromatic H), and 12.2 
ppm (1, m, HC1); mass spectrum (70 eV) m/e 149 (M+ — HC1, base" 
peak), 121, 117 (M+ -  S), 108 (C6H4S+), 82, 75, 69, 63, 50, 45, 39.

Anal. Calcd for C8H8C1NS: C, 51.8; H, 4.3; N, 7.5; Cl, 19.1. 
Found: C, 51.4; H, 4.2; N, 7.3; Cl, 19.1.

After a heating period of 8 hr at 80-98°, thin layer chromatogra­
phy indicated the complete disappearance of starting material, 
and hydrogen chloride evolution had ceased. The reaction mixture 
was concentrated under reduced pressure, washed with water, dis­
solved in ether, dried (M gS04), concentrated, and distilled to give
9.5 g (86%) of a colorless liquid: bp 128-130° (35 mm); bp 236° 
(760 mm) (lit.8 bp 238°); nmr (CDC13) 6 2.8 (3, s, CH3), and 7-8 
ppm (4, m, aromatic H).

Anal. Calcd for C8H7NS: C, 64.4; H, 4.7; N, 9.4. Found: C, 64.4; 
H, 4.7; N, 9.4.

6-Chloro-2-cyclopropylbenzothiazole (4b). A solution of 19.0 
g (0.079 mol) of lb in 200 ml of ethyl acetate containing 30.0 g 
(0.30 mol) of phosgene was refluxed at 50-55° for 8 hr. In order to 
contain the low-boiling phosgene in the reaction flask, the reflux 
condenser was topped with a Dry Ice-acetone condenser. The sol­
vent and excess phosgene were removed by distillation leaving a 
residue which crystallized from ethyl acetate to give 2.0 g (10%) of

4b, a colorless crystalline solid: mp 65-67°; nmr (CDCI3) d 1.2 [4, s, 
(CH2)2 cyclopropyl], 2.4 (1, m, CH cyclopropyl), and 7-8 ppm (3, 
m, CH aromatic); mass spectrum (70 eV) m/e 211, 209 (M+, base 
peak), 210, 208 (M+ -  H), 196, 194, 185, 183 (M + -  HC1), 142 
(C1C6H4S+), 107, 92, 75, 69, 63, 45, 41, 39; ir (KBr) no carbonyl 
bands, mostly phenyl bands.

Anal. Calcd for Ci0H8C1NS: C, 57.3; H, 3.8; N, 6.7. Found: C, 
57.4; H, 3.9; N, 6.6.

l,l-Dimethyl-3-(2'-(methylthio)phenyl)urea (5). Reaction of 
2-(methylthio)phenyl isocyanate with dimethylamine in benzene 
afforded 5 in 97% yield, mp 98-100°.

Anal. Calcd for CxoH i4N2OS: N, 13.3; S, 15.3. Found: N, 13.5; S,
15.5.

2-(Dimethylamino)benzothiazole (8) and 3-(DimethyIcar- 
bamoyl)benzothiazolin-2(3if)-one (11). A solution of 15.7 g 
(0.075 mol) o f 5 in 200 ml of p- dioxane containing 30.0 g (0.30 mol) 
of phosgene was refluxed at 70° with stirring. After approximately 
15 min, a colorless solid began to precipitate. After 12 hr, the mix­
ture was cooled to 20° and filtered to give 6.4 g (39.7%) of the hy­
drochloride of 8: mp 234-235°; ir (KBr) 3500, 3420 (NH or OH), 
2800 cm' 1 (bonded OH, NH, HX); nmr (DMSO-d6, TFA-d) 5 3.6 
[6, s, (CH3)2], and 7.5 ppm (4, m, aromatic H).

Anal. Calcd for C9H„C1N2S: C, 50.3; H, 5.2; Cl, 16.5; N, 13.1. 
Found: C, 47.9; H, 5.4; Cl, 16.0; N, 12.5.

The above salt was dissolved in 50 ml of water and the solution 
was made basic by addition of aqueous sodium hydroxide to give
6.0 g (37.5%) of 8, a colorless crystalline solid: mp 82-83° and 88-  
90° (lit.4 mp 87°); ir (KBr) bands at 1560,1570, and 1605 cm-1 (ar­
omatic H); nmr (CDC13) d 3.2 [6, s, (CH3)2], and 6.8-7.7 ppm (4, m, 
aromatic H).

Anal. Calcd for C9H10N2S: C, 60.7; H, 5.6; N, 15.7. Found: C, 
60.6; H, 5.7; N, 15.8.

The original filtrate was concentrated to dryness and triturated 
with hexane to give 10.0 g (60.2%) of 11, as a colorless crystalline 
solid: mp 80-82°; ir (KBr) 1600 (C = ) and 1755 cm-1 (C = 0 ); nmr 
(CDC13) 5 3.05 and 3.15 [6, s, (CH3)2], and 7.1 ppm (4, m, aromatic 
H); mass spectrum (70 eV) m/e 222 (M+), 150 [M+ — (CH3)2NCO], 
122 (C6H4NS), 106, 95, 78, 72 [(CH3)2NCO, base peak], 69, 56, 51, 
45,44, 42, 38,15.

Anal. Calcd for CioHioN2S02: C, 54.1; H, 4.5; N, 12.6. Found: C, 
53.8; H, 4.5; N, 12.3.

Registry N o— la, 6310-41-4; lb, 52260-23-8; lc, 52260-24-9; 
4a, 120-75-2; 4a HC1, 52260-25-0; 4b, 52260-26-1; 5, 52260-27-2; 8, 
4074-74-2; 8 HC1, 52260-28-3; 11, 52260-29-4; 2-aminothioanisole, 
2987-53-3; acetyl chloride, 75-36-5; cyclopropanecarbonyl chloride, 
4023-34-1; trifluoroacetyl chloride, 354-32-5; 2-(methythio)phenyl 
isocyanate, 52260-30-7; dimethylamine, 124-40-3.
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The recent isolation of the elusive isobenzofuran (la) 
and isoindole (lb) rounds out the identification of all the 
parent benzo[c] heterocycles l .1-3 In contrast, none of the 
parent naphtho[2,3-c] heterocycles 2 has been reported, al­
though transient formation of 2b (R = H) and 2c (R = H) 
was demonstrated by trapping them with N-phenylmalei- 
mide.4’5 l,3-Diphenylnaphtho[2,3-c]furan (2a, R = Ph)
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R

a,  zv —  v

b, X  =  NH
c, X = S

and l,3-diphenylnaphtho[2,3-c]thiophene (2c, R = Ph) 
were synthesized by Cava and Van Meter.6 2a (R = Ph) 
was found to be rather unstable and quite reactive in Diels- 
Alder reactions.

We report the syntheses of some analogs of 2 containing 
more than one heteroatom (3c-f). Key intermediates in 
these syntheses were 2,3-dibenzoylquinoxaline (7a) and
2,3-dibenzoylquinoline (7b), whose preparations are de­
scribed below.

Treatment of benzofurazan oxide (4) with phenylacetyla- 
cetophenone in triethylamine gave 2-benzyl-3-benzoylqui- 
noxaline 1,4-dioxide (5a), which was converted by reflux­
ing acetic anhydride into 2-benzoyl-3-a-acetoxybenzylqui- 
noxaline 1-oxide (6) in 50% yield. Hydrolysis of 6 in hot 
methanolic potassium hydroxide gave 2,3-dibenzoylqui­
noxaline (7a) in 63% yield. The rearrangement of 6 into 7a 
is analogous to that reported recently for quinoxaline 1,4- 
dioxides with an a-methylene group.7 The identity of 7a 
was established by comparison with an authentic sample 
prepared by photolysis of l,3-diphenylfuro[2,3-c]quinoxa- 
line in the presence of oxygen.8 As expected, 7a reacted 
readily with hydrazine to give l,4-diphenylpyridazino[4,5- 
6]quinoxaline (8 a) . 9

Friedlander condensation of o-aminobenzaldehyde with 
phenylacetylacetophenone gave in good yield 2-benzyl-3- 
benzoylquinoline (5b) from which 7b could be obtained by 
oxidation with chromic oxide in acetic anhydride. Quino­
line 7b was also obtained by adaptation of the recent meth­
od of Potts and Elliot.10 The structure of 7b was confirmed 
by its reaction with hydrazine to give 1,4-diphenylpyridaz- 
ino[4,5-6]quinoline (8 b).

Treatment of a hot methanolic solution of 7a and me- 
thylamine with sodium borohydride or sodium dithionite 
brought about swift development of a blue color and subse­
quent precipitation of blue l,3-diphenyl-2-methylpyrrolo- 
[2,3-c]quinoxaline (3c) in 90% yield. Similarly, 1,3-diphe- 
nyl-2-methylpvrrolo[2,3-c]quinoline (3e)u was obtained as 
a red solid in high yield from 7b. These reactions are essen­
tially an adaptation of the Leuckart reductive amination of 
an o- dibenzoyl aromatic system which was employed by 
Emmett and Lwowski in the synthesis of 1,3-diphenylisoin- 
doles.12

The reaction of 7a in pyridine with phosphorus penta- 
sulfide13 gave, after chromatography, 1,3-diphenyl- 
thieno[3,4-6 Jquinoxaline (3d) as a blue solid. Similarly, red
l,3-diphenylthieno[3,4-6]quinoline (3f) was obtained from 
7b in 55% yield.

The products are formulated as 3c-f on the basis of their 
elemental analyses, spectroscopic properties, and addition 
reactions to N- phenylmaleimide. The Diels-Alder adducts 
(9c-f), which partially reversed to starting materials before 
melting, were predominantly endo as inferred from their 
nmr signals in the 3.70-4.0 ppm region.14 Adduct formation 
occurred at room temperature with 3e (4 min) and 3c (5 
hr), but required prolonged heating at 78° with 3f (50 hr) 
and 3d (150 hr).

O
7a, Z, =  Z2 =  N 
b, Z, =  N;Z, =  CH

d, Z, = Z2 = N; X =  S
e, Z, = N; Z2 = CH; X = jNCH3
f, Z ,=  N;Z, = CRX = S

Ph

Ph

3c, ZL =  Z2 =  N ;X  =  NCR,
d, Z, =  Z2 =  N; X =  S
e, Z, =  N; Z, =  CH; X =  NCR
f, Z ,=  N;Z2 =  C R X = S
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The N- methyl protons of 3c (r 5.82) and 3e (t 5.92) are 
deshielded compared with those of l,3-diphenyl-2-methyl- 
isoindole (r 6.25). The deshielding is apparently due to the 
electron-withdrawing effect of the nitrogen atoms in the 
adjacent six-membered ring and is, therefore, more pro­
nounced in 3c (quinoxaline ring) than in 3e (quinoline 
ring). Electron withdrawal by the two nitrogen atoms in 3c 
is also responsible for the observed sluggishness of the 
diene to react with jV-phenylmaleimide.

Finally, in an effort to synthesize 1,3-diphenylfuro- 
[2,3-c]quinoline we treated lactone7 10 with phenylmag- 
nesium bromide. Acidification of the reaction product 
yielded furan 11.

Experimental Section15
2-Benzyl-3-benzoylquinoxaline 1,4-Dioxide (5a). A warm so­

lution of benzofurazan oxide (4, 16.3 g) in triethylamine (50 ml) 
was mixed with a warm solution of phenylacetylacetophenone16 
(29 g) in triethylamine (50 ml). The solution was allowed to stand 
at room temperature for 5 days, during which a dark brown oil ap­
peared. The supernatant liquid was decanted and the oily residue 
was rubbed with methanol to yield 5a as a yellow solid. Recrystalli­
zation from methanol furnished yellow needles that melted at 
167-168: 8.4 g (20%); ir 1670, 1350, 1040, 950, 765, 700, and 680 
cm-1; nmr r 1.55 (m, 2 H), 2.5 (m, 12 H), 5.8 (s, 2 H).

Anal. Calcd for C22H16N2O3: C, 74.14; H, 4.53; N, 7.86. Found: 
C, 74.11; H, 4.50; N, 7.73.

2-Benzoyi-3-a-acetoxybenzylquinoxa!ine 1-Oxide (6). 2-
Benzyl-3-benzoylquinoxaline 1,4-dioxide (5 g) was dissolved in 
acetic anhydride-acetic acid (10:5 ml) and the solution was re­
fluxed for 0.5 hr. The cold solution was poured onto ice-water and 
the resulting brownish solid was purified by chromatography on an 
alumina column (benzene elution). Recrystallization from metha­
nol yielded colorless prisms (2.5 g, 45%): mp 150-152; ir 1740, 1670, 
1400, 1350, 1230, 1030, 960, 770, 750, 720, 700, and 690 cm -1; nmr r
1.6 (m, 1 H) 2.5 (m, 13 H), 3.1 (s, 1 H), 8.25 (s, 3 H).

Anal. Calcd for C24H18N2O4: C, 72.35; H, 4.55; N, 7.03. Found: 
C, 72.63; H, 4.57; N, 7.02.

2,3-Dibenzoylquinoxaline (7a). 2-Benzoyl-3-a-acetoxybenzyl- 
quinoxaline 1-oxide (2 g) was placed in 10% methanolic potassium 
hydroxide (40 ml). The solution was heated until all the solid dis­
solved, after which it was cooled and diluted with water. The pre­
cipitate was collected and recrystallized from methanol: 1.2 g 
(63%); mp 169-170; ir 1660, 1595, 1450, 1320,1280, 1240, 930, 920, 
880, 760, and 720 cm-1; nmr r 2.3 (m). The product was identical 
with that obtained from the photolysis of 1,3-diphenylfuro- 
[2,3-c] quinoxaline in the presence of oxygen. 1,4-Diphenyipyridaz- 
ino[4,5-6 (quinoxaline obtained from the reaction of 7a with hy­
drazine melted at 237-238° (lit.9 mp 239-240°).

2-Benzyl-3-benzoylquinoline (5b). o-Aminobenzaldehyde (6.2 
g) and phenylacetylacetophenone (12.2 g) were dissolved in abso­
lute ethanol (100 ml). Piperidine (0.5 ml) was added and the solu­
tion was refluxed for 48 hr. The solution was concentrated to half 
its volume and cooled in an ice-salt bath. The product appeared as 
a yellowish solid which was recrystallized from ethanol, 7 g (43%), 
mp 79-80°. In some cases where the product appeared as an oil, 
prolonged cooling resulted in a solid which was purified by chro­
matography on alumina and benzene elution: ir 1660, 1615, 1590, 
1560,1485, 1440,1410,1280,1260, 1245,1200,1100,1070,940, 910, 
870, 790, 775, 760, 720, 710, and 700 cm -1; nmr r 2.6 (m, 15 H),
5.55 (s, 2 H).

Anal. Calcd for C23H17NO: C, 85.42; H, 5.30; N, 4.33. Found: C, 
84.95; H, 5.31; N, 4.34.

2.3- Dibenzoylquinoline (7b). 2-Benzyl-3-benzoylquinoline (3.3 
g) was dissolved in acetic anhydride (10 ml). Concentrated sulfuric 
acid (2 ml) was added and the solution was cooled in an ice bath. A 
solution of chromic oxide (3 g) in water (2 ml) and acetic anhy­
dride (13 ml) was cooled to 0° and added to the above solution. 
The mixture was allowed to stand at room temperature for 1 hr 
and poured onto ice-water. The resulting solid was chromato­
graphed on alumina (benzene elution). Product 7b (2 g, 58%) was 
recrystallized from methanol: mp 118-120°; ir 1665, 1450, 1405, 
1330, 1235, 960, 935, 920, 870, 760-750, 710, and 700 cm -1; nmr r
2.38 (s, 1 H), 2.8 (m, 14 H).

Anal. Calcd for C23H15NO2: C, 81.88; H, 4.48; N, 4.15. Found: C, 
81.84; H, 4.52; N, 4.12.

Product 7b was identical with a sample prepared by the conden­
sation of dibenzoylacetylene with o-aminobenzaldehyde (30%).10

1.4- Diphenylpyridazino[4,5-6 (quinoline (8b). 2,3-Dibenzoyl­
quinoline (100 mg) was dissolved in hot methanol (10 ml). Addi­
tion of 80% hydrazine hydrate (3 ml) brought about the precipita­
tion of 8b which was recrystallized from methanol: 50 mg (50%); 
mp 232-233°; ir 1450,1380,1370, 920, 780, 765, 750, and 700 cm“ 1.

Anal. Calcd for C23H15N3: C, 82.86: H, 4.54; N, 12.61. Found: C, 
82.84; H, 4.33; N, 12.55.

l,.‘l-Diphenyl-2-methylpyrrolo[3,4-6 (quinoline (3e). 2,3-Di­
benzoylquinoline (100 mg) was dissolved in hot methanol (10 ml). 
An aqueous solution of 40% methylamine (5 ml) was added. Heat­
ing was continued for another minute. Sodium borohydride was 
added (30 mg) and a deep red color developed. On cooling 3e sepa­
rated as a red solid which was recrystallized from methanol: 75 mg 
(75%); mp 196-198°; ir 1600, 1480, 1450, 1280, 1220, 760, and 750 
cm-1 ; nmr r 2.3 and 2.7 (m, 15 H), 5.92 (s, 3 H).

Anal. Calcd for C24Hi8N2: C, 86.20; H, 5.43; N, 8.38. Found: C, 
86.09; H, 5.37; N, 8.03.

1.3- Diphenyl-2-methy]pyrrolo[3,4-6(quinoxaline (3c). The
above procedure was applied to the synthesis of 3c. 2,3-Dibenzoyl­
quinoxaline (100 mg) yielded 90 mg of blue 3c which was recrystal­
lized from methanol: mp 224-225°; ir 1600, 1470, 1420, 760, and 
700 cm-1; nmr t  2.2 and 2.6 (m, 14 H), 5.82 (s, 3 H).

Anal. Calcd for C23H17N3: C, 82.38; H, 5.11; N, 12.53. Found: C, 
81.46; H, 5.07; N, 12.33.

1.3- Diphenylthieno[3,4-6 (quinoxaline (3d). 2,3-Dibenzoyl­
quinoxaline (100 mg) was dissolved in pyridine (5 ml). Phosphorus 
pentasulfide (70 mg) was added and the mixture was refluxed for 2 
hr. Evaporation of the solvent gave a solid which was extracted 
with benzene and chromatographed on alumina (benzene elution). 
Evaporation of the blue fractions gave 3d, which was recrystallized 
from acetic acid: 60 mg (60%); mp 174-175°; ir 1590, 1530, 1500, 
1470,1430,1410,1300, 760, 710, 690, and 660 cm“ 1.

Anal. Calcd for C22H14N2S: C, 78.09; H, 4.17; N, 8.28; S, 9.46. 
Found: C, 77.83; H, 4.17; N, 8.05; S, 9.59.

1.3- Diphenylthieno[3,4-6(quinoline (3f). The above proce­
dure was used to prepare 3f. 2,3-Dibenzoylquinoline (200 mg) gave 
110 mg (55%) of 3f, which was recrystallized from methanol: mp 
162-163°; ir 1600,1500,1470,1450,1420, 900, 750, and 700 cm“ 1.

Anal. Calcd for C23H15NS: C, 81.88; H, 4.48; N, 4.15; S, 9.49. 
Found: C, 81.25; H, 4.56; N, 4.08; S, 9.44.

Adducts with N-Phenylmaleimide. General Procedure. The 
specific diene was dissolved in benzene and an equimolar quantity 
of TV-phenylmaleimide was added to the solution. The reaction 
mixture was worked up when the color of diene disappeared. The 
adducts (Table I) did not melt sharply owing to dissociation to 
starting materials.

1.3- Dihydro-l,3,3-triphenylfuro[3,4-6(quinoline (11). Treat-

Table I

Adduct

Tim e and 

temp, ° C Ir, cm '^ Nmr, t Mp, °C

9e 4 min, 
room  temp

1715, 770, 700, 
770, 700

4 (m, 2 H), 5.5 (s, 
2 H), 8 (s, 3 H)

215-222

9c 5 hr, 78 1710, 770, 700 3.92 (m, 2 H), 5.55 
(s, 2 H), 8 (s, 3 H)

205-242

9f 50 hr, 78 1715, 770, 700 3.92 (m, 2 H) 
5.12 (s, 2 H)

235-242

9d 150 hr, 78 1720, 770, 700 3.65 (m, 2 H), 4.95 
5.87 (s, 2 H)

217-225
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ment of 1,3-di hydro-1-phenyl furo[3,4-fe]quinolin-3-one7 (10) with 
phenylmagnesium bromide according to the procedure of Cava and 
Van Meter6 gave the title compound in 48% yield: mp 210-211° 
(from ethanol); ir 1625, 1600, 1025, 770, 750, and 700 cm-1; nmr r
2.5 (m, 20 H), 3.8 (s, 1 H).

Anal. Calcd for C29H21NO: C, 87.19; H, 5.30; N, 3.51. Pound: 
87.39; H, 5.24; N, 3.48.
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Maltol (2-methyl-3-hydroxy-4fi-pyran-4-one), 1, is 
known to exist in several plants, e.g., fern leaves and larch 
bark, and in food materials, e.g., roasted chicory, coffee, 
caramel, and corn.3 Streptomycin on alkaline hydrolysis 
also yields up to 30% maltol.4’5 It was isolated in 1894 by 
Brand and its structure was established by Peratoner and 
Tamburello in 1905.3

Although maltol is of great value as a flavoring agent in 
food industry, its reported laboratory syntheses proceed in 
poor yields and under severe experimental conditions.6’7

The purpose of this work was to provide a facile synthe­
sis of 1 from readily available materials in reasonable yields 
under mild experimental conditions.

Oxidation o f m ethyl 2 ,3 -0 -isopropylidene-a-L-rham no- 
pyranoside (2 ) 8’9 with chromium trioxide-pyridine com ­
plex, prepared at room  temperature, according to  the p ro­

cedure of Poos and coworkers,10 gave a syrupy material, 
identified as methyl 2,3-0- isopropylidene-6-deoxy-a-L- 
lyxo- hexopyranos-4-ulose (3) in 55% yield. Its ir and nmr 
spectra and the elemental analysis of its crystalline oxime 
confirmed its structure.

O

1

n

Compound 3 was heated on a steam bath with Dowex 50 
(H+) and Dowex 1 (OH- ) ion exchange resins, in water and 
in benzene, and the appearance of maltol was determined 
colorimetrically at 540 nm at given intervals.11 Maximum 
yields were obtained by hydrolysis of 3 in aqueous medium 
by means of Dowex 50 (H+) ion exchange resin; 72% in 60 
hr. The final product was characterized as maltol (1) by its 
nmr and ir spectra, its elemental analysis, and by compari­
son of its tic behavior with a commercial sample of maltol.

The yield of maltol by reaction of 3 with Dowex 1 (OH- ) 
ion exchange resin in aqueous medium was poor (15% 
yield). In benzene, the hydrolysis did not proceed to any 
significant extent (<1% yield) in the presence of acidic or 
basic ion exchange resins.

The following pathway is suggested for the degradation 
of 3 to maltol under the conditions of hydrolysis (Scheme
I). The pathway involves elimination of acetone under the

Scheme I

7 1

influence of Dcwex 50 (H+) ion exchange resin (known la­
bility of the isopropylidene group to mild acid condi­
tions),12 followed by fi elimination of water in which H 
atom a to the carbonyl function is lost (4 and 5). After tau-
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tomerization to a dione (6), which loses methanol by a /3 
elimination, compound 7 is obtained. In the last step, a 
keto-enol tautomerization gives maltol (1). Fried,12 in his 
mechanism for degradation of streptomycin to maltol, has 
proposed analogous intermediates, as arising from rear­
rangement of streptose moiety of streptomycin.

The low yield of maltol from hydrolysis of 3, when aque­
ous Dowex 1 (OH- ) ion exchange resin is employed, can be 
explained in part by the relative stability of ketals under 
conditions of alkaline hydrolysis. An additional likely fac­
tor is instability of maltol to basic conditions of hydrolysis. 
When a known amount of maltol was heated with aqueous 
Dowex 1 (OH- ) ion exchange resin (conditions of hydroly­
sis of 3), more than 50% maltol was lost within 72 hr.

Experimental Section
Melting points were observed on Kofler hot stage and are cor­

rected. The nmr spectra were recorded on Varian A-60 spectropho­
tometer; the ir spectra were taken on Perkin-Elmer Model 137 re­
cording infracord spectrophotometer. Spectronic 20 Bausch and 
Lomb colorimeter was used for colorimetric analyses. All solvents 
and reagents were of reagent grade. Anhydrous pyridine was pre­
pared by distilling analytical grade pyridine over KOH pellets and 
was stored over KOH pellets.

Methyl, 2,3-0-Isopropylidene-6-deoxy-a-L ly*o-hexopyra- 
nos-4-ulose (3). Chromium trioxide (97 g, 970 mmol) was gradual­
ly added to 1 1. of anhydrous pyridine at room temperature and 
under constant stirring. A solution of 21.4 g (98.1 mmol) of methyl
2,3-0 - isopropylidene-a-L-rhamnopyranoside (2)8’9 in 200 ml of 
anhydrous pyridine was added to the above mixture and the stir­
ring was continued for 16 hr at room temperature. Pyridine was 
then evaporated in vacuo and the residue was extracted with chlo­
roform. The chloroform extract was washed with 2 N  HC1 (3 X 400 
ml), dried over anhydrous MgSCL, and evaporated to give 15 g of 
dark syrupy residue. It was immediately chromatographed on a 
column packed with silicic acid that had previously been kept in a 
water-saturated desiccator for 24 hr. The column (25 cm X 4 cm) 
was eluted with CHCI3 (volume of each fraction, 50 ml). The first 
600 ml of effluent was discarded; the next 1500 ml contained 
11.362 g (52.6 mmol; 55% yield) of 3. This compound was chroma- 
tographically homogeneous. Its ir spectrum (liquid film) showed 
vmax 3.40, 5.74, 6.91, 7.25, 8.15, 9.20,10.21, and 11.66 among other 
absorptions. The elemental analysis of its crystalline oxime was 
consistent with its composition.

Anal. Calcd for C10Hi7NO5: C, 51.94; H, 7.41; N, 6.06. Found: C, 
51.73; H, 7.28; N, 6.11.

Maltol (1). A. Exploratory. To a solution of 3 (21.710 mg, 0.1 
mmol) in 7-8 ml of water (or benzene) was added about 100 mg of 
dry ion exchange resin. The mixture was heated on a steam bath 
under reflux, the reflux condenser for benzene being fitted with a 
drying tube. At specified intervals, 1-2 ml of reaction mixture was 
withdrawn and treated with ferric ammonium sulfate reagent.11 
The blue color, fully developed at 10 min, was monitored at 540 
nm; maltol content in the reaction mixture was determined from a 
standard curve.

B. Preparative. A mixture containing 4.610 g (21.34 mmol) of 3 
in 60 ml of water and 1 g of dry Dowex 50 (H+) ion exchange resin 
was heated on a steam bath for 60 hr. Resin was removed by filtra­
tion and the aqueous solution was extracted with CHCI3 for 6 hr. 
Solvent was evaporated in vacuo and the residue was crystallized 
from cyclohexane. Resulting tan-colored crystals were further pu­
rified by sublimation at 100° under reduced pressure (40 fi). The 
product weighed 1.916 g (72% yield) and showed a corrected mp 
159.5° (lit.3 159°). Melting point of a mixture of synthetic and 
commercial samples of maltol remained unchanged. Tic analysis 
and ir spectra of the synthetic material were identical with those 
for the commercial sample. The nmr spectrum (saturated CDCI3 
solution) of the compound showed absorptions at r 7.63 (3 H, s),
3.55 (1 H, d, J  = 5.8 Hz), 2.84 (1 H, broad, s), and 2.33 (1 H, d, J =
5.8 Hz). The ir spectrum (8% solution in CHC13, 0.1-mm cell path), 
showed i w  3.04, 3.31, 6.17, 6.40, 7.93, 8.42, 10.82, and 11.78 n 
among others.

Anal. Calcd for C6H60 3: C, 57.14; H, 4.79. Found: C, 57.27; H,
4.81.
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Previous studies of electrophilic substitution on the por­
phyrin periphery have used porphyrins which were substi­
tuted on most or all of the 13 positions (viz., positions 2, 3, 
7, 8, 12, 13, 17, 18, Figure 1A).1-12 Therefore, the results of 
such efforts could not be used to determine the difference, 
if any, between the @ and meso positions during electrophi­
lic attack. To examine any reactivity differences on the 
porphyrin periphery, we have studied the nitration of por- 
phin, the parent porphyrin. We have also studied the nitra­
tion of nitroporphin to find any directive effects which may 
be operating. It was found that porphin gave a mono-nitro 
derivative upon nitration with a stoichiometric amount of 
nitric acid at 0°. The nitrated product, shown to be a single 
compound by tic, exhibited an etio-type visible spectrum. 
Its nmr spectrum showed that it was meso substituted

Figure 1. (A) A = B = C = D = H; (B) A = C = D = H and B = 
N 02; (C) A = D = H; B = C = N 0 2.
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(a)

0,N HL

NO,

Figure 2. Important resonance forms for attack at (a) the (3-meso position and (b) the y-meso position of nitroporphin

(Figure IB) since the /3/meso proton ratio was equal to 2.60 
and the meso protons appeared as two separate peaks with 
a relative area of 2:1. The same ratio for a ^-substituted 
porphin would be 1.75. Chemical degradation afforded ad­
ditional structural verification. No /3-nitromaleimide was 
found among the degradation products of the nitrated por­
phin, The main degradation product was maleimide. If the 
nitro group were on the [1 position up to 25% d-nitro- 
maleimide would be formed.

To determine the existence of a directive effect which 
may be operating in the porphyrin ring system, dinitropor- 
phin was prepared by nitrating nitroporphin. Tic analysis 
affirmed that it was a single compound. Its visible spec­
trum was also of the etio type but shifted bathochromically 
relative to nitroporphin. Analysis of its nmr spectrum 
showed that it was di-meso substituted since the meso pro­
ton absorption had collapsed to a singlet and the d/meso 
proton ratio was equal to 4. In addition since the fl proton 
absorption pattern was unsymmetrical we concluded that 
the isomer obtained was the 5,10-dinitroporphin (Figure 
1C). The 5,15-dinitroporphin would be expected to be quite 
symmetric. Chemical degradation again furnished evidence 
for the di-meso substitution assignment.

Discussion
Fleischer13’14 has proposed on the basis of X-ray data 

that the electronic structure of porphin exhibits an inner 7r 
ring of 12 carbon and four nitrogen atoms; each carbon and 
two of the nitrogen atoms contribute one electron to the 7r 
system of this ring while the imine nitrogens (-C = N -) 
each contribute two electrons, making a total of 18-7T elec­
trons, a number consistent with Huckel’s rule for aromati­
city. The conclusion is that the main path of conjugation is 
the inner 16-membered ring with the outer pyrrole bonds 
being olefinic.

Caughey15 has reported a 13C Fourier transform nmr 
study of deuterioporphyrin IX dimethyl ester which lends 
supporting evidence to Fleischer’s theory of porphin elec­
tronic structure. It was found that the 13C chemical shifts 
were in the same range for all the protonated carbons ex­
cept the meso carbons. Caughey concludes that the meso 
positions experience strong resonance effects owing to delo­
calization via the inner Kj-membered ring with the fi-fi

carbon bonds left as pure double bonds. It is interesting to 
note that the X-ray data show no single-bond character in
the d-carbon-d-carbon bonds.

A mechanism for the meso substitution of porphin can 
be advanced by considering that the free base prophin (al­
though initially present in very small concentrations in the 
highly acidic nitration medium) is attacked by the nitro- 
nium ion at the aromatic portion of the porphin periphery, 
the inner 16-membered ring. A true electrophilic substitu­
tion occurs involving an initial ir-complex formation, col­
lapse to a a complex and rearomatization via proton loss. 
The apparent directive effect of the nitro group on the po­
sition of nitration of nitroporphin can be rationalized by 
considering the relative stabilities of the a complexes lead­
ing to the respective nitration products.

An examination of Figure 2a and 2b reveals that the
5,10-disubstituted product should be favored because no 
resonance structures can be written that will place a posi­
tive charge on the carbon atom bearing the nitro group; 
such a transition state possesses a lower relative energy 
than that of the 5,15-disubstituted product whose transi­
tion state has one resonance form with a positive charge on 
the nitro-substituted carbon atom. The results show, under 
the conditions described herein, that the meso position of 
porphin is preferentially nitrated. It has also been demon­
strated that the nitro group directs the course of subse­
quent nitration to the 10 position.

Experimental Section
General. Porphin was synthesized by the method of Adler and 

Beitchman.16 Melting points were taken on a Mel-Temp melting 
point apparatus and are uncorrected. Visible spectra were taken on 
a Cary 14 recording spectrophotometer. Nmr spectra were ob­
tained with a Varian 220-MHz spectrometer with TMS as an inter­
nal standard. The porphyrins were dissolved in a solvent consist­
ing of 33% CDCI3 and 66% CF3CO2D at a concentration =0.7 M.

Nitroporphin. To a stirred, ice-cooled solution containing 200 
mg of porphin (6.4 X 10-4 mol) and 6 ml of concentrated H2SO4 
was added over a 3-min period a 1.33% HNO3 in H2SO4 solution 
which had been pre-cooled to 0°. During the addition of the HNO3 
solution the reaction mixture turned from red to blue-green, the 
porphin dication color. After all the HNO3 solution had been 
added, the reaction mixture was allowed to stir at 0° for 5 min, 
whereupon it was poured into 600 ml of ice water containing 10 g 
of sodium acetate. The brown-black precipitate which formed im-
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mediately was filtered and dried in a 100° oven for 2 hr. After 
drying, the solid was dissolved in CHC13 and chromatographed on 
alumina. The nitroporphin was eluted with a chloroform-benzene 
(50:50, v/v) mixture yielding 151 mg of product: 70% yield; extinc­
tion coefficients at maxima «628 6000, 6572 6860, 6540 8770, «499 
13,120,1406 200,000.

Anal. Calcd for C20H13N5O2: C, 67.6; H, 3.68; N, 19.nd C, 67.44; 
H, 3.67; N, 19.64.

Dinitroporphin. Dinitroporphin was prepared in the same 
manner as mononitroporphin except that it was eluted with chlo­
roform after a small amount of unreacted mononitroporphin was 
eluted with the chloroform-benzene mixture. A 56% yield of dini­
troporphin was obtained (20% of the unreacted mono-nitroporphin 
was recovered): extinction coefficients at maxima £632 4820, £578 
5400, £543 7000, £504 10,800, £407 145,000.

Anal. Calcd for C2oH i2N604: C, 60.02; H, 3.02; N, 20.99. Found: 
C, 59.98; H, 3.00; N, 20.89.

Oxidative Degradation of Nitro- and Dinitroporphin. The
degradations were accomplished according to the method of Neu- 
berger and Muir17 for the degradation of mesoporphyrin. The por- 
phin in question was dissolved in a 50% aqueous H2S04 solution at 
0°. To this solution was added dropwise an ice-cold 10% aqueous 
Cr03 solution. The mixture was then stirred at 0° for 2 hr and an 
additional 2 hr at room temperature. The solution was then dilut­
ed with 50 ml of distilled water and extracted four times with an­
hydrous ether. The ether extracts were washed once with 50 ml of 
water and dried over anhydrous CaS04. The ether was evaporated 
leaving a white solid. In all cases, the solid melted at 90-92° and 
was shown to be identical with an authentic sample of maleimide. 
The maleimide degradation product was analyzed via tic for the 
presence of nitromaleimide. The tic analysis was accomplished 
using a developing solvent consisting of ethyl acetate-carbon tet­
rachloride-cyclohexane (10:5:1) with a development distance of 10 
cm. The plate was removed from the chromatography chamber, 
dried, and exposed to CI2 for 5 min. It was then heated to 100° for 
5 min. The locating reagent is a 0.5% benzidene solution in ethanol 
containing a 10% aqueous KI solution per 100 ml of the benzidene 
solution.18 No evidence of the presence of nitromaleimide was ever 
observed.

4-Nitro-2-pyrrolecarboxaldehyde. The preparation of 4- 
nitro-2-pyrrolecarboxaldehyde followed the procedure of Fournari 
and Tirouflet19 except that the 4-nitro isomer was extracted from a 
saturated aqueous NaHCC>3 solution containing the 4- and 5-nitro 
isomers with ether. Typically, 10 g of the isomer mixture is dis­
solved in 500 ml of a saturated aqueous NaHC03 solution. This so­
lution is extracted six times with 100-ml portions of anhydrous 
ether. The extracts are dried over CaS04 and decolorized. The 
ether was evaporated leaving 3.5 g of a yellow solid, 4-nitro-2-pyr- 
rolecarboxaldehyde, which was recrystallized from alcohol-water, 
mp 135-136° (lit.20 142°).

Nitromaleimide. To an ice-cooled solution containing 5 g of 4- 
nitro-2-pyrrolecarboxaldehyde in 20 ml of acetone was added with 
stirring 150 ml of a 50% aqueous H2SO4 solution. After the acid ad­
dition was completed, a solution containing 40 g (0.136 mol) of 
K2Cr207 in 100 ml of H20  was added slowly so that the reaction 
temperature did not exceed 10°. After the dichromate addition 
was finished, the reaction mixture was heated to 60° for 30 min; 
then it was poured into 200 ml of ice water. The aqueous solution 
was extracted four times with 100-ml portions of anhydrous ether. 
The ether extracts were dried, decolorized, and stripped leaving a 
white yellow solid which was recrystallized from water, mp 205° 
dec.

Anal. Calcd for C4H2N20 4; C, 42.86; H, 2.87; N, 19.99. Found: C, 
42.50; H, 2.80; N, 19.85.

Registry No.—Porphin, 101-60-0; nitroporphin, 52358-25-5; di­
nitroporphin, 52358-26-6; maleimide, 541-59-3; 4-nitro-2-pyrrole- 
carboxaldehyde, 19611-63-3; nitromaleimide, 52358-27-7.
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The photoaddition of trans-stilbene to fumaric acid 
would seem to be a straightforward approach to the synthe­
sis of /4-truxinic acid since both stilbene1 and fumaric acid 
derivatives2 undergo photodimerization to cis-anti-cis con­
figurated dimers. However, a previous approach along 
these lines was reported to be unsuccessful.3

We have repeated this method, irradiating trans- stil­
bene with an excess of dimethyl fumarate in benzene solu­
tion, and find that dimethyl ¿¿-truxinate (3) is formed

,CO,CH,
CH ACr

1 2

c o 2r

Ph
3. R =  CH3
4, R =  H

smoothly in acceptable yields. The nmr spectrum uniquely 
fits that anticipated for 3: a single carbomethoxyl signal is 
present at 8 3.33, shifted upfield as a result of the shielding 
cis- /J-phenyl groups.4

Although the diphenylcyclobutanedicarboxylic (truxillic 
and truxinic) acids are often presented as classical exam­
ples of configurational isomerism where all 11 possible iso­
mers are known,5 the melting point of ¿¿-truxinic acid, 4, 
obtained by acid hydrolysis of 3, differs from that reported 
by Shemiakin for this material.6 Ettlinger had earlier ques­
tioned the structure assignment to Shemiakin’s ¿¿-truxinic 
acid and suggested that this material was a lactonic acid.7 
Reesterification of 4 with methanol affords 3; we thus re­
port the first synthesis of ¿¿-truxinic acid and its dimethyl 
ester.

It is noteworthy that 3 is the major isomer produced; di­
methyl ¿-truxinate (5), presumably the thermodynamically 
more stable isomer8 which could a priori also have been 
produced, is formed in only trace quantities, if at all. Di­
methyl neo- truxinate (6) is formed as a side product, while 
dimethyl f-truxinate (7) is not found in the irradiation

5 6 7
products. These results are accommodated by a mechanism 
involving the addition of excited singlet state trans-stil­
bene to dimethyl fumarate via a nonconcerted pathway.9
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Experimental Section
The Photoaddition of trans- Stilbene to Dimethyl Fumarate.

A solution of 1 (2.50 g, 0.014 mol) and 2 (20 g, 0.14 mol) in 500 ml 
of benzene was deaerated with a stream of dry, oxygen-free nitro­
gen and then irradiated (450-W Hanovia immersion lamp, Pyrex) 
for 24 hr while passing through nitrogen. The benzene was evapo­
rated and the residue sublimed (bulb-to-bulb, on a Buchi rotary 
evaporator at 2 mm pressure; heating bath at 70-80°; collecting 
flask cooled in Dry Ice-2-propanol bath). The sublimate consisted 
of dimethyl fumarate and dimethyl maleate. The residue was chro­
matographed on 200 g of Merck 0.05-0.20 mm silica gel. Elution 
with 2% ethyl acetate in n- hexane gave traces of stilbene and stil­
bene dimers. Further elution gave a total of 1.1 g of oily material. 
Further elution with the same mixture of solvents gave 2.0 g (46% 
yield) of dimethyl-M-truxinate (3) which was crystallized from 
methanol to give 1.6 g of analytically pure material: mp 121-123°; 
5 (CDCls) 7.21 (10 H, s, Ph), 4.5-4.7, 3.8-4.2 (4 H, AA'BB' multi- 
plet, cyclobutane hydrogens), and 3.33 (6 H, s, OCH3).

Anal. Calcd for C20H20O4: C, 74.05; H, 6.22. Found: C, 73.90; H,
6.11.

Elution with 3% and then 5% ethyl acetate in n- hexane afforded 
0.20 g of oily material whose nmr spectrum and tic chromatogram, 
by comparison with an authentic sample,10 indicate the presence 
of a mixture containing dimethyl 5-truxinate (5). Elution with 10% 
ethyl acetate in n- hexane gave 0.28 g (6% yield) of dimethyl neo- 
truxinate (6) which was crystallized from methanol to give 0.15 g of 
material with mp 131-132° (lit.11 mp 127.5°): 6 (CDC13) 6.71-7.35 
(10 H, m, Ph), 3.91-4.43 (4 H, unsymmetrical m, cyclobutane hy­
drogens), 3.75 (3 H, s, CO2CH3 trans to /3-Ph), and 3.28 (3 H, s, 
CO2CH3 cis to /3-Ph). Further elution with increasing proportions 
of ethyl acetate afforded oily mixtures which were not investigated 
further.

Dimethyl /¿-truxinate can also be isolated in lower yields directly 
after the sublimation step by several crystallizations from metha­
nol. The first compound to crystallize is an unknown material with 
mp 218-220° (this substance can also be crystallized from the later 
chromatographic fractions) which is removed by filtration. The 
mother liquor then deposits dimethyl /j-truxinate.

/i-Truxinic Acid (4). A mixture of 3 (500 mg) and an aqueous 
HC1 solution (75 ml, 1:2) was refluxed while stirring for 137 hr. 
The product was filtered (390 mg, 85% yield) and crystallized from 
aqueous acetic acid to give 4 (226 mg) with mp 252-254°: S 
(DMSO) 7.20 (10 H, s, Ph), 4.58-4.26, 3.90-3.56 (4 H, AA'BB', cy­
clobutane hydrogens).

Anal. Calcd for C i8H i60 4: C, 72.96; H, 5.44. Found: C, 72.86; H,
5.52.

A mixture of the acid 4 (50 mg) in methanol (20 ml) was treated 
with several drops of thionyl chloride and warmed overnight. 
Evaporation of solvent left 3 having an nmr spectrum identical 
with that of the irradiation-derived sample. Crystallization from 
methanol gave 34 mg of 3, mp 118-121°.
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Until recently, tert- butylacetylene (1) was prepared by 
the method of Bartlett and Rosen1 which entails the dehy­
drochlorination of pinacolone dichloride (2) in a sodium 
hydroxide melt. This reaction is difficult to control to the 
point of being hazardous on a large scale and affords only a 
moderate yield of 1. With these limitations in mind, alter­
nate preparations have recently appeared. Collier and Ma- 
comber2 prepared the me-dibromide 3 by the addition of 
Br2 to tert- butylethylene (4) which was subsequently 
dehydrobrominated to 1. However, the bromination must 
be carried out at —78° to avoid contamination of the prod­
uct with substantial amounts of rearranged products. Har­
grove and Stang3 prepared the vinyl triflate 5 from pinaco­
lone (6) and subsequently effected a base-catalyzed elimi­
nation of CF3SO3H to afford 1. The latter procedure is dis­
advantaged by the expense of the (CF3S02)20 required to 
prepare 5.

Br S02CF3

V ^ Br -  ■>—
3 1 5

1 t t

4 2 6

With emphasis on experimental facility and economy, a 
modification of the Bartlett-Rosen procedure has been de­
veloped which permits the synthesis of 1 on a mole scale 
without recourse to low temperatures or expensive re­
agents. Pinacolone dichloride (2), readily prepared by reac­
tion of pinacolone (6) with PCI5,1’4 was added to a mixture 
of i-BuOK in DMSO while maintaining the temperature 
below 40°. The product was isolated in 95% yield (from 2) 
by direct distillation from the reaction mixture in >95% 
purity by vpc analysis. By this procedure, 1 has been pre­
pared repeatedly in >90% yield in quantities ranging from
5-100 g.

Experimental Section
Boiling points are uncorrected. The nmr spectra were recorded 

on a Varian A-60A spectrometer using TMS as an internal stan­
dard; infrared spectra were recorded on a Perkin-Elmer 337 spec­
trometer in CCI4 solution. Gas-liquid chromatographic analyses 
were performed on a Varian Model 90 chromatograph using ’/4-in. 
X 12-ft columns packed with 10% SE-30 on Chrom W. Freshly 
opened bottles cf feri-BuOK from MSA Corporation were em­
ployed and the DMSO, obtained from Fisher, was used without 
further purification.

tert -Butylacetylene. A flame-dried 250-ml three-necked flask 
fitted with a thermometer, condenser, magnetic stirrer, and addi­
tion funnel was charged with 50 g (0.45 mol) of t-BuOK and 110 
ml of DMSO. With magnetic stirring, pinacolone dichloride (35 g

Cl Cl
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0.22 mol) in 20 ml of DMSO was added at a rate sufficient to main­
tain the temperature below 40°. After addition was complete, the 
mixture was allowed to stir under nitrogen at ambient temperature 
for 2 hr. The reflux condenser was replaced by a distilling head 
and the reaction flask heated in an oil bath with the bath tempera­
ture gradually increased to 110° while material boiling up to 80° 
was collected. Redistillation through an 8-in. tantalum spiral col­
umn into a dry ice-acetone cooled receiver afforded 17.2 g (95%) of 
tert- butylacetylene, bp 36.5-38.5° (lit.1 bp 36.4-37.8°) identical by 
ir, nmr, and vpc with an authentic sample prepared by the method 
of Bartlett and Rosen.1

Registry No.— 1,917-92-0; 2,594-84-3; t-BuOK, 865-47-4. 
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Previously the reaction kinetics of 2-thiophenesulfonyl 
chloride with several substituted anilines1’2 was investi­
gated and a study on the ultraviolet and infrared spectro­
scopic behavior of 2-thiophenesulfonanilides, reaction 
products, was carried out.3

The results of the kinetic measurements showed that 2- 
thiophenesulfonyl chloride is less reactive than the corre­
sponding benzene derivative,4 probably owing to the great­
er conjugative effect of the thiophene ring, but they gave no 
useful indications about the reaction mechanism.

The Hammett and Br^nsted coefficient values for 2- 
thiophenesulfonyl chloride reactions with anilines in meth­
anol1 are almost coincident to those for the analogous reac­
tions of benzenesulfonyl chloride.

For the latter reaction have been proposed both a one- 
step synchronous process, S n 2 ,4 and a two-step addition- 
elimination mechanism involving the formation of a meta­
stable intermediate, S aN .5

In order to give a further contribution to this question, in 
this paper we report a kinetic study on the leaving group' 
effect in the reaction of 2-thiophenesulfonyl halides with 
aniline and p-anisidine, eq 1.

X =  Cl, Br, F; Y =  H, OCH3

Results and Discussion
The reaction of 2-thiophenesulfonyl halides with a large 

excess of aniline or p-anisidine in methanol solution is 
pseudo-first-order with respect to the sulfonyl halide. It

A n i l i n e ,  mol  1

0.2  0 . 4  0 . 6  0.8  1 . 0  1.2  1 .4

0 . 4  0.8 1.2 1.6  0 . 0  2 . 4  2.8

A n i l i n e ,  mol  1 *

Figure 1. Pseudo-first-order rate constants at 25° against aniline 
concentration for the reaction of 2-thiophenesulfonyl halides: •, 
2-thiophenesulfonyl bromide; O, 2-thiophenesulfonyl chloride; □, 
2-thiophenesulfonyl fluoride.

was followed potentiometrically by titration of the acid 
produced with sodium hydroxide (see Experimental Sec­
tion).

The reaction of 2-thiophenesulfonyl bromide was fol­
lowed to at least 80% completion, while that of 2-thio­
phenesulfonyl fluoride was followed to 25% completion, 
since it is very slow. The reaction yielded sulfonanilides, 
since the solvolysis of 2-thiophenesulfonyl halides in meth­
anol is negligible.

Pseudo-first-order rate constants against aniline concen­
trations give linear plots, indicating that the reaction is 
first order also with respect to aniline (Figure 1).

The reactions were studied at different temperatures 
and the second-order rate constants, reported in Table I, 
together with the standard deviations and the linear corre­
lation coefficients, were obtained by eq 2,6 using the least- 
squares method.

feps i =  k soU +  fe2[ a n i l in e ]  (2 )

The value of kso\v is almost null for the reactions of 2- 
thiophenesulfonyl fluoride and chloride and negligible, 
with respect to k2, for that of 2-thiophenesulfonyl bromide 
(Figure 1).

The activation parameters are reported in Table II, to­
gether with the linear correlation coefficients and the stan­
dard deviations.

2-Thiophenesulfonyl bromide reacts ca. five times faster 
than 2-thiophenesulfonyl chloride1 with both aniline and 
p-anisidine, and respectively ca. 7200 and 35,700 times 
faster than 2-thiophenesulfonyl fluoride. The observed rate 
sequence follows the halogen polarizability sequence (Br > 
Cl »  F) and is inverse with respect to the S-Hal bond en­
ergy sequence.7

In order to distinguish between Sn 2 and SaN mecha­
nisms we determined the relative amount of bond forma­
tion and bond breaking, respectively, for S-N and S-Hal 
bonds in the transition state, using the Br^nsted coeffi­
cients8 obtained from the plots of log k2 against the pK a of 
protonated anilines and hydrogen halides ones (Figure 2).

The Brr/msted coefficient values (¡3) for the leaving group 
for the reactions of 2-thiophenesulfonyl halides are -0.31 
and -0.38, respecitvely, with aniline and p-anisidine. The /3
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Table ISecond-Order Rate Constants for the Reaction of 2-Thiophenesulfonyl Halides with Aniline andp-Anisidine in Methanol
c4h3sso2x

X =
h2nc6h4y

Y = Temp, *C
k 2 ,

1. mol-* sec * r a No. of runs

Fc hæ 25 0.4250 ± 0.044& x 10'5 0.995 4
F H 35 1.036 ± 0.027 x 10’5 0.999 3

F H 45 2.543 ± 0.249 x 10'5 0.995 3

F OCH 3e 25 0.4629 ±  0.046 x 10'5 0.995 4

F och3 35 1.056 ±  0.101 x 10'5 0.995 3
F och3 45 2.469 + 0.320 x 10'5 0.992 3
Br^ H 15 1.370 ±  0.098 x 10‘2 0.997 3
B r H 25 3.063 ±  0.064 x 10‘2 0.999 4
B r H 30 4.274 ±  0.366 x 10‘2 0.996 3
B r H 35 5.338 ± 0.435 x 10'2 0.997 3
B r och3 15 9.802 ± 1.138 x 10'2 0.987 4
B r och3 25 16.53 ± 1.48 x IO’2 0.988 5
B r och3 35 28.27 ±  0.96 x 10‘2 0.999 3

a r = linear correlation coefficient. 6 Standard deviations. c Registry no. 382-99-0. d Registry no. 62-53-3. e Registry no. 104-94-9. f Registry
no., 52259-99-1.

Table IIActivation Parameters for the Reaction of 2-Thiophenesulfonyl Halides with Aniline and p-Anisidine in Methanol
c4h3sso2x

X =
HzNCôP^Y 

Y = r a

«A-
kcal mol- * Log A

*-AS ,
cal moi"l °K-*

F H 0.998 15.7 ± 1.06 6.2 ± 0.76 32 ± 3̂
F och3 0.999 15.8 ± 0.4 6.2 ± 0.3 32 ± 1
C l c , d H 0.999 12.6 ± 0.1 7.0 ± 0.1 28.5 ± 0.5
C l c och3 0.999 9.3 ± 0.1 5.4 ± 0.1 35.8 ± 0.5
B r H 0.995 12.2 ± 0.8 7.4 ± 0.6 27 ± 3
B r och3 0.999 9.4 ± 0.2 6.1 ± 0.2 33 ± 1

a r = linear correlation coefficient. 6 Standard deviations.r Reference 1. d Registry no., 16629-19-9.

-8 .0  -6.0 -4.0 -2 .0  0.0 2.0 4.0 6.0

pKa (H20., 25°C)

Figure 2. Brc/jnsted plots: A, 2-thiophenesulfonyl halides with aniline, ¡3 = —0.31; B, 2-thiophenesulfonyl halides with p-anisidine, 8 = 
—0.38; C, 2-thiophenesulfonyl chloride with meta- and para-substituted anilines, 8 = +0.79.
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value for the entering nucleophiles, obtained for the reac­
tions o f 2 -thiophenesulfonyl chloride with some meta- and 
para-substituted anilines, 1 is +0.79. The comparison be­
tween the /3 values suggests a greater degree o f S -N  bond 
formation in the transition state with respect to S-H al 
bond breaking. This finding implies the formation o f an in­
termediate complex along the reaction path. Nevertheless 
the Br</>nsted coefficients must be regarded, as a simple 
mechanism criterion, with great caution owing to the non- 
homogeneous comparison between log &2 and pK a,9 since 
the rate constants were measured in methanol solution, 
while the pK a values for anilines and hydrogen halides were 
determined in aqueous solution. The pK a values reported 
for hydrogen halides, besides, are rather uncertain.10

A further interesting result is that the rates and the acti­
vation parameters for 2 -thiophenesulfonyl fluoride reac­
tions are almost equal with aniline and p-anisidine; this 
suggests that the rate-determining step is the S -F  bond 
breaking in the transition state.

For the reactions o f 2-thiophenesulfonyl chloride and 
bromide, instead, the rate-determining step is the nucleo­
philic attack to the sulfonyl halide. In fact the reaction 
rates (Table I) and the activation energies (Table II) are af­
fected by the basicity o f the nucleophilic reagent and not 
by the leaving halogen nature.

In conclusion the data on the reactivities o f 2-thio­
phenesulfonyl halides and the relative activation parame­
ters could fit well with a two-step addition-elimination 
mechanism SaN, the rate-determining step being the S -N  
bond formation for 2 -thiophenesulfonyl chloride and bro­
mide and the S -F  bond breaking for sulfonyl fluoride (see 
Scheme I).

and the precipitate was collected and washed with cold water, 60% 
yield, mp 68-69° from water.

Anal. Calcd for C4H6N2C>2S2: N, 15.72. Found: N, 15.60.
Aniline and p-anisidine were commercial products purified by 

several distillations or crystallizations.
Methanol (R. S. Carlo Erba) was used throughout; no special 

purification was undertaken, since several experiments showed 
that elaborate purification was unnecessary.

Kinetic Procedure. Rate measurements were done by a digital 
pH meter, Amel Model 333, equipped with a motorized burette, 
Amel Model 233, by continuous titration o f the acid produced with 
0.1 N  sodium hydroxide, following the procedure described be­
fore.1 The reagent concentrations ranged from ca. 0.0003 to ca. 
0.013 mol for 2-thiophenesulfonyl halides and from ca. 0.004 to ca. 
2 mol for the anilines, depending on the reaction rates.

The first-order rate constants were obtained from the slope of 
conventional plots of log (a — x) against time, using the least- 
squares method. The activation energies were calculated from the 
Arrhenius equation by the least-squares method. The entropies of 
activation were computed for 25°, using the suitable equation.

Product Analysis. Methanol solutions of 2-thiophenesulfonyl 
halide (0.025 mol) and aniline or p-anisidine (0.15 mol) were al­
lowed to react at room temperature until completion. Methanol 
was evaporated, and then the residue was treated with aqueous 
40% sodium hydroxide and extracted twice with ether or filtered. 
The aqueous layer was acidified and the precipitate was collected, 
washed with water, and crystallized from aqueous ethanol: 2-thio- 
phenesulfonanilide, mp 99-1001; 2-thiophene-4'-methoxysul- 
fonanilide, mp 104°.1

Acknowledgments. We thank Professor A. Arcoria for 
helpful discussions and the Consiglio Nazionale delle Ri- 
cerche (Rome) for the financial support.

Registry No.—Thiophene, 110-02-1; chlorosulfonic acid, 7990-
94-5; 2-thiophenesulfonyl hydrazide, 52260-00-1.

Scheme I

Experimental Section
Materials. 2-Thiophenesulfonyl chloride was obtained by 

adding at 20°, under stirring, 33.6 g (0.4 mol) o f thiophene to a 
mixture containing 66 ml (1 mol) of chlorosulfonic acid and 83 g 
(0.4 mol) of phosphorus pentachloride, following the procedure al­
ready described,11 70% yield, bp 92-93° (1 mm), mp 31-32° from 
petroleum ether (bp 30-60°).

2-Thiophenesulfonyl Fluoride. To an aqueous solution (30 
ml) containing 7.4 g (0.2 mol) of ammonium fluoride, 18.3 g (0.1 
mol) of 2-thiophenesulfonyl chloride was added. The mixture was 
refluxed for 5 hr, then treated with warm water and extracted with 
ether. The evaporated extract gave the products, 90% yield, bp 
75-76° (1 mm).12

2-Thiophenesulfonyl Bromide. This product was synthesized 
using the method reported for benzenesulfonyl bromide.13

To 10.7 g (0.06 mol) of 2-thiophenesulfonyl hydrazide (see later) 
in 200 ml of 10% hydrochloric acid was added at 20° an aqueous 
solution (35 ml) containing 2.4 g (0.02 mol) of potassium bromide 
and 6.7 g (0.04 mol) of potassium bromate. The precipitate was fil­
tered quickly, washed with cold water, and dried in vacuo, 60% 
yield, mp 48-49° from petroleum ether.

Anal. Calcd for C4H;iBr02S2: Br, 35.19. Found: Br, 35.28.
2-Thiophenesulfonyl hydrazide was synthesized by the meth­

od reported for benzenesulfonyl hydrazide.14
To 12.5 g (0.25 mol) of 85% hydrazine hydrate in 30 ml of ether 

was added an ether solution (30 ml) containing 18.3 g (0.1 mol) of 
2-thiophensulfonyl chloride. The mixture was stirred for 30 min
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Several mechanisms have been suggested for the head- 
to-head rearrangement o f presqualene and prephytoene
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pyrophosphate to squalene and phytoene, respectively.2 
Among the proposed intermediates is a cyclobutyl species, 
either as a cation2a_d’f’S or a covalent pyrophosphate.Ze~£ In 
this note we describe the synthesis of a Ci0 model, (+)- 
¿ran.s-2,2-dimethyl-.3-(2'-methylpropenyl)cyclobutanol 
(trans- 1).

Scheme I

(—)-cís- 3

1-CjOjCU

2.CHS0H

{-)-cis-4 (+ytrans-4

m-ClPhC03H

(+)-trans-5

hco2h

Cyclobutanol trans- 1 was prepared by the sequence of 
reactions shown in Scheme I. By choosing a-pinene (2) as a 
starting material, the cyclobutane ring and the geminal 
methyl groups are already assembled. Also, the cyclobutane 
carbon atoms which will become Cj and C3 in trans- 1 are 
functionalized. Of more importance, optically active a-pi- 
nene is readily available,3 and all of the correlations neces­
sary to establish the ábsolute configuration and optical pu­
rity of a key intermediate in Scheme I, pinonic acid (3), 
have been published.4 Thus, our synthetic task involved 
functional group modifications and epimerization of either 
Ci or C5 in a-pinene, while retaining the configuration of 
the other.

Oxidation of (—)-a-pinene (2), 95% 1S,5S, with potassi­
um permanganate following the procedure of Delepine5 
gave (—)-pinonic acid (cis- 3) and its (—) diastereomer 
(trans- 3). The mixture of diastereomers was evidently the 
result of epimerization of the very labile a-keto carbon in 3, 
even though the reaction was buffered with ammonium sul­
fate. Although trans substitution on the ring was ultimately 
desired, syrupy trans- 3 could not be readily purified for 
further use in the synthetic scheme. The cis isomer, how­
ever, was easily obtained in pure form by recrystallization.

Treatment of a benzene solution of crystalline (-)-c is- 3 
with oxalyl chloride, followed by addition of methanol, 
gave an equilibrium mixture of methyl piñonates which 
consisted of 72% (-)-c is- 4 and 28% (+)-trans-4. Attempt­
ed further epimerization with p-toluenesulfonic acid did 
not alter the ratio of diastereomers, while epimerization of 
cis-4, vide infra, under similar conditions resulted in the 
same equilibrium mixture. Esterification of the sodium salt 
of (—)-cis-3 proceeded with less epimerization at C3, al­
though a small amount of the trans isomer was seen. The

identities of the two diastereomers were then confirmed by 
glpc comparisons. The cis/trans mixture of methyl pino- 
nates was separated by a careful spinning band distillation.

The configuration at C3 was locked during the next step. 
Baeyer-Villiger oxidation of the oxo functional group in 
methyl pinonate was regio- and stereospecific, as expect­
ed.6 In all cases only acetates were formed and the oxygen 
atom was inserted between C3 and the carbonyl carbon 
with retention of configuration. Oxidation of a 72:28 cis/ 
trans mixture of methyl pinonates gave cis- and trans- cy- 
dobutyl acetates (5) in exactly the same ratio. Subsequent 
work indicated that separation of the cis and trans isomers, 
although difficult, was best accomplished before the 
Baeyer-Villiger reaction. When (+)-frarcs-4 (95% trans) 
was treated with m -chloroperbenzoic acid in dichlorometh- 
ane at 25°, (+)-trans-5 (95% trans) was obtained. Addition 
of an excess of méthylmagnésium iodide to (+)-5 (95% 
trans) transformed the methyl ester functionality into a di- 
methylcarbinol and converted the cyclobutyl acetate into 
an alcohol. The syrupy diol was obtained in quantitative 
yield.

The final step required a regioselective dehydration of 
the tertiary hydroxyl group in diol (+)-trans-6 to give the 
desired 2-methyl-l-propenyl group at C3. Of the several 
methods tried, including treatment of the diol with iodine, 
the best results were obtained by heating (+)-trans- 6 in 
anhydrous formic acid. The product consisted mainly of 
(-)-trans- 7 in a ratio of about 4:1 with the methylene iso­
mer, as well as some undehydrated mixed formates and hy- 
droxyformates which were isolated and recycled. The cy­
clobutyl formate slowly decomposed in formic acid, and the 
progress of the reaction had to be followed carefully in 
order to obtain a maximum yield.

The desired product was separated from its methylene 
isomer and the nonolefinic products by column chromatog­
raphy on 10% AgN03-silica gel. The separation was cleaner 
for the formate than alcohol (+)-trans-1, since the latter 
tended to tail on our column. The combined yield of two 
successive dehydrations was 42% with the proportion of 
cis -cyclobutyl alcohol in trans-1 increasing from 5 to 9%. 
The decrease of the trans/cis ratio upon dehydration evi­
dently is the result of a lower stability of the trans isomer 
to the reaction conditions. This conclusion is supported by 
the observation that the cis -diol can be dehydrated to cis- 7 
in much better yield than the trans isomer, and the reac­
tion mixture can be heated for extended periods without 
the decomposition that takes place in the trans series at 
longer reaction times. Also, solvolysis studies have shown 
that trans derivatives of 1 react more rapidly than cis de­
rivatives.2’7 The trans formate would presumably be less 
stable than cis- 7 in a strongly ionizing solvent such as for­
mic acid.

Cyclobutyl alcohol (+)-trans-1 (91% trans) was obtained 
in 86% yield from (—)-formate 7 by reduction with lithium 
aluminum hydride. Racemic 1 has been prepared by a dif­
ferent route as a 40:60 mixture with its cis isomer.2’7 The 
nmr spectrum of our alcohol (91% trans) is identical with 
that of the isomer identified as the trans component of the 
40:60 mixture.8

As indicated in Scheme I, the absolute configuration at 
C3 in trans-1, the carbon which bears the 2-methyl-l-pro- 
penyl group, is maintained throughout the synthetic se­
quence, while the absolute configuration of Ci, the hy­
droxyl-bearing carbon, has undergone a single inversion 
during the epimerization which occurred during esterifica­
tion of 3. Therefore, optically active alcohol (+)-trans- 1 
has the absolute configuration IS ,37? as shown, when pre­
pared from (lS,5S)-a-pinene.
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Experimental Section
General. Melting points (sealed capillary) and boiling points 

are uncorrected. Unless otherwise indicated, nmr spectra were ob­
tained in carbon tetrachloride solution with TMS internal stan­
dard, and recorded with a Varian A-60 spectrometer. Spectra are 
reported in parts per million (5) relative to TMS. Analytical gas 
chromatography was carried out on a Varian Model 1200 gas chro­
matograph with flame ionization detector, using a 500 ft X 0.03 in. 
open tubular column coated with Carbowax 20M. Microanalyses 
were performed by M-H-W Laboratories, Garden City, Mich. Op­
tical rotations were measured with a Perkin-Elmer Model 141 po- 
larimeter.

(—)-(2,2-Dimethy]-3-acetylcyclobutyl)acetic Acid, cis-Pi-, 
nonic Acid [(-)-c is -3J . Oxidation of (-)-a-pinene, 95% IS ,5.9 
(Columbia Organic Chemicals), was carried out with potassium 
permanganate and ammonium sulfate buffer by the procedure of 
Delepine.5 The yield of crude acid varied between 40 and 60%. 
From the crude, mushy acid could be separated by filtration of a 
carbon tetrachloride solution, a small portion of insoluble racemic 
cis -pinonic acid. Addition of hexane to the filtrate then allowed 
crystallization of (—)-(lP,3P)-pinonic acid, which was purified by 
further recrystallization from carbon tetrachloride-hexane. Pure 
(1R,3R)-S was obtained in about 9% overall yield: mp 69-70°, 
[a ]25D -93.7° (c  4.60, CHCI3) [lit.4a mp 68-69°; [a]D +95.0° 
(CHCI3)]; nmr (CDC13) 0.87 and 1.32 (6, s, ring methyl), 2.03 (3, s, 
acetylmethyl), 2.32 (2, m, H adjacent to carbonyl), 2.05 (2, m, H at 
C4), and 2.89 ppm (1, t, H at C3, t/2,3 = 8 Hz).

(-)-M ethyl cis -(2,2-Dimethyl-3-acetylcyclobutyl)acetate, 
cis-Methyl Pinonate [(—)-cis-4], and (+)-Methyl trans-(2,2- 
Dimethyl-3-acetylcyclobutyl)acetate, trans -Methyl Pinonate 
[(+ )-trans-4]. (-)-Pinonic acid, 16.0 g (0.0878 mol), was dissolved 
in 100 ml of benzene that had been dried over Linde 3A molecular 
sieves, and 8.7 ml (12.1 g, 0.101 mol) of oxalyl chloride was added. 
The mixture was allowed to stir at ambient temperature for 4 hr. 
Anhydrous methanol (100 ml) was then added and the mixture al­
lowed to stir for an additional 1.5 hr. Solvents were removed on a 
rotary evaporator, the residue taken up in ether, and the solution 
washed with saturated sodium bicarbonate solution until neutral, 
followed by a brine wash. The ether layer was dried by filtration 
through anhydrous sodium sulfate, followed by treatment with 3A 
molecular sieves. Evaporation of the solvent left a residue of crude 
product, 17.4 g (100%), [a]25D —38.3° (c 4.68, CHCI3). Analytical 
glpc (Carbowax, 170°) indicated a 28:72 ratio of isomers. Very 
careful fractional distillation on a Nester-Faust Auto-Annular 
spinning band column [rate of distillation 0.5-1.5 ml/hr, bp 92-94° 
(1.5—1.8 mm)] permitted partial separation of the trans-cis mix­
ture into fractions 88% trans, [a]25D +67.6° (c 4.66, CHCI3), and 
98% cis, [a]25D —79.8° (c 5.30, CHCI3). Combination of these frac­
tions with others previously prepared, and further fractional distil­
lation as above permitted isolation of a 8.18-g fraction of (+)-5 
(95% trans): [a]26D +73.5° (c 4.78, CHCI3); nmr 2.10-3.00 (5, m, 
ring H ’s and H adjacent to carboxyl), 1.02 and 1.18 (6, s, ring 
methyls), 1.99 (3, s, acetyl methyl), and 3.55 ppm (3, s, methyl 
ester). Another fraction, 76% cis, [a]25D —42.6° (c 4.93, CHCI3), 
was obtained as forerun.

The optical purity and maximum rotation of (+)-trans- 4 was 
determined from carefully purified (—)-cis-3 (98.6% optically 
pure). Esterification gave the expected mixture of diastereomers 
which was separated into two fractions by careful distillation. The 
rotations found for each fraction are listed in Table I. By solving 
the simultaneous equations

0 . 8 8 [ a t ] D  +  0 . 1 2 [ a c ] n  =  + 6 7 . 6 °

0 . 0 2 [ a t ] D  +  0 . 9 8 [ > c ] d  =  - 7 9 . 8 °

pure (+)-trans-4 was calculated to have [a]D —89°. On a larger 
scale, a sample of trans- 11 (95%) distilled from a combination of 
several runs, had a specific rotation [« ]d  +73.5°, and a forerun of 
cis-11 (76%) had [a]D —42.6°. By solving simultaneous equations 
similar to those above, a value of [a]D +81.7° was obtained for the 
trans- 11 from this batch, corresponding to an optical purity of 
91%. The sequence of reactions used to prepare trans- 11 from a- 
pinene only permits epimerization of C3; therefore, the trans iso­
mer must be predominantly the 1R ,3S enantiomer.

(+)-Methyl trans -(3-Acetoxy-2,2-dimethylcyclobutyl)ace- 
tate [(+)-trans-5]. The 8.18 g (0.042 mol) of (+)-trans- 4 (95% 
trans) obtained above and 10.2 g 85% m -chloroperbenzoic acid 
(8.63 g pure, 0.500 mol) (Columbia Organic Chemicals) were dis­
solved in 100 ml of CHCI3 in a 250-ml round-bottomed flask which

Table ISpecific Rotations of Mixtures of (Lß,3i?)-4 and (lR,3S)-4
r Composition0 ---------^

2 5  b% cis-4[ % trans-4 [a ]  D, deg

12 88 +67.6°
98 2 -79.8°

5 95 +73.5**
76 24 -42.6*

° Determined on a 500 ft x 0.03 in. Carbowax 20M open tubular 
column. b Taken in chloroform.. c From small sample of carefully 
purified (lR,3R)-4. d From combined samples obtained from 
several runs.
was wrapped with aluminum foil to exclude light. The resulting so­
lution was allowed to stand at ambient temperature for 5 days, at 
which time the flask had become filled with precipitated m-chloro- 
benzoic acid. Analytical glpc indicated the reaction was complete. 
The solution was chilled in an ice bath and filtered to remove most 
of the m-chlorobenzoic acid. The filtrate was washed with a sodi­
um thiosulfate solution to decompose the remaining peracid, and 
with a sodium carbonate solution to remove the remaining carbox­
ylic acid. Rotary evaporation of the solvent, followed by simple 
vacuum distillation of the residue, afforded 8.14 g (92%) of (+ )- 
trans-5. Analytical glpc (Carbowax, 170°) indicated the product 
was a 95:5 mixture of isomers, and otherwise pure: [« ]25d  +6.18° (c
5.60, CHCI3); bp 84-87° (1.3 mm); nmr (CDCI3) 1.04 and 1.08 (6, s, 
methyl groups at C2), 2.02 (3, s, acetate methyl), 1.9-2.5 (5, m, ring 
H’s and H adjacent to carboxyl), 3.63 (3, s, methyl ester), arid 4.4-
4.8 ppm (1, m, H at C3).

Anal. Calcd for C11H18O4: C, 61.67; H, 8.45. Found: C, 61.80; H, 
8.56.

(+)-trans -2,2-Dimethyl-3-(2'-hydroxy-2'-methyl-l'-pro- 
pyl)cyclobutanol [(+)-trans  -6]. Methylmagnesium iodide was 
prepared by adding 27.1 g (0.191 mol) of methyl iodide in 160 ml of 
anhydrous ether to 5.57 g (0.229 mol) of magnesium turnings in 50 
ml of anhydrous ether under a nitrogen atmosphere. To the result­
ing magnetically stirred Grignard reagent was added dropwise in 
50 ml of ether, 8.10 g (0.038 mol) of {+)-trans- 5, The resulting 
mixture was stirred for 1 hr and then the magnesium salts were 
precipitated by adding saturated ammonium chloride solution 
until the solids coagulated. The ether was decanted and the solid 
residue washed with another 100 ml of ether. The combined ether 
fractions were washed with 1 M  hydrochloric acid saturated with 
ammonium chloride, followed by washing with brine. The solution 
was dried and the solvent evaporated yielding ~3 g (45%) of a vis­
cous oil. Since most of the product was still occluded in the precip­
itated magnesium salts, they were dissolved with the minimum of 
dilute hydrochloric acid (the solution was still somewhat basic, as 
indicated by the odor of ammonia present). The resulting solution 
was extracted with several 50-ml portions of ether and the com­
bined ether fractions were treated as above. A total yield of 6.5 g 
(99%) of syrupy diol was obtained. The portion isolated from the 
salts, after complete removal of solvent under vacuum, was analyti­
cally pure: [a ]25D +38.4° (c 3.12, CHCI3); nmr (CDCI3) 0.97 and 1.05 
(6, s, methyl groups at C2), 1.18 (6, s, methyl groups at C2-). 1.25-
2.15 (7, m, H’s at C3, C4, C r , and hydroxyl), and 3.8-4.0 ppm (1, 
m, H at Ci).

Anal. Calcd for C10H20O2: C, 69.70; H, 11.72. Found: C, 69.77; H,
11.52.

(—)-trans -2,2-Dimethyl-3-(2'-methylpropenyl)cyclobutan-
ol [( ) -trans -7], In a 100-ml round-bottomed flask with condens­
er and drying tube were stirred magnetically at 75° (for about 6 hr) 
a solution of 6.4 g (0.037 mol) of diol (+)-trans- 6, 15 ml of cyclo­
hexane, 25 ml of anhydrous formic acid (dried by distillation from 
phthalic anhydride), and ca. 5 g of 3A molecular sieves. The reac­
tion mixture was worked up by diluting with an equal portion of 
water and extracting with three 50-ml portions of pentane. The 
combined pentane fractions were washed in succession with a 50- 
ml portion of brine, saturated bicarbonate until neutral, and a sec­
ond wash with brine. Filtration through anhydrous sodium sulfate 
followed by treatment with molecular sieves and removal of sol­
vent on a rotary evaporator gave a light yellow residue. Final puri­
fication was by chromatography on 200 g of 10% silver nitrate-sili­
ca gel. Elution with 2% ether-pentane (olefin free) gave a 0.065-g 
fraction of {—)-trans- 7 (97% trans) followed by 2.00 g of (+)-trans- 
7 (91% trans); Elution of the column with ether yielded 0.6 g of
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more polar compounds (assumed to be diformate and hydroxyfor- 
mates) which upon retreatment with formic acid and column chro­
matography yielded another 0.2 g of (-)-trans- 7. The total yield of 
(-)-trans-S  was 2.26 g (42%). The 97% trans portion was further 
purified by preparative gas chromatography: [a]25D —39.0° (c 2.18, 
CHCI3); nmr 1.00 and 1.06 (6, s, methyl groups at C2), 1.58 and
1.73 (6, doublets, methyl groups at C2', J -  1 Hz), 2.0-3.0 (3, m, H 
at C3 and C4), 4.83 (1, t, H at ¿ 1, J  = 7 Hz), 5.15 (1, doublet of sep­
tets, H at Ci', J  = 10, 1 Hz), and 7.91 ppm (1, s, formyl H); high 
resolution mass spectrum m/e calcd for CnHisCb 182.1306; m/e 
found 182.1256.

(+ )-irares-2,2-Dim ethyl-3-(2'-methylpropenyl)cyclobutan-
ol [(+)-irares -1]. A solution of 2.00 g of (-)-tra n s -l  (11 mmol) in 
10 ml of anhydrous ether was added dropwise over a period of 20 
min to a magnetically stirred slurry of 0.346 g (36.5 mequiv) of 
lithium aluminum hydride in 15 ml of anhydrous ether under a ni­
trogen atmosphere. The resulting mixture was stirred for 2 hr, an 
additional 30 ml of ether added, and lithium and aluminum salts 
were precipitated by the dropwise addition of a saturated ammo­
nium chloride solution. The ether was decanted, and the residue 
washed with another 30 ml of ether. The combined ether fractions 
were washed in succession with dilute hydrochloric acid, saturated 
sodium bicarbonate solution, and brine before the solution was 
dried over 3A molecular sieves. Solvent was removed on the rotary 
evaporator giving 1.46 g of a colorless oil (86%): [a]25D +6.73° (c 
4.47, CHCI3); nmr 0.88 and 1.04 (6, s, methyl groups at C2), 1.53 
and 1.69 (6, d, methyl groups at C2', J  = 1.5 Hz), 3.26 (1, s, hydrox­
yl group), 3.82 (1, t, H at Ci, J  = 7 Hz), and 4.99 ppm (1, doublet 
of septets, H at Cr, J  = 11,1.5 Hz).7
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Acyl hypohalites (1) are relatively unstable substances 
which are decomposed by heat or light to form carbon diox-

Figure 1. Absorption spectra of filtered acetyl hypobromite solu­
tions (lines indicate extent of nitrogen purge). Initial solution: 0.05 
M  bromine and silver acetate.

ide, alkyl halides, and esters.1-3 Of the various types which 
may exist only acetyl hypochlorite4 and the perfluoroacyl 
hypofluorites5 have been isolated in relative purity and 
characterized.

0
II

R— C— O— X 
1

X - halogen
Acetyl hypobromite has been studied in solution and 

some properties have been reported. In carbon tetrachlo­
ride solution it absorbs in the ultraviolet region with a Amax 
of 320 nm.6 An infrared spectrum of the hypobromite in 
acetic acid shows an absorption at 670 cm-1 attributed to 
the O-Br stretching frequency by analogy with an absorp­
tion at the same frequency by ferf-butyl hypobromite.7 Ha- 
tanaka, Keefer, and Andrews7 have attempted to isolate 
acetyl hypobromite by vacuum distillation of its solution in 
carbon tetrachloride, but no fraction which could be char­
acterized as the hypobromite was detected. Beebe and 
Wolfe8 found acetyl hypobromite to be stable in carbon tet­
rachloride at —15 to 15° for 4 weeks.

On the basis of its relatively high molecular weight and 
predicted polarity, acetyl hypobromite would be expected 
to be a high-boiling liquid or a solid. Preparation of the 
compound in a volatile, inert solvent which could be care­
fully distilled should lead to its isolation.

Results and Discussion
The reaction of bromine with silver acetate suspended in 

carbon tetrachloride and nitrogen flushing of any excess 
bromine (eq 1) yields a dark, green-yellow solution contain-

CH3COOAg +  Br2 — * CH3COOBr +  AgBr (1)

ing acetyl hypobromite. The observed color agrees with 
that reported by others.7 Figure 1 shows the uv-visible 
spectrum of the filtered bromine-silver acetate system at 
various times of nitrogen purge. The quantitative aspects 
of the curves would be expected to vary with rate of nitro­
gen flow but flie trends are reproducible in general form. 
The nitrogen flow is sufficiently slow that the stoichiomet­
ric quantity of bromine is not lost. The bromine peak at 
415 nm is seen to disappear while a maximum at 320 nm 
persists along with a shoulder at 340 nm. A similar spec­
trum is obtained when perfluorinated hydrocarbon is used 
as solvent in place of carbon tetrachloride, the difference
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being the primary peak shifting to 318 nm and the shoulder 
having a lower intensity (about 75% that in CCI4).

Slow vacuum distillation of this filtered carbon tetra­
chloride solution produces a pale yellow, fluffy solid com­
posed of tiny, needle-like crystals. Absorption maxima 
identical with those of the original filtered solution are 
shown in the uv spectrum of a solution of the crystals redis­
solved in CCI4.

When the crystals are removed from cold (0°) surround­
ings and nitrogen atmosphere into the room they gradually 
take on a deliquescent appearance, turn dark red-brown or 
occassionally green, and gradually disappear. The change is 
most likely brought on by reaction with moisture in the air, 
since the crystals appear to remain unchanged if kept for 
several minutes at room temperature but under nitrogen.

Several methods for weighing the crystals as part of an 
equivalent weight determination were explored. The most 
satisfactory procedure is to weigh the crystals in water. 
Even though acetyl hypobromite reacts with water, no 
change in the number of equivalents of oxidant should 
occur. Four iodometric determinations were made by this 
method. The average is 143.5 ±  5 and the expected value is 
138.9.

The molar absorptivity of acetyl hypobromite in CC14 
with concentrations determined by titrating the filtered 
reaction mixture and constructing a Beer’s law plot was 
found to be 203 ±  10. If the determination was performed 
by weighing the isolated solid in CCI4, the absorptivity was 
found to be 192. One determination based on weighing the 
dry, isolated solid gave a value of 212.

The evaluation of infrared spectra of acetyl hypobromite 
in carbon tetrachloride has the advantage over acetic acid 
in that carbon-hydrogen and carbonyl absorptions can be 
observed.

The original filtered acetyl hypobromite solution and re­
dissolved crystals have identical absorption features which 
are consistent with the structure. Carbon-hydrogen 
stretching and bending bands occur in the expected region 
for the methyl group, the carbonyl stretch appears at 1790 
cm-1, an absorption at 1180 cm-1 may be assigned to the 
C -C -0  group by analogy with absorption by acetyl hypo­
chlorite,9 and a medium to weak absorption at 680 cm-1 is 
assigned to the O-Br stretch. Depending on exposure of the 
carbon tetrachloride solution to air and warmth during 
preparation of the infrared sample, absorptions character­
istic of acetic acid and carbon dioxide may be seen.

The proton magnetic resonance spectrum of acetyl hypo­
bromite in carbon tetrachloride gives a single peak at S
2.25. This is identical with the reported absorption by ace­
tyl hypochlorite.9

Experimental Section
Materials. Carbon tetrachloride was distilled at atmospheric 

pressure in a stream of dry nitrogen and stored over molecular 
sieve. Commercial silver acetate was used without purification. 
Bromine was distilled from P20 5 just prior to use. The fluorocar­
bon used was FC-75 (bp 102°) obtained from the 3M Co.

Spectral Procedures. Infrared liquid cells of sodium chloride 
or potassium bromide were used to contain the samples solutions. 
Ultraviolet spectra were run with pure solvent as reference. Pmr 
spectra showed no absorptions in the 5 10-12 region indicative of 
the acetic acid proton.

General Procedure. All experimental work was conducted in 
subdued light, using red light bulbs when necessary to see the 
equipment. The all-glass apparatus used to prepare the acetyl hy­
pobromite solution was U-shaped. The larger arm (approximately 
200 ml capacity) had a coarse fritted disk to permit filtration. The 
narrower arm provided an inlet for nitrogen and was fitted near 
the bottom with a Teflon stopcock and outlet tube. The aparatus 
was jacketed in a light-proof case with only the stopcock protrud­

ing. The inner space was packed in ice. The empty apparatus was 
flushed with nitrogen prior to addition of silver acetate and one- 
half the required amount of CCI4 into the larger arm. The hetero­
geneous mixture could be kept agitated by the nitrogen gas passing 
through the glass disk. Bromine dissolved in the remaining portion 
of CCI4 was added dropwise over 15 min, the solution constantly 
being agitated by a slow stream of nitrogen. The nitrogen flow was 
then increased and samples were taken periodically for spectro- 
photometric determination of bromine and hypobromite content. 
Typical quantities used were: silver acetate, 8.4 g (0.050 mol); bro­
mine, 3.0 ml (0.058 mol); CCI4, 150 ml. Samples were taken from 
the apparatus by reversing the direction of nitrogen' flow, thus 
applying pressure on the surface of the solution. The solution was 
then forced through the filter disk and out of the stopcock. When 
the bromine was seen to be absent as indicated by the lack of a 
shoulder on the hypobromite absorption peak, the solution was 
considered ready for distillation of solvent. The time from combi­
nation of reactants to this point in the procedure was 2-3 hr.

The isolation of the acetyl hypobromite was accomplished by 
transferring the reaction solution (via the above-described filtra­
tion) to a distillation flask. The transfer and subsequent assembly 
of the distillation apparatus were done while a slow stream of ni­
trogen passed over the solution. The success in isolating solid ace­
tyl hypobromite depends on vacuum distilling the CCI4 at an ex­
tremely slow rate. Otherwise, acetyl hypobromite has a great ten­
dency to transfer with the solvent. Moderate vacuums such as 
those obtained by a simple water aspirator (water vapor removed 
by placing a drying tower in the vacuum line) permitted the slow 
(2-4 hr) distillation of 75% of the solvent. This was followed by 
switching to a vacuum pump, maintaining 5-10 mm pressure. In­
termittent opening and closing the line to the pump was found to 
be helpful in preventing bumping and distillation of the hypo­
bromite. Throughout all distillations the distilling flask was 
packed in ice. Finally, as solid began to appear the vacuum was de­
creased to <5 mm, and pumping was continued until the crystals 
appeared very dry.

The pressure was returned to 1 atm with nitrogen to allow disas­
sembly of the apparatus. The solid hypobromite was removed for 
sampling from the flask by using a glass spatula, maintaining a 
slight positive pressure of nitrogen and a temperature of 0°. Ap­
proximately 1 g of solid acetyl hypobromite could be isolated in a 
typical experiment.

Solutions for equivalent weight determinations were prepared 
by placing the weighed solid (~ 0.1 g) in a mixture composed of 
H2O (5 ml), KI (2.5 g), and acetic acid (10 ml). The liberated io­
dine was then titrated with 0.100 M  thiosulfate.

The fluorocarbon was poorly suited as a solvent. Bromine was 
only partially soluble in it, and it was not possible to obtain appre­
ciable hypobromite, as indicated by very weak absorptions in the 
320-340-nm region. Methylene chloride also proved to be unsuit­
able. Attempts with this solvent gave solutions with a pronounced 
acetic acid odor, suggesting that the hypobromite is unstable and 
yields acetoxy radicals which abstract hydrogens from the solvent.

A method for determining the melting point of acetyl hypo­
bromite could not be devised.

On one occasion, when a flask containing some residue of the 
crystals was held in the hand, the crystals decomposed with an au­
dible “ pop” and a small puff of smoke. During another experiment 
approximately 50 mg of the crystals was placed on a hot plate and 
only minor spattering was observed. Nevertheless, as a precaution, 
the isolation of large quantities (>5 g) of solid acetyl hypobromite 
should be performed with adequate shielding.

Registry No.—Acetyl hypobromite, 4254-22-2; silver acetate, 
563-63-3; bromine, 7726-95-6.
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In an earlier communication, 7V1,Ai5-bis(2-naphthyl)bi- 
guanide hydrochlorides were reported to undergo a novel 
ring closure reaction upon being heated briefly in a high- 
boiling inert solvent such as diphenyl ether.3 Cyclization 
proceeded in an angular manner, via electrophilic attack at 
the more reactive a position of the naphthalene ring, giving
l,3-diaminobenzo[/]quinazolines. Subsequently, a modi­
fied procedure was reported, whereby a variety of substi­
tuted l,3-diaminobenzo[/]quinazolines could be generated 
in a single step merely on treatment of the appropriate 2- 
naphthylamine hydrochlorides with excess sodium dicy­
anamide in refluxing n-octyl alcohol, without isolation of 
the intermediate biguanide salts.4 Inasmuch as this reac­
tion offered an extremely attractive route to otherwise dif­
ficultly accessible condensed 2,4-diaminopyrimidine deriv­
atives, it became of interest to investigate a representative 
number of aromatic amines with respect to the ease and di­
rection of cyclization. In the present note, we should like to 
describe the successful use of 1-naphthylamine, 6-chloro-
1-naphthylamine, 2-aminoanthracene, 2-aminophenan- 
threne, and 3-aminophenanthrene in this connection.

As indicated in Table I, 1-naphthylamine and 6-chloro-
1-naphthylamine afforded 2,4-diaminobenzo[h Jquinazo- 
line (1) and 2,4-diamino-8-chlorobenzo[h Jquinazoline (2) 
in yields closely approximating the value obtained with 2- 
naphthylamine under similar conditions.

2,R =  Cl

The reaction of 2-aminoanthracene gave a product which 
was formulated as l,3-diaminonaphtho[2,3-/]quinazoline
(3) rather than the alternative isomer 2,4-diamino- 
naphtho[2,3-g Jquinazoline (4) on the basis of the well-doc­
umented preference of this polycyclic aromatic amine for 
angular cyclization.5 Moreover, the lack of ultraviolet ab­
sorption above 390 nm in ethanol (Table II) militated 
against structure 4 because a linear tetracyclic nitrogen 
heterocyclic derivative of this type would be expected to 
display bands at much longer wavelength.6

3 4
The reaction of 2-aminophenanthrene with sodium dicy­

anamide occurred in 32% yield, giving a nearly colorless 
product which was formulated as l,3-diaminonaphtho[2,l- 
/Iquinazoline (5). The alternative isomer, 2,4-diamino- 
naphtho[l,2-gjquinazoline (6) was rejected from consider­
ation because the longest wavelength peak in the ultravio­
let spectrum of the product appeared at only 370 nm, 
which is inconsistent with a structure containing three lin­
ear aromatic rings.6 Furthermore, 2-aminophenanthrene is 
known to undergo preferential angular ring closure in a 
number of instances, including the Skraup, modified Doeb- 
ner, and Conrad-Limpach reactions.7'8

9, X = OH
The reaction of 3-aminophenanthrene was carried out 

with great interest because the product of angular cycliza­
tion, l,3-diaminonaphtho[l,2-/]quinazoline (7), would rep­
resent an unusual, highly hindered type of condensed 2,4- 
diaminopyrimidine. Unlike the 2-isomer, 3-aminophenan­
threne has been reported to be capable of undergoing cycli­
zation angularly or linearly, depending on the particular 
reaction studied. Thus, while Skraup and Conrad-Limpach 
reactions give rise to “ normal” angular products in accor-

Table I
Condensed 2,4-Diaminopyrimidines Prepared from Arylamine Hydrochlorides and Sodium Dicyanamide3

Arylamine'HCl
Reflux 

time, hr Product Yield, % Mp, °C
f

c
-Calcd, % - 

H N c
-Found, % - 

H N

1 -Naphthylamine-HCl 
(552-46-5 )

40 l
(33987-13-2)

32 28 2 -2 846 68.55 4.79 26.65 68.35 4.68 26.76

6 -C h loro -1 -naphthyl - 
am ine’ HCl 
(52306-16-8)

18 2 C
(52374-28-4)

38 254-255 58.90 3.71 22.90 58.69 3.68 22.87

2 -Am inoanthracene’ HCl 
(32666-78-7)

24 3
(52306-18-0)

40 261-263 73.82 4.64 21.52 73.92 4.64 21.41

2 -Aminophenanthrene-HCl 
(52306-17-9)

20" 5'
(52306-19-1)

32 248-251 73.82 4.64 21.52 73.90 4.43 21.52

2 -Aminophenanthrene-HCl 18e 9
(52306-20-4)

32 >360 73.27 3.84 10.68 73.29 4.15 10.72

3 -Aminophenanthrene -H O  
(5345-92-6)

20 8

(52306-21-5)
8 235-237 73.82 4.64 21.52 73.72 4.75 21.35

a Registry no. are in parentheses beneath compound. b This compound has also been synthesized from 1-tetralone by condensation with 
cyanoguanidine, followed by palladium-charcoal dehydrogenation [S. K. Sengupta, S. K. Sengupta, S. Chatterjee, H. K. Protopapa, and 
E. J. Modest, J. Org. Chem., 37, 1323 (1972) ] . c Cl: calcd, 14.49%; found, 14.76%. d Standard reaction conditions (see Experimental Sec­
tion). e Stoichiometric proportions (1:2 molar ratio of sodium dicyanamide to 2-aminophenanthrene hydrochloride).
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Table II
Ultraviolet Absorption Spectra of Condensed 

2,4-Diaminopyrimidines

Compd *max> nm
-3̂6 X 10 ° *max> nm 6 x 10 6

3 223 34.5 228 39.2
243 24.1 265 49.9
273 37.6 295 24.8
282 34.0 305 sh 18.3
293 47.6 340 5.7
304 41.9 357 5.4
318 sh 9.1 388 4.2
337 8.5
352 4.7
388 2.9

5 261 53.8 274 32.9
277 40.1 282 sh 29.7
284 infl 34.1 313 12.0
304 infl 11.9 364 2.1
329 10.5 380 2.4
353 infl 5.1
370 3.8

8 255 27.2 221 44.6
261 28.0 232 33.5
278 26.3 240 29.4
298 30.3 284 27.5
322 11.1 290 26.7
335 6.4 310 10.9
378 2.9 330 4.6
394 3.2 365 3.0

384 2.7

dance with Marckwald’s rule, the Ullmann-Fetvadjian 
reaction (with 2-naphthol and formaldehyde) leads pre­
dominantly to a linear product via cyclization on the 3 po­
sition.9 Apparently, when the energy of the transition state 
for a cyclization is sufficiently high (for steric reasons, for 
example), the “ normal” process is interdicted and linear 
products are formed. In the present instance, the reaction 
of 3-aminophenanthrene gave an 8% yield of a single isomer 
which was intensely yellow in color (c/. the lack of color in
5). The longest wavelength ultraviolet absorption band oc­
curred at 394 nm, a value consistent with the presence of 
three linear aromatic rings.6 On the basis of the low yield 
and ultraviolet spectral data, we believe the product to be
2,4-diaminonaphtho[2,l-g]quinazoline (8) rather than 7. 
This is the first observed instance of a bisarylbiguanide cy­
clization proceeding via attack at the 3 position of a naph­
thalene ring in preference to the a position.

7 8

The use of a ca. 2:1 molar ratio of sodium dicyanamide 
to arylamine hydrochloride in the reactions described 
above merits comment, inasmuch as this represents a four­
fold excess over the stoichiometric amount required for the 
formation of a bisarylbiguanide salt.3 In actual fact, the use 
of stoichiometric proportions (i.e., a 1:2 molar ratio of sodi­
um dicyanamide to arylamine hydrochloride) in this modi­
fied version of the bisarylbiguanide cyclization does not 
permit isolation of the desired products. Thus, as indicated

in Table I, the reaction of 2-aminophenanthrene performed 
in the absence of excess sodium dicyanamide gave exclu­
sively 2,4-dihydroxynaphtho[2,l-g]quinazoline (9), no di­
amino derivative being recovered on work-up. It appears 
that sufficient acid is present in the medium to effect hy­
drolysis of the initially formed diamine on prolonged reflux 
in n- octyl alcohol. This was verified by the observation 
that heating of the diamine in boiling n- octyl alcohol in the 
presence of a small amount of acid afforded the dihydroxy 
derivative rapidly and in high yield. When the molar ratio 
of sodium dicyanamide to arylamine hydrochloride was 1:1, 
the product turned out to be an approximately 1:1 mixture 
of the diamine S and the dihydroxy compound 9. An effort 
was also made to carry out the reaction with a stoichiomet­
ric amount of sodium dicyanamide but in the presence of 
sodium acetate. Under these conditions no cyclized product 
was recovered at all, probably because neutralization of the 
arylamine salt had occurred before bisarylbiguanide forma­
tion could take place. A systematic evaluation of the effect 
of other bases was not made, but we believe that the suc­
cess of the reaction when excess sodium dicyanamide is 
present probably stems from the ability of this weak base 
to function as a selective acid scavenger without interfering 
with biguanide formation or ring closure.

It is also of interest to note that condensed 2,4-diami- 
nopyrimidines were not obtained on reaction of aniline, 1- 
methyl-2-naphthylamine, or 1-aminopyrene hydrochloride 
with excess sodium dicyanamide. With l-methyl-2-naph- 
thylamine, cyclization would have had to occur by attack at 
the unfavored 3 position. With aniline hydrochloride, it ap­
pears that decomposition of the intermediate AT1,IV5- bisar­
ylbiguanide salt takes' place in preference to ring closure. 
With 1-aminopyrene, we believe that the low basicity of the 
amino group10 and the unreactive character of the 2 posi­
tion11 conspire to block the reaction.

Experimental Section12

Preparation of Arylamines. 1-Naphthylamine and 2-amino­
phenanthrene are commercially available (Aldrich Chemical Co., 
Inc.). 6-Chloro-l-naphthylamine13“15 was obtained from 5-nitro- 
2-naphthyamine16 via the known two-step sequence involving suc- 
essively a Sandmeyer reaction and reduction with stannous chlo­
ride.15 2-Aminophenanthrene was prepared from 2-acetylphenan- 
threne17 by treatment with sodium azide in trichloroacetic acid as 
described by Campbell and Temple.18 3-Aminophenanthrene was 
prepared similarly from 3-acetylphenanthrene,17 with the excep­
tion that with this isomer a violent exothermic effect was observed 
unless care was taken to conduct the Curtius reaction at a temper­
ature not exceeding 50-52°. l-Methyl-2-naphthylamine was syn­
thesized from l-methyl-2-naphthol via a Bucherer reaction as re­
ported previously.19 1-Aminopyrene was obtained from 1-nitropy- 
rene (Koch-Light Laboratories, Ltd.) on reduction with stannous 
chloride.20 All the foregoing arylamines were isolated in the form 
of hydrochloride salts by dissolving the free base in Et^O, satu­
rating the solution with dry gaseous HC1 at 0°, and washing the fil­
tered precipitate thoroughly with CH2CI2. The hydrochloride salts 
were not purified further prior to reaction with sodium dicyanam­
ide.

Reaction of Arylamine Hydrochlorides with Sodium Dicy­
anamide. Standard Procedure. A well-stirred suspension of the 
amine hydrochloride (0.1 mol) and sodium dicyanamide21 (0.20-  
0.26 mol) in n- octyl alcohol (100-300 ml) was heated under reflux 
for 18-40 hr (Table I). The mixture was filtered while hot (or after 
cooling), the filter cake was extracted with CH2CI2, and the com­
bined n -octyl alcohol and CH2CI2 solutions were saturated with 
dry HC1 gas and stored in the cold. After several hours, the precip­
itated hydrochloride salt was collected, washed with CH2CI2, and 
redissolved in boiling H20  or dilute HC1. Treatment with decolor­
izing carbon and basification with NH4OH or NaOH regenerated 
the free base, which was purified further by recrystallization from 
aqueous or anhydrous EtOH. In the preparation of 3, the original 
filter cake, which proved to contain most of the product, was di­
gested thoroughly with boiling H20, washed with CH2C12, and re­
crystallized from ra-butylamine (decolorizing carbon); hydrochlo-
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ride salt formation was omitted in this instance. The yields and +__
physical constants of the products are given in Table I. N = N  + RC03H

Registry No.— Sodium dicyanamide, 1934-75-4.
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In a previous paper2 we have shown that diazodiphenyl- 
methane Pli2C=N2 and substituted diazodiphenyl- 
methanes react with peroxy acids to afford the correspond­
ing diaryl ketones in high yield.

On the basis of kinetic evidence, a reaction mechanism 
was proposed which involves attack by the nucleophilic 
carbon atom of the diazo group on the peroxide 0 - 0  bond.2

0 + RC0,H (1)

Therefore, at variance with what was found for carboxyl­
ic acids,3 it appears that peroxy acids transfer “ electroposi­
tive” oxygen and not H+ to the diazo group. We now report 
that a-diketones are produced in the reaction of some cy­
clic a-diazo ketones la-e and of acyclic 3-diazo-2-butanone 
CH3CN2COCH3 (2) with m- chloroperoxybenzoic acid 
(MCPBA) in the mole ratio of 1:1, in CH2CI2 at 25° (eq 2).

MCPBA

CHjCb

la, n = 6; lb, n =  8; le, n = 9; 
Id, re = 10; le, re = 12

(CH2)„.2 I +  MCBA +  N2 (2)

Yields and kinetic data are shown in Table I. Under the 
conditions given, the yields o f the corresponding a-dike-

Tablel
Yields and Rates of Reaction of Some 

a-Diazo Ketones with m-Chloroperoxybenzoic 
Acid in Methylene Chloride at 25°

Compd
%  yield  o fQ 

a -diketone
io2*2>&-1

M  sec ‘

la 99 (glc) 16.8
lb 40 (isol.)c 20.5
lc 35 (glc)e 30.0
lc 30 (isol. )c 30.0
Id 95 (isol.) 12.0
le 92 (isol. ) 4.27
2 96 (glc) 5.52

“ As determined (±5%) by glc analysis or by isolating (ref 2) 
and weighing the a-diketone, after reacting the diazo compound 
with MCPBA in equimolar amounts. 6 Evaluated (±3%) as 
fei/[MCPBA]o, from pseudo-first-order kinetic experiments. 
c Ir analysis of reaction mixtures and comparison with authentic 
samples showed that the a-diketone produced was accompanied 
by 25-30% of the parent anhydride, while 20-25% of the a-diazo 
ketone starting material had remained unreacted.

tones were essentially quantitative from la, Id, le, and 2 . 
The yields were considerably less with lb  and lc as starting 
materials, but substantial amounts of suberic and azelaic 
anhydride, respectively, appeared in the reaction mixtures. 
These anhydrides undoubtedly arise from the initially 
formed a-diketones in a subsequent competitive reaction 
with MCPBA. It is known, in fact, that a-diketones react 
with peroxy acids in organic solvents4 and with HO2-  in 
aqueous media5 to yield the corresponding anhydrides, pre­
sumably via a Baeyer-Villiger type mechanism.6

Indeed, in independent experiments we have verified 
that 1,2-cyclononanedione, 1,2-cycloctanedione, and also
2,3-butanedione (biacetyl) all give the corresponding anhy­
drides in nearly quantitative yields (glc, ir) when allowed to 
react with MCPBA in CH2CI2.
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The absence of rearrangement7-8 or transannular reac­
tion products9 in detectable amounts from the oxidation of 
cyclic a-diazo ketones suggest that mechanisms involving 
carbene or cation intermediates2 are unlikely.

In the series of medium-ring a-diazo ketones examined 
the rates pass through a maximum for n = 9. However, the 
overall differences in rate are small and might easily be as­
cribed to transition-state and/or ground-state conforma­
tional effects. A recent dnmr study of 2 has revealed that 
this compound exists in CDCI3 solutions as an equilibrium 
mixture of rapidly interconverting s-E (transoid) and s-Z 
(cisoid) conformers;10 at 25° the ratio [s-E]/[s-Z] is ca.
3.3.10 This finding is in good agreement with the observed 
dipole moment of 2 {g = 2.45 D) and the calculated dipole 
moments of its s-Z and s-E forms (3.9 and 1.7 D, respec­
tively).11

We have measured the dipole moments of cyclic la and 
le and found p = 3.9 and 2.15 D, respectively. Thus, in the 
series of medium-ring a-diazo ketones la-e one apparently 
proceeds from a situation where the cisoid form is highly 
prevalent over the transoid to the opposite. Kinetic data, 
however, show that le react with MCPBA at nearly the 
same rate as 2, and only ca. four times slower than la. This 
is not surprising since cisoid and transoid forms of a-diazo 
ketones would be expected to display similar nucleophilic 
reactivity in the absence of severe steric hindrance and/or 
conformational effects. In fact, coplanarity of the 0 = C — 
C— N = N  moiety is required for maximum prr delocaliza­
tion; therefore, the fractional negative charge on carbon 
part of the CNN fragment should be nearly the same for 
undistorted E and Z forms.12

It is interesting to compare the trend of relative rates 
with ring size for the oxidation of cyclic a-diazo ketones by 
MCPBA with the pattern observed for reactions involving 
other medium-ring compounds (Figure 1). At variance with

Figure 1. Comparison of relative rate pattern with ring size for the 
acetolysis of cycloalkyl tosylates (I), borohydride reduction of cy- 
cloalkanones (II), and CsCHA catalyzed tritio deprotonation of cy­
cloalkanes (III) with the oxidation of 2-diazocycloalkanones by 
MCPBA (IV).

reactions I and II,13 which represent rather clear-cut exam­
ples of, respectively, sp3 — sp2 and sp2 - »  sp3 rehybridiza­
tion at the reaction center, the MCPBA oxidation of me­
dium-ring a-diazo ketones is little influenced by ring size. 
The pattern resembles that observed for the CsCHA-cata- 
lyzed tritio deprotonation of cycloalkanes (reaction III).14 
Thus, for both reaction III and the MCPBA oxidation of 
a-diazo ketones (reaction IV), transition states should have 
conformations only little different from ground states.15 In 
any case, mechanisms involving formation of intermediate

H -C -N 2+ -O 3CR

ion pairs and of unstable peroxy esters

H -Ç -0 0 -C 0 R 2

should be dismissed as this would involve sp2 — sp3 rehy­
bridization at the reaction center.

Experimental Section
General. Melting and boiling points were not corrected. Nmr 

spectra were recorded on a Bruker HFX-10 spectrometer (90 
MHz); chemical shifts were measured downfield from TMS inter­
nal standard. Ir spectra were taken on a Perkin-Elmer Model IR- 
457 instrument and uv-visible spectra on a Cary 15 spectropho­
tometer. Dipole moments were determined by the method of 
Hedestrand;16 dielectric constants of solutions were measured at 
20° by using a heterodyne apparatus at a frequency of 1 MHz. 
Molar refractions were calculated from Vogel’s increments.11 Ana­
lytical glc was performed on a Varian-Aerograph Model 1520 in­
strument equipped with tc detector by using a 6 ft X % inch o.d. 
column (5% FFAP on Chromosorb G AW-DMCS, 80-100 mesh).

Materials. The a-diazo ketones and the a-diketones employed 
were prepared according to reported methods.8’17-19 Their physical 
constants and ir spectra agreed with data reported in the litera­
ture. 2-Diazocyclohexanone: bp 50-51° (0.3 mm); vis max 
(CH2CI2) 400 nm (e 20); nmr (CDCI3) 6 2.74 (m, 2, 0 = C C H 2), 2.30 
(m, 2, N2=C C H 2), and 1.78 ppm (m, 4, CH2); n (CC14) 3.90 D, „P 2
347.3 and Rd 32.6 cm3 mol-1; ir (CCI4) 2090 (C = N 2) and 1640 
cm-1 (C = 0 ). 2-Diazocycloctanone: oil; vis max (CH2C12) 395 nm 
(e 16); nmr (CDCI3) <5 2.53 (m, 4, =C C H 2) and 1.62 ppm (m, 8, 
CH2); ir (CC14) 2085 (C = N 2) and 1635 cm-1 (C = 0 ). 2-Diazocy- 
clononanone: oil; vis max (CH2C12) 395 nm (e 16); nmr (CDCI3) h
2.50 (m, 4, = C C H 2) and 1.60 ppm (m, 10, CH2); ir (CCI4) 2085 
(C = N 2) and 1630 cm-1 (C = 0 ). 2-Diazocyclodecanone: mp 58- 
59° (lit.8 56.5-57°); vis max (CH2C12) 390 nm (« 25); nmr (CDCI3) 6
2.76-2.42 (m, 4, = C C H 2) and 1.49 ppm (broad, 12, CH2); ir (CCI4) 
2085 (C = N 2) and 1645 cm-1 (C = 0 ). 2-DiazocycIododecanone: 
mp 43-44° (lit.17 42-43°); vis max (CH2C12) 410 nm (e 28); nmr 
(CDCI3) S 2.69 (m, 2, 0= C C H 2), 2.22 (m, 2, N2= C C H 2), and 1.30 
ppm (broad, 16, CH2); m (CCI4) 2.15 D, „P 2 158.3 and Rd 60.6 cm3 
mol-1; ir (CC14) 2065 (C = N 2) and 1640 cm-1 (C = 0 ). 3-Diazo-2- 
butanone: bp 35-40° (12 mm);20 vis max (CH2C12) 415 nm (e 8); 
nmr (CDCI3) S 2.20 (broad, s, 3, 0 =C C H 3) and 1.97 ppm (broad, s, 
3, N2=C C H 3);10 ir (CC14) 2070 (C = N 2) and 1645 cm-1 (C = 0 ). 
Commercial (Schuchardt) m -chloroperoxybenzoic acid was pu­
rified following a given method21 to a purity of 99%+ (iodometric 
assay), mp 92-93°.21

Kinetics. Kinetic runs were performed under pseudo-first-order 
conditions with [MCPBAJo being usually from 10r to 20-fold excess 
over the initial concentration of the diazo ketone. The change of 
absorbance was monitored in the great majority of cases at or near 
the wavelength of maximum absorption in the visible for each 
diazo compound.2 A Gilford Model 2400 recording spectrophotom­
eter equipped with thermostatic cell holder (±0.5°) was employed. 
Rate constant values which appear in Table I are averages from 
three or more independent runs.

Acknowledgments. Thanks are due to Professors G. 
Modena and J. 0. Edwards for many helpful discussions. 
We also wish to thank the Committee on International Ex­
change of Persons (Washington, D/C.) for the grant of Ful- 
bright Senior Scholarships to R.C. (summer 1971) and to 
J.C. (Oct. 1972-March 1973).

Registry No.— la, 3242-56-6; lb, 14088-64-3; 1c, 18208-20-5; 
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Recently there has been an increased interest in meth­
ods for effecting 1,4 addition to a,/8-unsaturated systems.1 
In addition to lithium alkylcuprate and copper-catalyzed 
Grignard reagent addition to a,/?-unsaturated compounds, 
more recent methods show great promise. Brown and Ka- 
balka2’3 have found that trialkylboranes undergo 1,4 addi­
tion to a variety of a,/3-unsaturated substrates via a free 
radical chain process. More recently Kabalka and Daley4 
found that trialkylaluminum compounds exhibit analogous 
behavior when photolyzed at —78° or in the presence of 
catalytic amounts of oxygen, and were able to demonstrate 
the intermediacy of free radical species. Because of our in­
terest in the area of transition metal catalyzed reactions of 
main group organometallic reagents, we were particularly 
interested in the recent report by Mole, et al.,5 concerning 
nickel catalyzed conjugate addition of trimethylaluminum 
to a,/3-unsaturated ketones. It would appear that this

H H O H O
I I II * o . l l

(CH3)3A1 +  R C = C — C— R' RCCH2CR' (1)

CH3

method represents a convenient and potentially economic 
route to 1,4-addition products, particularly if the reaction 
is stereoselective. In an attempt to determine the stereo­
selectivity of this reaction and in addition to determine the

Table I
Reaction of Trimethylaluminum with Isophorone in the 

Presence of Nickel Acetylacetonate

Time, mm (mmol) (mmol) Material balance,

0 1.000 0.000 100
1 0.300 0.680 98
5 0.075 0.838 91
30 0.000 0.845 85
60 0.000 0.863 86
120 0.000 0.850 84

applicability of this method to 1,4-conjugate addition to 
prostaglandin precursors, we synthesized 4-methyl-2-cyclo- 
pentenone, 4-aeetoxy-2-cyclopentenone, and 4-methyl-2- 
cyclohexenone. We wish now to report the results of not 
only (CHs^Al addition, but also LiAl(CH3)4 addition to a 
variety of a/i-unsaturated ketones in order to provide in­
formation concerning the scope and stereochemistry of 
these reactions.

Results and Discussion
Table I presents data obtained by sequential quenching 

of aliquots from the reaction of trimethylaluminum with
3,5,5-trimethyl-2-cyclohexenone (isophorone) in the pres­
ence of 3.0 mol % nickel acetylacetonate [Ni(acac)2].

Several features of Table I are striking. While Mole, et 
a i ,5 suggest typical reaction times of 18 hr for the reaction 
of a,/3-unsaturated ketones with trimethylaluminum in the 
presence of Ni(acac)2, our data indicate that methylation is 
essentially complete in less than 30 min. The only other 
product formed is polymer and its formation seems to 
occur only while unreacted isophorone is present. This 
suggests that the polymer is formed by Michael addition to 
the aluminum enolate of the product to the a,/3-un satu­
rated ketone according to eq 2. The isolation of 1 after

nickel acetylacetonate catalyzed addition of trimethylalu­
minum to 2-cyclohexenone provides additional support for 
this suggestion.

In Table II are listed the results obtained for the cata­
lyzed reaction of trimethylaluminum with isophorone and
2-cyclohexenone. In all cases the starting material was en­
tirely consumed and no other volatile products were 
formed. It is apparent from the data that ether is the sol­
vent of choice and that cupric acetylacetonate is an effec­
tive catalyst. Although Mole5 suggests that cobalt acetylac­
etonate was an effective catalyst, in our hands only starting 
material was recovered after attempted reaction of isophor­
one with trimethylaluminum in the presence of 3 mol % co­
balt acetylacetonate. This result, however, suggests partici-
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Table II
Transition Metal Catalyzed Reaction of Isophorone (2) 

and 2-Cyclohexenone (3) with Trimethylaluminum“

Time, Temp, % 1,4 % 1,2

Run Ketone Catalyst*’ Solvent hr °c addition addition

l 2 N i(acac)2 Et20 l 0 86

2 2 N i(acac)2 Et20 2 2 2 86
3 2 N i(acac)2 THF 1 0 58
4 2 Cu(acac)2 Et20 2 2 2 85
5 3 N i(acac)2 EtzO 1 0 44 7
6 3 N i(acac)2 Et20 2 -3 0 29 6
7 3 N i(acac)2 THF 2 0 41 6
8 3 N i(acac)2 PhH 2 0 35 8

a Each run employed 1.0 mmol of MejAl, 1.0 mmol of ketone, and 
0.03 mmol of metal acetylacetonate in 10 ml of solvent. 6 Added as 
ca. 0.03 M  solution in THF.

Table III
Transition Metal Catalyzed Reaction of Isophorone with 

Lithium Tetramethylaluminate“

Run Catalyst
Time,

hr
Temp, % 1,4 

addition
% 1,2 

addition
%

recovered
ketone

9 Ni(acac)2 2 22 80
10 Ni(acac)2 112 22 8 27 61
11 Cu(acac)2 2 22 73
12 Ni(acac)2 1 0 58 18
136 Ni(acac)2 1 0 29 48

° Each run employed 1.0 mmol of lithium tetramethylaluminate,
1.0 mmol of isophorone, 0.03 mml of metal acetylacetonate added 
as a co. 0.03 M  solution in THF, and 10 ml of ether as solvent. 
b Lithium tetramethylaluminate solution stored for 24 hr and clear 
supernate employed in this run.

pation by the transition metal since 1 , 2  addition would 
have been observed in its absence.6 As would be expected, 
polymer formation occurs to a greater extent with 2 -cyclo- 
hexenone than with isophorone presumably due to less ste- 
ric hindrance at the terminal carbon atom of the «,/3-unsat- 
urated system. It is noteworthy that reaction o f a twofold 
molar excess o f isophorone with trimethylaluminum under 
conditions otherwise identical with those of entry 2  leads to 
isolation o f 43% o f the 1,4 product (based on isophorone) 
showing that only one methyl group o f the organometallic 
compound is available for reaction.

Table III reports results obtained from transition metal 
catalyzed reaction of isophorone with lithium tetrameth­
ylaluminate (LTA). Except for recovery of starting materi­
al from runs 10, 12, and 13, no other volatile products were 
observed. Conjugate addition with LTA is considerably 
slower than with trimethylaluminum, the former reaction 
requiring 2  hr at 2 2 ° before all starting material was con­
sumed. Unlike the reactions with trimethylaluminum, cu­
pric acetylacetonate is a less efficient catalyst than the cor­
responding nickel salt. For optimum results, it is essential 
that the LTA be used as quickly as possible after prepara­
tion from methyllithium and trimethylaluminum. Upon 
standing, the initially clear solution becomes cloudy and 
within several hours precipitation is apparent. Although 
analysis of the clear supernatant solution after precipita­
tion gives a ratio o f lithium/aluminum/methyl o f 1.00:0.97:
3.98, comparison of runs 12 and 13 show that the efficiency 
o f conjugate addition is seriously impaired using this solu­
tion. In an experiment employing a twofold molar excess of 
isophorone under conditions otherwise identical with run 9,
3,3,5,5-tetramethylcyclohexanone was isolated in 41% yield

Table IV
Stereochemistry of Conjugate Méthylation of

4-Methyl-2-cyclohexenone
Time, Temp, % 1.4 % %

Run Catalyst Reagent hr °C addition trails cis

14 Ni(acac)2 Me3Al 1 0 66 84 16
15 Ni(acac)2 LTA 2 22 62 87 13

(based on isophorone) demonstrating that only one methyl 
group per LTA is available for reaction.

Table IV provides data that demonstrate the stereo­
chemistry o f the reaction of the catalyzed conjugate meth- 
ylation o f 4-methyl-2-cyclohexenone by trimethylalumi­
num and LTA. By way o f comparison, Riviere and cowork­
ers7’8 report formation of 3,4-dimethylcyclohexanone with 
trans/cis ratio o f 72:28 for cuprous chloride catalyzed Addi­
tion o f methylmagnesium bromide to 4-methyl-2-cyclohex- 
enone and trans/cis ratio o f 91:9 using LiCu(CH3)2.7

Synthesis o f 4-acetoxy- and 4-methyl-2-cyclopentenone 
provided model prostaglandin systems for the determina­
tion o f the stereochemistry o f transition metal catalyzed 1,4 
addition by reaction with (CHa^Al or LiAljCH sh. Unfor­
tunately, under a variety o f conditions both o f the above 
ketones produced only polymer.

Experimental Section
General. The metal acetylacetonates used in this study were 

prepared by refluxing the appropriate metal acetate with 1.5 equiv 
of 2,4-pentanedione in methanol for 2 hr. The product was isolated 
by crystallization from methanol. Ether and THF were freshly dis­
tilled from LiAlH4. Reaction vessels were flash flamed under nitro­
gen. Product analyses were performed on an F and M Model 720 
gas chromatograph using a 20 ft column of 5% Carbowax 20M on 
Chromosorb W at a flow rate o f 55 ml of He/min.

Conjugate Methylation with Trimethylaluminum. To a 50- 
ml reaction vessel was added sufficient solvent to bring the final 
volume to 10 ml, substrate ketone (1.0 mmol), and the appropriate 
metal acetylacetonate (0.03 mmol., ca. 1 ml of 0.03 M  solution in 
THF). The mixture was brought to the appropriate temperature 
and trimethylaluminum (1.0 mmol, ca. 1 ml of 1 M  solution in 
ether) added over a 2-min period causing a yellow to brown color 
to develop immediately. After the desired period of time, the reac­
tion was quenched with water (ca. 0.3 ml) and dried over M gS04;
1.0 mmol of internal standard was added, and the product was an­
alyzed by gas chromatography. Ethyl benzoate was employed as 
the standard for reactions involving isophorone, and the glc col­
umn temperature was 140°. Under these conditions, retention 
times of 11.7, 13.5, and 26.1 min were observed for 1,3,5,5-tetra- 
methyl-2-cyclohexenol, 3,3,5,5-tetramethylcyclohexanone, and 
isophorone, respectively. When 2-cyclohexenone was the substrate, 
n -octyl alcohol was employed as the internal standard and the glc 
column temperature was 125°. Under these conditions, retention 
times of 11.2, 13.0, and 20.5 min were noted for l-methyl-2-cyclo- 
hexenol, 3-methylcyclohexanone, and 2-cyclohexenone, respective­
ly. In all cases the identity of products (including adduct 1) was 
confirmed by comparison with authentic samples.

Conjugate Methylation with Lithium Tetramethylalumi­
nate. To a 50-ml reaction vessel was added sufficient solvent to 
bring the final volume to 10 ml, trimethylaluminum (1.0 mmol, ca.
1 ml of 1 M  solution in ether), and methyllithium (1.0 mmol, ca. 1 
ml of 1 M  solution in ether). Without delay the substrate ketone 
(1.0 mmol) and the appropriate metal acetylacetonate (0.03 M, ca.
1 ml of 0.03 M  solution in THF) were added, the latter causing 
formation of a yellow to brown color. After reaction, water (0.3 ml) 
was added and the mixture dried (MgS04); internal standard was 
added, and the product analyzed as described above.
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Table I
Trans :Cis Olefin Ratios in the E2 Eliminations from
l-Phenyl-2-propyl Chloride in Various Solvent-Base 

Systems at 60° °

Solvent—3ase
t r a n s -  to c i s -  

1-Phenylpropene

MeOH—MeONa4 23.5 ± 0.1
EtOH-EtONa0 25.0 ±0 .1
t -BuOH-7 -BuOK1* 72 ± 5
t -BuOH-1  -BuOK® 4 5 ± 1
t -BuOH-7 -BuON—« -B u / 37.7 ±0.1

a Determined by glpc. Each value is the average of at least three 
determinations. The initial concentration of l-phenyl-2-propyl 
chloride was ~0.02 M. According to blank experiments the trans:cis 
ratios are not significantly affected by the isomerization reactions 
of allylbenzene (formed in a very little amount) and of cis- and 
irarcs-l-phenylprcpene. b [MeONa] = 2.3 M. Reaction time 15 hr. 
In the absence of MeONa no production of chloride ions was ob­
served after 70 hr c S. Alunni and E. Baciocchi, Tetrahedron Lett., 
205 (1973). With StOK the trans:cis ratio is 28. d [f-BuOK] = 0.2- 
0.8 M. Reaction time 50-210 min. No appreciable variation of the 
transxis ratio with f-BuOK concentration was observed. 
e In the presence of dicyclohexyl-18-crown-6. [f-BuOK] = 
0.17 M. Reaction time 5-15 min. f Prepared by mixing 0.3-0.5 M  
t-BuOK-t-BuOH with appropriate amounts of n-Bu4NBr. Reac­
tion time 30-75 min.

Base association was clearly shown to exert a strong in­
fluence upon positional and geometrical orientation in 
base-promoted anti ^-eliminations from 2-alkyl halides and 
arenesulfonates in f-BuOH.1 Regarding geometrical orien­
tation it was observed that base association is responsible 
for the generally low transxis 2-alkene ratios found for the 
reaction of these substrates with f-BuOK. Accordingly, the 
transxis 2-alkene ratios were found to significantly in­
crease when the reaction is carried out in the presence of 
crown ethers which are able to convert contact ion pairs or 
ion pair aggregates into separated ions. This trend was sug­
gested to be originated by the larger steric requirements of 
the associated base.

Interestingly, low transxis olefin ratios in t-BuOK-f- 
BuOH (especially with respect to those in EtO~-EtOH and 
MeO~-MeOH) are considered as the “ normal pattern” of 
/3-elimination reactions which proceed via an anti mecha­
nism, since, by this mechanism, contact ions are expected 
to lead to preferential formation of cis olefin.2 Deviations 
from this pattern are considered highly indicative of the in­
tervention of a syn mode of ^-elimination, since it is well 
known20 that syn elimination leads nearly exclusively to 
the trans olefin and is favored by base association.

We wish now to report that similar conclusions do not 
apply to the elimination reactions of /3-phenyl activated 
systems. We have studied the /3-elimination reactions of 1- 
phenyl-2-propyl chloride in f-BuOK-t-BuOH and found 
(see Table I) that the trans- to cis- 1-phenylpropene ratio 
is significantly larger than those in EtONa-EtOH and 
MeONa-MeOH; a significant decrease of this ratio is ob­
tained using i-BuON-rc-Bu4 or crown ether complexed t- 
BuOK. Clearly, base association plays an important role in 
determining the transxis olefin ratios also in the elimina­
tion reactions of l-phenyl-2-propyl halides; however, the 
pattern is exactly the opposite of that found for the elimi­
nation reactions of nonactivated alkyl halides. This striking 
difference cannot be attributed to the intervention of a syn 
mechanism of elimination in the phenyl activated series, 
since we have evidence that this reaction path is of very lit­
tle importance in the case of l-phenyl-2-propyl chloride;3 it 
results therefore that the geometrical orientation in the

anti eliminations from /3-phenyl activated substrates is in­
fluenced by steric effects and/or basicity in a different way 
from the anti eliminations of nonactivated substrates.

At present, we have no explanation of this phenomenon, 
even though it may be recalled that in the eliminations, 
from /3-phenyl activated substrates the trans/cis ratios de­
rive from differences in the conjugation extent of the phe­
nyl group with the developing negative charge at the /3 car­
bon in addition to differences in the nonbonded interac­
tions at C<* and Cp, as it occurs in the resulting olefins. 
However, it seems important to point out, in the light of 
this result and the recent data on the leaving group ef­
fects,5 that considerable caution must be exerted in apply­
ing conclusions reached from studies of elimination reac­
tions of /3-phenyl activated substrates to the elimination 
reactions of nonactivated substrates and vice versa.

Experimental Section
Materials. l-Phenyl-2-chloropropane. A solution of 29 g of

thionyl chloride in 125 ml of anhydrous benzene was added at 0° 
and under stirring to a solution of 25 g of l-phenyl-2-propanol 
(Fluka) and 4 g of pyridine in 420 ml of anhydrous benzene. After 
standing overnight the mixture was refluxed for 3 hr. The mixture 
was then cooled and washed with cold water, diluted sulfuric acid, 
10% solution of sodium bicarbonate, and a solution of sodium 
thiosulfate. After the mixture was dried on sodium sulfate and the 
solvent was removed, distillation at reduced pressure gave 16.4 g 
(55% yield) of l-phenyl-2-chloropropane, bp 100° (30 mm). Anal. 
Calcd for C9HUC1: Cl, 22,9. Found: Cl, 22,6.

cis-l-Phenylpropene was prepared by decarboxylation of a- 
metylcinnamic acid, according to a procedure described in the lit­
erature,6 and purified by fractional distillation on a Todd column, 
bp 65° (12 mm), n 22-5D 1.5415 (lit.6 ra20D 1.5430). Its purity 
(>99.5%) was checked by glpc.

trans -1-Phenylpropene and allylbenzene were commercial 
products (Fluka) purified by distillation. Their purity (glpc) was 
99%.

Dicyclohexyl-18-crown-6 ether was prepared according to 
the procedure described by Pedersen.7

Base-Solvent Solution. Methanol was refluxed with magne­
sium and resublimed iodine and fractionally distilled. Absolute 
ethanol was refluxed with sodium and diethyl phthlate and frac­
tionally distilled, t- Butylalcohol was distilled after treatment with 
potassium metal. Solutions of alkoxide were obtained by reactions,
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under nitrogen, of freshly cut sodium and potassium metal with 
the appropriate alcohol.

Procedure for Product Studies. A known amount of the halo- 
geno derivative was added, under strong stirring, to a solution of 
alkoxide in alcohol placed in a flask surrounded by a jacket for the 
circulation of a thermostating liquid. After a variable time (de­
pending on the reactivity of the substrate and the concentration of 
alkoxide), the reaction mixture was poured into water and extract­
ed several times with pentane. After the mixture was dried, most 
of pentane was removed and the resulting solution (~2 ml) was an­
alyzed by glpc.

Glpc Analysis of Reaction Products. These analyses were per­
formed on a Model GI, Carlo Erba gas chromatograph, equipped 
with a flame ionization detector and using nitrogen as a carrier gas. 
The olefins were nicely separated on a 3.2 X 0.002 m column 
packed with 20% LAC-728 on 60-80 mesh Chromosorb W, at 70°. 
The retention times were as follows: allylbenzene, 1350 sec; cis-1- 
phenylpropene, 1980 sec; trans-1-phenylpropene, 3100 sec.

For the quantitative analysis of cis - and trans -1-phenylpropene 
it was necessary to use different attenuations of the detector signal 
owing to the large trans:cis olefin ratios generally observed in the 
present work. The molar response of the trans olefin with respect 
to the cis olefin was 1.14.

Acknowledgment. This work was carried out with the 
financial support of the Italian National Research Council 
(C.N.R.).
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Mucochloryl chloride (1), derived from mucochloric acid 
and thionyl chloride, is a masked acid chloride in that it ex­
ists in the 5/7- 2-furanone ring structure.1 This “ pseudo

H OH
■CHO

O +  SOCI,

acid chloride” possesses three potentially reactive halo­
gens. Nevertheless, mucochloryl chloride reacts with am­
monium hydroxide to produce the corresponding 5-hy- 
droxy-3,4-dichloropyrrolin-2-one (2).2 The corresponding 
methyl ester of mucochloric acid upon treatment with am­
monia gave the same compound 2.3 Consequently the viny­
lic chloride atoms have not been displaced.

NR,OH

We wish to report a surprising result observed in an at­
tempted reaction of mucochloryl chloride with trimethyl 
phosphite. The product of this reaction results from phos­
phite displacement of the 4-chlorine rather than the 5- 
chlorine, and is 3,5-dichloro-4-dimethoxyphosphinyl-2,5- 
dihydrofuran-2-one (3). The identity of 3 was established

0

1 +  (CH30)3P

by its infrared spectrum and comparison of its hydrogen 
decoupled 13C nmr spectrum4 with 5-methoxy-4-dimethox- 
yphosphinyl-3-chloro-2,5-dihydrofuran-2-one6 (4). The sp3 
methine carbon for 3 could easily be observed and the 
13C-C-P coupling of 12 cps compared favorably to that of 
4 where J = 16 cps. A model for one bond 13C-P coupling, 
N- phosphonomethylglycine,6 showed Jnc-P  to be much 
higher, i.e., 160 cps. The product 3 exhibits a normal lac­
tone carbonyl at 1787 cm-1. This eliminates the possibility 
of the tautomeric furan structure and confirms a 2-fura­
none structure. Dimethyl phosphite reacts with 5-methoxy-
3,4-dichloro-2,5-dihydrofuran-2-one to produce 4.5 By

comparison the reaction of 1 with .trimethyl phosphite 
would produce 3 rather than the positional isomer 5. Hy-

drolysis of 3 gave 5-hydroxy-4-dimethoxyphosphinyl-3- 
chloro-2,5-dihydrofuran-2-one (6).7 Comparison of the PF

O

nmr spectra of 3, 4, and 6 showed an identical Jp_c_c-H 
coupling constant of 2 cps. This supports the structures 
given since coupling constants of the P -C -H  type are usu­
ally much larger.8

Carbanion delocalization in the intermediate formed by 
addition of trimethyl phosphite to C-4 of mucochloryl chlo­
ride is undoubtedly a factor in the preference of the reac­
tants for this reaction pathway. Facile reversal to eliminate
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chloride from the above described intermediates, followed 
by dealkylation, produces the observed product. Ammonia, 
a much harder base than trimethyl phosphite,9 reacts more 
readily via alternative pathways not requiring intermedi­
ates stabilized by strong delocalization. Further develope- 
ment of these ideas will be presented in future publica­
tions.

Experimental Section
3.4.5- Trichloro-2,5-dihydrofuran-2-one. 10 Mucochloric acid 

(125 g, 0.74 mol) and 473 ml of thionyl chloride containing 2.0 ml 
of dimethylformamide were heated at 50° with stirring for 5 hr. 
The mixture was cooled and the excess thionyl chloride removed 
in vacuo. Distillation of the residual oil gave 117 g (84%) of prod­
uct, bp 91- (6 mm), pmr spectrum (CDCI3) & 6.66 (s, 1 H, CH).

5-Hydroxy-3,4-dichloropyrrolin-2-one (2). An aqueous mix­
ture of 13.7 ml of coned ammonium hydroxide, 10.6 g of sodium 
carbonate, and 100 ml of water was cooled in an ice bath to 0-5° 
and treated dropwise with 18.7 g (0.1 mol) of 3,4,5-trichloro-2,5- 
dihydrofuran-2-one. The resultant mixture was stirred at room 
temperature overnight and the tan solid was filtered, washed with 
cold ethanol, and refluxed with ethyl acetate to give 14.1 g (84%) of 
product: mp 166-168°; pmr spectrum (D3COD) 5 5.42 (s, 1 H, CH), 
4.70 (s, 2 H, NH2), (DMSO-dg) 5.59 (d, J = 8 Hz, 1 H, OH), 6.92 
(d, J = 8 Hz, 1 H, CH), 9.20 (s, 1 H, NH); ir spectrum (Nujol) 1689 
cm-1 (vs, carbonyl stretching). An identical material was obtained 
by the procedure of Hill, et al.3

3.5- Dichloro-4-dimethoxyphosphinyl-2,5-dihydrofuran-2-
one (3). Mucochloryl chloride (18.7 g, 0.1 mol) and trimethyl phos­
phite (12.4 g, 0.1 mol) were mixed and let stand overnight. Tri- 
methylphosphite was removed under vacuum on the steam bath 
and the residue distilled at 87-130° (3 mm) to give 7.5 g (40%) of 
mucochloryl chloride. The dark pot residue crystallized on cooling. 
Recrystallization of the residue from chloroform-petroleum ether 
(bp 30-75°) gave 8.5 g (85%) of 3, mp 90-94°. A second recrystalli­
zation gave 6.5 g: mp 96-98°; pmr spectrum (CDCI3) 5 4.0 (d, J = 
12 Hz, 6 H, CH3OP), 6.93 id, J = 2 Hz, 1 H, CH); ir spectrum 
(CHCI3) 1787 cm-1 (vs, carbonyl stretching); 13C nmr spectrum 
relation to TMS (d6-acetone). 5 55.1 (s), 88.3 (d, J = 12 cps).

Anal. Calcd for C6H7CI2O5P: C, 27.61; H, 2.70; Cl, 27.17; P, 
11.87. Found: C, 27.41; H, 2.51; Cl, 26.98; P, 11.88.

5-Hydroxy-4-dimethoxyphosphinyl-3-chloro-2,5-dihydro- 
furan-2-one (6). To 17 g (0.2 mol) of sodium bicarbonate in 200

ml of water was added 26.1 g (0.1 mol) of 3,5-dichloro-4-dimethox- 
yphosphinyl-2,5-dihydrofuran-2-one. After stirring 1-2 hr, the 
mixture was acidified and the solid collected to give 26.0 g (77%) 
crude product. This solid was recrystallized from benzene and then 
water to give 5.0 g of product: mp 124-127°; pmr (CDCI3) & 3.95 (d, 
J = 12 Hz, 6 H, CH3OP), 6.06 (br hump, 1 H, OH), 6.36 (3, J = 12 
Hz, 1H,CH).

Anal. Calcd for C6H8C106P: C, 29.69; H, 3.30. Found: C, 29.78; 
H, 3.36.

5-Methoxy-4-dimethoxyphosphinyl-3-chloro-2,5-dihydro- 
furan-2-one (4). The procedure of Malinowski, et al.,5 was fol­
lowed to yield 38.0 g (75%) of product: bp 160-165° (1 mm); pmr 
(CDC13) S 3.8 (d, J = 12 Hz, 6 H, CHsOP); 3.6 (s, 3 H, CHsO), 6.0 
(d, J = 2 Hz, 1 H, CH).

Registry No.—1, 19714-00-2; 2, 52500-03-5; 3, 52500-04-6; 4, 
37031-62-2; 6, 52500-05-7; mucochloric acid, 766-40-5; thionyl 
chloride, 7719-09-7; trimethyl phosphite, 121-45-9.

(1)

(2)

(3)
(4)
(5)

(6) 
(7)

(8)

(9)
(10)
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C o m m u n i c a t i o n s

A New Synthesis of Thiol Esters

Summary: New synthetic procedures for the direct prepa­
ration of thiol esters from carboxylic acids and thiols using 
diethyl phosphorocyanidate or diphenyl phosphorazidate 
are described.

Sir: In spite of its potential importance there is still no 
generalized method for the direct preparation of thiol es­
ters from carboxylic acids and thiols.1 We now wish to re­
port this transformation, which involves treatment of a car­
boxylic acid and a thiol with diethyl phosphorocyanidate 
(DEPC)2 or diphenyl phosphorazidate (DPPA)3 in the 
presence of triethylamine in dimethylformamide solution.

While optimum reaction conditions have yet to be estab­
lished, the results summarized in Table I reveal that pre- 
paratively satisfactory yields can be obtained under excep­
tionally mild conditions. In general, DEPC was a superior 
condensing agent to DPPA. However, the latter was better 
in the formation of thiol esters of a-amino acid derivatives. 
The successful conversion of N -benzyloxycarbonyl-L-thre-

onine to its ethyl thiol ester makes prominent the selective 
nature of the process, because its hydroxyl function was 
inert. Furthermore, a highly functionalized penicillin deriv­
ative easily afforded its thiol ester.

In a typical procedure, triethylamine (1.01 g, 10 mmol) 
was added to a mixture of pyridine-3-carboxylic acid (0.62 
g, 5 mmol), DEPC (1.63 g, 10 mmol), and n -butanethiol 
(0.65 ml, 6 mmol) in dimethylformamide (5 ml) with stir­
ring and ice cooling. The mixture was stirred at room tem­
perature for 3 hr, diluted with benzene, and worked up 
with aqueous acid (5% citric acid) and saturated aqueous 
sodium bicarbonate. The evaporated residue was purified 
by a silica gel column chromatography with n- hexane and 
ethyl acetate (9:1) to give S-n- butyl 3-pyridinecar- 
bothioate (0.85 g, 87%) as a colorless oil.

The quite interesting feature of the reaction is that the 
method can be efficiently applied to the thiol ester synthe­
sis with little, if any, racemization. Benzoyl-L-leucine2’3,4 
was converted to its ethyl thiol ester with 93% optical pu­
rity, as compared with the optically pure thiol ester which 
was prepared from tert -butyloxycarbonyl-L-leucine5 by

Table I
Preparation of Thiol Esters

NCPO(OEt)2  or N3PO(OPh)2
RCO,H + R'SH -------------------------------------

Et^N in DMF at room temp, 3 hr
RCOSR'“

No. Thiol ester b Yield, %c 'd Mp or bp (mm), °C

l PhCH2CH2COSCH2CH3 85 (75) 121 (5)
2 PhCH2CH2COSCH(CH3)2 70 121-123 (5)
3 PhCH2CH2COS(CH2)3CH3 80 (71) 125-128 (5)
4 PhCH2CH2COSPh 75 (38) 49— 51®
5 CH3(CH2)6COSCH2CH3 74 (58) 90 (3)'
6 (CH3)3CCOSCH2Ph 79 114 (4)
7 PhCOS(CH2)3CH3 95 125 (5Y

8
l ^ j r — COSiCHPjCH,

S r 87 95 (1)

9 CH3CHCHCOSCH2CH3 56 (61) 106-107''
I I

HO NHC02CH2Ph

PhOCH2CONH.
10 T T f

cr i
COSCHXHj

Trace (51)' Viscous oil

11 (CH3)2CHCH2CHCOSCH2CH3

n h c o 2c (c h 3)3

(82) 9 3 -96 '

12 (c h 3)2c h c h 2c h c o s c h 2c h 3 (83 f 118-119'

NHCOPh
a The reactions using DEPC were performed as described for the typical example given in the text. When DPPA was a condensing agent, 

an equimolecular mixture of a carboxylic acid, DPPA, and triethylamine with a slight excess of a thiol was used, unless otherwise stated. 
6 Characterized satisfactorily by spectral and elemental analysis. See paragraph at the end of paper regarding supplementary material. 
c Based on chromatographically purified materials, whose purities were checked by tic and ir and nmr spectra. d Yields in parentheses were 
obtained using DPPA. e Lit. mp 49° [J. Gosselck, H. Barth, and L. Beress, Justus Liebigs Ann. Chem., G71,1 (1964)]. t Lit. bp 94-96° (6 mm) 
[S. Okumura, M. Masumura, and T. Horie, Y&ki Gbsei Kagaku Kyokai Shi, 17, 415 (1954); Chem. Abstr., 53, 17957i (1959)]. g Lit. bp 160° 
(23 mm) [J. W. Kimball and E. E. Reid, J. Amer. Chem. Soc., 38, 2757 (1916)]. * [o ]2°d -57.6° (c 2.1, CHC13) . ' Potassium salt of phenoxy- 
methylpenicillin .(kindly donated by Mr. M. Kuramoto of Toyo Jozo Co., Ltd.) was allowed to react with 7 equiv of ethanethiol and 2 equiv of 
DPPA without triethylamine. > [« ]20d -39.6° (c 2, CHC13) . * The reaction was carried out at ca. -2 5  to -30° for 4 hr and then at 0° overnight. 
1 Optically pure sample, [a ]20D +16.8° (c 3.2, Me2CO).
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successive treatment with ethanethiol and DPP A, hydro­
gen chloride, and benzoyl chloride.

Although this investigation is still in its preliminary 
stages, the data in Table I suggest that the procedures 
herein described provide a one-step method for preparing 
thiol esters containing reactive functions under mild reac­
tion conditions.

Supplementary Material Available. Ir and nmr data for all 
compounds as well as microanalytical data for new compounds will 
appear following these pages in the microfilm edition of this vol­
ume of the journal. Photocopies of the supplementary material 
from this paper only or microfiche (105 X 148 mm, 24X reduction, 
negatives) containing all of the supplementary material for the pa­
pers in this issue may be obtained from the Journals Department, 
American Chemical Society, 1155 16th St., N.W., Washington,
D. C. 20036. Remit check or money order for $3.00 for photocopy 
of $2.00 for microfiche, referring to code number JOC-74-3302.
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Cartilagineal. An Unusual Monoterpene Aldehyde 
from Marine Alga

Summary: A unique monoterpene aldehyde, C10H11OCI3, 
has been isolated from the ether soluble extract of the red 
marine alga Plocamium cartilagineum (L.) Dixon and its 
structure has been determined from spectroscopic data.

Sir: Marine algae of divisions Rhodophyta and Phaeophy- 
ta have recently been found to elaborate antibiotics of a 
wide range of structural types.1 The essential oils from cer­
tain brown alga have been shown to contain a number of Cn 
hydrocarbons some of which exhibit gamone activity.2 Both 
red and brown algae have also been observed as possessing 
components with toxic activity,3 while very little attention 
has been given to the isolation and identification of such 
compounds.

In connection with our interest in marine chemical prod­
ucts we have examined an abundant red alga, Plocamium 
cartilagineum (L.) Dixon (Plocamium coccineum var. pa- 
cificum),4 native to the Pacific coast whose ether soluble 
components are toxic to goldfish. There are several unique 
monoterpenes in this fraction and we report below the 
characterization of an odoriferous polychlorinated alde­
hyde.

Hplc purification of the CHCI3-CH3OH (85:15) extract 
of the wet alga (2 Kg, dry weight) afforded an a,/3-unsatu- 
rated aldehyde (0.01%) as a viscous liquid [ir 3070, 2950, 
2860, 2740, 1690 cm "1; uv Xmax 245 (e 15,800, EtOH)] which 
could be distilled [Kugelrohr point, 130° (0.1 mm)] but de­
composed upon prolonged standing in air. A molecular for­
mula of C10H11OCI3 was deduced from the mass spectra:

Table I
100-MHz Pmr Data for Cartilagineal (1)

Proton 6, ppmc' Pattern6 J, Hzc Spin decoupling

h a
Hb

7.05
9.04

s
d 2.0 ir r  at Hc , s

Hc 6.49 d of dd 15.3, 2.0, 1.0 ir r  at HB, br d

h d 7.05 dd 15.3, 8.5

CJ =  15.3) 
ir r  at HE, sharp dd 

(J =  15.3, 2.0) 
ir r  at Hc , d (J =  8.5)

h e 4.47 br d 8.5

ir r  at HE, d (J =  
15.3)

h f 6.06 dd 17.0, 10.5
Hg 5.40 dd 17.0, 1.0
Hh 5.26 dd 10.5, 1.0
CHj 1.71 

“ Relative
s

to internal TMS. 6 s, singlet; d, doublet; dd, doubled
doublet; d of dd, doublet of doubled doublets.c J’s are based on a 
first-order analysis and in some cases represent close, approximate 
values.

Table II
25.1-MHz Cmr Data for Cartilagineal (1)

Cl Cl

Carbon 5, ppma
Multiple6
pattern J, Hzc

l 143.9 d 193
2 137.3 s
3 122.5 d 158
4 or 7 134.0 d 170 or 168
5 69.5 d 155
6 71.5 s
7 or 4 139.5 d 168 or 170
8 116.3 t 160
0 = C 189.3 d 175
c h 3 24.6 q 128

“ Relative to TMS. * H1 coupled spectra obtained via the alter­
natively pulsed H1 decoupling technique: 0 . Ganson and W. Shit- 
tenhelm, J. Amer. Chem. Soc., 93, 4294 (1971). c Error, ±1 Hz.

M+ 252, 254, 256, 258; M+ -  Cl 217, 219, 221; M+ -  Cl -  
HC1 181, 183; M+ -  3C1 147. The base peak M+ -  
C6H5OCI2, 89, 91 was accompanied by a less intense frag­
ment M+ — C4H6CI 163, 165, 167. These data along with 
magnetic resonance experiments (Tables I and II) enabled 
us to deduce structure 1. In particular a 3-chloro-l-butenyl

substituent was required by the mass spectral fragmenta­
tion and pmr assignments of a tertiary methyl group and a 
clean vinylic ABX pattern (J = 17.0, 10.5, and 1.0 Hz) at &
5.26, 5.40, and 6.06. On the other hand a somewhat unusual 
architecture was indicated for the enal function. The alde­
hyde proton (Hb) appeared as a sharp doublet, J = 2.0



Hz,5 derived by coupling to a vinylic proton He which was 
situated on an E disubstituted double bond (J cd = 15.2 
Hz). The other proton on this E double bond (H d ) was 
coupled to a proton on a saturated carbon (H e , 8 4.47, J de 
= 8.5 Hz), and a long range coupling o f ~1  Hz between He 
and He collapsed during spin decoupling at H e-

These J ’s and decoupling experiments (Table I) are sug­
gestive o f a rather rigid carbon framework containing the 
protons Ha, H b, He, H d, and He on carbons as sequenced 
in structure 1, and in addition a planar transoid conforma­
tion between conjugated sets of trigonal C’s provides a fa­
vorable “ W ” path for the long range 4J bc = 2 Hz.6 The 
stereochemistry about the remaining double bond is sug­
gested to be E by comparison of the observed chemical 
shift for Ha (<5 7.05) vs. that calculated from tables of sub­
stituent shielding constants7 giving H a (calculated): Z  iso­
mer, 8 7.44; E isomer, 8 7.03.

Marine algae, especially o f the genus Laurencia, have 
been observed to be a rich lode of brominated sesquiter­
penes,8 even though the marine environment has ~102 
times as much chloride vs. bromide.9 Recently, however, a 
growing list o f sesquiterpenes containing both Br and Cl 
within a spiro[5.5]undecane skeleton have been isolated 
from Laurencia. la’e’w~12 In this context cartilagineal (1) is 
quite unique because almost no halogenated monoterpenes 
have been reported from marine algal sources. In addition, 
this compound represents, to our knowledge, the first ter­
penoid from marine sources containing multiple halogens 
bonded to carbon all o f which are chlorine.13 Structurally, 
this aldehyde bears an intriguing resemblance to the tri- 
bromotrichloro monoterpene 2 isolated from the sea hare 
A plys ia  c a lif a rn ica ,14 and also observed to be a compo­
nent o f p. coccineum  collected in Southern California.15

A cknow ledgem ent. We thank Ms. J. Hanson for assis­
tance with algae identification and Mr. C. Pace and B. 
Petty for help in collections. We also thank the UCSC 
Committee on Research for support o f this research.
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A Novel Method for the Oxidation of Primary and 
Secondary Alcohols to Carbonyl Compounds

Summary: a solution of sodium dichromate and sulfuric 
acid in dimethyl sulfoxide oxidizes primary alcohols to al­
dehydes and secondary alcohols to ketones; in these oxida­
tions DMSO acts as a solvent and not as a reactant.

Sir: Recently, there has been a host of new methods re­
ported for the oxidation of alcohols to aldehydes and ke­
tones. The reagents employed are DMSO-p-toluenesulfon- 
yl chloride and methanesulfonic anhydride,1 DMSO-DCC,2 
DMSO-SO3,3 DMSO-acetic anhydride,4 DMSO-P2O5,5 
DMSO-chloroformate,6 boiling DMSO,7 DMSO-chlorine,8 
ceric ammonium nitrate in acetic acid or acetonitrile,9 N - 
chlorosuccinimide and dimethyl sulfide,10 chromium triox­
ide in pyridine11 and, earlier, chromium trioxide in ace­
tone,12 activated manganese dioxide,13 and aqueous sodium 
dichromate.14

We report here a new method for the oxidation of alco­
hols to aldehydes or ketones in 80-90% yields. This method 
is economical, efficient, and simple to operate and consists 
of treating a solution of sodium dichromate dihydrate in 
DMSO15 with an alcohol and concentrated sulfuric acid. To 
determine the role that DMSO plays in these oxidations, 
we found that oxidation of benzyl alcohol with Na2Cr207 • 
2H20  and sulfuric acid alone at 70° led to charring and the 
formation of some benzoic acid. A solution of Na2Cr207 • 
2H20  in DMSO at 70° caused only a slight oxidation of 
benzyl alcohol to benzaldehyde while the alcohol was re­
covered unchanged when heated with DMSO-H2SO4. It 
would appear, therefore, that DMSO acts as an excellent 
solvent15 and prevents further oxidation of the carbonyl 
compound7 formed and does not take part in the reaction 
as in other cases.2-7 There was no evidence of the formation 
of methylthiomethyl ethers2-8 of alcohols. Even if they had 
been formed, they would have been cleaved by the strong 
acid.2 The unique feature of this method is that commer­
cial DMSO may be used without further purification and 
the reaction takes 90 min for completion.

The following procedure represents the use of this oxida­
tion for the preparation of an aldehyde.

Benzaldehyde. To a stirred solution of sodium dichromate 
dihydrate (10 g., 0.0332 mol) in 100 g of DMSO was added benzyl 
alcohol (5.4 g, 0.05 mol). Concentrated sulfuric acid (7.2 ml, 0.133 
mol) was added dropwise, while the temperature was kept below
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Table I

Alcohol Product
%

yield

c 6h 5c h 2o h CgHjCHO 84
p-CH3OCGH4CH2OH p-CH3OCGH4CHO 87
CH3(CH2) GCH2OH CH3(CH2) gCHO 80
d l -  Menthol dZ-Menthone 85
Cyclohexylcarbinol Cyclohexylcarboxaldehyde 80
C6H5CH2CH2OH CgH5CH2CHO 82
c 6f 5c h 2c h 2o h CgF5CH2CHO 90
p- c i c gh 4c h 2c h 2o h P -c i c 6h4c h 2c h o 80
p -  CH3OCGH4CH2CH2OH P-CH3OCgH4CH2CHO 81
c gh5c h 2c h 2c h 2o h CgH5CH2CH2CHO 80
c 6h5c h = c h c h 2o h CgH5CH=CHCHO 85
c gh 5c h o h c h 3 CgH5COCH3 85
c 6h 5c h o h c 6h 5 CgH5COC6H5 85
P -c ic gh4c h o h c 6h 5 P-C1CgH4COC6H5 84
Cyclohexanol Cyclohexanone 89

70° by occasional cooling. The mixture was heated at 70° for an
additional 30 min, when it became dark green. It was poured on ice 
and extracted three times with 100 ml each of ether; the combined 
ether extract was washed once with sodium bicarbonate solution 
and once with water and dried over anhydrous magnesium sulfate. 
The solvent was evaporated and the remaining oil distilled to give 
4.5 g of benzaldehyde (bp 179°), 2,4-dinitrophenylhydrazone mp 
237°.

This method with a slight modification is applicable to 
the preparation of arylacetaldehydes from 2-arylethanols 
which, when oxidized with ceric ammonium nitrate, give 
substituted benzaldehydes.16 Similarly, 3-phenyl-l-propa- 
nol, 1-phenylethanol, and cinnamyl alcohol were oxidized 
to the corresponding carbonyl compounds in 80-85% yields. 
Table I contains a number of alcohols which were oxidized. 
All the carbonyl compounds were characterized by their 
boiling points (or melting points) and 2,4-dinitrophenylhy- 
drazones.

It may be pointed out that DMSO-Cr03 and DMSO- 
K2Cr207 systems also worked in the case of benzyl alcohol. 
The scope of these oxidation methods to various alcohol 
systems is currently under investigation and will be re­
ported later.
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Single-Crystal Analysis of
1- Benzyl-2-phenyl-4,5-dimethylphospholan-3-one

1-Oxide. Evidence for the Enol Form 1-Benzyl -
2- phenyI-3-hydroxy-4,5-dimethylphosphol-2-ene

1-Oxide

Summary: An X-ray diffraction analysis of the title com­
pound clearly indicates the existence of the enol form and 
the stereochemistry at P—*0 and CH3 at C(5) to be cis and 
the CH3 groups at C(5) and C(4) to be trans.

Sir: In a recent pmr and 31Pmr study1 of several substitut­
ed phospholan-3-one 1-oxides, it was strongly suggested 
that the oxide I existed to a considerable extent in the enol 
form 2 in DCC13 and-had the stereochemistry as illustrated.

Molecular models also favored the cis relationship of P -*0  
and CH3 at C(5) and trans relationship of the two CH3 
groups.2''4 We wish to report the first single-crystal analysis 
of the enol title compound, mp 181-183°.

The space group is orthorhombic Pc2\b (no. 29) with 
unit cell dimensions of a = 8.1319 (6), b = 8.5671 (7), and c 
= 24.081 (3) A for C19H21O2P. The integrated intensities of 
1852 independent reflections were taken on a CAD-4 auto­
matic diffractometer, using CuKa (X = 1.5418) radiation. 
This constitutes all the independent data with 6 < 75°. The 
structure was solved from a Patterson synthesis and the 
heavy atom method, and was refined by block-diagonal 
least-square methods. The final R value [I? = ( 2| |FrJ — 
|F<J|)/2F0 is 0.035.

Bond lengths and angles are given in Figure 1. The stan­
dard deviations of the P-C distances are between 0.002 and 
0.003 A. The standard deviations of the C-C distances are 
between 0.003 and 0.005 A. All other results are on the fig­
ure. Figure 2 is a 3-D representation of the molecule.

First, it is apparent that the C(2)-C(3) bond is quite near 
that of an alkene linkage in length and that 2 is the tau­
tomer in the solid state. Strong intermolecular H bonding 
is evidenced by an 0 - 0  distance of 2.593 A between two 
molecules. Thus, it is strongly suggested that C(2) and C(3) 
are very close to sp2 hybridized. This can be deduced from 
the observation that the sum of the three bond angles 
around the atoms is 360.0 and 359.9°, respectively. There 
is, however, a small rotation around the C(2)-C(3) bond as- 
indicated by the conformational angle of 8° for the atoms 
PC(2)C(3)C(4). This probably is correlated with the obser-
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C(4')

Figure 1. Molecular structure of l-benzyl-2-phenyl-3-hydroxy- 
4,5-dimethylphosphol-2-ene 1-oxide (2). Molecular dimensions are 
P-C(2) = 1.776, P-C(5) = 1.822, P -C (ll)  = 1.819, P -O (l) = 1.506, 
C (ll)-C (12) = 1.521, C(2)-C(3) = 1.356, C(2)-C(21) = 1.477, 
C(3)-C(4) = 1.505, C(3)—0(3) = 1.337, C(4)-C(5) = 1.551, C(4)- 
C(4') = 1.534, C(5)-C(5') = 1.530, mean phenyl C-C for C(12) ring 
= 1.381, mean phenyl C-C for C(21) ring = 1.385 Â; angles are 
PC(2)C(3) = 108.2, PC(2)C(21) = 123.7, C(3)C(2)C(21) = 128.1, 
C(2)C(3)C(4) = 118.9, C(2)C(3)0(3) = 122.8, C(4)C(3)0(3) = 
118.2°.

vation that the C(2)-C(3) distance (1.357 A) appears to be 
slightly longer than a pure alkene bond.

Second, the stereochemistry regarding the methyl groups 
at C(4) and C(5) with respect to P—*0 is confirmed as trans

and cis, respectively. Thus, coupling of J pch = 7 Hz [P-*-0
and H(5) are trans] is in good agreement with the J pch =
6.50 Hz for 3.5 On the basis of our stereochemical data

[around C(4), C(5), and P-*-0] for 2, support is also ad­
vanced for the argument611 that the CH3 group is trans to 
the P-*-0 function in 4 which has a 13C resonance more 
deshielded than in the cis arrangement in 3.

To our knowledge, this structural study is the first re­
corded on a 3-hydroxyphosphol-2-ene system. Comparison 
of the dimensions in 2 with those in l-chlorophosphol-2- 
ene 1-oxide (5)6 and 1-benzylphosphole (6)7 is instructive.

5 6 7

Interestingly, the P-C(sp2) bond length (1.776 A) in 2 is 
only slightly shorter than the counterpart in 5 (1.791 A)6 
and in 6 (1.783 A, average value).7 In contrast, the P-C(sp3) 
bond length (1.822 A) is longer in 2 than in 5 (1.791 A) and 
in 1-hydroxyphospholane 1-oxide (7) (1.786 A, average 
value).8 In our opinion, the role of d orbitals on phosphorus 
in the C-P bonding of these systems is poorly understood. 
Consequently, speculation as to the magnitude of electron­
ic effects of alkyl, hydroxy, or halogen groups attached to P 
on a geminal P-C(sp2) or P-C(sp3) bond length must await 
more quantitative data on the bonding properties.

Recent chemical and spectral evidence indicates high 
enolic content of 8.9 A search of the literature revealed no

8

other examples of the family or of the closely related fami­
ly, 1-substituted 3-hydroxyphosphole 1-oxides (9). Though 
no information could be found on the somewhat analogous 
sulfoxide or sulfone, the data on highly unstable 10 suggest

9

an approximate 1:1 ratio of keto and the enol tautomer by 
ir (liquid film) studies.10 Pmr analysis of relatively stable 
11 gave a 1:4 ratio of 11 to its enol form.11 Quite probably, 
stabilization of the C = C -C = 0  system increases the pro­
pensity for generation of the suspected less stable keto 
form in solution. Unfortunately, no X-ray analysis of any 
member of these families could be uncovered. The rarity of 
the 2-phospholen-3-ole structure and the fact the O- and 
C-alkylation appears to be sterically influenced1 should 
stimulate interest in the family as starting materials for 
C-P heterocycles with possible biological activity.12
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Addition of Hydrogen Bromide 
to 1-Trimethylsilyl-l-alkynes.

A Convenient Synthesis of 2-Bromo-l-alkenes

Summary: The reaction of anhydrous HBr with terminal 
trimethylsilylalkynes is a rapid free-radical reaction result­
ing in the elimination of the trimethylsilyl group as the ha­
lide and the production of 2-bromo-l-alkenes in high yield; 
a series of alkynes were studied and some mechanistic de­
tails elucidated; the method represents a significant im­
provement in the synthesis of 2-bromo-l-olefins over exist­
ing literature methods.

Sir: For the purposes of other synthetic work, we required 
a method for the preparation of several isomeric substitut­
ed bromovinylsilanes (e.g., /3-bromo isomer 1). One ap­
proach to the synthesis of 1 was the addition of hydrogen 
bromide to 2 in the presence of free-radical initiators like 
benzoyl peroxide. Previous workers had documented the 
free-radical addition of hydrogen bromide to trimethylsil- 
ylacetylene itself.1 However, upon exposure of 2, prepared 
from lithio-l-pentyne2 and trimethylsilyl chloride, to ex­
cess anhydrous hydrogen bromide under conditions similar 
to those previously used, no products of the volatility ex­
pected for 1 were isolated. On closer examination, the 
major product was identified as 2-bromo-l-pentene (3).3 
This curious result led us to investigate this process fur­
ther.

LA7 v 3n 7

\  Y
\

SUCIU
2 3

Addition of hydrogen bromide to terminal acetylenes is 
known to produce exclusively 1-bromo-l-alkenes, along 
with varying amounts of 1,2-dibrominated material.4 Ionic 
addition, while extremely sluggish, leads to the 2-bromo 
isomer in poor yield as well as other dibrominated materi­
als.5 The apparent rapidity of the reaction with 2 suggested 
that a radical mechanism was involved.

When the total reaction mixture was examined, another 
substance produced in about the same amount as the 
bromo olefin was isolated and identified as trimethylsilyl 
bromide. We were led to postulate the mechanism shown in 
Scheme I. The first step of this mechanism is supported by

Scheme I
Si(CH3).

X
C3H7

HBr

(radical)

B r B r B r

A .  HBr , X ,
 ̂X? 1 (radical)

Si(CH3)3
1

c3h7 j
Si(CH3)3

|H+ I " '
B r ^ + / S i(CH3)3 Br. B r 

J D — CH2 — ► + (CH3)sSiBr
c3h7 c3h7x

the following data: (1) no addition occurs with anhydrous 
hydrogen chloride;6 (2) addition of 2,6-di-teri-butyl-4- 
methylphenol (BHT), a known radical inhibitor, results in 
complete inhibition of the reaction with hydrogen bromide;
(3) under carefully controlled conditions up to 60% of the 
mono addition product (1) can be isolated; (4) as men­
tioned above the expected stoichiometric quantities of tri­
methylsilyl bromide were isolated.

There are two likely mechanistic pathways for the sec­
ond (and succeeding) step(s) from bromovinylsilane (1), 
ionic or radical as shown. We have established that 1 is 
transformed by hydrogen bromide to 2-bromoolefin with 
high efficiency. Our efforts to inhibit this very rapid con­
version have been unsuccessful. However, the transforma­
tion does not occur upon treatment with anhydrous hydro­
gen chloride contrary to expectation if the reaction were 
proceeding by an ionic pathway. While we cannot absolute­
ly rule out an ionic pathway, the radical pathway seems 
most likely. The final 3 elimination of trimethylsilyl ha­
lides is well documented7 and has been used recently in a 
synthesis of 1-bromo olefins.8 Although 3 eliminations of 
this type usually proceed via an ionic pathway, there is no 
evidence to preclude a radical or thermal pathway.7

Since a search of the literature led us to the conclusion 
that few viable synthetic routes to functionalized 2-bromo-
l-alkenes exist,5'9 we subjected a representative series of 
trialkylsilylacetylenes to anhydrous acid treatment as pre­
viously described. The results may be found in Table I.

It was found on a preparative scale that reactions may be 
run neat at 0° if the acetylene is a liquid, in solvents such 
as pentane and hexane (reaction rate is reduced), and in
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Table I ________________________
% yield

Acetylene® Halo olefin^ (isolated)

Br
CjĤ ĈSifCĤ  I 85°

C3H,C=CH2

Br
1 / H an1C3H,C=<^ 60

Si(CH3)3
Br

C,H3C=CSi(CH3)3 1
c,h9c = ch2

94e

Br
CsH„C=CSi(CH3)3 1

CjH„C=CH2
90

Br
CeHuC^CSifCHA 1

CfH,3C=CH 2
80

CH3 JCHA
/C H  C*»CS(CBU, 

ch3

Br
1

<CH3)2CH(CH2),C=CH2
76

^SifCHA
ch3 s *

0 -1  -CH2< D - î o W  
V ° 5

CH3 Br 

0 ^ ( C H 2)3' ^ / B r
66

/  Si (CH3)3

Dew" 83
6 7

CHjOOC-
(CH2)eC=CSi(CH3)3

Br

CH3OOC(CH2)8C=CHo 61

a Prepared from commercially available acetylenes. 6 was pre­
pared from cyclohexane-1,3-dione by straightforward methods. 
6 Identified by comparison with authentic samples or by compari­
son of reported literature data. All compounds had consistent ir 
and nmr spectra and new compounds had acceptable elemental 
analyses. c Yields were determined by vpc (6 ft, 5% SE-30 at
25-75°) by comparison with an internal standard (the appropriate 
ra-alkane). a Reaction conducted in pentane at 0°, with hydrogen 
bromide; addition terminated when product formation was at 
maximum (monitored by vpc). The remainder were treated with 
hydrogen bromide at 0° for 15-30 min neat or as pentane solutions.

the absence of any peroxide initiators. The presence of per­
oxides is not required, and in fact is somewhat deleterious, 
in that the peroxide induces further addition to the 2- 
bromo olefins leading to 1,2-dibromoalkanes.4

This reaction has the possibility of being feasible for the 
large-scale production of 2-bromo olefins since the expen­
sive trialkylsilyl halide may be nearly quantitatively recov­
ered and recycled. The net conversion then requires only a 
base and anhydrous hydrogen bromide, and the yields are 
quite high.

Since trialkylsilylacetylenes are inert to aqueous mineral 
acids and anhydrous hydrogen chloride, as well as to cer­
tain reducing conditions,10 the halo olefin can be produced 
when required without the restriction of acid sensitivity in 
the precursor. Facile removal of ketals occurs under the 
conditions leading to bromo vinyl ketones as is indicated 
by the latter entries in Table I. Vinyl halides such as these 
have found use in the synthesis of polycyclic compounds 
such as 4 by treatment with lithium dibutylcuprate.11 An

H

apparent limitation upon the method was encountered 
when trimethylsilyl-6-heptyn-2-one ethylene ketal (5) was 
utilized. We were unable to control the addition which led 
exclusively to 6,7-dibromo-2-heptanone. Conceivably, par­
ticipation of the carbonyl oxygen in an assisted addition is 
responsible for the observed result. This conclusion is cor­
roborated by the successful conversion of 6 to 7 where in­
tramolecular participation is not possible.
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C r o w n  E t h e r s
H o w  t o  d i s s o l v e  a l k a l i  m e t a l  s a l t s  

i n  o r g a n i c  s o l v e n t s

Since the discovery of their remarkable ability to solubilize 
alkali metal salts in non-polar solvents, crown ethers,1“’* a class 
of macrocyclic polyethers, have found novel application in syn­
thesis. The new crown ether, 18-crown-6, promises even greater 
synthetic utility by virtue of its increased complexing ability.2 
For example, in acetonitrile or benzene effective solvation of the 
potassium ion of potassium fluoride by 18-crown-6 results in a 
highly reactive fluoride ion (“ naked” fluoride).2 “Naked” 
fluoride is a potent base and nucleophile,2 being capable of con­
verting a variety of alkyl, acyl, or activated aryl halides to their 
respective fluorides in good yields.

CH3(CH2)6CH2Br ."F. 18-cro»n-6 t CH3(CH2)sCH2F (92%)
CH.CN CHj(CH2)5CH=CH2 (8%)

In the presence of dicyclohexyl-18-crown-6, potassium per­
manganate readily dissolves in benzene to form a purple solu­
tion (“ Purple Benzene”)3 which oxidizes alcohols, olefins, 
aldehydes and aralkyl hydrocarbons in excellent yield under 
neutral conditions.

crown ether, benzene 
room temp

HjC-Cv__

H3C -P L  Ü

90%, cis (40-60% with no crown ether 
in an aqueous system)

Alkoxysulfonium salts, formed by alkylation of sulfoxides 
with Magic Methyl® (methyl fluorosulfonate), are readily 
reduced with sodium cyanoborohydride in the presence of 
crown ethers4 to give sulfides in excellent yield. Similarly, /3- 
ketosulfoxides are reduced to /3-ketosulfides,4 whereas extensive 
decomposition occurs in the absence of the crown ether, 

o o

(2) NaCNBHj. crown ether

O
II

R-C-CHj-S-R'

Phenacyl esters which are difficult to obtain in good yield us­
ing classical procedures are easily formed by refluxing a benzene 
or acetonitrile-suspension of acyl salt, crown ether and a- 
bromoacetophenone.

o
IIR-COK

o
IIBrCH;CPh 

crown ether, CH3CN

O O
R -t !-0 -C H 2-Üph

90% yield

The alkylation of acetoacetic ester enolates gives less O- 
alkylated product in the presence of a crown ether,5 especially in 
weakly polar solvents. Dicyclohexyl-18-erown-6 markedly 
changes the rates and stereochemical course6 of alkoxide- 
catalyzed carbanion-generating reactions; e.g., the reaction of 5- 
decyl tosylate with potassium alkoxides7 produces more trans 
olefin in the presence of dicyclohexyl-18-crown-6. Crown ethers 
also find application in the resolution of a-amino acids8 and 
show promise for the preparation of organometallics9 by 
catalyzing the reaction between metals and C-halogen or acidic 
C-H compounds. The potassium hydroxide complex of dicyc!ohexyl-18-crown-6 reacts with o-dichlorobenzene10 to 
give o-chloroanisole in 40-50% through a non-benzyne 
mechanism. Finally, crown ethers may be contrasted with our a- 
and /3-cyclodextrins. While the cyclodextrins have a lipophilic cavity and hydrophilic shell the reverse is true of the crown 
ethers.11
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