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(0.072 g, 0.66 mmol). The reaction mixture was refluxed for 68 
h and then stirred at room temperature for 24 h. The solvent 
was removed in vacuo. The NMR (CDC13) spectrum of the 
solid residue contained signals for the biisophosphindoline 8,d 
-12.4, the biisophosphindoline monoxide 6,6 -1.81 and +53.1 (d, 
3Jpp = 24.4 Hz) and an upfield signal at 6 -60.6, which on proton 
coupling had JPH = 175.8 Hz and was presumed to be that of a 
secondary phosphine not further examined. 

1-[ 1-( 2-Phenyl)isophosphindolinyl]-2-phenyliso- 
phosphindoline 2-Oxide (6). To 100 mL of dry benzene was 
added pyridine (1.797 g, 13.26 mmol) and trichlorosilane (0.599 
g, 4.42 mmol) under N2 at 0 "C. After 20 min dimer 3 (0.400 g, 
0.884 mmol) was added to the mixture. The mixture was stirred 
for 48 h under N2 and then cooled in an icewater bath while being 
hydrolyzed with 30 mL of 30% NaOH. The aqueous layer was 
separated and extracted with two 20-mL portions of benzene. The 
combined organic layers were dried over MgSO, and concentrated 
under vacuum. The light yellow oil was dissolved in 5 mL of 
chloroform and a small amount of silica gel was added to the 
solution. After being stirred for 10 min the solution was filtered 
and concentrated to give 0.164 g of 6 (44.1%) as an oil not readily 
crystallizing. 31P and 13C NMR data are given in Table I. Anal. 
Calcd for Cz,H2,0P2: m/z 438.1303. Found: m/z 438.1306. 
2,2'-Diphenyl-l,l'-biisophosphindoline tf'-Dioxide (7). To 

compound 6 (0.164 g, 0.374 mmol) in 0.3 mL of CDC1, was added 
an excess of tert-butyl hydroperoxide. The 31P NMR spectrum 
(6 +53.4) indicated a quantitative conversion of 6 to the dioxide 
7 as an oil not readily crystallizing. 13C NMR data are given in 
Table I. Anal. Calcd for C2sH,02Pz: m/z 454.1252. Found m/z 
454.1253. 

Registry No. 1, 102979-51-1; 3, 102979-52-2; 6, 102979-53-3; 
7, 102979-54-4; 8,102979-55-5; phenylsilane, 694-53-1; trichloro- 
silane, 10025-78-2. 
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Samples of 3,4-, 45-  and  5,6-benzannelated analogues 
1-3 of 2-pyridinealdoxime methiodide (2-PAM; 4) were 
desired to  assess regiostructure-activity relationships of 
hydrophobic areas near the anionic site of the  enzyme 
acetylcholinesterase. Enhanced hydrophobic binding in 
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an  appropriate analogue may provide for greater efficacy 
in the  displacement of covalently bonded organo- 
phosphates from the enzyme. Isoquinoline quaternary salt 
2 is unknown; 1 is known, but  synthetic methodologies 
have not been described,' and the  pharmaceutically de- 

sirable quinoline quaternary iodide 3a has not been re- 
ported. The  quaternary perchlorate salt 3b has been de- 
scribed as an  intermediate for the  synthesis of mono- 
methine cyanine dyes? Several methods for the synthesis 
of 3a are compared in this article. 

Results and Discussion 
Quaternization of quinoline-2-carboxaldehyde (5) or its 

oxime 6 would seem to represent a straightforward ap- 
proach leading to the synthesis of 3a. Aldehyde 5 is readily 
prepared by the  oxidation of quinaldine3 or by the hy- 
drolysis of 2-dibromomethylq~inoline.~ The oxime 6 is 
available from 55 or by reacting hydroxylamine hydro- 
chloride with 2-dibromomethylquinoline (23% yield). 
However, quaternization of 5 with iodomethane a t  60 "C 
in a pressure bottle for 50 days provides 9 in only 26% 
yielda6 Earlier attempts t o  quaternize oxime 6 were un- 
suc~ess fu l .~  

Quaternization reactions are known to be accelerated 
by polar aprotic solvents of high dielectric constant: and 
nitromethane has been found to  be the  solvent of choice 
for quaternizing pyridine aldoximes tha t  are difficult t o  

However, we observed tha t  methylation of 6 
with CHJ in nitromethane yields the nitrone hydriodide 
7 (33% yield) rather than 3a.'OJ1 

5 , R = C H O  
6,  R :CH=NOH 
7, R :cH=F;-o-*HI 

I 
CH3 

6, R :CH(OCH3)2 

0 ,  R =CHO, X :I 
10, R = CH(OCH3)2. X =I 
11, R sCH(OH)2 ,X= I  
12.R :CH=NOH.X:Ir  

Although approaches leading t o  3a via quaternization 
of 5 or 6 were clearly unsatisfactory, quaternization of 
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(2) Mee, J. D. Res. Discl. 1979, No. 182, 301-303; Chem. Abstr. 1979, 
Chem. 1963,28, 1411-1413. 
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(8) (a) Zoltewicz, J. A.; Deady, L. W. In Advances in Heterocyclic 
Chemistry; Katritzky, A. R., Boulton, A. J., Eds.; Academic: New York, 
1978; Vol. 22, pp 71-121. (b) Duffin, G. F. In Aduances in Heterocyclic 
Chemistry; Katritzky, A. R., Boulton, A. J., Lagowski, J. M., Eds.; Aca- 
demic: New York, 1964, Vol. 3, pp 1-56. (c) Goerdeler, J. In Methodicum 
Chimium; Zymalkowski, F., Ed.; Academic: New York, 1975; Vol. 6, pp 
625-636. (d) Auriel, M.; de Hoffman, E. J. Am. Chem. SOC. 1975, 97, 
7433-7437. (e) Abraham, M. H. J. Chem. Soc., Chem. Commun. 1969, 

(9) Profft, E.; Kruger, G. Wiss. Z .  Tech. Hochsch. "Carl Schorlemmer" 
Chem. Leuna-Merseburg 1959/1960,2,281-283; Chen. Abstr. 1961,55, 
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(10) Details of methylation of 6 yielding 7 and characterization of the 
free base of 7 by mass spectra analysis and unequivocal synthesis are 
given as supplementary material. 

(11) (a) For a similar observation, see: Hackley, B. E., Jr.; Poziomek, 
E. J.; Steinberg, G. M.; Mosher, W. A. J.  Org. Chem. 1962,27,4220-4222. 
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29, 1745-1748. A (hydroxyimino) methyl group at  the 2-position of 
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acetal 8, prepared from aldehyde 5 in 80% yield, proceeded 
in a facile manner to give acetal methiodide 10 in 64% 
yield. Acetal or ketal formation is known to facilitate 
quaternization of pyridine-2-carboxaldehyde and related 
heterocyclic systems,12 possibly owing to partial neutral- 
ization of the deleterious electron-withdrawing properties 
of the C=O functionality and mainly because of the 
greater rotational freedom for the acetal group providing 
a concomitant decreased steric crowding in the approach 
of the electrophile to nitrogen. 

Hydrolysis of acetal 10 afforded aldehyde hydrate 11 
(NMR, IR), which upon oximation produced 3a in 20% 
overall yield. The direct conversion of 10 to 3a could be 
carried out by effecting the hydrolysis of 10 in the presence 
of hydroxylamine hydrochloride. A maximum yield of 
45% of the desired oxime 3a could be achieved by con- 
ducting the reaction in 6% aqueous HCl solution at 100 
"C for 90 min. In stronger acid medium (18% aqueous 
HCl), the yield of 3a dropped to 24% due to the formation 
of a water insoluble oxime triiodide 12 (35% yield). This 
product was identical in all respect with the triiodide 
prepared from 3a by treatment with 12/KI. Formation of 
12 from 10 increases with longer reaction times, higher 
temperatures and greater concentrations and is a conse- 
quence of the oxidation of I- by hydroxylamine hydro- 
chloride in aqueous HC1 s01ution.l~ Similarly, quinaldine 
methiodide (13) may be converted to the triiodide 14 by 
reaction with Iz/KI,'4 HI/NaNO2l4 or hydroxlamine hy- 
drochloride in aqueous HCl solution. 

Oxime 3a also was prepared by the hydrolysis and ox- 
imation of known aldimines 1514 and 1616 in 58% and 20% 
maximum yields, respectively. Again, triiodide 12 is a 
byproduct whose formation is dependent upon reaction 
conditions previously described. This method of prepa- 
ration of 3a has the better overall yield and involves the 
fewest steps from commercially available and inexpensive 
quinaldine. 

Experimental Section 
Melting points were determined in open capillaries with a 

Thomas-Hoover Uni-Melt apparatus and are uncorrected. In- 
frared spectra were recorded with a Beckman Model 4230 spec- 
trophotometer. Nuclear magnetic resonance spectra were obtained 
on a Bruker WP-80 or HX-9OE spectrometer. Chemical shifts 
are reported in 6 units relative to tetramethylsilane in CDC1, or 
to the solvent lock signal a t  6 2.49 in MezSO-ds. Mass spectra 
were recorded at 70 eV on a Kratos MS-30 mass spectrometer. 
Elemental analyses were performed by Galbraith Laboratories, 
Inc., Knoxville, TN. 
1-Methyl-2-(dimethoxymethy1)quinolinium Iodide (10). 

A thin stream of gaseous HC1 was bubbled through a refluxing 
solution of 472 mg (3.0 mmol) of quinoline-2-carboxaldehyde (5) 
in 10 mL of MeOH for 30 min. The mixture was cooled to room 
temperature and stirred cautiously into a cold saturated solution 
of K&O3 in 25 mL of HzO. The oil that separated was extracted 
with 3 x 25 mL of CHCl, and dried (Na2S04). The solvent was 
removed under reduced pressure to obtain 490 mg (80%) of 
2-(dimethoxymethy1)quinoline (8) as an oil: 'H NMR (CDC1,) 
6 3.48 (s, 6 H, 2 Me), 5.51 (8,  1 H, acetal CH), 7.4-8.3 (m, 6 H, 
Ar H). 

(12) (a) Schraufstatter, E. Angew. Chem., Int. Ed. Engl. 1962,1, 593. 
(b) Bradsher, C. K.; Parham, J. C. J. Org. Chem. 1963,28, 83-85. (c) 
Breslow, R.; McNeils, E. J. Am. Chem. SOC. 1960, 82, 2394-2395. (d) 
Herrador, M. M.; Saenz de Buruaga, J.; Suarez, M. D. J. Med. Chem. 
1986,28, 146-149. 

(13) Mellor, J. W. A Comprehensiue Treatise on Inorganic and The- 
oretical Chemistry; Longmans, Green and Co.: London, 1931; Vol8, p 
2RR 

(14) Adams, J. B.; Cymerman-Craig, J.; Ralph, C.; Willis, D. Aost .  J. 

(15) Das, B.; Patnaik, B. K.; Rout, M. K. J. Indian Chem. SOC. 1960, 
Chem. 1955,8, 392-402. 

37, 603-610. 

A solution of 49 mg (2.41 mmol) of the acetal 8 in 2.0 mL of 
nitrobenzene was treated with 2.0 mL (32.13 mmol) of CH,I, 
stirred, and heated under reflux at 80 "C for 24 h. The reaction 
mixture was cooled to room temeprature, and the solid was fil- 
tered, washed with anhydrous EhO, and dried. Recrystallization 
from MeOH-EtOAc afforded 530 mg (64%) of 10 as pale yellow 
crystals: mp 160-162 "C dec; IR (KBr) 1585,1030 cm-'; IH NMR 
(MezSO-ds) 6 3.51 (s,6 H, 2 Me),4.61 (s,3 H, NCH3),6.21(s, 1 
H, acetal CH), 7.9-9.4 (m, 6 H, Ar H). Anal. Calcd for 
C13Hl,JNOp: C, 45.23; H, 4.67; I, 36.77; N, 4.06. Found: C, 44.98; 
H, 4.61; I, 37.03; N, 4.01. 

Hydrolysis and Oximation of Acetal Methiodide 10. 
Method I. A solution of 100 mg (0.29 m o l )  of acetal methiodide 
10 in 1.0 mL of 10% HCl solution was refluxed for 90 min, cooled 
to room temperature and evaporated to dryness under reduced 
pressure. Trituration of the residue with anhydrous EkO afforded 
71 mg (77%) of 2-(dihydroxymethyl)-l-methylquinolinium iodide 
(11) as a pale brown powdery solid, which softens and slowly 
decomposes above 175 "C: IR (KBr) 3600-2800, 1625 cm-'; IH 
NMR (Me8O-d,) 6 4.61 (s, 3 H, NCH,), 6.43 (br, 1 H, CH(OH),), 
7.9-9.4 (m, 6 H, Ar H). 

Hydroxylamine hydrochloride (18 mg, 0.26 "01) was dissolved 
in 0.1 mL of HzO and neutralized with 14 mg (0.13 mmol) of 
NaZCO3. To the resulting solution was added 20 mg (0.06 mmol) 
of the crude 11. The mixture was triturated, diluted with 0.1 mL 
of HzO and heated on a steam bath for 5 min. The reaction 
mixture was cooled to room temperature, clarified by filtration, 
and cooled in a refrigerator to yield 5 mg (25%) of 3a, which was 
identical with the sample of 3a obtained by Method 11. 

Method 11. To a solution of 104 mg (0.30 mmol) of acetal 
methiodide 10 in 1.9 mL of HzO were added 0.38 mL of con- 
centrated aqueous HCI and 63 mg (0.90 mmol) of hydroxylamine 
hydrochloride. The mixture was heated with stirring under reflux 
at 100 "C for 90 min. The solid obtained on cooling was filtered, 
recrystallized from HzO, and dried under reduced pressure at 60 
"C for 6 h to obtain 42 mg (45%) of quinoline-2-aldoxime 
methiodide (3a) as pale yellow crystals: mp 212-214 "C dec; IR 
(KBr) 3200-2800, 1590, 1350, 1010 (=NOH) cm-'; 'H NMR 
(Me2SO-dd 6 4.55 (s,3 H, NCH,) 7.9-9.2 (m, 7 H, Ar H, CH=N), 
13.55 (br, 1 H, =NOH); MS, m / e  (relative intensity) 169 (loo), 
154 (701, 128 (25). Anal. Calcd for CI1HI1IN2O: C, 42.06; H, 3.53; 
I, 40.40; N, 8.92. Found: C, 42.24; H, 3.67; I, 40.15; N, 9.08. 

Method 111. To a solution of 104 mg (0.30 mmol) of acetal 
methiodide 10 in 1.14 mL of HzO were added 1.14 mL of con- 
centrated aqueous HC1 solution and 63 mg (0.90 mmol) of hy- 
droxylamine hydrochloride. The mixture was heated in an oil 
bath at 100 "C with stirring under reflux for 90 min. The reaction 
mixture was cooled to room temperature, and the brown solid 
that separated was filtered, dried, and extracted with EtOAc. The 
extract was dried (NaaOJ and evaporated under reduced pressure 
and the residue crystallized from absolute EtOH, affording 20 
mg (35%) of 12 as shiny dark brown crystals; mp 170-172 "C dec. 
The product was identical with 12 prepared from 3a. The aqueous 
filtrate was cooled in a refrigerator, and the resulting solid was 
combined with the EtOAc insoluble fraction which was crystallized 
from HzO to yield 23 mg (24.0%) of 3a. 

Hydrolysis and Oximation of Aldimine 15. A suspension 
of 748 mg (2.0 mmol) of 15 in 2.0 mL of HzO was treated with 
2.0 mL of concentrated aqueous HCl solution and stirred. To 
the resulting solution was added 417 mg (6.0 mmol) of hydrox- 
ylamine hydrochloride. The mixture was stirred at  room tem- 
perature for 30 min. The solid obtained was fiitered, washed with 
ice-cold HzO, and dried. Crystallization from H20 afforded 363 
mg (58%) of 3a. 

Hydrolysis and Oximation of Aldimine 16. A stirred sus- 
pension of 4.17 g (10.0 m o l )  of 16 in 25.0 mL of HzO was treated 
with 10.0 mL of concentrated aqueous HCl solution followed by 
2.09 g (30.0 mmol) of hydroxylamine hydrochloride. The mixture 
was stirred at room temperature for 24 h and cooled, and the solid 
obtained was filtered, dried, and extracted with EtOAc (4 X 50 
mL). The EtOAc insoluble residue was crysallized from HzO 
(charcoal) and dried under reduced pressure to yield 630 mg (20%) 
of 3a. 

Concentration of the EtOAc solution under reduced pressure 
and recrystallization of the residue from absolute EtOH (charcoal) 
yielded 57 mg (3%) of the oxime triiodide 12. 
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24 (Hydmxyimino)methyl]-l-methylquinolini~ Triiodide 
(12). A solution of 94 mg (0.30 mmol) of the oxime methiodide 
3a in 7.0 mL of MeOH was vigorously stirred with a solution of 
91 mg (0.36 mmol) of Iz in 6.0 mL of 20% aqueous KI solution 
at room temperature. After 1 h at room temperature, the solid 
obtained was fiitered, dried, and crystall id from absolute EtOH, 
yielding 88 mg (52%) of triiodide 12 as brown, shiny crystale: mp 
171-173 "C; IR (KBr) 3300 (OH), 1595 (C=N), 1005 (=NOH) 
cm-';'H NMR (MezSO-d6) 6 4.55 (8,  1 H, NCH3), 7.9-9.2 (m, 7 
H, Ar H, CH=N), 13.55 (s, 1 H, =NOH). Anal. Calcd for 

H, 1.98; I, 66.73; N, 4.97. 
Reaction of 1,2-Dimethylquinolinium Iodide (13) with 

Hydroxylamine Hydrochloride. To a solution of 86 mg (0.30 
"01) of 1,2-dimethylquinolinium iodide (13) in 1.14 mL of HzO 
were added 1.14 mL of concentrated aqueous HC1 solution and 
63 mg (0.90 "01) of hydroxylamine hydrochloride. The mixture 
was refluxed for 90 min, cooled to room temperature, and the solid 
obtained was filtered, washed with HzO, and dried. Crystallization 
from MeOH yielded 9 mg (17%) of dark brown crystals, mp 
141-143 "C. The compound was identical in all respects with an 
authentic sample of 1,2-dimethylquinolinium triiodide (14) pre- 
pared according to the literature method:14 IR (KBr) 1615,1525 
cm-'; 'H NMR (MezSO-d6) 6 3.08 (8, 3 H, CH3 at Cz), 4.45 (8 ,  3 
H, CH3N), 7.9-9.2 (m, 6 H, Ar H). 
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In the previous paper in this series we discussed various 
oxidation reactions of taxol la and the products resulting 
therefrom.' In this paper we turn our attention to the 
preparation and reactions of baccatin I11 (2), the di- 
terpenoid nucleus of taxol. 

A key component of our studies on structure-activity 
relationships in the taxol area is the preparation of taxol 
analogues with modified C-13 ester side chains. One way 
of preparing these analogues is by the preparation of an 
appropriate side chain and its attachment to the C-13 
position of baccatin I11 (2) (Chart I). Baccatin 111, how- 
ever, is only available in low yield by isolation from the 
yew Taxus baccata,2 and we thus desired to develop a 

(1) Magri, N. F.; Kingston, D. G. I. J. Org. Chem. 1986,51,797-802. 
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Chart I 
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a series R,:C,H, ; b series R,: CH3CH=C(CHJ 

1 R,-R,:H R3:CH,C0 R,=OH 

3 R,:R,=R5:H R,:OH 

6 R,: R,:H R,:CH,CO R5:OH 

9 R,: R1:CH,CO R,=OH R,:H 

14 R,: R,:R,:H R5=OH 

2 R,:R,=H R,~CH,CO R,:OH 

4 R,: R,: R,:H R3: OH 

5 R,:R,:RfH R,=OH 

7 Rj: R,-H R,:CH3C0 R,:OH 

10 R?:  R,:CH,CO R,:OH R,:H 

11 R,= R,=H R,:CH,CO R,:CH,COO 

12 R,: R,:H R,-CH,CO R,=CC13CH,0C00 

13 R, : R,=CH,CO R,:CCI,CH,OCOO R,:H 

15 R, : R,:CH,CO R1:CH,COO R,=H 

method to convert the more readily available taxol la into 
baccatin-111. Any method developed for taxol would be 
applicable to cephalomannine ( lb)3 also and would thus 
provide a source of pure baccatin I11 from the difficultly 
separable mixture of taxol and cephalomannine obtained 
from T.  b r e ~ i f o l i a . ~  

Preparation of baccatin 111 from taxol has not previously 
been reported, but cephalomannine was converted to 
baccatin I11 by methanolysis in the presence of sodium 
bi~arbonate.~ This reaction only gave a 19% yield of 
baccatin 111, however, with the remaining products being 
identified as 10-deacetylcephalomannine (3b), 10-deace- 
tylbaccatin I11 (4), and 10-deacetylbaccatin V (5). 

A noteworthy feature of the methanolysis reaction de- 
scribed above is that all of the products except baccatin 
I11 have undergone methanolysis of the C-10 acetate 
function. In earlier work we had shown that the C-10 
acetate function is sterically very hindered, since acety- 
lation of a crude mixture derived from T. brevifolia yielded 
a diacetate of lO-deacetyltax01.~ We thus surmised that 
the use of a bulky base would suppress deacetylation at 
C-10 and yield a higher proportion of baccatin 111. It was 

(2) (a) Chan, W. R.; Halsall, T. G.; Hornby, G. M.; Oxford, A. W.; 
Sabel, W.; Bjomer, K.; Ferguson, G.; Robertson, J. M. J.  Chem. SOC., 
Chem. Commun. 1966, 923-925. (b) Della Casa de Marcano, D. P.; 
Halsall, T. G.; Hornby, G. M. Ibid. 1970, 216-217. (c) Della Casa de 
Marcano. D. P.: Halsall. T. G. Ibid. 1975.365-366. Id) S6nilh. V.: Blec- 
hert, S.; C o l i ,  M.; GuBdard, D.; Picot, F.; Potier, P.;.Varenne, P. i.&. 
Prod. 1984.47. 131-137. 

(3) Miller, R. W.; Powell, R. G.; Smith, C. R., Jr.; Arnold, E.; Clardy, 
J. J. Org. Chem. 1981,46, 1469-1474. 

(4) Dr. F. E. Boettner (Polysciences, Inc.) has recently informed us 
that he has developed an improved method to separate taxol and ce- 
phalomannine. 

45, 466-470. 
(5) Kingston, D. G. I.; Hawkins, D. R.; Ovington, L. J. Nat.  R o d .  1982, 
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