
This article was downloaded by: [University of Cambridge]
On: 13 October 2014, At: 19:51
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

A Practical Photochemical
Synthesis of 6-AZA-1, 10-
Phenanthroic Anhydride
M. E. Pierce a , J. M. D. Fortunak a & Q. Islam a
a Chemical Process R&D Department, Process
Research Facility , The DuPont Merck
Pharmaceutical Company , Deepwater, New Jersey,
08023–0999
Published online: 21 Aug 2006.

To cite this article: M. E. Pierce , J. M. D. Fortunak & Q. Islam (1996) A Practical
Photochemical Synthesis of 6-AZA-1, 10-Phenanthroic Anhydride, Synthetic
Communications: An International Journal for Rapid Communication of Synthetic
Organic Chemistry, 26:19, 3645-3652, DOI: 10.1080/00397919608003778

To link to this article:  http://dx.doi.org/10.1080/00397919608003778

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919608003778
http://dx.doi.org/10.1080/00397919608003778


primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

am
br

id
ge

] 
at

 1
9:

51
 1

3 
O

ct
ob

er
 2

01
4 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 26(19), 3645-3652 (1996) 

A PRACTICAL PHOTOCHEMICAL SYNTHESIS OF 6-AZA-1,lO- 

PHENANTHROIC ANHYDRIDE 

Michael E. Pierce,* Joseph M. D. Fortunak and Qamrul Islam 

Chemical Process R&D Department, Process Research Facility, The DuPont 
Merck Pharmaceutical Company, Deepwater, New Jersey 08023-0999 

Abstract: A high yield synthesis of 6-aza-1,lO-phenanthroic anhydride has been 

developed. The key step is a volume-efficient photochemical cyclization of 

azastilbene 5 to the photochemically stable dihydroazaphenanthrene 9. 

DMP 315,1, is an unsymmetrical bis-imide antitumor agent which shows 

activity against human solid tumor xenographs.1 We recently required hundreds of 

grams of a key intermediate, 6-aza-1,lO-phenanthroic anhydride, 2. Although the 

synthesis of 2 has been reported? we found portions of the route to be impractical 

for scale-up. The synthesis employed the Stobbe condensation of dimethyl 

homophthalate 3394 with pyridine 4-carboxaldehyde 4 to give the azastilbene half 

acid ester 5. Dilute (0.0026 molar) photolysis in ethanol / iodine gave the half acid 

* To whom correspondence should be addressed 
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3646 PIERCE, FORTUNAK, AND ISLAM 

ester 6 which was not isolated but saponified to the diacid 7. This material, which 

is amorphous and difficult to purify, was subsequently converted to 2 (of variable 

purity) by treatment with acetic anhydride. 

Our scalable process (Scheme 1) begins with an improved preparation of 5. 

Dimethyl h~mophthalate~b was readily converted to 5 utilizing sodium methoxide 

in methanol instead of sodium hydride in THF. After neutralization with aqueous 

hydrochloric acid, the highly crystalline product was isolated in 90 to 97 % yield. 

The photochemical cyclization of stilbenes or azastilbenes must generally be 

run under high dilution (typically 10-3 to 

dimers and polymeric species7 Under photolytic condtions, the cidtrans stilbenes 

and dihydrophenanthrene intermediates equilibrate, with the equilibrium favoring 

the stilbenes unless there are strong electron withdrawing groups on the olefin 

portion or the dihydrophenanthrene is oxidized to the phenanthrene.**g An 

additional difficulty with azastilbenes is that the preferred oxidant, iodine, tends to 

form insoluble charge transfer complexes, giving a mixture which greatly decreases 

the light absortion and reaction rate.10 

M) to minimize the formation of 

Although 5 has low solubility in practically all solvents, its hydrochloride, 

sodium, or potassium salts are very soluble in methanol (as is iodine). Under these 

conditions, the photocyclization of 5 to 6 could be run at a relatively high 
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6-AZA-1.10-PHENANTHROIC ANHYDRIDE 

HCI 
MeOH 
hv 
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e C O 2 M e  

3 

H02C C02Me 

5 

Scheme 1 

CHO 
I 

+ NaOMe / THF * 

4 

Ri02C C02R2 
HCI, MeOH 

12, hv q 
6, R1 = H, R2 = Me 

7, R1 = H, R2 = H 

8, R i  =Me, R2 = H 

DMSO 1 A 

DMSO, 12 "Y0Y0 

concentration (0.06 - 0.12 molar) and a moderate rate (24 - 48 hours). The sodium 

salt method was abandoned because of significant transesterification to 8, an 

intermediate which was found to be difficult to cyclize to anhydride 2. Under 

acidic conditions; however, the amine hydroiodide salts gave a brown precipitate 
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3648 PIERCE, FORTUNAK, AND ISLAM 

which again decreased light absorption and the reaction rate. Our solution was to 

start with the hydrochloride salt of 5 and periodically add sodium hydroxide to 

titrate the hydrogen iodide which was formed as the reaction proceeded. Excess 

iodine was destroyed with metabisulfite, the pH was adjusted and the half acid ester 

6 was isolated in 70 to 80 % yields. This material, which contained about 5 % of 

the transesterified isomer 8, was converted to anhydride 2 simply by heating in an 

appropriate solvent. Although little cyclization occured in refluxing dioxane, the 

material slowly cyclized then crystallized from hot acetic acid. In DMSO cyclization 

occured rapidly at 80 "C and the product crystallized pure in 75 - 85 % yields. 

Although this process was used to prepare 300 g product, we were 

dissatisfied with the heterogeneity and still rather slow reaction rate. We tried a few 

other oxidants for this process including bromine, air, and periodic acid, but all 

were inferior to iodine. Instead we isolated the dihydroazphenanthrene 9 as a major 

by-product. Remarkably, when re-exposed to photolysis in the absence of oxidant, 

it did not revert to the azastilbene.' The photocyclization and oxidation steps were 

then decoupled, allowing the photocyclization to be run at a higher concentration 

and faster reaction rate. We increased the concentration of 5 to 0.34 molar and 

completed the photocyclization to 9 in four hours with minimal by-product 

formation. A number of oxidants readily converted 9 to 6, including ferric 

chloride, manganese dioxide, iodosobenzene diacetate and iodine. In all cases, the 

reactions proceeded best in refluxing acetic acid or hot DMSO and under these 

conditions 6 was not isolated but directly converted to anhydride 2. The best 

method used iodine in DMSO employing sodium acetate to neutralize the liberated 

hydrogen iodide to give 2 in 86 % yield. This route, based on isolation of the 

dihydroazaphenanthrene gives an overall yield from homophthalic acid of 62 %. 

The scope of the photochemical preparation of other substituted dihydro 6- 

azaphenanthrenes is under investigation and will be reported in due course. 
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6-AZA-1,lO-PHENANTHROIC ANHYDRIDE 3649 

EXPERIMENTAL SECTION 

General Methods. Melting points are uncorrected. All reactions were 

run under nitrogen and all reagents were reagent grade. NMR spectra were 

obtained on a Varian Unity 300 MHz spectrometer. High resolution mass spectra 

were collected on a VG 70-VSE mass spectrometer. 

Methyl a-[(4-pyridyl)methylene]-(2-carboxyphenyl)acetate, 5. 

Dimethyl homophthalate (936 g, 4.50 mol) and 4-pyridinecarboxaldehyde (53 1 g, 

4.95 mol) were dissolved in methanol (6.8 L) and cooled to 0 - 10 "C. Sodium 

methoxide (25 wt % in methanol, 1360 mL, 5.95 mol) was added keeping the 

temperature below 10 "C. The solution was allowed to stir at ambient temperature 

overnight then the reaction mass was diluted with 6.8 L water and neutralized to pH 

5 with 6 N aqueous hydrochloric acid. The resulting slurry was cooled to 5 "C and 

the product filtered, washed with water and dried to a constant weight to give 

1228 g (96 %) as an off-white solid: mp 165-167 "C; 1H NMR (DMSOd6) 6 8.46 

(2H, d, J = 7.5 Hz), 8.14 (IH, m), 7.72 (lH, s), 7.60 (2H, m), 7.15 (IH, m), 

7.00 (2H, d, J = 7.5 Hz), 3.73 (3H, s). HRMS (M + H+) Calcd for 

ClgH13N04: 284.0923. Found: 284.0919. 

6-Azaphenanthrene-10-carbomethoxy-1-carboxylic acid, 7. 

Methyl a-[(4-pyridyl)methylene]-(2-carboxyphenyl)acetate (2 15 g, 760 mmol) was 

dissolved in methanol (1 1 .O L) containing 64 mL 36 % aqueous hydrochloric acid 

(768 mmol) in a 15 L photoreactor containing two 500 watt mercury lamps (254 

nm). Iodine (205 g, 807 mmol) was added then the mixture stirred vigorously and 

photolyzed for 34 hours. At four to six hour intervals, the photolysis was briefly 

interrupted and the liberated hydrogen iodide titrated with 10 N sodium hydroxide. 

A solution of sodium metabisulfite (30 g) in 300 mL water was added and the 

solution stirred for 15 minutes. Acetic acid (200 mL, 3.5 mol) was added and the 
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3650 PIERCE, FORTUNAK, AND ISLAM 

resulting slurry stirred at 20 - 25 "C for two hours. The product was isolated by 

vacuum filtration, washed with 300 mL 80/20 methanollwater, reslurried with 4 L 

water, refiltered and dried in vacua at 50 - 60 "C to give 159 g (74 %) as an off- 

white solid: mp 303-305 "C; 1H NMR (DMSO-&) 6 10.35 (lH, s), 9.40 (lH, d, 

J=8Hz),8.93(1H,d,J=7.5Hz),8.46(1H,s),8.20(2H,d,J=7.5Hz),7.98 

(t, lH, J = 8 Hz), 3.92 (3H, s); HRMS (M + H+) calcd for C16H11NO4: 

282.0766. Found: 282.0754. 

6-Aza-1,lO-phenanthroic anhydride, 2. Method A. 6- 

Azaphenanthrene- 10-carbomethoxy- 1 -carboxylic acid (398 g, 1.42 mol) and 

DMSO (3.0 L) were combined and heated to 85 - 90 "C for 15 minutes, cooled to 

room temperature, held two hours and filtered. The solids were reslurried at room 

temperature with 3 L methyl ethyl ketone, refiltered, washed twice with 200 mL 

portions of methyl ethyl ketone and dried in vucuo at 70 - 80 "C to give 286 g 

(81 %) as an off-white solid: mp 310-312 "C; lH NMR @MSO-d6) 6 10.35 

(lH, s), 9.50 (lH, d, J =  8 Hz), 9.05 (lH, s) ,  8.92 (lH, d, J =  7 Hz), 8.58 (2H, 

d, J = 7 Hz), 8.30 (2H, d, J = 7 Hz), 8.10 (lH, t, J = 8 Hz); HRMS Calcd for 

C15H7N03: 249.0426. Found: 249.0415. 

6-Aza-9,10-dihydrophenanthrene-l0-carbomethoxy-l- 

carboxylic acid, 8. Methyl a-[(4-pyridyl)methylene]-(2-carboxyphenyl)acetate 

(23 g, 81 mmol) was dissolved in 230 mL methanol containing 6.5 mL (78 mmol) 

36 % hydrochloric acid. The solution was photolyzed in a 500 watt Hanovia 

reactor for four hours. Sodium hydroxide (2.5 N, 32 mL, 80 mmol) was added 

and the resulting mixture stirred one hour in an ice bath. The product was isolated 

by vacuum filtration, washed with water and dried in vacuo at 60 "C to give 15.1 g 

(75 %) of the product as a light tan solid: mp 232-234 "C; 1H NMR @MSO-&) 

6 9.15 (lH, s) ,  8.56 (lH, d, J = 7 Hz), 8.30 (lH, d, J = 8 Hz), 8.00 (lH, d, J = 8 

Hz),7.63 (lH,t,J=8Hz),7.44(1H,d,J=7H~),5.10(1H,d,J=7.5Hz), 
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6-AZA-1,lO-PHENANTHROIC ANHYDRIDE 365 1 

3.38 (IH, d, J = 14 Hz), 3.20 (lH, ABq, J = 14,7 Hz); HRMS (M + H+) Calcd 

for C16H13N04: 284.0923. Found: 284.0925. 

6-Aza-1,lO-phenanthroic anhydride, 2. Method B. 6-Aza-9,lO- 

dihydrophenanthrene- 10-carbomethoxy-I-carboxylic acid (2.83 g, 10 mmol), 

iodine (2.54 g, 10 mmol) and sodium acetate (1.64 g, 20 mmol) were dissolved in 

DMSO (30 mL) and heated to 100 OC. After two hours, the resulting slurry was 

cooled to room temperature and the product isolated by vacuum filtration, washed 

twice with 10 mL portions of methyl ethyl ketone and dried to a constant weight to 

give 2.15 g (86 %) as an off-white solid. The physical properties were identical 

with product produced by method A. 
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